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Abstract

Computer simulations play a vital role in understanding the phase behavior of colloidal
dispersions, however, most simulation results suffer from finite-size effects [1]. These finite-
size effects can be eliminated by finite-size scaling or by simulating large system sizes. In
this thesis we show how to simulate large system sizes efficiently on Graphical Processing
Units (GPUs). Whereas efficient GPU Molecular Dynamics implementations are readily
available 2], Monte Carlo (MC) simulations have not yet received much attention, mainly
due to their serial nature. We present a GPU implementation of the Monte Carlo simu-
lation using the Hybrid Monte Carlo (HMC) method [3]. Our implementations for long
and short-ranged potentials are at least one order of magnitude faster than the regular
CPU implementations. We show the correctness of our implementation by reproducing
the equation of state for the three-dimensional Lennard-Jones system.
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Chapter 1

Introduction

The importance of computers in developing and applying scientific knowledge has in-
creased tremendously over the last decades. More and more, computer simulations are
deemed a viable alternative to otherwise complicated experiments. Largely, this increase
in importance is due to the seemingly ever increasing computational power available. The
trend that the number of transistors on a chip will double every two years, better known
as Moore’s law [4], turned out to be accurate, especially after chip manufacturers made
it their design principle.

The achievement of Moore’s law is largely contributed to Dennard scaling. Dennard
et al. postulated in 1974 that if transistors are scaled down both performance and energy
efficiency improve, and more transistors fit per unit area [5|. Unfortunately, chip designs
start to run into physical limits; the insulating layer that separates the gate from the
rest of the transistor gets so thin that because of quantum tunneling it starts to leak
electrons, which increases its energy consumption.

As a result, power consumption increases at a faster rate than performance and this
phenomenon of diminishing returns is the so called ‘Power Wall’, postulated by Patterson.
Besides the Power Wall, Patterson also postulated an ‘ILP Wall’, the difficulty of finding
enough Instruction Level Parallelism, and a ‘Memory Wall’, the increasing difference
between processor and memory speeds [6]. Patterson states that together these Walls
form a so called ‘Brick Wall’,

Power Wall + Memory Wall + ILP Wall = Brick Wall. [6]

This Brick Wall is the main reason that since 2005 the single core performance of a chip
does not increase at the same rate as the transistor count, as Figure [1.1| shows.

To avoid this Brick Wall, chip manufacturers started to produce multi-core chips,
according to Intel CEO Craig Barrett ¢ [...] it’s the way that the industry is going to
continue to follow Moore’s Law going forward|...]” (as cited by Fish in [8]). Multi-core
processors are a good solution in personal computers, where multiple tasks are often
executed at the same time, however, they are less suitable for scientific use, where it is
desirable that one lengthy task executes as fast as possible.

For this reason, the focus in Scientific Computing is shifting to parallel computing, first
on multi-core machines and supercomputers, but now more and more on General-Purpose
Computing on Graphics Processing Units (GPGPU). Currently there are two dominant
frameworks for GPGPU: CUDA, a proprietary framework developed by NVIDIA [9], and
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Figure 1.1: Single threaded floating-point performance (image produced using adjusted

SPECIp® data [7]).

OpenCL, an open framework maintained by Khronos Group [10]. CUDA is currently the
more popular framework because it is more mature and has implemented many popular
libraries such as BLAS, FFT, and Thrust. The use of CUDA in supercomputers further
illustrates that it is the current framework of choice: Titan, the world’s fastest supercom-
puter until Tianhe-2 took the lead in June 2013, has 18,688 NVIDIA Tesla GPUs, and
Tianhe-1A, the predecessor of Tianhe-2, currently ranked tenth in the supercomputer
TOP500, has 7,168 NVIDIA Tesla GPUs [11].

1.1 Aim

Our original aim was study the phase behavior of two-dimensional hard-particle systems.
In particular, we were interested in regular polygons and the change in phase behavior
that would occur when going from the equilateral triangle to approximately a circle by
increasing the number of sides, as Figure [1.2] shows.

These regular polygons are of interest because the densest packings and coexistence
densities have not yet been studied in detail, and because they are suspected to show
large finite-size effects. Bernard and Krauth showed that in hard-disk systems finite-size
effects still occur for large system sizes; only for a million particles the finite-size effects
disappeared. Figure shows these finite-size effects . Recent simulations by Anderson
et al. confirmed these results by Bernard and Krauth .

We suspect that if there are finite-size effects for hard disks, other hard particles,
especially those similar to hard disks, might also suffer from finite-size effects. A paper
from 2012 on the phase behavior of rounded squares by Avendano and Escobedo reinforces
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this hypothesis|13].

Apart from the physical level, this problem is also of interest from a computational
point of view; unlike the Molecular Dynamics (MD) method, the Monte Carlo (MC)
method has not yet been successfully parallelized. To parallelize we will use CUDA,
currently the most dominant GPGPU framework.

During our research we discovered that our aim was overly ambitious, and we set a
more realistic aim. We will still implement the traditional hard-particle MC method, and
show some preliminary results of two-dimensional hard-particle systems, but we will only
parallelize the Monte Carlo method for Lennard-Jones particles. In our discussion we
will discuss the additional work needed to achieve the original aim.

1.2 Outline

Because this thesis will be read by computer physicists, mathematicians and computer
scientists, we will show some ideas in more detail. First, we will discuss the ‘tradi-
tional” implementation of hard-particle Monte Carlo systems on Central Processing Units
(CPUs), and show some preliminary equations of state. Next we will explain why, based
on the properties of MC simulations, we decided to use Hybrid Monte Carlo (HMC) to
parallelize our simulations. Also we explain why we switched from hard-particle systems
to a Lennard-Jones (LJ) system. Since HMC also uses MD simulations we will also dis-
cuss the CPU implementation of MD and finally HMC. We will show that the results for
HMC are consistent with the results we obtained from the regular MC implementation.

Then we will parallelize the MD and HMC simulation using CUDA and show that
the results are consistent with our previous results. Finally we will discuss the suitability
of CUDA for large scale particle simulations by looking at the performance of the GPU
implementation versus the CPU implementation, the limitations of the GPU implemen-
tation, how to improve/extend the GPU implementation, and how to switch back from
Lennard-Jones to hard-particle systems.



Chapter 2

Two-dimensional hard-particle
systems

In this chapter we will discuss two-dimensional hard-particle systems. We will start by
showing the basic Monte Carlo algorithm. Technically, Monte Carlo methods are a broad
class of algorithms, but in the course of this thesis Monte Carlo denotes the Metropolis-
Hastings algorithm, introduced by Metropolis et al. in 1953 [14]. We will then show how
to use this algorithm to study systems with hard disks and regular polygons.

The purpose of this is to get a basic implementation which we can use to generate
reference data. More importantly, we will use this implementation to get a thorough
understanding of the algorithm, see where the performance bottlenecks are, and use this
knowledge to design an efficient parallel algorithm for use on CUDA.

2.1 The basic Monte Carlo algorithm

The simplest ensemble for Monte Carlo simulations is the canonical or NVT ensemble.
In this ensemble the number of particles N, the volume V' and the temperature T" are
fixed, and the resulting pressure is measured. The system moves from one state to the
other by random particle moves, satisfying detailed balance, which ensures convergence
to the correct equilibrium distribution, as Algorithm [I] shows.

Algorithm 1 Monte Carlo in Canonical (NVT) ensemble

1: initialize

2: for i = 1 — steps do

3: PARTICLEMOVE() > Includes accept/reject logic
4: MEASURE() > Compute pressure
5: end for

We accept or reject these particle moves using the Metropolis acceptance criterion; if a
trial move causes an energy change AU then the acceptance probability of this move is

min (1, exp(—BAU)), (2.1)

where 8 = 1/kgT is the thermodynamic temperature of the system.
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Another well-known ensemble is the Isobaric-Isothermal or NPT ensemble. In this
ensemble the pressure P is constant, and the volume is allowed to fluctuate. Algorithm
shows the Monte Carlo algorithm for the NPT ensemble, including the new volume trial
move which allows the volume to fluctuate.

Algorithm 2 Monte Carlo in Isobaric-Isothermal (NPT) ensemble
1: N < number of particles
2: initialize
3: for i =1 — steps do
4 r = FLOOR(RANDUNIFORM(0,N + 1))

5: if r < N then

6: PARTICLEMOVE() > Includes accept /reject logic
7: else

8: VOLUMEMOVE() > Includes accept/reject logic
9: end if

10: MEASURE() > Compute volume/density
11: end for

The acceptance rule depends on how the volume V' fluctuates; if the volume changes
from V to V 4+ AV, where AV is a random number between —AV .« and +AV .., the
acceptance probability is [15]:

min(1, exp(—B[AU — PAV — NB ' In((V + AV)/V)])). (2.2)

It is also possible to change the logarithm of the volume from In(V') to In V+A(In(V));
then the acceptance rule changes to

min(1, exp(—B[AU — PAV — (N + 1) In((V + AV)/V)])). (2.3)

A volume move is expensive and to make sure that the system changes sufficiently
before trying a new volume move, only one in N + 1 moves is a volume move.

2.1.1 Periodic Boundary Conditions and the Minimum Image
Convention

Because we use MC simulations to provide information about macroscopic properties we
have to choose boundary conditions such that our system mimics an infinite bulk system.
We can do this by using Periodic Boundary Conditions (PBC). A system with PBC often
uses the Minimum Image Convention (MIC). With the MIC two particles interact only
via their nearest image; interactions between particles at longer distances are ignored!]
Figure [2.1] illustrates how PBC and MIC work.

I'Note that this introduces an implicit cutoff radius equal to the box size, which is why tail corrections

are needed (see Section .
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Figure 2.1: Periodic Boundary Conditions and Minimum Image Convention. The dashed
line shows the area which contains the nearest neighbors for the left bottom particle.

2.2 Hard disks

With these basic MC techniques covered, we can implement the hard-disk system. Hard-
particle systems are particularly easy to implement because the potential energy between
hard particles is zero if they do not intersect, and infinity if they do. The acceptance
criterion for a trial move given by thus reduces to checking for intersections, if there
is an intersection the move is immediately rejected. Also volume moves are immediately
rejected if there is an intersection, if there is no intersection the move is accepted by

or (2.3)), with AU = 0.

2.2.1 Cell lists

For every trial move, we need to check if the particles do not overlap. In a naive im-
plementation n? checks are needed for a volume move and n checks for a particle move.
Domain decomposition allows us to do this more efficiently. We divide the simulation
box in cells such that the width of the cell is larger or equal to the cutoff radius 7. of the
particle, for hard particles the cutoff radius is equal to the diameter of the particle. In
that way a particle can only overlap with particles in the neighboring cells. The number
of particles in one cell is on average m = p Ace, so for one particle we check 9 cells
with on average m particles. The complexities of a volume move and particle move are
therefore O(9mn) = O(n) and O(9m) = O(1) (!) which are much better than the O(n?)
and O(n) of the naive approach. Figure illustrates the impact of using cell lists; the
arrows show the pairs of particles that will be checked.
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(b)

Figure 2.2: (a) Without cell lists, and (b), with cell lists. The arrows show the pairs of
particles that are checked.

2.3 Hard regular polygons

One step up in complexity are systems with hard regular polygons (see Figure . Apart
from a rotation trial move, we also need some additional techniques. Whereas for hard
disks collision detection is just calculating the distance between the centers, for convex
polygons we need the Separating Axis Theorenﬂ to detect collisions. Because some lattice
structures do not fit in a square box we also use the floppy-box method, which allows the
box to change shape. The following subsections discuss these techniques in more detail.

2.3.1 Rotation move

Including a rotation move is straightforward, we replace PARTICLEMOVE() in Algo-
rithms [T] and 2] by Algorithm [3]

Algorithm 3 Replacement for PARTICLEMOVE() in Algorithms [1] and [2|

r = RANDUNIFORM(0,1)
if » < 0.5 then
PARTICLEMOVE()
else
ROTATEMOVE()
end if

The acceptance criterion is the same: if there is an intersection, reject the move,
otherwise accept. Using the Separating Axis Theorem we can determine whether or not
two regular polygons intersect.

2Better known to mathematicians as the Hyperplane Separation Theorem.



Figure 2.3: Separating Axis Theorem. Because the projections of the squares do not
overlap the axis is a separating axis.

2.3.2 Separating Axis Theorem

The Separating Axis Theorem (SAT) states that if two convex objects do not overlap then
there exists an axis for which the projections of the objects onto it do not overlap. In
case of regular polygons the possible axes are those perpendicular to the edges of either
polygon and if none of the axes is separating then there is a collision |16]. Figure
shows SAT for two non-intersecting convex objects.

SAT is computationally expensive, especially when checking two objects with a large
number of edges. The upside about using regular polygons is that they allow some
optimizations. For instance, for even-sided regular polygons we only half of the edges
need to be checked; two opposite edges correspond to the same axis. We can also use the
circumscribed and inscribed circle as a broad-phase collision detection: We first check if
the distance between the particles is larger than twice the radius of the circumscribed
circle, if so, there is no intersection. Then we check if the distance is smaller than twice the
radius of the inscribed circle, if so, there is an intersection. If the distance is somewhere in
between we use SAT to check for intersection. Note that the difference between the radii
for the circumscribed and inscribed circle decreases when the number of sides increases,
as Figure shows. This means that although SAT becomes more expensive when the
number of sides increases, the probability to use SAT decreases.

2.3.3 Variable box shape simulations

Variable box shape or ‘floppy box’ for Monte Carlo simulations is a relatively new tech-
nique discussed by Filion et al. [17]. In three-dimensional floppy-box simulations the
simulation box is a parallelepiped, as Figure shows; in two-dimensional systems the
simulation box is a parallelogram. In a volume move in a MC simulation, we change
either an angle between two edges, or an edge length, as Algorithm [4] shows.

9



Triangle Hexagon Decagon

Figure 2.4: Circumscribed and inscribed spheres for the triangle, hexagon, and decagon.
Note how the difference in radii between the circumscribed and inscribed sphere decreases
as the number of sides increases.

Figure 2.5: The parallelepiped simulation box.

Algorithm 4 Replacement for VOLUMEMOVE() in Algorithm [2|

1: 7 = RANDUNIFORM(0,1)

2: if » < 0.5 then

3 VOLUMEMOVE() > Old volume move, scales the edges
4: else

5 FrorpYMOVE() > New volume move, changes an angle or an edge length
6: end if

10



2.4 Results

Using the approach outlined above we made a CPU version for hard regular polygons.
The polygons used have unit area, such that the density p is equal to the number density
n. We defined the reduced pressure as P* = PA = P where A = 1 is the area of the
polygons. Figure [2.6] shows some preliminary results. Because these simulations are in
the NPT ensemble, the results do not show the Van der Waals loopE| that is present in
Figure [[.3] Instead, in NPT simulations there is a jump in the equation of state, like
Figure [2.6d shows for density p = 0.7.

3The Van der Waals loop is the oscillating part in the middle. Since a necessary condition for stability
in thermodynamic equilibrium is that the pressure does not increase with the volume, the oscillating part
is considered ‘unphysical’ and usually replaced with a straight line, in such a way that the area below
the line is equal to the area above the line. These lines, also shown in Figure |1.3] are so-called Maxwell
constructions [18§].

11
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Figure 2.6: Some preliminary results for two-dimensional hard-particle systems with size 300-400.
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Pressure SPA

When the number of sides is very large the system reduces to the hard-disk system.
With the regular chiliagon (1000 sides) and the system specifications in Tablewe were
able to reproduce the results for the hard-disk liquid by Erpenbeck and Luban, which
Figure 2.7 shows [19].

2D MC

Particles 400
Sides 1000
Equilibration cycles 500,000
Measurement cycles 3,000,000

Table 2.1: System specifications
for the results in Figure .
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(a) (b)

Figure 2.7: Comparison of our results for the regular chiliagon with the hard-disk equation
of state by Erpenbeck and Luban [19]. Note that since the simulation is in the NPT
ensemble which is why in (b) the pressure is on the x-axis.

The reason the data in Figure[2.6|is preliminary is because of the small system size. To
show just how big the finite-size effects can be, we used the regular chiliagon in attempt
to reproduce a data point near the coexistence region in the hard-disk equation of state
by Qi, Gantapara, and Dijkstra [20]. Figure [2.8| shows the results. Although we have not
picked a value in the coexistence region, the finite-size effects are large, which illustrates
the need to look at large systems.
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measured value.
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Chapter 3

Hybrid Monte Carlo simulations

Parallelizing the Monte Carlo method is non-trivial because of the trial particle move. A
naive approach would be to randomly move all particles by a small amount. Unfortu-
nately, even with an individual acceptance rate close to one, the acceptance probability
for a set of a thousand particles is already close to zero. This means that a move gets
rejected even if the particles are essentially standing still.

One way to move all particles at the same time and with a high acceptance rate
is to use a small Molecular Dynamics (MD) simulation as trial move. This approach
is called the Hybrid Monte Carlo (HMC) method, introduced by Duane et al. in 1987.
Mehlig, Heermann, and Forrest showed that this approach is effective for Condensed
Matter systems and it combines some of the advantages of Molecular Dynamics methods
with those of Monte Carlo methods [21]:

e [t is an exact method; the ensemble averages do not depend on the step size used
in the MD simulation.

e [t allows global moves, unlike MC.
e [t is numerically stable, unlike MD.

e Temperature is used in the correct statistical mechanical sense, yielding the canon-
ical probability distributions, unlike isokinetic MD.

Algorithm [5| shows the pseudo code for Hybrid Monte Carlo simulations in the NVT
ensemble. Algorithm [5|is essentially Algorithm |I| where PARTICLEMOVE() is replaced by
MOLECULARDYNAMICSSIMULATION(), and before every new MD simulation new ran-
dom velocities are drawn from the Maxwell-Boltzmann distribution. Whereas normal MD
does not have accept/reject logic, in HMC the MOLECULARDYNAMICSSIMULATION()
move is accepted or rejected using the MC acceptance criterion in (2.1)).

For the NPT ensemble Algorithm [2] is modified in the same way, resulting in Algo-
rithm [6l

3.1 Molecular Dynamics simulations

To implement the Hybrid Monte Carlo method it is necessary to implement Molecular
Dynamics simulations as well. Since the MD simulation serves to replace the particle

15



Algorithm 5 Hybrid Monte Carlo in canonical (NVT) ensemble

1: initialize

2: for : =1 — steps do

3: RANDOMIZEVELOCITIES() > From Maxwell-Boltzmann distribution
4: MOLECULARDYNAMICSSIMULATION() > Includes accept /reject logic
5: MEASURE() > Compute pressure
6: end for

Algorithm 6 Hybrid Monte Carlo in isobaric-isothermal (NPT) ensemble
1: N < number of particles
2: initialize
3: for 1 =1 — steps do
4: r = FLOOR(RANDUNIFORM(0,N + 1))

5: if r < N then

6: RANDOMIZEVELOCITIES() > From Maxwell-Boltzmann distribution
7 MOLECULARDYNAMICSSIMULATION() > Includes accept /reject logic
8: else

9: VOLUMEMOVE() > Includes accept/reject logic
10: end if

11: MEASURE() > Compute volume/density
12: end for

trial move, which is accepted or rejected based on the difference in potential energy AU,
MD is used in the microcanonical or NVE ensemble. This way energy is (approximately)
conserved, which leads to high acceptance rates. Algorithm [7] shows the basic MD NVE
scheme.

Algorithm 7 Molecular Dynamics in the microcanonical (NVE) ensemble

initialize

: COMPUTEACCELERATIONS(7)

: for : =1 — steps do
INTEGRATE(Z, v, a) > Includes computing new accelerations
MEASURE()
t<t+dt

end for

e g ey

The accelerations are computed using F' = —VU and F = ma, where m = 1 is
the particle mass, which results in a = —VU. To integrate we use the Velocity Verlet
integrator.

3.1.1 Velocity Verlet integration

A common choice for the numerical integration in MD simulations is the Velocity Verlet
integrator, since it is energy conserving and time reversible |15]. This integrator consists of
the basic Verlet integrator, popularized by Verlet in 1967 for use in Molecular Dynamics

16



simulations [22], plus the explicit calculation of the velocities as done by Swope et al.
[23].
The basic Verlet integrator is an explicit central difference approximation for the
second derivative of position:

Tn4+1—Tn T™n—Tn—1

n - n Tn+1 — 27"n + Tno1

2
Treating (3.1)) as equality gives the basic Verlet algorithm:

Ap = Ty & =

h

2
Trnil = 2T — Tn_1 + ayh”.

Approximating the velocity by a central difference approximation as well,

o ~ Tn+1l — Tn—1
Up =Tp ~ )

2h
rewriting (3.2) gives

1
T4l = Tp + 'Unh + ianh27

and rewriting (3.3) gives

Up+1 = Up, + 5 (an—i—l + an) h>

which is the Velocity Verlet scheme [23].

This scheme is simple to implement using Algorithm [8}

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

Algorithm 8 Velocity Verlet integration

Require: Accelerations a are computed

T < x+vh

v v+ ah/2

a < COMPUTEACCELERATION(x)
v 4 v+ah/2

Velocity Verlet scheme one order more precise than the symplectic Euler method.

The Velocity Verlet scheme has a Local Truncation Error (LTE) of order O(h*) for
the position and O(h?) for velocity (easy to show by Taylor expansion), and a Global
Truncation Error (GTE) of O(h?) for both (determined from the LTE). This makes the

Algorithm [9] shows Algorithm [7] including the Velocity Verlet integration method of
Algorithm [§] (using h = dt).
The accuracy of the MD simulation, and thus the acceptance of the trial move, is
determined by the number of steps in the MD simulation and the time step dt; more
steps and a smaller time step result in a better energy conservation, and thus a higher
acceptance rate, but both increase the computational cost. The optimal values for these
parameters are system dependent.
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Algorithm 9 Molecular Dynamics in the microcanonical (NVE) ensemble, including
Velecity Verlet integration.

1: initialize

2: COMPUTEACCELERATIONS ()

3: for : =1 — steps do
T xr+odt
v v+adt)2
a <~ COMPUTEACCELERATION(z)
v vtadt)2
MEASURE()

9: t+ t+dt
10: end for

3.2 The Lennard-Jones potential

For hard-disk systems there exists an efficient CPU algorithm called Event Driven Molec-
ular Dynamics by Rapaport [24]. This algorithm is fast and uses a binary tree to store
events. It is not possible to use the binary tree data structure on GPUs (yet) because
the binary tree structure cannot be updated in parallel (yet). This makes parallelizing
EDMD a challenge in itself.

An alternative approach is to use free-flight Molecular Dynamics simulations (time
driven), where the simulation is rewinded as soon as a collision is detected, as discussed
by Rebertus and Sando [25]. We will first implement the Lennard-Jones MD simulation
in three-dimensions, which is considerably easier, and discuss later how to switch back to
hard particles in two dimensions using free-flight Molecular Dynamics.

The Lennard-Jones potential, given by , is a mathematically simple approxima-
tion of the pair potential between molecules.

=4[22

In this formula r is the separation between two Lennard-Jones particles and o is
diameter of the particle, in simulations usually set to one. Figure[3.1|shows the Lennard-
Jones potential.

The Lennard-Jones potential, introduced in 1924 by Jones, is a commonly used po-
tential in molecular simulations [26]. The r~? term approximates the short-range Pauli
repulsion and the =% term approximates the long-range Van der Waals attraction.

According to Ercolessi, the Lennard-Jones potential is

...the standard potential to use for all the investigations where the focus
is on fundamental issues, rather than studying the properties of a specific
material. The simulation work done on LJ systems helped us (and still does)
to understand basic points in many areas of condensed matter physics, and
for this reason the importance of LJ cannot be underestimated. [27]
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Figure 3.1: The Lennard-Jones potential: the potential between two Lennard-Jones
particles, as a function of the separation r between them.

3.2.1 Truncation

For computational efficiency the LJ potential is often truncated at cutoff radius r.:

ui(r) r<r,
utrunt:(r) = {OJ s . (37)

A common choice for this truncation is r. = 2.50. This truncation allows the use
of cell lists, which can speed up simulations significantly. Unfortunately, because the
potential is not exactly zero at the cutoff radius we introduce truncation errors. We can
correct for these truncations errors by using the given tail corrections for the pressure

and the potential energy in (3.8)) and (3.9).

16 2 (o\? o\3
P = Zmp’eo” |5 () B () '
tail = 3 TP €T [3 " " (3.8)

8 AN o\3
Utail — gﬂ'pEO' [3 <7’C) - (7’C> ] (39)

Because of the popularity of the truncated (and uncorrected) Lennard-Jones potential
it has become a reference model on its own, however, we include the tail corrections to
compare our data with the data of Johnson, Zollweg, and Gubbins |28}, 29].

3.2.2 Truncation and shift

Using the truncated Lennard-Jones potential in Molecular Dynamics simulations creates
a new problem: whenever a particle crosses the cutoff radius, there is a sudden jump
in its potential energy contribution, if this happens for a large number of particles the
energy in the system is not conserved [15| 27]. Hence, for MD simulations it is required
to use the truncated and shifted Lennard-Jones potential; shifting the entire potential
by w;(r.) removes the discontinuity at r = r.. Equation shows the truncated and
shifted LJ potential.

w(r) —wi(re) r<r.
Ugrsn (1) = {OJ ! o (3.10)
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For this truncated and shifted potential we can use the same tail corrections, and
, and an additional correction for the potential energy, equal to the average number
of particles that are within distance r. from a given particle, multiplied by half the value
of w;j(r.) [15]. For a three-dimensional system this results in an additional correction of

4 1 8 o\ 12 o\
Uadd = gﬂrcgpiulj(rc) = §7rperc3 K?”c) — () ] ) (3.11)

Te

3.3 Results

Using the above approach we implemented the HMC method in the NVT and NPT
ensembles. For both we needed MD in the NVE, which we also implemented separately
to make performance comparisons later on. For the same reason, we also implemented
the MC method in the NPT ensemble. We tested the MD NVT ensemble by adding
simple velocity scaling to the MD NVE implementation; this is not the best way to do
NVT in MD, but it gives reasonable results. Table shows the system specifications
we chose to test these implementations:

HMC NVT HMC NPT
Particles 512 Particles 128
Potential LJ tr-sh Potential LJ tr-sh
Temperature 2.0 Temperature 2.0
MD time step 0.003 MD time step 0.003
MD steps 10 MD steps 10

Equilibration cycles 100,000 Equilibration cycles 300,000
Measurement cycles 100,000 Measurement cycles 500,000

MD NPT MC NPT
Particles 512 Particles 512
Potential LJ tr-sh Potential LJ trunc
Temperature 2.0 Temperature 2.0
MD time step 0.003 Equilibration cycles 1,000,000

Equilibration cycles 100,000 Measurement cycles 3,000,000
Measurement cycles 100,000

Table 3.1: System specifications for the results in Figure .

Figure [3.2] shows the equations of state obtained, together with the reference equation
of state by Johnson, Zollweg, and Gubbins. Figure [3.3| shows the difference with the
reference equation of state [28]. Because the HMC CPU implementations were just a
proof of principle and not intended as production code, we did not optimize them and
chose small system sizes and a small number of cycles.
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Absolute error

Figure 3.2: Equations of state obtained using the systems specified in Table All
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In the NPT implementations we also computed the virial pressure, and as Table
shows the imposed and measured (virial) pressure agree, which is a good indicator our
implementation is correct.

BPo*  (BPamco®) (BPuco®)

0.1776 0.17783 0.17766
0.329 0.32886 0.32833
0.489 0.48958 0.48685
0.700 0.69890 0.70124
1.071 1.07123 1.06370
1.75 1.75181 1.74574
3.028 3.02506 3.02088
5.285 5.28552 0.24481
9.12 9.11574 9.06023

Table 3.2: Comparison of the imposed and measured (virial) pressure for the HMC and
MC implementation in the NPT ensemble.

3.3.1 Profiling

Before parallelizing our code it is useful to have a look at what the current bottlenecks
and the theoretical limits of parallelization are.

To have a look at the current bottlenecks we have profiled the applications above
using gprof, a utility that shows how much time a program spends inside each function.
Figure [3.4) shows these profiles.

Figure and b show that the force/potential calculations dominate the execution
time of the HMC algorithms, which is expected, considering that they use a small MD
simulation as trial move. The HMC NPT simulation also includes volume moves, but
also volume moves consist mainly of potential calculations. Figure [3.4c shows that even
for an optimized MD implementation using cell lists, the force/potential calculation still
dominates the execution time. These profiles show that if we want an efficient HMC
implementation we should focus our efforts on an efficient MD implementation, or more
specifically, an efficient force/potential calculation.

Figure shows that our cell-list MC implementation is well optimized: 72.51% of
its time is spent on partial potential calculations, which are done for every trial move,
and only 24.04% of its time on full potential calculations. In Section [2.2.1]we showed that
trial moves have O(1) complexity, which makes improvement by parallelization limited,
but because they are executed often (the probability of a trial move is N/(N + 1), see
Algorithm [2]) they still take up most of the time.

Based on these profiles we can make theoretical predictions about the maximum
parallelization speedup.

Amdahl’s law

There are two laws that limit the speedup: The first is Amdahl’s law which describes
strong scaling. Strong scaling describes the influence of adding extra cores/threads to a
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Figure 3.4: Profiles for the CPU implementations obtained with gprof. The charts show
the percentage of execution time the program spends in each function category.
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problem with fixed size. Amdahl’s law (3.12)) then gives the maximum speedup S:

1

5= (1-P)+ P/N’ (3.12)
where P is the fraction of the problem that can be parallelized, and N the number of
cores/threads [30]. Suppose that there are infinitely many threads available, such that
the P/N term goes to zero, then the maximum speedup is 1/(1 — P). That means that
if 90% of the code can be parallelized (P=0.9), the maximum speedup is only 10, even
with an infinite(!) number of cores/threads. The profiling results in Figure 3.4 show that
for the HMC implementations we have P = 0.99, which gives a maximum theoretical
speedup S ~ 100.

Gustafson’s law

There is also Gustafson’s law which describes weak scaling. Weak scaling describes the
maximum speedup if more cores/threads are added which all do an equal amount of work.
The problem size is thus dependent on the number of cores/threads that are available.
Gustafson’s law gives as maximum speedup S:

S=(1—-P)+N-P=N+(1-N)(1-P). (3.13)

For a problem where P is close to one, Gustafson’s law gives a speedup equal to the
number of cores/threads |31]. An example of Gustafson’s law is adding more particles or
iterations. You can see that for molecular simulations this will increase the portion of
the code that can be parallelized (which will give a higher speedup in Amdahl’s law).
Both Amdahl’s and Gustafson’s law show that MD and HMC simulations are suitable
for parallelization.
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Chapter 4
CUDA

In this chapter we will explain how to parallelize the Hybrid Monte Carlo algorithms
introduced in the previous chapter and make them suitable for CUDA. NVIDIA in-
troduced CUDA (Compute Unified Device Architecture) in 2006 as a “general purpose
parallel computing architecture”, and it is currently the most dominant framework for
General Purpose Computing on Graphics Processing Units (GPGPU). Because CUDA is
a proprietary framework, CUDA is only implemented by the GPUs of NVIDIA. CUDA
is supported in many programming languages and there are many libraries that support
CUDA, or are implemented by CUDA, for example:

o cuFFT, the CUDA Fast Fourier Transform, which is up to 10 times faster than the
Intel Math Kernel Library (MKL) [32],

e cuBLAS, the CUDA Basic Linear Algebra Subroutines, which is up to 6 times to
17 times faster than MKL BLAS [32],

e Thrust, resembles the C++ Standard Template Library (STL), but is suitable for
parallel frameworks such as CUDA and OpenMP [33].

CUDA, and other GPGPU frameworks, use the GPU as a coprocessor for compute
intensive tasks. GPUs can process many similar tasks in parallel, in contrast to CPUs
which can process one task very fast, but has to do tasks after each other. The rest of
this chapter will discuss in more detail how CUDA works.

4.1 Hardware

First we will give an overview of the hardware used. On a local machine we have an Intel
Core i7 2600K and two NVIDIA GT520’s. We also have access to the Little Green Ma-
chine (LGM) in Leiden which has 20 nodes, each containing two graphics cards. The
graphics cards in most nodes are NVIDIA GTX480s, but there is also a node with
GTX580s and a test node with a NVIDIA Tesla C2075, a professional High Performance
Computing (HPC) product. We mainly used the GTX480s in this machine. Figure
shows an overview photo of the LGM. Table |4.1|shows the characteristics of the available
hardware.
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Figure 4.1: The Little Green Machine in Leiden. It contains 20 nodes with each two
graphics cards .

Name
Pricef

Clock speed

i7-2600K
€260
3.4 GHz

CUDA cores (SP)

GT520
€40

GTX480
€205

Tesla C2075
€2200

48

448

448*

1 Prices retrieved/estimated from the Tweakers.net Pricewatch database.
x The difference between the GTX480 and the Tesla is double precision performance and the
custom HPC driver.

Table 4.1: Overview of the available hardware.
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4.2 Programming: Thrust

We use Thrust to show some basic and easy CUDA examples. CUDA interoperability
with Thrust is one of the biggest benefits of CUDA. For portions of code that are
straightforward to parallelize, or ‘embarrassingly parallel’, Thrust allows one to write the
parallel code in a few lines without having to worry about the low level implementation.
Examples of such embarrassingly parallel functions are the Velocity Verlet updates from
Section |3.1.1] where each particle can be updated independently. Thrust also has efficient
implementations for less embarrassingly parallel functions, such as adding and sorting.
Listings and [4.2] show how easy it is to switch from sorting on a CPU to sorting on a
GPU using Thrust and CUDA.

Listing 4.1: Sorting in C++

//allocate space for n floats

thrust :: host__vector<float> h_vec(n);

// fill the vector with random floats

thrust :: generate (h_vec.begin(), h_vec.end (), random_float());

//sort the vector using the sort function from the Ci+ Standard Library
std ::sort (h_vec.begin () ,h_vec.end());

Listing 4.2: Sorting using Thrust (on CUDA)

//allocate space for n floats, both on the host and the device
thrust :: host_vector<float> h_vec(n);

thrust :: device_vector<float> d_vec(n);

// fill the host vector with random floats

thrust :: generate (h_vec.begin(), h_vec.end (), random_float());
//copy the random floats from the host to the device

thrust :: copy (h_vec.begin (), h_vec.end(), d_vec.begin());
//sort the vector using the sort function from Thrust

thrust ::sort (d_vec.begin(), d_vec.end());

//copy the result back to host

thrust :: copy(d_vec.begin(), d_vec.end(), h_vec.begin());

Table compares the performance of the above sort implementations.

n 17 2600K  GTH20 GTX480 GT5H20 transfer GTX480 transfer

102 0.003 0.353 0.512 0.024 0.043
10 0.488 0.820 0.772 0.049 0.262
109 68.300 26.378 3.044 1.695 2.651
10% 8389.533 2231.09 173.854  134.290 229.979

Table 4.2: Sorting performance CPU vs GPU in milliseconds

From these results we can make some interesting observations. The first is that using
a GPU is only beneficial for a large problem size, because the transfer between host and
device is expensive; as Table shows, the sorting takes less time than the transfers to
and from the device for 10® values. The second is the large overhead on the GPU which
increases with the complexity of the devices; this is why the slower GT520 outperforms
the GTX480 on the smaller problems.
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The CUDA Programming Guide recommends to use the GPU only if the computation
is of a higher complexity than the transfer costs [35]. For instance, it is not recommended
to do matrix additions on the GPU; the cost for transferring is 3N? whereas the com-
putation cost is only N?  which gives a complexity ratio of 3N?/N? = O(1). Matrix
multiplication is more suitable since its computation cost is N3, which gives a ratio of
O(N).

4.2.1 Functors

One step up in complexity is using Thrust algorithms on functors. A functor is a function
object, i.e. a function with a state. Thrust already provides many basic functors, and for
embarrassingly parallel algorithms writing functors is often straightforward; Listing [4.3]
shows the functor for the second step of the Velocity Verlet algorithm (Algorithm .
The functor describes the necessary operations for one particle, the thrust: :for_each
function then applies this code to all particles in parallel. For more information see the
documentation in Appendix [A]

Listing 4.3: Second step of Velocity Verlet using a functor.

struct integrateQifunctor{

float _ dt;
//constructor (same as constructor for classes)
__host_ _ device_ integrate2 functor(float dt) : _dt(dt) {}

//definition of the () operator which allows this struct to be used
as function
template <typename Tuple>
__host__ __device___ void operator () (Tuple t){
//extract particle velocity and acceleration from tuple
volatile float4d v4 = thrust::get<0>(t);
volatile float4d a4 = thrust::get<1>(t);
float3 v3 = make_ float3(vd.x, vd.y, vd.z);
float3 a3 = make_float3(ad.x, ad.y, ad.z);
//the second velocity verlet step: v 4= 0.5xaxdt
v3 += 0.5f *x a3 *x _dt;
//store the new values back into tuple
thrust :: get<0>(t) = make float4( v3, 0.0f);
thrust :: get<2>(t) = dot(v3,v3);

b

//create a new instance of the functor

integrate2_functor integrate2_op(deltaTime);

//wrap raw C pointer to thrust::device ptr, so thrust can handle them

thrust :: device ptr<float4> d_veld((floatd *) vel);

thrust :: device_ptr<float4d> d_accd ((floatd =) acc);

thrust :: device_ptr<float> d_ tkin(kin);

//this for_ each statement applies the integrate2 op instance of the
integrate2_functor to every element in the range given by the two
iterators.

//In this case we pass zip_ iterators which ‘zip’ together multiple
properties (velocity , acceleration, kinetic energy) of particles in a
memory—coalesced way.

thrust :: for_each (
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thrust :: make zip_ iterator(thrust:: make tuple(d_veld, d_accd, d_tkin

))’

thrust :: make_zip_iterator (thrust :: make_tuple(d_veld+numParticles ,
d_accd+numParticles, d_tkin+numParticles)),
integrate2_ op

)

If the problem is not embarrassingly parallel, or Thrust is too slow, one needs to
program so-called kernels. Programming kernels is much more complicated than using
Thrust and requires a more detailed understanding of how CUDA works.

4.3 How CUDA works

As mentioned before, CUDA works by sending a parallel portion of the code to the GPU,
which then processes it and returns the result. Figure 4.2 shows this schematically.

Main
Memory 1 L CPU

Copy processing dataﬂ

—
? Instruct the processing '
Copy the result
Memory

Processing flow Dl
on CUDA

Figure 4.2: CUDA processing flow (modified from [36]).

The exact working of CUDA is very complex, but the following is a basic summaryEl

4.3.1 Block-level parallelism

There are two levels of parallelism in CUDA: block-level parallelism (coarse-grained) and
thread-level parallelism (fine-grained). Block-level parallelism is the easiest to explain:
The code that is sent to the device is subdivided into blocks, which are then distributed
among the Streaming Multiprocessors (SMs) of the device. Each device has a fixed
number of SMs, where expensive cards have more SMs than cheap cards, and every SM
can process one block at the time. This block-level parallelism also enables multiple cards
to work on the same problem. Figure shows this scalability.

'For more detail, have a look at the CUDA Programming Guide .
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Multithreaded CUDA Program

h h
GPU with 2 SMs GPU with 4 SMs

‘ SM 0 H SM1 ‘ ‘ SM 0 H SM1 H SM 2 H SM 3 ‘

Figure 4.3: Automatic Scalability. The code is subdivided into 8 blocks, the first card
has 2 SMs, so it can do 2 blocks at the time. The second card has 4 SMs so it can do 4
at the time. If they work together they can do 6 at the time .

4.3.2 Thread-level parallelism

Thread-level parallelism, the parallelism that happens within the block, is somewhat more
complex. Each block consists of a number of threads, usually referred to as threads per
block (TPB). This number, which must be set by the programmer, is application specific,
but almost always a multiple of 32E| The number of threads per block determines the
number of blocks. If you have for example 1024 particles, and you pick 256 threads per
block you will have 4 blocks, if you pick 64 threads per block, you will have 16 blocks
(assuming one thread per particle).

One of the reasons that the threads per block are almost always a multiple of 32,
is that 32 is the so called warp size. The SM subdivides each block into warps. Then
the warp scheduler(s) of the SM schedule(s) the warps for execution. How fast the SM
processes the warp depends on the number of Streaming Processors (SPs) per SM. The
total number of Streaming Processors, better known as CUDA cores, is often the most
prominent property of the card advertisedﬂ

20ne can determine the TPB by trial and error, or (technical) by using the NVIDIA CUDA Occupancy
Calculator (http://developer.download.nvidia.com/compute/cuda/CUDA_Occupancy_calculator.
x1s)), which shows what percentage of the available processing power can be used with a given compute
capability (the compute capability distinguishes different versions of the hardware architecture, see http:
//stackoverflow.com/a/10961845/1439843 for more details), threads per block, shared memory per
block, and registers per thread.

3The exact scheduling and execution is incredibly complex, and is described/discussed in more detail
on the CUDA forums and Stack Overflow. Fortunately, detailed understanding of this is not necessary
to write a reasonably fast CUDA program.
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4.3.3 Memory

In terms of memory management, CUDA is also more complex than CPUs. In the
CUDA device there are different kinds of memory with different properties, Table [4.3
and Figure [4.4 show these.

Memory  Location Cached Access Scope Lifetime
Register ~ On chip n/a r/w 1 thread Thread
Local Off chip  Yes' r/w 1 thread Thread

Shared On chip n/a r/w All threads in block Block

Global Off chip ~ Yes' r/w All threads + host ~ Host allocation
Constant  Off chip  Yes T All threads + host ~ Host allocation
Texture  Off chip  Yes r All threads + host ~ Host allocation

1 Cached only on devices of compute capability > 2.0.

Table 4.3: Features of CUDA device memory .
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| |

Thread (0,0} | Thread (1, 0) Thread (0, 0) | Thread (1, 0)

FY WS FY ¥ rywy JL1LJL

Figure 4.4: Schematic overview of the CUDA memory types [35].

The memory types that deserve special mention are global and shared memory. Global
memory is the main memory of the device and since it is off-chip memory its performance
and access latency are worse than that of shared memory (on-chip memory). When
reading from global memory we need to make sure to coalesce memory access. Coalesced
memory access means that each thread accesses a different memory location, and that
the accessed memory region is aligned to the cache lines. According to the CUDA Best
Practices [37], coalescing is the “single most important performance consideration in
programming for CUDA-capable GPU architectures.”
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Figure shows a coalesced access; all threads in the warp access a float (4-bytes)
that is within one 128-byte cache line. Figure shows a misaligned access: the threads
in the warp now access values that are in two 128 byte cache lines. Both warps need to
get 128 bytes of data, however, the second warp needs to load 256 bytes of data (two
cache lines), cutting memory performance in half.

addresses from a warp

WH U
| [ |

0 32 64 96 128 160 192 224 256 288 320 352 384

Figure 4.5: Aligned memory access [37].

addresses from a warp

— — |

0 32 64 96 128 160 192 224 256 288 320 352 384

Figure 4.6: Misaligned memory access .

Some data structures introduced in CUDA are automatically aligned, such as float2
and float4. This explains the common practice to store xyz-coordinates for three-
dimensional simulations in float4 instead of float3. A more in depth discussion of
memory coalescing falls outside the scope of this thesis, and we refer the reader to the
CUDA C Best practices guide [37].

Global memory also serializes simultaneous requests to the same memory location. So
if a block has 32 threads, and all threads want to access the same value in global memory,
32 reads are done consecutively. In these cases it can be more efficient to transfer a portion
of global memory to shared memory; shared memory is faster on-chip memory, and can
broadcast the contents of a memory location to all threads in a block at the same time.
The downside of shared memory is its limited size. We will see in Section how we
can use shared memory to avoid serialized global memory access in the N-body approach.

4.4 Programming: Kernels

Now that we understand the basics of CUDA we can discuss kernels. Listing [4.4] shows
a kernel for computing the hash of all particles. Because this function is embarrassingly
parallel it is an easy example of a kernel. In Section and Section on the N-body
approach and the cell-list approach, we will see more complicated kernels.
A kernel can be recognized by the __global_ _ specifier in front of it. A kernel is
launched using the syntax kernelName<<< numBlocks, numThreads, sharedMemSize >>>(paramete:
The numBlocks and numThreads are the number of blocks and the number of threads per
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block as discussed in Section The sharedMemSize parameter is optional and needs to
be specified if shared memory is used. A main difference between kernels and functors is
that kernels are thread dependent; in a kernel every thread first calculates the particle it
is responsible for and loads the corresponding particle data from memory, whereas Thrust
passes the particle data to the functor using the for_each function. Listing [.4] shows
how a thread first computes its index, and then loads the position data at that index from
the array containing the particle positions. The blockIdx.x is the number of the block,
blockDim.x is the number of threads per block, and threadIdx.x is the number of the
thread in the block. For example, if we have a thousand particles, divided in 4 blocks of
256 particles, then thread 17 of block 2 is responsible for particle 2 x 256 + 17 = 529, and
thread 255 of block 3 is responsible for particle 1023 which is > 1000, so it not responsible
for a real particle and the thread will do nothing.

Listing 4.4: Calculates and stores hash for all particles.

__global __ void calcHashD (uint xgridParticleHash |,

uint xgridParticleIndex ,
float4 x*pos,
uint numParticles) {

uint index = blockIdx.x % blockDim.x + threadldx.x;
if (index >= numParticles) return;

//retrieve position of particle that the thread is responsible for
volatile float4d p = pos[index];

// get address in grid
int3 gridPos = calcGridPos(make_float3(p.x, p.y, p.2));
uint hash = calcGridHash(gridPos);

// store grid hash and particle index
gridParticleHash [index] = hash;
gridParticleIndex [index] = index;

}

calcHashD<<< numBlocks , numThreads >>>(gridParticleHash ,gridParticleIndex ,
(float4 =) pos, numParticles);

4.4.1 Device functions

Device functions, recognizable by __device__, can be used to store reusable pieces
of code that are part of a kernel. In Listing [£.4] there are two of these functions,
calcGridPos() and calcGridHash() (documented in Appendix . If device functions
have no CUDA specific code they can also be used on the host; these are recognizable by
the __host__ __device__ specifier.

4.5 Force calculation implementation

Section |3 showed that the force/potential calculations are the most computationally ex-
pensive part of the HMC and MD implementations. This section shows how we can
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implement the force calculation more efficiently by using CUDA. First we will show the
implementation for the N-body approach, suitable for long ranged interactions. Then we
will show the cell-list approach which is more suitable for short-ranged interactions. The
code fits in the framework that NVIDIA provides in their ‘Particles’ example code, and
we reused a portion of this framework [38].

4.5.1 N-Body approach

The N-body system is very suitable for parallelization. This section gives a short overview
of the algorithm introduced by Nyland, Harris, and Prins [39], and discusses some of our
modifications.

Because we cannot exploit the symmetry of the force matrix on CUDA it is necessary
to evaluate the full N x N matrix. A naive approach is calculating these values row-by-
row. The rationale behind this is that if the data of particles is accessed simultaneously
by multiple threads, CUDA will serialize these calls and there will be no performance
improvement (see Section . Also, a row-by-row approach is easy to implement using
the for_each statement in Thrust. This approach gives some performance improvement
but the occupancy (the percentage of the available processing power used) is generally
low, even for a large number of particles; computation on one row has to be finished
before computation on the next row starts, even if the data needed for the first elements
on the next row are not being accessed by threads working on the previous row.

The solution is to use shared memory, because shared memory can do a so called
‘broadcast’ in which it sends one value to all threads in the block. If we denote the
number of threads in a block by p, instead of p sequential reads from global memory, only
one thread reads the value from global memory and puts it in local memory. Because
all threads can do this in parallel for one particle, we can load p particle values. After
loading these values in shared memory, each row is done sequentially by one thread in
the block. Note that all threads work on the same column in parallel because the value
for that column is broadcast by the shared memory. Figure visualizes this approach
as a p X p computational tile. Each entry in the tile corresponds to an entry in the full
N x N matrix.
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Figure 4.7: Schematic figure of computational tile (image reproduced from [39]).

Because there are N particles in total and p threads can load p values at a time, there
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are N/p points where the threads need to load new particle data into shared memory, as
Figure [4.8] shows.
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v
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® o6 o o
vV v v Vv

v

|
Load new data in shared memory and synchronize

Figure 4.8: Computational row (image reproduced from [39)]).

At these N/p points first all threads in the block synchronize, i.e. they wait until all
threads have finished. The threads then load the values for the particles in the new tile,
and synchronize again. Only then they start computing the entries in the next tile. The
first synchronization step is necessary to avoid that threads overwrite particle data from
the old computational tile before other threads finish computation on that data, and the
second synchronization is necessary to avoid computation of the values in the new tile
using data of the old tile.

Besides all threads in a block working in parallel (thread-level parallelism), there are
also multiple blocks working in parallel (block-level parallelism), as Figure shows.

35



N particles sequentially

v

L

p threads

[ >

® >

[ >

[ >

o >

| |® >
(@}

E= N >
0}
3

S ¢ >
)

Y L4 >
~

. P >

° >

® >

[ >

° >

[ >

p steps between
loads from global memory

Figure 4.9: Computational grid (image reproduced from [39)]).
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Modifications

The above algorithm only works if the number of particles is a multiple of the number of
threads per block, however, for some shapes the number of particles needs to be a multiple
of a given number to avoid geometrical frustrations. For example, for triangles in a cubic
box we need the number of particle to be a multiple of six. As a result we want to be
able to pick an arbitrary number of particles. Our approach introduces dummy particles
at infinite distance; that way they do not influence measurements, and no additional
decision logic (overhead) is needed.

Implementation

Listing shows the implementation for the N-body approach. The device function
tile_calculation() does the calculation Figure[4.7|shows. The device function ppInteraction()
computes the interaction between two particles based on their position, and returns the
resulting acceleration. For dummy particles at distance infinity this acceleration will be
Zero.

In the for-loop in the kernel calculate_forces_nbody() you can see how the com-
putation progresses tile by tile, and how in between tiles the threads load new values
into shared memory as Figure [4.§] illustrates. Also the dummy values, discussed in Sec-
tion are set here. Note that the device function tile_calculation() does not
know if a particle is a dummy particle, which saves time on decision logic and possible
warp—divergenceﬁ

Listing 4.5: Kernel for the force calculation using the N-body approach.

__device___ float4 tile_calculation (float4 myPos, float4 accel){
extern __ shared_ float4 shPos|[];
for( int i = 0; i < blockDim.x; ++i){
accel += pplnteraction (myPos, shPos[i]);
}

return accel;

__global __ void calculate_forces_nbody(float4d =d_x4, float4d xd_ad, float =
virial ; int numParticles){

//compute global thread id

int gtid = blockIdx.x % blockDim.x + threadldx.x;

//reserve some space in shared memory to store information that
must be accessed by all threads at the same time

extern __ shared _ float4 shPos[];

//reserve space to store own position (size is set in launch
configuration)

float4 myPos;

//set acceleration to zero

4Technical: warps execute according to the SIMD model. SIMD stands for Single Instruction Mul-
tiple Data, meaning that all 32 threads in a warp execute the same instruction on different data.
It is similar to SIMT (Single Instruction Multiple Threads), but different in how it handles condi-
tionals; if the kernel includes if/else logic, some threads are temporarily disabled. An example is
if (ThreadIdx.x < 16) ... else ... . In this case, the first half of the warp executes first while
the second half waits, and then the second half executes while the first half waits. This is called warp-
divergence, and slows down the program significantly (a factor two in this example).
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}

float4 acc = make_ float4(0.0f);
//if the thread is responsible for a real (not dummy) particle load
its position
if(gtid < numParticles) myPos = d_x4[gtid ];
//do calculation on a tile (the size of which is determined by the
launch configuration)
for ( int tile = 0; tile < gridDim.x ; ++tile){
//see which particle I am responsible for in this tile
int idx = tile * blockDim.x 4+ threadldx.x;
//if it is a real particle store its position in shared
memory
if (idx < numParticles) shPos[threadldx.x] = d_x4[idx];
//if it is a dummy set the particles position in shared
memory to inf
else shPos[threadldx.x] = make_floatd(logf(0));
//synchronize to make sure that we’re al at the same point
of execution, needed for memory broadcast
__syncthreads () ;
//1if responsible for a real particle calculate acceleration
due to the particles in the tile
if(gtid < numParticles) acc = tile_calculation (myPos, acc);
//sync again to ensure everyone is done with calculation
before storing new values in shared memory
___syncthreads () ;
}
//if real particle store acceleration and virial
if (gtid < numParticles) {
d_ad[gtid] = acc;
virial [gtid] = acc.w;

//calls the kernel with the launch configuration
calculate_forces_nbody <<< numBlocks, numThreads, numThreadsxsizeof(float4)

>>>((float4 *) pos, (floatd =) acc, virial , numParticles);
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4.5.2 Cell-list approach

In case of short-range potentials many particle-particle interactions are negligible, and it
is more efficient to use the cell-list approach.

Building the cell list

Fortunately, building a cell list is very efficient on a GPU thanks to Radix sort. Radix
sort is a non-comparative integer sorting method with a complexity of O(n) whereas
traditional (sequential) sorting methods are all O(nlogn).

We store the particles as id-hash pairs and then sort them on their hashes. The hash
of the particle denotes in which cell the particle is, in the simplest case we use the linear
cell id (Figure [6.4] shows an alternative hash, using the Z-order curve).

To get a functional cell list we need to store the begin and end for each cell, which
can also be done in parallel by comparing every particle hash in the sorted list to the
hash of the previous particle. If they are different there is a cell boundary. Figure [4.10
shows how to build the cell list based on the particle hashes.

Index Unsorted list List Cell

(cell id, particle id) sorted by start
cell id

0 9, 0) (4, 3)

1 6,1) @5 X

2 (6, 2) (6,1)

3 4,3) (6, 2) \ \

4 (6, 4) 6,49 \\o

5 4, 5) (9,0

6 X \z

7 \

8

9 N5

10

11

12

13

14

15

Figure 4.10: Building the cell list using sorted hashes. The last column shows for each
cell the index of its first particle in the sorted list .

Implementation

The implementation for the cell-list approach is similar to the CPU cell-list implementa-
tion. The main differences are that we sort the particles on their hash to increase memory
coalescence, and that we do everything in parallel.

Listing shows the sorting and reordering which we do after calculating the hash
for all particles (Listing. Listing shows how the force calculation then happens in
parallel. Note that the function ppInteraction is the same device function we used in the
N-body approach in Listing [£.5] The implementation for the potential energy calculation
needed in NPT MC is almost identical to the force calculation implementation.
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Listing 4.6: Sorting and reordering the particle data.

//stores the permutation that would make the particles sorted

thrust ::sort_by key(thrust::device ptr<uint>(dGridParticleHash), thrust::
device_ptr<uint >(dGridParticleHash + numParticles), thrust::device_ ptr<
uint >(dGridParticleIndex));

//the actual reordering including finding the cell boundaries

__global

void reorderDataAndFindCellStartD (uint xcellStart , uint xcellEnd, floatd =x
sortedPos, uint xgridParticleHash , uint xgridParticleIndex , float4 x
oldPos, uint numParticles) {

// blockSize + 1 elements extern __ shared _ uint sharedHash [];
uint index = blockldx.x * blockDim.x + threadldx.x;
uint hash;
// handle case when no. of particles not multiple of block size
if (index < numParticles)
{
hash = gridParticleHash [index ];
// Load hash data into shared memory so that we can look
// at mneighboring particle’s hash value without loading
// two hash values per thread
sharedHash [threadIldx.x+1] = hash;
if (index > 0 && threadldx.x = 0)
{
// first thread in block must load neighbor particle hash
sharedHash [0] = gridParticleHash [index —1];
}
}
__syncthreads () ;
if (index < numParticles)
{
// If this particle has a different cell index to the previous
// particle then it must be the first particle in the cell
// so store the index of this particle in the cell.
// As it isn’'t the first particle, it must also be the cell end of
// the previous particle’s cell
if (index = 0 || hash != sharedHash[threadIdx.x])

cellStart [hash] = index;
if (index > 0)
cellEnd [sharedHash [threadldx.x]] = index;
}
//last hash is always the end of a cell
if (index = numParticles — 1)

{
}

// Now use the sorted index to reorder the pos data

cellEnd [hash| = index + 1;

uint sortedIndex = gridParticleIndex [index];
float4 pos = oldPos[sortedIndex];
sortedPos [index| = pos;
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}

//calls the kernel

uint smemSize = sizeof(uint)*(numThreads+1);

reorderDataAndFindCellStartD <<< numBlocks, numThreads, smemSize>>>(
cellStart , cellEnd, (floatd4d =x) sortedPos, gridParticleHash ,
gridParticleIndex , (float4 x*) oldPos, numParticles);

Listing 4.7: Kernel for the force calculation using N-body approach.

__device___ float4 calculateForcesCell(int3 gridPos, uint index, float4 pos,
float4 xsortedPos, uint =xcellStart , uint xcellEnd) {

uint gridHash = calcGridHash (gridPos);
//get start of bucket for this cell
uint startIndex = cellStart [gridHash |;
float4 acc = make_float4(0.0f);

if(startIndex != Oxffffffff) { //cell is not empty
//get end of bucket for this cell
uint endIndex = cellEnd [gridHash |;
//iterate over particles in this cell
for ( uint j = startIndex; j < endIndex; ++j){
if( j !'= index ) { //avoid self
float4d pos2 = sortedPos|[j];
acc += pplnteraction (pos, pos2);

}
}
return acc;
}
__global__ void calculate_forces_celllist (float4d xd_ad, float =xvirial ,

float4d *d_x4, uint xgridParticleIndex , uint xcellStart , uint *cellEnd,
uint numParticles) {

uint index = blockldx.x * blockDim.x + threadldx.x;
if (index >= numParticles) return;

//read particle data from sorted arrays

float4d pos = d_x4[index];

float4 acc = make_ float4(0.0f);

int3 gridPos = calcGridPos (make_float3(pos));
//examine neighboring cells

for(int z = —-1; z <= 1; ++z) {
for(int y = —-1; y <= 1; ++y) {
for (int x = —-1; x <= 1; ++x) {

int3 neighborPos = gridPos + make int3(x,y,z);
acc += calculateForcesCell (neighborPos, index,
pos, d_x4, cellStart, cellEnd);

//write new acceleration back to original unsorted location

uint originallndex = gridParticleIndex [index];
d_ad[originallndex] = acc;
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virial [originallndex] = acc.w;

}

//calls the kernel with the right launch configuration
calculate_ forces_ nbody <<< numBlocks, numThreads, numThreads*sizeof(float4)
>>>((float4 =) pos, (float4d x) acc, virial, numParticles);

4.6 Additional implementation details

There are some other aspects of the CUDA implementation that deserve special mention.

The first is the random number generation. Although CUDA random number gen-
erators exist, we chose CPU random number generation for simplicity. Every cycle we
generate a new set of numbers on the CPU and then copy it to the device.

The second is what should happen if we reject a move. In the CPU implementation,
it is common practice that if a move is rejected, the equal but opposite move is applied,
e.g. if in a volume move all particle positions are multiplied by a scaling factor a, then if
the move is rejected the particle positions are divided by that same scaling factor a. This
does not work on CUDA! Because CUDA works in single precision there is no guarantee
that z*a/a = x. So while you intend to undo the move and restore the old situation you
will still end up with a new situation. This will break the simulation, make a backup of
your configuration before every move, so that it can be restored if the move is rejected.
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Chapter 5

Results

Figure 5.1: Snapshot of a Lennard-Jones MD simulation in the NVT ensemble with a
million particles.
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5.1 Molecular Dynamics

To test the correctness of our implementation we try to reproduce the equation of state
by Johnson, Zollweg, and Gubbins [2§]. We start with the MD implementation using the
system specifications in Table [5.1] and as Figure [5.2| shows, the results are consistent.

CUDA MD NVT

Particles 1024
Potential LJ tr-sh
Temperature 2.0
MD time step 0.003

Equilibration cycles 15,000
Measurement cycles 15,000

Table 5.1: System specifications for the results in Figure [5.2
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Figure 5.2: Comparison of the equation of state obtained by our CUDA MD NVT and
the equation of state by Johnson, Zollweg, and Gubbins [2§].

5.1.1 Performance
Force calculation: N-body

MD simulations on CUDA improves performance dramatically; Figure [5.3] shows that
for a single force computation using the N-body approach, the GT520, a cheap CUDA
card, outperforms the CPU by an order of magnitude for a system size of only a hundred
particles[[f] CUDA performance gets even better when the system size increases; for a
million particles the GTX480 is almost two orders of magnitude faster.

1See Section for the hardware overview.
2Implementation note: do not time CUDA functions using CPU timers; CUDA kernels launch asyn-
chronously, i.e. control is immediately passed back to the CPU so that it can continue executing the

44



].04 T T T T
10% -
102 -

Time ¢t (s)
—
3

i7 2600K N-body —e—
GT520 N-body —=— A
106 GTX580 N-body —=—

102 103 10* 10° 10° 107
Number of particles NV

Figure 5.3: Performance for the force calculation in the CUDA MD N-body implemen-
tation. For a million particles the GT520 ran out of memory.

Force calculation: Cell lists

Figure [5.4] shows that the cell-list implementation is even several orders of magnitude
faster. In our CPU implementation for a system size of a million particles, cell lists made
the force calculation a thousand times faster. This is still a prudent estimate; we tested
the cell-list code at density po® = 0.9, setting the density lower makes the cell-list code
even faster. Although the CPU code is already fast, our CUDA implementation is forty
times faster. Also it is clear from the figure that the cell-list implementation is only useful
for larger system sizes because of the additional overhead.

First Velocity Verlet step

The force computation is the most computationally intensive part of the implementa-
tion, which is why the implementation benefits most from an improvement to the force
calculation. Nevertheless, it pays to improve other functions as well. Figure [5.5] shows
the increased performance for the first Velocity Verlet integration step. For a million
particles, the GTX580 GPU beats the Core i7 CPU by almost a factor thirty.

General performance

To illustrate just how fast our CUDA implementation is, assume a system size of a million
particles. Then it is possible to

rest of the code (asynchronous execution). While the CUDA simulation is still running the CPU will
stop the timer and it will appear that the CUDA code is extremely fast. Time using CudaEventRecords
instead, see Appendix |A| for an implementation.
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Figure 5.4: Performance for the force calculation in the CUDA MD Cell-list implemen-
tation.
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Figure 5.5: Performance for the first Velocity Verlet integration step in the CUDA MD
implementation.
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do one iteration at high density in one minute using the N-body approach,

do a thousand iterations at high density in 1 to 1.5 minutes using the cell-list
approach,

create an accurate equation of state, using 10 data points with 30,000 cycles each,
in approximately 6 hours.
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5.2 Hybrid Monte Carlo

We also tested our CUDA HMC implementation using the system specifications in Ta-
ble Using this system we obtained the equation of state in Figure which also
agrees with the reference equation of state by Johnson, Zollweg, and Gubbins [28].

CUDA MC NPT

Particles 1024
Potential LJ tr-sh
Temperature 2.0
MD time step 0.003
MD steps 10
Volume move prob. 0.9
Equilibration cycles 15,000
Measurement cycles 15,000

1 See Section 5.2.1l

Table 5.2: System specifications

for the results in Figure .
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Figure 5.6: Comparison of the equation of state by Johnson, Zollweg, and Gubbins and
the CUDA MC NPT implementation [2§].

As before, we also computed the virial pressure and as Table [5.3] shows, the imposed
and virial (measured) pressures align.

5.2.1 Performance

We measured the performance of our MD code by comparing the force calculation in both
the CPU and the CUDA implementation. For Hybrid Monte Carlo it is more difficult to
compare performance, because we need to compare it to regular NPT MC, which has a
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BPo®  (BPumc cupac®)

0.1776 0.177739
0.329 0.328452
0.489 0.487456
0.700 0.707204
1.071 1.081920
1.75 1.754475
3.028 3.047251
5.285 5.287418
9.12 9.126866

Table 5.3: Comparison imposed and measured pressure for the CUDA NPT implemen-
tation.

fundamentally different trial move. As Section [3| explains, in Hybrid Monte Carlo a trial
move consists of several MD moves, whereas in regular NPT a trial move displaces just
one particle. Because of this difference we have timed the complete moves instead of just
the force/potential calculation, with the system specified in Table |5.4

CUDA MC NPT

Potential LJ tr-sh
Temperature 2.0
Pressure 10
Starting density 0.5
MD time step 0.003
MD steps 10
Equilibration cycles 0
Measurement cycles 1,000f

T Unless this resulted in
prohibitively long running times.

Table 5.4: System specifications
for the results in Figure .

As Figure shows, the CUDA trial move is much slower than the CPU trial move.
Considering the results for the force computation in Figure these results are in line
with our expectations; one trial move in CUDA consists of 10 MD steps plus a potential
energy calculation, and as Figure shows, one iteration takes approximately 11 times
the time required for a force/potential computation. In contrast, Figure shows that
volume moves are faster on CUDA, since for both the CPU and CUDA implementation
it consists of a single potential calculation.

To get a more accurate idea of the performance, Figure shows the weighted
average of an iteration in both CPU MC and CUDA HMC NPT.

This looks bad: the average iteration on the CPU is more than three orders of mag-
nitude faster, but actually it is not that bad. Figure [5.8| shows that the weights for trial
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Figure 5.7: Performance results for the CUDA HMC NPT implementation. (d) shows
the weighted move depending on the volume move probability.
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and volume moves are reversed on CUDA, and this allows us to fundamentally change
the Monte Carlo algorithm.
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Figure 5.8: Comparison trial and volume moves.

In a regular NPT MC implementation the probability of a volume move is recom-
mended to be 1/(NN + 1); after a failed volume move, there needs to be a large number
of trial moves before it is likely that the particles that are responsible for the failed move
are updated. It is undesirable to do a volume move too soon because it is expensive.

In contrast, the HMC implementation updates all particles at the same time in the
MD steps. This allows us to increase the probability of volume moves without decreasing
the acceptance ratio. Unfortunately, even with the extreme volume move probability of
0.5 this does not significantly improve the weighted average in Figure [5.7d, but it makes
equilibration in HMC much faster. Figure [5.9] shows how fast the systems equilibrate
for different volume move probabilities. Table [5.5 shows the specifications of the used
systems.

As Figure [5.9 shows, the CPU implementation has trouble compressing the system
as the density increases. The closeup in Figure shows that the CPU implemen-
tation only reaches its equilibration value after approximately 2.5 hours, whereas the
CUDA implementation equilibrates in less than 10 minutes. Using the increased volume
probabilities we can reduce the number of cycles by several orders of magnitude. As a
consequence the CUDA implementation is at least an order of magnitude faster. Us-
ing compression to avoid the long equilibration for new data points can reduce the time
needed for an accurate equation of state even further.
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CUDA HMC NPT

CPU MC NPT

Particles 1,024,000
Potential LJ tr-sh
Temperature 2.0
MD time step 0.003
MD steps 10
Cycles 20,000

Particles 1,024,000
Potential LJ trunc
Temperature 2.0
Cycles 2107

Table 5.5: System specifications for the results in Figure
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Figure 5.9: Equilibration for HMC compared with normal NPT MC.
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Chapter 6

Discussion

Following our original aim, we tried to approximate the hard-disk system using the 1/r3¢
potential by Sanz and Marenduzzo [41]. This gives reasonable results for the fluid phase,
but the results deviate from those of the hard spheres as the density of the system
increases, as Figure shows.
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Figure 6.1: Comparison of the equation of state obtained with our CUDA code using the
1/r% potential and the hard-sphere equation of state (Carnahan Starling).

6.1 To two-dimensional hard-particle systems

From the current state of the code, we need to take the following steps to get to get
to our original aim: a functional parallel two-dimensional hard-particle Monte Carlo
implementation.

e Switch to two dimensions:
The current code models a three-dimensional system because going one dimension
down is easier than going one up. Alternatively, use spheres in a monolayer, as
done by Qi, Gantapara, and Dijkstra [20].
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e Implement hard-particle MD simulation:

Implementing parallel hard-particle MD simulation is a challenge in itself. It is
hard to beat the very efficient CPU implementation by Rapaport, an implemen-
tation which is particularly hard to parallelize because it uses binary trees. Yet
we do need to use the GPU for the MD part because transferring the state from
and to the GPU to perform the MD part on a CPU is expensive and negates all
performance improvements achieved by doing some steps in parallel. An alternative
implementation which is also easier to parallelize is the free-flight MD. If a collision
occurs in free-flight MD the system rewinds to the point when the collision began
[25].

The following items need to be implemented:

— Rewind on collision (free-flight MD, most work),

— Include rotation.

e Implement floppy-box HMC:
Whereas the floppy box method is difficult to include in a MD simulation, it is
actually not that difficult to include in HMC because it is inserted in the MC part
and not in the MD part.

6.2 Optimizations

It is also still possible to improve on the existing MD code by at least one order of
magnitude. We know this because HOOMD (Highly Optimized Object-oriented Many-
particle Dynamics) by Glotzer et al. is approximately a factor five faster, as Figure
shows [42].

Any improvements in the MD implementation will directly translate to an improve-
ment in the HMC implementation, because MD constitutes most of the HMC code.

Figure 6.3 shows the breakdown of the running time for the HMC code with the
system specifications in Table [6.1]

CUDA MC NPT

Particles 1024
Potential LJ tr-sh
Temperature 2.0
Pressure 10
MD time step 0.003
MD steps 10
Cycles 10,000

Table 6.1: Configuration for the profile in Figure 6.3

If the system size increases the force/potential calculation (the MD part) will take
up even a bigger percentage, so any improvement will be significant; force/potential
calculation are done on average 11 times for each trial move!

Examples of possible improvements:
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e Asynchronous concurrent execution:

Use the GPU and CPU at the same time. For example, currently the code still
relies on the CPU to create the random numbers for the new velocities in the
MD code. Currently we do this sequentially; the GPU first finishes its operations,
then the CPU starts generating random numbers and sends them to the GPU.
Using asynchronous concurrent execution it is possible to generate and send these
random numbers to the GPU while it is still processing. Alternatively, generating
these random numbers on the GPU could also be an improvement.

o Texture fetch
Because memory access for the neighboring cells in the cell-list approach is non-
coalesced, it is beneficial to bind the particle data in global memory to texture
memory and use texture lookups. Because these texture lookups are cached, there

will be an expected performance increase of 45% , .

e Z-order curve hashing

For more coherent memory access it might be more beneficial to use for example
a Z-order curve (such that the particles that are close together in the simulation
are also close together in memory). Figure shows the difference between a hash
using linear cell id and using a Z-order curve for the two-dimensional case. As
Figure [6.4] shows the cells that are close together, or also closer on the line, and
therefore closer in memory. This means that on average we need to load fewer cache
lines, which improves the performance of the programEl

— /
| —
e //
| —
— //
// /
// //
// //
— | /
| —
e //
//
//
// /

(a) (b)

Figure 6.4: Hashing using linear cell id (a), or Z-order curve (b).

1See Section on memory coalescing.
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6.3 Possible extensions/applications

It is possible to extend the code to study, for example, wetting phenomena and critical
Casimir forces [43]. The code is flexible but because HMC uses MD there are limitations
on the potentials that can be used. For instance, the regular Lennard-Jones potential
is not differentiable, and you have to use the truncated and shifted potential to have
energy conservation [15]. Implementing these extensions should be straightforward but
debugging CUDA applications can be troublesome, as the code is quite complex.

6.4 Alternatives

Instead of using HMC to parallelize there are some other options available to speed up
particle simulations.

The first is the Event Chain Monte Carlo method by Bernard, Krauth, and Wilson
[44]. In this method a chain of particles is displaced in a rejection-free manner, instead
of randomly displacing a single particle. This is achieved by moving the particle until
it collides with another particle, then this other particle is moved until it collides, et
cetera. There are two variants of this approach: the Straight Event Chain (SEC) where
all particles in a chain move in the same direction, and the Reflected Event Chain (REC)
where the refracted angle is equal to the incident angle. Figure shows these variants.

OOQ OOQ OOO
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Figure 6.5: Left two panels: straight event-chain (SEC) move. Right two panels: Re-
flected event-chain (REC) move [44].

The results in Figure [I.3] were created using this approach and, according to Bernard
and Krauth, their implementation is two orders of magnitude faster than regular MC
implementations [1].

Another option is the CUDA MC algorithm by Anderson et al. [12]. This new algo-
rithm does parallel trial moves by using a checkerboard pattern, as Figure shows.

Cells that are active simultaneously are at least one cell apart so their moves do not
interact, because the particles are not allowed to leave the cells. One Monte Carlo sweep
consists of doing moves in all 4 subsets {a, b, ¢, d}. After every sweep the cell boundaries
are randomly redrawn to maintain ergodicity.

This approach was used by Anderson et al. to confirm the results by Bernard and
Krauth [12]. According to Anderson et al. this approach is 95 times faster than their
implementation of this approach on a CPU, however, when compared with the above
approach by Bernard, Krauth, and Wilson the approach by Anderson et al. is at most
one order of magnitude faster.
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Chapter 7

Conclusion

Recent publications have shown that even for simulations with a relatively large system
size, finite-size effects can still occur. A system size of a million particles was needed
to eliminate these finite-size effects for hard-disk systems [1, [12]. Because finite-size ef-
fects are also suspected for other hard-particle shapes, we decided to study hard regular
polygons using Monte Carlo simulations on Graphical Processing Units (GPUs).

In Chapter 2| we implemented the Monte Carlo (MC) method for regular polygons on
the CPU and showed some preliminary results, which showed that the finite-size effects
for hard disks are indeed large near the coexistence density. To show the correctness of
our implementation we reproduced the fluid part of the hard-disk equation of state using
the regular chiliagon (1000 sides).

Chapter 3| shows how the inherently serial trial moves of the regular Monte Carlo algo-
rithm can be successfully parallelized using a short Molecular Dynamics (MD) simulation.
This approach is better known as Hybrid Monte Carlo (HMC). Because implementing
HMC for hard particles is complex, we decided to implement the easier Lennard-Jones
(LJ) system first, with the intention of switching to hard particles later. This would also
give us the opportunity to test the correctness of our HMC implementation using the
reference equation of state by Johnson, Zollweg, and Gubbins [28]. We implemented the
HMC algorithm in both the Canonical (NVT) and Isobaric-Isothermal (NPT) ensem-
ble, and compared them to regular MC and MD. They all correctly reproduced the LJ
reference equation of state.

Chapter 4] gives a basic introduction to CUDA and how to write CUDA programs,
and then shows how to implement the force/potential calculation on CUDA, using two
approaches: the N-body approach, which is suitable for all potentials, and the cell-list
approach, which is only suitable for short-ranged or hard potentials.

Chapter 5| then shows the results of the implementation of HMC on CUDA. Since HMC
uses a MD simulation as trial move, we also implemented the MD simulation separately.
As we have seen the MD simulation shows up to 2 orders of magnitude improvement
over the CPU, especially for the N-body implementation. The results of the CUDA
MD implementation agree with the reference equation of state. For the CUDA HMC
NPT implementation, it is more difficult to make a direct performance comparison; one
iteration in HMC takes much longer than one in regular MC, but we need less of them to
get precise results. Based on the equilibration, we estimate that the HMC implementation
is at least an order of magnitude faster. Also, its results are consistent with the reference
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equation of state.

In Chapter [6] we discuss the possible applications of the current code such as studying
critical Casimir forces, and wetting phenomena. We have to keep in mind that although
the code is flexible, it is also complex, and the choice for potentials is limited because they
have to be differentiable to preserve energy in the MD part. We also outlined the steps
that need to be taken to study hard-particle systems using this code. We advise against
this; it is a lot of work and there is no guarantee it will be faster than the available CPU
implementations. The same is argued by Anderson et al. [12]: “Hybrid approaches that
employ MD trajectories to create trial configurations can be an effective way to exploit
GPU parallelism, but require substantial additional programming and are not guaranteed
to evolve any faster than MD alone.”

In summary, our implementation for massively parallel Monte Carlo is very fast and
offers considerably speedups over a CPU implementation. Our implementations are suit-
able to simulate any differentiable short-ranged and long-ranged potential. Unfortunately,
it is unlikely to be effective for hard-particle systems for which the ECMC algorithm by
Bernard, Krauth, and Wilson or the CUDA MC implementation by Anderson et al. might
be better choices [44], [12].

60



Bibliography

1]

E. P. Bernard and W. Krauth. “Two-step melting in two dimensions: First-order
liquid-hexatic transition”. In: Physical Review Letters 107.15 (2011), p. 155704.

J. A. Anderson, C. D. Lorenz, and A. Travesset. “General purpose molecular dy-
namics simulations fully implemented on graphics processing units”. In: Journal of
Computational Physics 227.10 (2008), pp. 5342-5359.

S. Duane et al. “Hybrid Monte Carlo”. In: Physics Letters B 195.2 (1987), pp. 216—
222.

G. E. Moore. Cramming more components onto integrated circuits. http://download.
intel . com/museum/Moores Law/Articles-Press Releases/Gordon Moore
1965_Article.pdf. Apr. 1965.

R. H. Dennard et al. “Design of ion-implanted MOSFET’s with very small physical
dimensions”. In: IEEE Journal of Solid-State Circuits 9.5 (1974), pp. 256-268.

D. A. Patterson. Future of computer architecture. www.eecs.berkeley.edu/BEARS/
presentations/06/Patterson.ppt. Presentation. Feb. 2006.

Standard Performance Evaluation Corporation. http://www.spec.org/.

R. Fish. The future of computers. http://www . edn . com/design/systems -
design/4368705/The-future-of-computers. Nov. 2011.

NVIDIA. CUDA home page. http://www.nvidia.com/object/cuda_home_new.
htmll

Khronos Group. OpenCL home page. https://www.khronos.org/opencl/.
TOPS500 Supercomputers. http://www.top500.org/.

J. A. Anderson et al. “Massively parallel Monte Carlo for many-particle simulations
on GPUs”. In: arXiv preprint arXiv:1211.1646 (2012).

C. Avendafio and F. A. Escobedo. “Phase behavior of rounded hard-squares”. In:
Soft Matter 8.17 (2012), pp. 4675-4681.

N. Metropolis et al. “Equation of state calculations by fast computing machines”.
In: The Journal of Chemical Physics 21 (1953), p. 1087.

D. Frenkel and B. Smit. Understanding Molecular Simulation: From Algorithms to
Applications. Computational science. Elsevier Science, 2001.

C. Ericson. Real-time Collision Detection. Morgan Kaufmann series in interactive
3D technology v. 1. Elsevier, 2005. 1SBN: 9781558607323. URL: http://books .
google.nl/books?id=WGpL6SkIqNAC.

61


http://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
http://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
http://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
www.eecs.berkeley.edu/BEARS/presentations/06/Patterson.ppt
www.eecs.berkeley.edu/BEARS/presentations/06/Patterson.ppt
http://www.spec.org/
http://www.edn.com/design/systems-design/4368705/The-future-of-computers
http://www.edn.com/design/systems-design/4368705/The-future-of-computers
http://www.nvidia.com/object/cuda_home_new.html
http://www.nvidia.com/object/cuda_home_new.html
https://www.khronos.org/opencl/
http://www.top500.org/
http://books.google.nl/books?id=WGpL6Sk9qNAC
http://books.google.nl/books?id=WGpL6Sk9qNAC

[21]
[22]

[23]

[24]
[25]

[26]

[27]
28]

[29]

[30]

L. Filion et al. “Efficient method for predicting crystal structures at finite temper-
ature: Variable box shape simulations”. In: Physical Review Letters 103.18 (2009),
p. 188302.

L. E. Reichl. A Modern Course in Statistical Physics. Physics Textbook. Wiley,
2009. 1SBN: 9783527407828. URL: http : / / books . google . nl1 /books 7 id=H\
_4qgxPazAYEC.

J. J. Erpenbeck and M. Luban. “Equation of state of the classical hard-disk fluid”.
In: Physical Review A 32.5 (1985), p. 2920.

W. Qi, A. P. Gantapara, and M. Dijkstra. “Two-stage melting induced by dislo-
cations and grain boundaries in Monolayers of Hard Spheres”. In: arXiv preprint
arXiv:1307.1811 (2013).

B. Mehlig, D. W. Heermann, and B. M. Forrest. “Hybrid Monte Carlo method for
condensed-matter systems”. In: Physical Review B 45.2 (1992), p. 679.

L. Verlet. “Computer “experiments” on classical fluids. I. Thermodynamical prop-
erties of Lennard-Jones molecules”. In: Physical Review 159.1 (1967), p. 98.

W. C. Swope et al. “A computer simulation method for the calculation of equilib-
rium constants for the formation of physical clusters of molecules: Application to
small water clusters”. In: The Journal of Chemical Physics 76.1 (1982), pp. 637
649.

D. C. Rapaport. “The event scheduling problem in molecular dynamic simulation”.
In: Journal of Computational Physics 34.2 (1980), pp. 184-201.

D. W. Rebertus and K. M. Sando. “Molecular dynamics simulation of a fluid of
hard spherocylinders”. In: The Journal of Chemical Physics 67.6 (1999), p. 2585.

J. E. Jones. “On the determination of molecular fields. II. From the equation of
state of a gas”. In: Proceedings of the Royal Society of London. Series A, Containing
Papers of a Mathematical and Physical Character 106.738 (1924), pp. 463-477.

F. Ercolessi. A molecular dynamics primer: The Lennard-Jones potential. http :
//www.fisica.uniud.it/~ercolessi/md/md/nodel5.html. 1997.

J. K. Johnson, J. A. Zollweg, and K. E. Gubbins. “The Lennard-Jones equation of
state revisited”. In: Molecular Physics 78.3 (1993), pp. 591-618.

F. Ercolessi. A molecular dynamics primer: Potential truncation and long-range
corrections. http://www.fisica.uniud.it/~ercolessi/md/md/nodel16.html.
1997.

G. M. Amdahl. “Validity of the single processor approach to achieving large scale
computing capabilities”. In: Proceedings of the April 18-20, 1967, Spring Joint Com-
puter Conference. ACM. 1967, pp. 483-485.

J. L. Gustafson. “Reevaluating Amdahl’s Law”. In: Communications of the ACM
31 (1988), pp. 532-533.

NVIDIA. CUDA GPU-accelerated libraries. http://developer.nvidia.com/gpu-
accelerated-libraries.

Thrust homepage. https://code.google.com/p/thrust/.

62


http://books.google.nl/books?id=H\_4qxPazAYEC
http://books.google.nl/books?id=H\_4qxPazAYEC
http://www.fisica.uniud.it/~ercolessi/md/md/node15.html
http://www.fisica.uniud.it/~ercolessi/md/md/node15.html
http://www.fisica.uniud.it/~ercolessi/md/md/node16.html
http://developer.nvidia.com/gpu-accelerated-libraries
http://developer.nvidia.com/gpu-accelerated-libraries
https://code.google.com/p/thrust/

V. Govers. LGM overview photo. pic 1. Email to Gerhard Burger. Jan. 2013.

NVIDIA. CUDA C Programming Guide. http://docs.nvidia.com/cuda/cuda-
c-programming-guide/index.html.

Tosaka. CUDA processing flow. Wikimedia Commons. https://en.wikipedia.
org/wiki/File:CUDA_processing flow_%28En7%29.PNG. Nov. 2008.

NVIDIA. CUDA C Best Practices Guide. http://docs.nvidia.com/cuda/cuda-
c-best-practices-guide/index.html.

NVIDIA. Particles. CUDA 2.2 release 3/2009. Source Code. http://docs.nvidia.
com/cuda/cuda-samples/index.html#cuda-n-body-simulation.

L. Nyland, M. Harris, and J. Prins. GPU Gems 3: Fast N-Body Simulation with
CUDA. http://http.developer.nvidia.com/GPUGems3/gpugems3 ch31.html.

S. Green. Particle Simulation using CUDA. http://docs .nvidia . com/cuda/
samples/5_Simulations/particles/doc/particles.pdf. July 2012.

E. Sanz and D. Marenduzzo. “Dynamic Monte Carlo versus Brownian dynamics: A

comparison for self-diffusion and crystallization in colloidal fluids”. In: The Journal
of Chemical Physics 132 (2010), p. 194102.

S. Glotzer et al. HOOMD Homepage. http : // codeblue . umich . edu/hoomd -
blue/citing.html.

H. B. G. Casimir. “On the attraction between two perfectly conducting plates”. In:
Proc. K. Ned. Akad. Wet. Vol. 51. 793. 1948, p. 150.

E. P. Bernard, W. Krauth, and D. B. Wilson. “Event-chain Monte Carlo algorithms
for hard-sphere systems”. In: Physical Review E 80.5 (2009), p. 056704.

63


http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html
http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html
https://en.wikipedia.org/wiki/File:CUDA_processing_flow_%28En%29.PNG
https://en.wikipedia.org/wiki/File:CUDA_processing_flow_%28En%29.PNG
http://docs.nvidia.com/cuda/cuda-c-best-practices-guide/index.html
http://docs.nvidia.com/cuda/cuda-c-best-practices-guide/index.html
http://docs.nvidia.com/cuda/cuda-samples/index.html#cuda-n-body-simulation
http://docs.nvidia.com/cuda/cuda-samples/index.html#cuda-n-body-simulation
http://http.developer.nvidia.com/GPUGems3/gpugems3_ch31.html
http://docs.nvidia.com/cuda/samples/5_Simulations/particles/doc/particles.pdf
http://docs.nvidia.com/cuda/samples/5_Simulations/particles/doc/particles.pdf
http://codeblue.umich.edu/hoomd-blue/citing.html
http://codeblue.umich.edu/hoomd-blue/citing.html

64



Appendices

65






Appendix A

Source code documentation

The source code is hosted in a git repository on http://www.bitbucket.org, please con-
tact me if you would like access. Using the Makefile in the doxygen directory creates an
easy to use HTML documentation which can be accessed by opening doxygen/html/index.html
in a browser.
I also attached the documentation here: =4
Right-click the icon to save the attachment, and use tar --xz -xf mt_gerhard_doc.tar.xz
to extract.
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				 				bool with the state of the timer 





				 




				
cudaEvent_t 				mStart




				 				cudaEvent to store the start of the timer 
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[bookmark: details]Detailed Description




A timer class for CUDA. 




Allows the user to simply create, start and stop a timer, without having to worry about managing the cuda events 





Definition at line 19 of file cuda_timer.cuh.
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Constructor. 




Initializes EventTimer::mStopped to true and creates the EventTimer::mStart and EventTimer::mStop cudaEvents 





Definition at line 22 of file cuda_timer.cuh.
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Destructor. 




Destroys the EventTimer::mStart and EventTimer::mStop cudaEvents 





Definition at line 27 of file cuda_timer.cuh.
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Returns the elapsed time. 




Checks first EventTimer::mStopped to see if timer stopped. Then synchronizes cudaEvents and returns elapsed time in ms. 




				Returns



				the elapsed time 









Definition at line 64 of file cuda_timer.cuh.
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Starts the timer. 




Checks first EventTimer::mStopped to see if timer is not already running. Sets EventTimer::mStopped to false. 




				Parameters



				
  
    				s				specifies the cudaStream, defaults to zero. 




  




  










Definition at line 35 of file cuda_timer.cuh.
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Stops the timer. 




Checks first EventTimer::mStopped to see if timer is not already stopped. Sets EventTimer::mStopped to true. 




				Parameters



				
  
    				s				specifies the cudaStream, defaults to zero. 




  




  










Definition at line 49 of file cuda_timer.cuh.










The documentation for this class was generated from the following file:
				cuda_helper/cuda_timer.cuh
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This is the complete list of members for integrate1_functor, including all inherited members.





  				_boxSize				integrate1_functor				




  				_dt				integrate1_functor				




  				integrate1_functor(float dt, float3 boxSize)				integrate1_functor				inline




  				operator()(tuple t)				integrate1_functor				inline
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- _ -




				__myCudaCheckError()
: cuda_errorcheck.cuh





				__myCudaSafeCall()
: cuda_errorcheck.cuh





				_ConvertSMVer2Cores()
: select_device.h












- a -




				accelerateCelllists()
: particleSystem.cuh
, particleSystem_cuda.cu





				accelerateNBody()
: particleSystem_cuda.cu
, particleSystem.cuh





				allocateDeviceArray()
: particleSystem_cuda.cu
, particleSystem.cuh












- b -




				backupArrayDevice()
: particleSystem.cuh
, particleSystem_cuda.cu












- c -




				calcGridHash()
: particles_kernel_impl.cuh





				calcGridPos()
: particles_kernel_impl.cuh





				calcHash()
: particleSystem_cuda.cu
, particleSystem.cuh





				calcHashD()
: particles_kernel_impl.cuh





				calculate_forces_celllist()
: particles_kernel_impl.cuh





				calculate_forces_nbody()
: particles_kernel_impl.cuh





				calculate_potential_celllist()
: particles_kernel_impl.cuh





				calculateForcesCell()
: particles_kernel_impl.cuh





				calculatePotentialCell()
: particles_kernel_impl.cuh





				checkCudaCapabilities()
: select_device.h





				checkDeviceCapabilities()
: particles.cpp
, particleSystem.cuh
, particleSystem_cuda.cu





				computeGridSize()
: particleSystem_cuda.cu





				copyArrayFromDevice()
: particleSystem.cuh
, particleSystem_cuda.cu





				copyArrayToDevice()
: particleSystem_cuda.cu
, particleSystem.cuh





				cudaInit()
: particleSystem.cuh
, particleSystem_cuda.cu
, particles.cpp












- d -




				deviceSync()
: particleSystem_cuda.cu












- f -




				findCudaDevice()
: select_device.h





				freeDeviceArray()
: particleSystem_cuda.cu
, particleSystem.cuh












- g -




				gpuDeviceInit()
: select_device.h





				gpuGetMaxGflopsDeviceId()
: select_device.h












- i -




				iDivUp()
: particleSystem_cuda.cu





				integrateSystem1()
: particleSystem.cuh
, particleSystem_cuda.cu





				integrateSystem2()
: particleSystem.cuh
, particleSystem_cuda.cu












- m -




				main()
: particles.cpp












- p -




				potentialCelllists()
: particleSystem.cuh
, particleSystem_cuda.cu





				ppInteraction()
: particles_kernel_impl.cuh





				ppPotential()
: particles_kernel_impl.cuh












- r -




				reorderDataAndFindCellStart()
: particleSystem.cuh
, particleSystem_cuda.cu





				reorderDataAndFindCellStartD()
: particles_kernel_impl.cuh












- s -




				scaleArray()
: particleSystem.cuh
, particleSystem_cuda.cu





				setParameters()
: particleSystem_cuda.cu
, particleSystem.cuh





				sortParticles()
: particleSystem_cuda.cu
, particleSystem.cuh












- t -




				thrustReduce()
: particleSystem.cuh
, particleSystem_cuda.cu





				tile_calculation()
: particles_kernel_impl.cuh
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particleSystem.h
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 #pragma once

[bookmark: l00008]    8 #ifndef __PARTICLESYSTEM_H__

[bookmark: l00009]    9 #define __PARTICLESYSTEM_H__

[bookmark: l00010]   10 

[bookmark: l00011]   11 #include <vector_functions.h>

[bookmark: l00012]   12 #include <string>

[bookmark: l00013]   13 

[bookmark: l00014]   14 #include "particles_kernel.cuh"

[bookmark: l00015]   15 #include "boost_rng.hpp"

[bookmark: l00016]   16 

[bookmark: l00021]   21 class ParticleSystem {

[bookmark: l00022]   22 public:

[bookmark: l00024]   24         ParticleSystem(uint numParticles, uint3 gridSize, float3 boxSize, float temperature, std::string outdir, float cutoff);

[bookmark: l00026]   26         ~ParticleSystem();

[bookmark: l00027]   27 

[bookmark: l00029]   29         enum ParticleConfig {

[bookmark: l00030]   30                 CONFIG_RANDOM, 

[bookmark: l00031]   31                 CONFIG_GRID, 

[bookmark: l00032]   32         };

[bookmark: l00033]   33 

[bookmark: l00035]   35         enum ParticleArray {

[bookmark: l00036]   36                 POSITION, 

[bookmark: l00037]   37                 VELOCITY, 

[bookmark: l00038]   38                 ACCELERATION, 

[bookmark: l00039]   39         };

[bookmark: l00040]   40 

[bookmark: l00042]   42         enum SimulationMode {

[bookmark: l00043]   43                 NBODY, 

[bookmark: l00044]   44                 CELLLIST, 

[bookmark: l00045]   45         };

[bookmark: l00046]   46 

[bookmark: l00047]   47         void startMDSimulation(uint equilibration, uint iterations, SimulationMode mode, float deltaTime);

[bookmark: l00048]   48         void startMCSimulationNVT(uint equilibration, uint iterations, SimulationMode mode, float deltaTime);

[bookmark: l00049]   49         void startMCSimulationNPT(uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV);

[bookmark: l00050]   50         void MDstep(SimulationMode mode, float deltaTime);

[bookmark: l00051]   51         

[bookmark: l00052]   52         void resetPos(ParticleConfig config);

[bookmark: l00053]   53         void resetVel();

[bookmark: l00054]   54         

[bookmark: l00055]   55         float *getArray(ParticleArray array);

[bookmark: l00056]   56         void setArray(ParticleArray array, const float *data, int start, int count);

[bookmark: l00057]   57         

[bookmark: l00059]   59         int getNumParticles() const {

[bookmark: l00060]   60                 return m_numParticles;

[bookmark: l00061]   61         }

[bookmark: l00062]   62         

[bookmark: l00063]   63         void dumpGrid();

[bookmark: l00064]   64         void dumpParticles(uint start, uint count);

[bookmark: l00065]   65         void writeForGL();

[bookmark: l00066]   66         

[bookmark: l00068]   68         uint3 getGridSize() {

[bookmark: l00069]   69                 return m_params.gridSize;

[bookmark: l00070]   70         }

[bookmark: l00071]   71         

[bookmark: l00073]   73         float3 getWorldOrigin() {

[bookmark: l00074]   74                 return m_params.worldOrigin;

[bookmark: l00075]   75         }

[bookmark: l00076]   76         

[bookmark: l00078]   78         float3 getCellSize() {

[bookmark: l00079]   79                 return m_params.cellSize;

[bookmark: l00080]   80         }

[bookmark: l00081]   81         

[bookmark: l00082]   82 protected: //methods

[bookmark: l00083]   83         

[bookmark: l00084]   84         void _initialize(uint numParticles);

[bookmark: l00085]   85         void _finalize();

[bookmark: l00086]   86 

[bookmark: l00087]   87         void initGrid(uint *size, float spacing);

[bookmark: l00088]   88 

[bookmark: l00089]   89 protected: //data

[bookmark: l00090]   90         

[bookmark: l00091]   91         bool m_bInitialized; 

[bookmark: l00092]   92         bool m_velscaling; 

[bookmark: l00093]   93         uint m_numParticles; 

[bookmark: l00094]   94 

[bookmark: l00099]   99         float *m_hPos; 

[bookmark: l00100]  100         float *m_hVel; 

[bookmark: l00101]  101         float *m_hAcc; 

[bookmark: l00102]  102 

[bookmark: l00103]  103         

[bookmark: l00108]  108         float *m_dPos; 

[bookmark: l00109]  109         float *m_dSortedPos; 

[bookmark: l00110]  110         float *m_dVel; 

[bookmark: l00111]  111         float *m_dAcc; 

[bookmark: l00112]  112         float *m_dKineticEnergy; 

[bookmark: l00113]  113         float *m_dPotentialEnergy; 

[bookmark: l00114]  114         float *m_dVirial; 

[bookmark: l00115]  115 

[bookmark: l00116]  116 

[bookmark: l00121]  121         uint *m_dGridParticleHash;      

[bookmark: l00122]  122         uint *m_dGridParticleIndex;     

[bookmark: l00123]  123         uint *m_dCellStart;             

[bookmark: l00124]  124         uint *m_dCellEnd;               

[bookmark: l00125]  125 

[bookmark: l00126]  126 

[bookmark: l00131]  131         uint *m_hParticleHash;  

[bookmark: l00132]  132         uint *m_hCellStart;     

[bookmark: l00133]  133         uint *m_hCellEnd;       

[bookmark: l00134]  134 

[bookmark: l00135]  135 

[bookmark: l00140]  140         SimParams m_params; 

[bookmark: l00141]  141         uint3 m_gridSize; 

[bookmark: l00142]  142         float3 m_boxSize; 

[bookmark: l00143]  143         uint m_numGridCells; 

[bookmark: l00144]  144         float m_temperature; 

[bookmark: l00145]  145         std::string m_outdir; 

[bookmark: l00146]  146         float m_cutoff; 

[bookmark: l00147]  147         float m_pressureCorrection; 

[bookmark: l00148]  148         float m_potentialEnergyCorrection; 

[bookmark: l00149]  149         float m_density; 

[bookmark: l00150]  150 

[bookmark: l00151]  151 

[bookmark: l00156]  156         float m_instantTemperature; 

[bookmark: l00157]  157         float m_virial; 

[bookmark: l00158]  158         float m_potentialEnergy; 

[bookmark: l00159]  159         float m_kineticEnergy; 

[bookmark: l00160]  160         float m_pressure; 

[bookmark: l00161]  161 

[bookmark: l00162]  162 

[bookmark: l00163]  163         BoostRNG m_rng; 

[bookmark: l00164]  164 

[bookmark: l00165]  165 };

[bookmark: l00166]  166 

[bookmark: l00167]  167 #endif // __PARTICLESYSTEM_H__

ParticleSystem::MDstep
void MDstep(SimulationMode mode, float deltaTime)
Does one MD step. 
Definition: particleSystem.cpp:800


SimParams::gridSize
uint3 gridSize
size of the grid 
Definition: particles_kernel.cuh:24


ParticleSystem::m_dPotentialEnergy
float * m_dPotentialEnergy
potential energy contributions 
Definition: particleSystem.h:113


ParticleSystem::m_velscaling
bool m_velscaling
bool to switch velocity scaling in MD NVT 
Definition: particleSystem.h:92


ParticleSystem::m_numParticles
uint m_numParticles
number of particles 
Definition: particleSystem.h:93


ParticleSystem::m_density
float m_density
number density of the system 
Definition: particleSystem.h:149


ParticleSystem::~ParticleSystem
~ParticleSystem()
Destructor. 
Definition: particleSystem.cpp:87


ParticleSystem::startMCSimulationNVT
void startMCSimulationNVT(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)
The actual MC simulation. 
Definition: particleSystem.cpp:187


ParticleSystem::m_instantTemperature
float m_instantTemperature
instantenuous temperature 
Definition: particleSystem.h:156


ParticleSystem::m_potentialEnergyCorrection
float m_potentialEnergyCorrection
correction (takes care of the shifted part in &#39;truncated and shifted) 
Definition: particleSystem.h:148


ParticleSystem::m_pressureCorrection
float m_pressureCorrection
correction for the pressure when using cutoff 
Definition: particleSystem.h:147


ParticleSystem::m_hPos
float * m_hPos
position 
Definition: particleSystem.h:99


ParticleSystem::m_cutoff
float m_cutoff
cutoff radius 
Definition: particleSystem.h:146


ParticleSystem::CELLLIST
use celllist approach 
Definition: particleSystem.h:44


ParticleSystem::resetVel
void resetVel()
resets velocity. 
Definition: particleSystem.cpp:1078


ParticleSystem::ParticleConfig
ParticleConfig
enum for the initial particle placement 
Definition: particleSystem.h:29


ParticleSystem::m_potentialEnergy
float m_potentialEnergy
potential energy of the system 
Definition: particleSystem.h:158


ParticleSystem::m_boxSize
float3 m_boxSize
size of simulation box 
Definition: particleSystem.h:142


ParticleSystem::initGrid
void initGrid(uint *size, float spacing)
initializes position and velocity data Called from ParticleSystem::resetPos 
Definition: particleSystem.cpp:1019


ParticleSystem::NBODY
use nbody approach 
Definition: particleSystem.h:43


ParticleSystem::m_dGridParticleIndex
uint * m_dGridParticleIndex
grid indeces 
Definition: particleSystem.h:122


ParticleSystem::ParticleSystem
ParticleSystem(uint numParticles, uint3 gridSize, float3 boxSize, float temperature, std::string outdir, float cutoff)
Constructor. 
Definition: particleSystem.cpp:41


ParticleSystem::_initialize
void _initialize(uint numParticles)
Initializes particle system. 
Definition: particleSystem.cpp:98


particles_kernel.cuh
Definition of the struct SimParams that goes to constant memory. 


BoostRNG
class that provides random number generator. 
Definition: boost_rng.hpp:20


ParticleSystem
Class that contains the particle system and methods to update it. 
Definition: particleSystem.h:21


ParticleSystem::resetPos
void resetPos(ParticleConfig config)
Resets particle positions. 
Definition: particleSystem.cpp:1043


ParticleSystem::m_hParticleHash
uint * m_hParticleHash
grid hashes 
Definition: particleSystem.h:131


ParticleSystem::m_dPos
float * m_dPos
position 
Definition: particleSystem.h:108


SimParams::cellSize
float3 cellSize
size of the cells 
Definition: particles_kernel.cuh:25


ParticleSystem::m_dAcc
float * m_dAcc
acceleration 
Definition: particleSystem.h:111


ParticleSystem::m_hCellEnd
uint * m_hCellEnd
ending particles for cells 
Definition: particleSystem.h:133


ParticleSystem::dumpParticles
void dumpParticles(uint start, uint count)
Dumps particle information to CPU and prints to screen. 
Definition: particleSystem.cpp:912


ParticleSystem::startMCSimulationNPT
void startMCSimulationNPT(uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)
The actual MC simulation in NPT. 
Definition: particleSystem.cpp:317


ParticleSystem::m_kineticEnergy
float m_kineticEnergy
kinetic energy of the system 
Definition: particleSystem.h:159


ParticleSystem::m_dVel
float * m_dVel
velocity 
Definition: particleSystem.h:110


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


ParticleSystem::m_hCellStart
uint * m_hCellStart
starting particles for cells 
Definition: particleSystem.h:132


ParticleSystem::getArray
float * getArray(ParticleArray array)
Copies array from the GPU to the CPU. 
Definition: particleSystem.cpp:961


ParticleSystem::getWorldOrigin
float3 getWorldOrigin()
returns the origin of the simulation box 
Definition: particleSystem.h:73


ParticleSystem::startMDSimulation
void startMDSimulation(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)
The actual MD simulation. 
Definition: particleSystem.cpp:719


ParticleSystem::m_rng
BoostRNG m_rng
boost random number generator 
Definition: particleSystem.h:163


ParticleSystem::m_temperature
float m_temperature
temperature of simulation 
Definition: particleSystem.h:144


ParticleSystem::m_bInitialized
bool m_bInitialized
bool to see if system is initialized 
Definition: particleSystem.h:91


ParticleSystem::ParticleArray
ParticleArray
enum to select the right array 
Definition: particleSystem.h:35


ParticleSystem::POSITION
select position array 
Definition: particleSystem.h:36


ParticleSystem::m_virial
float m_virial
virial of the system 
Definition: particleSystem.h:157


ParticleSystem::CONFIG_GRID
particles are placed on a grid 
Definition: particleSystem.h:31


ParticleSystem::m_dSortedPos
float * m_dSortedPos
sorted positions 
Definition: particleSystem.h:109


ParticleSystem::m_dCellEnd
uint * m_dCellEnd
ending particles for cells 
Definition: particleSystem.h:124


ParticleSystem::m_hVel
float * m_hVel
velocity 
Definition: particleSystem.h:100


ParticleSystem::SimulationMode
SimulationMode
enum to set the simulation mode 
Definition: particleSystem.h:42


ParticleSystem::CONFIG_RANDOM
particles are placed in the box randomly 
Definition: particleSystem.h:30


ParticleSystem::m_numGridCells
uint m_numGridCells
number of cells in the grid 
Definition: particleSystem.h:143


ParticleSystem::getGridSize
uint3 getGridSize()
returns the grid size 
Definition: particleSystem.h:68


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


ParticleSystem::_finalize
void _finalize()
frees CPU and GPU memory Called by the destructor ParticleSystem::~ParticleSystem(). 
Definition: particleSystem.cpp:148


ParticleSystem::VELOCITY
select velocity array 
Definition: particleSystem.h:37


ParticleSystem::m_dVirial
float * m_dVirial
virial contributions 
Definition: particleSystem.h:114


ParticleSystem::m_pressure
float m_pressure
temperature of the system 
Definition: particleSystem.h:160


ParticleSystem::setArray
void setArray(ParticleArray array, const float *data, int start, int count)
Copies array from the CPU to the GPU. 
Definition: particleSystem.cpp:994


ParticleSystem::ACCELERATION
select acceleration array 
Definition: particleSystem.h:38


boost_rng.hpp
Interface for the BoostRNG class. 


ParticleSystem::getCellSize
float3 getCellSize()
returns the cell size 
Definition: particleSystem.h:78


SimParams::worldOrigin
float3 worldOrigin
origin of the coordinate system 
Definition: particles_kernel.cuh:21


ParticleSystem::m_dKineticEnergy
float * m_dKineticEnergy
kinetic energy contributions 
Definition: particleSystem.h:112


ParticleSystem::m_gridSize
uint3 m_gridSize
size of grid 
Definition: particleSystem.h:141


ParticleSystem::m_params
SimParams m_params
cpu instance of SimParams, to be put in constant memory 
Definition: particleSystem.h:140


ParticleSystem::m_dGridParticleHash
uint * m_dGridParticleHash
grid hashes 
Definition: particleSystem.h:121


ParticleSystem::m_outdir
std::string m_outdir
directory to write output to 
Definition: particleSystem.h:145


ParticleSystem::dumpGrid
void dumpGrid()
Dumps grid information to CPU and prints to screen. 
Definition: particleSystem.cpp:872


ParticleSystem::writeForGL
void writeForGL()
Copies particle positions and prints them for use in franks opengl. 
Definition: particleSystem.cpp:930


ParticleSystem::getNumParticles
int getNumParticles() const 
returns the number of particles 
Definition: particleSystem.h:59


ParticleSystem::m_dCellStart
uint * m_dCellStart
starting particles for cells 
Definition: particleSystem.h:123


ParticleSystem::m_hAcc
float * m_hAcc
acceleration 
Definition: particleSystem.h:101
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Here are the classes, structs, unions and interfaces with brief descriptions:


				[image: o][image: C]BoostRNG				Class that provides random number generator 




				[image: o][image: C]ErrorAnalysis				Class for determining mean and error for a observable 




				[image: o][image: C]EventTimer				A timer class for CUDA 




				[image: o][image: C]integrate1_functor				Functor for the first step of the Verlet integrator 




				[image: o][image: C]integrate2_functor				Functor for the second step of the Verlet integrator 




				[image: o][image: C]ParticleSystem				Class that contains the particle system and methods to update it 




				[image: \][image: C]SimParams				Structure that stores the simulation parameter and goes in constant memory 
















Generated on Thu Sep 12 2013 07:21:12 for Molecular simulations using CUDA by  
[image: doxygen]
 1.8.4











html/dir_050edd66366d13764f98250ef6db77f6.html






 
 
  				
   Molecular simulations using CUDA
   

   Code Documentation

  
 




 










  
    
      				Main Page




      				Related Pages




      				Classes




      				Files




      				
        
        
          [image: ]
          
          
            [image: ]
          
        

      




    




  



 All Classes Files Functions Variables Typedefs Enumerations Enumerator Macros Pages










  
				code



  









  
code Directory Reference
  









CUDA code for Molecular Simulations. 




 
More...





				[bookmark: files]
Files








				file  				boost_rng.cpp [code]




				 				Implementation for the BoostRNG class. 





				 




				file  				boost_rng.hpp [code]




				 				Interface for the BoostRNG class. 





				 




				file  				error_analysis.cpp [code]




				 				Implementation for the ErrorAnalysis class. 





				 




				file  				error_analysis.hpp [code]




				 				Interface for the ErrorAnalysis class. 





				 




				file  				particles.cpp [code]




				 				The main program. 





				 




				file  				particles_kernel.cuh [code]




				 				Definition of the struct SimParams that goes to constant memory. 





				 




				file  				particles_kernel_impl.cuh [code]




				 				Cuda function and functor definitions. 





				 




				file  				particleSystem.cpp [code]




				 				Implementation of the ParticleSystem class. 





				 




				file  				particleSystem.cuh [code]




				 				Extern declaration of function in particleSystem_cuda.cu so that they can be called from the ParticleSystem class. 





				 




				file  				particleSystem.h [code]




				 				Interface for the ParticleSystem class. 





				 




				file  				particleSystem_cuda.cu [code]




				 				C wrappers around CUDA functions so they can be called from particleSystem.cpp. 





				 









[bookmark: details]Detailed Description




CUDA code for Molecular Simulations. 




Also includes some small boost programs: a random number generator, and a program that calculates the mean and standard error. 
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Public Attributes |
List of all members  

  
SimParams Struct Reference
  





Structure that stores the simulation parameter and goes in constant memory.  
 More...





				[bookmark: pub-attribs]
Public Attributes








				
float3 				worldOrigin




				 				origin of the coordinate system 





				 




				
float3 				boxSize




				 				size of the simulation box 





				 




				
uint 				numCells




				 				number of cells 





				 




				
uint3 				gridSize




				 				size of the grid 





				 




				
float3 				cellSize




				 				size of the cells 





				 




				
float 				temperature




				 				temperature in the system 





				 




				
float 				cutoff




				 				cutoff radius potential 





				 




				
float 				potentialCorrection




				 				potential correction for the shift in potential 





				 









[bookmark: details]Detailed Description




Structure that stores the simulation parameter and goes in constant memory. 




				Todo:



				see if including number of particles is convenient 









Definition at line 19 of file particles_kernel.cuh.






The documentation for this struct was generated from the following file:
				code/particles_kernel.cuh
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				code



  









  
Functions |
Variables  

  
particles.cpp File Reference
  





The main program.  
More...




#include <stdlib.h>

#include <cstdlib>

#include <cstdio>

#include <algorithm>

#include "particleSystem.h"

#include "../cuda_helper/cutil_math.h"



Go to the source code of this file.





				[bookmark: define-members]
Macros








				Default parameters





				
#define 				NUM_PARTICLES   1024




				 




				
#define 				NUM_EQUILIBRATION   15000




				 




				
#define 				NUM_EQUILIBRATION_2   5000




				 




				
#define 				NUM_ITER   15000




				 




				
#define 				TIMESTEP   0.003f




				 




				
#define 				DENSITY   0.5f




				 




				
#define 				TEMP   2.0f




				 




				
#define 				OUTDIR   "out"




				 




				
#define 				CUTOFF   2.5f




				 




				
#define 				PRESSURE   1.75f




				 




				
#define 				DLNV   0.1f




				 









				[bookmark: func-members]
Functions








				void 				cudaInit (int cmdArgDevice)




				 				Initialize cuda environment.  More...





				 




				bool 				checkDeviceCapabilities (int major, int minor)




				 				Checks if device has the given compute capability.  More...





				 




				int 				main (int argc, char **argv)




				 				main function, what's there to say ;) Checks if CUDA device is present and has the right compute capabilities (>= 2.0).  More...





				 









				[bookmark: var-members]
Variables








				
ParticleSystem * 				psystem = NULL




				 				The particle system. 





				 




				Parameters used to instantiate ParticleSystem





				
uint 				numParticles




				 




				
int 				numEquilibrations




				 




				
int 				numEquilibrations2




				 




				
int 				numIterations




				 




				
float 				deltaTime




				 




				
float 				density




				 




				
float 				temperature




				 




				
float 				cutoff




				 




				
std::string 				outdir




				 




				
float 				pressure




				 




				
float 				dlnV




				 









[bookmark: details]Detailed Description




The main program. 




Here the ParticleSystem is instantiated and ran. 





Definition in file particles.cpp.





Function Documentation







      
        
          				bool checkDeviceCapabilities 
          				(
          				int 
          				major, 
        




        
          				
          				
          				int 
          				minor 
        




        
          				
          				)
          								
        




      







Checks if device has the given compute capability. 




Runs checkCudaCapabilities. 




				Parameters



				
  
    				[in]				major				major compute capability 




    				[in]				minor				minor compute capability 




  




  









				Returns



				true if device supports desired capability, false otherwise 









Definition at line 49 of file particleSystem_cuda.cu.












      
        
          				void cudaInit 
          				(
          				int 
          				cmdArgDevice				)
          				
        




      







Initialize cuda environment. 




Calls findCudaDevice. 




				Parameters



				
  
    				[in]				cmdArgDevice				desired CUDA device, -1 if not specified 




  




  









				See Also



				findCudaDevice 









Definition at line 37 of file particleSystem_cuda.cu.












      
        
          				int main 
          				(
          				int 
          				argc, 
        




        
          				
          				
          				char ** 
          				argv 
        




        
          				
          				)
          								
        




      







main function, what's there to say ;) Checks if CUDA device is present and has the right compute capabilities (>= 2.0). 




Instantiates ParticleSystem and runs simulation. 




				Todo:



				use boost::program_options for neat parameter parsing 








				Warning



				: when running make sure you set the correct parameters, pressure for NPT, density for NVT or NVE 








				Todo:



				cubic 









Definition at line 62 of file particles.cpp.
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- _ -




				_finalize()
: ParticleSystem





				_initialize()
: ParticleSystem












- b -




				BoostRNG()
: BoostRNG












- d -




				dumpGrid()
: ParticleSystem





				dumpParticles()
: ParticleSystem












- e -




				elapsed()
: EventTimer





				error()
: ErrorAnalysis





				ErrorAnalysis()
: ErrorAnalysis





				EventTimer()
: EventTimer












- g -




				getArray()
: ParticleSystem





				getCellSize()
: ParticleSystem





				getGridSize()
: ParticleSystem





				getNumParticles()
: ParticleSystem





				getSeed()
: BoostRNG





				getWorldOrigin()
: ParticleSystem












- i -




				initGrid()
: ParticleSystem





				integrate1_functor()
: integrate1_functor





				integrate2_functor()
: integrate2_functor












- m -




				MDstep()
: ParticleSystem





				mean()
: ErrorAnalysis












- n -




				normal()
: BoostRNG












- o -




				operator()()
: integrate1_functor
, integrate2_functor












- p -




				ParticleSystem()
: ParticleSystem





				process()
: ErrorAnalysis





				push()
: ErrorAnalysis












- r -




				resetPos()
: ParticleSystem





				resetVel()
: ParticleSystem












- s -




				setArray()
: ParticleSystem





				start()
: EventTimer





				startMCSimulationNPT()
: ParticleSystem





				startMCSimulationNVT()
: ParticleSystem





				startMDSimulation()
: ParticleSystem





				stop()
: EventTimer












- u -




				uniform()
: BoostRNG












- v -




				variance()
: ErrorAnalysis












- w -




				writeForGL()
: ParticleSystem












- ~ -




				~EventTimer()
: EventTimer





				~ParticleSystem()
: ParticleSystem
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cuda_timer.cuh
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00006]    6 #pragma once

[bookmark: l00007]    7 #ifndef CUDA_TIMER_CUH

[bookmark: l00008]    8 #define CUDA_TIMER_CUH

[bookmark: l00009]    9 

[bookmark: l00010]   10 #include "cuda_errorcheck.cuh"

[bookmark: l00011]   11 #include <iostream>

[bookmark: l00012]   12 

[bookmark: l00019]   19 class EventTimer {

[bookmark: l00020]   20 public:

[bookmark: l00022]   22         EventTimer() : mStopped(true) {

[bookmark: l00023]   23                 cudaEventCreate(&mStart);

[bookmark: l00024]   24                 cudaEventCreate(&mStop);

[bookmark: l00025]   25         }

[bookmark: l00027]   27         ~EventTimer() {

[bookmark: l00028]   28                 cudaEventDestroy(mStart);

[bookmark: l00029]   29                 cudaEventDestroy(mStop);

[bookmark: l00030]   30         }

[bookmark: l00035]   35         void start(cudaStream_t s = 0 ) {

[bookmark: l00036]   36                 #ifdef CUDA_TIME

[bookmark: l00037]   37                 if(!mStopped) {

[bookmark: l00038]   38                         std::cerr << "error: EventTimer already running" ;

[bookmark: l00039]   39                         exit(EXIT_FAILURE);

[bookmark: l00040]   40                 }

[bookmark: l00041]   41                 myCudaSafeCall(cudaEventRecord(mStart, s)); mStopped = false; 

[bookmark: l00042]   42                 #endif

[bookmark: l00043]   43                 return;

[bookmark: l00044]   44         }

[bookmark: l00049]   49         void stop(cudaStream_t s = 0 )  {

[bookmark: l00050]   50                 #ifdef CUDA_TIME

[bookmark: l00051]   51                 if(mStopped) {

[bookmark: l00052]   52                         std::cerr << "error: EventTimer already stopped" ;

[bookmark: l00053]   53                         exit(EXIT_FAILURE);

[bookmark: l00054]   54                 }

[bookmark: l00055]   55                 myCudaSafeCall(cudaEventRecord(mStop, s)); mStopped = true;

[bookmark: l00056]   56                 #endif

[bookmark: l00057]   57                 return;

[bookmark: l00058]   58         }

[bookmark: l00059]   59         

[bookmark: l00064]   64         float elapsed() {

[bookmark: l00065]   65                 #ifdef CUDA_TIME

[bookmark: l00066]   66                 if (!mStopped) {

[bookmark: l00067]   67                         std::cerr << "error: EventTimer still running" ;

[bookmark: l00068]   68                         exit(EXIT_FAILURE);

[bookmark: l00069]   69                 }

[bookmark: l00070]   70                 myCudaSafeCall(cudaEventSynchronize(mStop));

[bookmark: l00071]   71                 float elapsed = 0.0f;

[bookmark: l00072]   72                 myCudaSafeCall(cudaEventElapsedTime(&elapsed, mStart, mStop));

[bookmark: l00073]   73                 return elapsed;

[bookmark: l00074]   74                 #else

[bookmark: l00075]   75                 return 0.0f;

[bookmark: l00076]   76                 #endif

[bookmark: l00077]   77         }

[bookmark: l00078]   78 private:

[bookmark: l00079]   79         bool mStopped; 

[bookmark: l00080]   80         cudaEvent_t mStart; 

[bookmark: l00081]   81         cudaEvent_t mStop; 

[bookmark: l00082]   82 };

[bookmark: l00083]   83 #endif

EventTimer::~EventTimer
~EventTimer()
Destructor. 
Definition: cuda_timer.cuh:27


EventTimer::stop
void stop(cudaStream_t s=0)
Stops the timer. 
Definition: cuda_timer.cuh:49


myCudaSafeCall
#define myCudaSafeCall(err)
nice wrapper for __myCudaSafeCall 
Definition: cuda_errorcheck.cuh:21


EventTimer::start
void start(cudaStream_t s=0)
Starts the timer. 
Definition: cuda_timer.cuh:35


EventTimer
A timer class for CUDA. 
Definition: cuda_timer.cuh:19


EventTimer::elapsed
float elapsed()
Returns the elapsed time. 
Definition: cuda_timer.cuh:64


EventTimer::mStop
cudaEvent_t mStop
cudaEvent to store the stop of the timer 
Definition: cuda_timer.cuh:81


EventTimer::mStopped
bool mStopped
bool with the state of the timer 
Definition: cuda_timer.cuh:79


EventTimer::EventTimer
EventTimer()
Constructor. 
Definition: cuda_timer.cuh:22


cuda_errorcheck.cuh
Implements functions to check for errors with kernel invocation. 


EventTimer::mStart
cudaEvent_t mStart
cudaEvent to store the start of the timer 
Definition: cuda_timer.cuh:80
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				code



  









  
error_analysis.cpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 #include "error_analysis.hpp"

[bookmark: l00008]    8 

[bookmark: l00009]    9 #include <boost/bind.hpp>

[bookmark: l00010]   10 #include <boost/ref.hpp>

[bookmark: l00011]   11 #include <algorithm> //for_each

[bookmark: l00012]   12 #include <cmath>

[bookmark: l00013]   13 #include <iostream>

[bookmark: l00014]   14 

[bookmark: l00020]   20 ErrorAnalysis::ErrorAnalysis(int _nrSamples, int _nrBins) : nrSamples(_nrSamples) ,nrBins(_nrBins) {

[bookmark: l00021]   21         if ( nrBins == 1)

[bookmark: l00022]   22                 std::cerr << "error: will not work with 1 bin will only return the mean" << std::endl;

[bookmark: l00023]   23         else if(nrBins < 10) 

[bookmark: l00024]   24                 std::cerr << "warning: number of bins might be too low for error estimate" << std::endl;

[bookmark: l00025]   25         if(nrSamples % nrBins != 0) {

[bookmark: l00026]   26                 std::cerr << "error: nrSamples not a multiple of number of bins" << std::endl;

[bookmark: l00027]   27                 exit(EXIT_FAILURE);

[bookmark: l00028]   28         }

[bookmark: l00029]   29         bins.resize(nrBins);

[bookmark: l00030]   30         samplesPerBin = nrSamples / nrBins;

[bookmark: l00031]   31         done = false;

[bookmark: l00032]   32         count = 0;

[bookmark: l00033]   33 }

[bookmark: l00040]   40 void ErrorAnalysis::process() {

[bookmark: l00041]   41         if(count < nrSamples) {

[bookmark: l00042]   42                 std::cerr << "not all samples added" << std::endl;

[bookmark: l00043]   43                 exit(EXIT_FAILURE);

[bookmark: l00044]   44         }

[bookmark: l00045]   45         std::for_each( bins.begin(), bins.end(), 

[bookmark: l00046]   46                 boost::bind<void>( boost::ref(acc), boost::bind<double>(std::divides<double>(), _1, samplesPerBin)));

[bookmark: l00047]   47         done = true;

[bookmark: l00048]   48         return;

[bookmark: l00049]   49 }

[bookmark: l00050]   50 

[bookmark: l00054]   54 void ErrorAnalysis::push(double value) {

[bookmark: l00055]   55         bins[count / samplesPerBin] += value;

[bookmark: l00056]   56         count++;

[bookmark: l00057]   57 }

[bookmark: l00058]   58 

[bookmark: l00067]   67 double ErrorAnalysis::mean() {

[bookmark: l00068]   68         if(done == false) process();

[bookmark: l00069]   69         return boost::accumulators::mean(acc);

[bookmark: l00070]   70 }

[bookmark: l00071]   71 

[bookmark: l00086]   86 double ErrorAnalysis::variance() {

[bookmark: l00087]   87         if(done == false) process();

[bookmark: l00088]   88         //return boost::accumulators::variance(acc);

[bookmark: l00089]   89         return boost::accumulators::variance(acc)*nrBins/(nrBins-1);

[bookmark: l00090]   90 }

[bookmark: l00091]   91 

[bookmark: l00106]  106 double ErrorAnalysis::error() {

[bookmark: l00107]  107         if(done == false) process();

[bookmark: l00108]  108         return sqrt(variance()/nrBins);

[bookmark: l00109]  109 }

[bookmark: l00110]  110 

ErrorAnalysis::ErrorAnalysis
ErrorAnalysis(int _nrSamples, int _nrBins=10)
Constructor. 
Definition: error_analysis.cpp:20


ErrorAnalysis::variance
double variance()
Returns the unbiased estimator of the variance. 
Definition: error_analysis.cpp:86


ErrorAnalysis::push
void push(double value)
Pushes a value to the correct bin. 
Definition: error_analysis.cpp:54


ErrorAnalysis::acc
boost::accumulators::accumulator_set< double, boost::accumulators::features< boost::accumulators::tag::mean, boost::accumulators::tag::variance > > acc
The boost accumulator set. 
Definition: error_analysis.hpp:36


ErrorAnalysis::process
void process()
Processes the data. 
Definition: error_analysis.cpp:40


ErrorAnalysis::nrSamples
int nrSamples
total number of samples 
Definition: error_analysis.hpp:26


ErrorAnalysis::error
double error()
Returns the standard error of the mean using the unbiased estimator of the variance. 
Definition: error_analysis.cpp:106


ErrorAnalysis::done
bool done
set to true if all samples are added and processed 
Definition: error_analysis.hpp:25


ErrorAnalysis::count
int count
counter for number of samples already pushed 
Definition: error_analysis.hpp:29


ErrorAnalysis::bins
std::vector< double > bins
vector of doubles to store the sum of the bins 
Definition: error_analysis.hpp:30


ErrorAnalysis::nrBins
int nrBins
number of bins to divide the samples over 
Definition: error_analysis.hpp:27


ErrorAnalysis::samplesPerBin
int samplesPerBin
number of samples per bin 
Definition: error_analysis.hpp:28


ErrorAnalysis::mean
double mean()
Returns the mean. 
Definition: error_analysis.cpp:67


error_analysis.hpp
Interface for the ErrorAnalysis class. 
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html/dynsections.js


function toggleVisibility(linkObj)
{
 var base = $(linkObj).attr('id');
 var summary = $('#'+base+'-summary');
 var content = $('#'+base+'-content');
 var trigger = $('#'+base+'-trigger');
 var src=$(trigger).attr('src');
 if (content.is(':visible')===true) {
   content.hide();
   summary.show();
   $(linkObj).addClass('closed').removeClass('opened');
   $(trigger).attr('src',src.substring(0,src.length-8)+'closed.png');
 } else {
   content.show();
   summary.hide();
   $(linkObj).removeClass('closed').addClass('opened');
   $(trigger).attr('src',src.substring(0,src.length-10)+'open.png');
 } 
 return false;
}

function updateStripes()
{
  $('table.directory tr').
       removeClass('even').filter(':visible:even').addClass('even');
}
function toggleLevel(level)
{
  $('table.directory tr').each(function(){ 
    var l = this.id.split('_').length-1;
    var i = $('#img'+this.id.substring(3));
    var a = $('#arr'+this.id.substring(3));
    if (l<level+1) {
      i.attr('src','ftv2folderopen.png');
      a.attr('src','ftv2mnode.png');
      $(this).show();
    } else if (l==level+1) {
      i.attr('src','ftv2folderclosed.png');
      a.attr('src','ftv2pnode.png');
      $(this).show();
    } else {
      $(this).hide();
    }
  });
  updateStripes();
}

function toggleFolder(id)
{
  //The clicked row
  var currentRow = $('#row_'+id);
  var currentRowImages = currentRow.find("img");

  //All rows after the clicked row
  var rows = currentRow.nextAll("tr");

  //Only match elements AFTER this one (can't hide elements before)
  var childRows = rows.filter(function() {
    var re = new RegExp('^row_'+id+'\\d+_$', "i"); //only one sub
    return this.id.match(re);
  });

  //First row is visible we are HIDING
  if (childRows.filter(':first').is(':visible')===true) {
    currentRowImages.filter("[id^=arr]").attr('src', 'ftv2pnode.png');
    currentRowImages.filter("[id^=img]").attr('src', 'ftv2folderclosed.png');
    rows.filter("[id^=row_"+id+"]").hide();
  } else { //We are SHOWING
    //All sub images
    var childImages = childRows.find("img");
    var childImg = childImages.filter("[id^=img]");
    var childArr = childImages.filter("[id^=arr]");

    currentRow.find("[id^=arr]").attr('src', 'ftv2mnode.png'); //open row
    currentRow.find("[id^=img]").attr('src', 'ftv2folderopen.png'); //open row
    childImg.attr('src','ftv2folderclosed.png'); //children closed
    childArr.attr('src','ftv2pnode.png'); //children closed
    childRows.show(); //show all children
  }
  updateStripes();
}


function toggleInherit(id)
{
  var rows = $('tr.inherit.'+id);
  var img = $('tr.inherit_header.'+id+' img');
  var src = $(img).attr('src');
  if (rows.filter(':first').is(':visible')===true) {
    rows.css('display','none');
    $(img).attr('src',src.substring(0,src.length-8)+'closed.png');
  } else {
    rows.css('display','table-row'); // using show() causes jump in firefox
    $(img).attr('src',src.substring(0,src.length-10)+'open.png');
  }
}


$(document).ready(function() {
  $('.code,.codeRef').each(function() {
    $(this).data('powertip',$('#'+$(this).attr('href').replace(/.*\//,'').replace(/[^a-z_A-Z0-9]/g,'_')).html());
    $(this).powerTip({ placement: 's', smartPlacement: true, mouseOnToPopup: true });
  });
});
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ParticleSystem Member List
  





This is the complete list of members for ParticleSystem, including all inherited members.





  				_finalize()				ParticleSystem				protected




  				_initialize(uint numParticles)				ParticleSystem				protected




  				ACCELERATION enum value				ParticleSystem				




  				CELLLIST enum value				ParticleSystem				




  				CONFIG_GRID enum value				ParticleSystem				




  				CONFIG_RANDOM enum value				ParticleSystem				




  				dumpGrid()				ParticleSystem				




  				dumpParticles(uint start, uint count)				ParticleSystem				




  				getArray(ParticleArray array)				ParticleSystem				




  				getCellSize()				ParticleSystem				inline




  				getGridSize()				ParticleSystem				inline




  				getNumParticles() const 				ParticleSystem				inline




  				getWorldOrigin()				ParticleSystem				inline




  				initGrid(uint *size, float spacing)				ParticleSystem				protected




  				m_bInitialized				ParticleSystem				protected




  				m_boxSize				ParticleSystem				protected




  				m_cutoff				ParticleSystem				protected




  				m_dAcc				ParticleSystem				protected




  				m_dCellEnd				ParticleSystem				protected




  				m_dCellStart				ParticleSystem				protected




  				m_density				ParticleSystem				protected




  				m_dGridParticleHash				ParticleSystem				protected




  				m_dGridParticleIndex				ParticleSystem				protected




  				m_dKineticEnergy				ParticleSystem				protected




  				m_dPos				ParticleSystem				protected




  				m_dPotentialEnergy				ParticleSystem				protected




  				m_dSortedPos				ParticleSystem				protected




  				m_dVel				ParticleSystem				protected




  				m_dVirial				ParticleSystem				protected




  				m_gridSize				ParticleSystem				protected




  				m_hAcc				ParticleSystem				protected




  				m_hCellEnd				ParticleSystem				protected




  				m_hCellStart				ParticleSystem				protected




  				m_hParticleHash				ParticleSystem				protected




  				m_hPos				ParticleSystem				protected




  				m_hVel				ParticleSystem				protected




  				m_instantTemperature				ParticleSystem				protected




  				m_kineticEnergy				ParticleSystem				protected




  				m_numGridCells				ParticleSystem				protected




  				m_numParticles				ParticleSystem				protected




  				m_outdir				ParticleSystem				protected




  				m_params				ParticleSystem				protected




  				m_potentialEnergy				ParticleSystem				protected




  				m_potentialEnergyCorrection				ParticleSystem				protected




  				m_pressure				ParticleSystem				protected




  				m_pressureCorrection				ParticleSystem				protected




  				m_rng				ParticleSystem				protected




  				m_temperature				ParticleSystem				protected




  				m_velscaling				ParticleSystem				protected




  				m_virial				ParticleSystem				protected




  				MDstep(SimulationMode mode, float deltaTime)				ParticleSystem				




  				NBODY enum value				ParticleSystem				




  				ParticleArray enum name				ParticleSystem				




  				ParticleConfig enum name				ParticleSystem				




  				ParticleSystem(uint numParticles, uint3 gridSize, float3 boxSize, float temperature, std::string outdir, float cutoff)				ParticleSystem				




  				POSITION enum value				ParticleSystem				




  				resetPos(ParticleConfig config)				ParticleSystem				




  				resetVel()				ParticleSystem				




  				setArray(ParticleArray array, const float *data, int start, int count)				ParticleSystem				




  				SimulationMode enum name				ParticleSystem				




  				startMCSimulationNPT(uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)				ParticleSystem				




  				startMCSimulationNVT(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)				ParticleSystem				




  				startMDSimulation(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)				ParticleSystem				




  				VELOCITY enum value				ParticleSystem				




  				writeForGL()				ParticleSystem				




  				~ParticleSystem()				ParticleSystem				
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ErrorAnalysis Member List
  





This is the complete list of members for ErrorAnalysis, including all inherited members.





  				acc				ErrorAnalysis				private




  				bins				ErrorAnalysis				private




  				count				ErrorAnalysis				private




  				done				ErrorAnalysis				private




  				error()				ErrorAnalysis				




  				ErrorAnalysis(int _nrSamples, int _nrBins=10)				ErrorAnalysis				




  				mean()				ErrorAnalysis				




  				nrBins				ErrorAnalysis				private




  				nrSamples				ErrorAnalysis				private




  				process()				ErrorAnalysis				private




  				push(double value)				ErrorAnalysis				




  				samplesPerBin				ErrorAnalysis				private




  				variance()				ErrorAnalysis				
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particles_kernel_impl.cuh
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00006]    6 #pragma once

[bookmark: l00007]    7 #ifndef _PARTICLES_KERNEL_H_

[bookmark: l00008]    8 #define _PARTICLES_KERNEL_H_

[bookmark: l00009]    9 

[bookmark: l00010]   10 #include <stdio.h>

[bookmark: l00011]   11 #include <math.h>

[bookmark: l00012]   12 #include "particles_kernel.cuh"

[bookmark: l00013]   13 #include "assert.h"

[bookmark: l00014]   14 

[bookmark: l00015]   15 #include "../cuda_helper/cutil_math.h"

[bookmark: l00016]   16 

[bookmark: l00018]   18 __constant__ SimParams params;

[bookmark: l00019]   19 

[bookmark: l00020]   20 

[bookmark: l00029]   29 struct integrate1_functor{

[bookmark: l00030]   30         float _dt; 

[bookmark: l00031]   31         float3 _boxSize; 

[bookmark: l00032]   32         __host__ __device__ integrate1_functor(float dt, float3 boxSize) : _dt(dt), _boxSize(boxSize) {}

[bookmark: l00041]   41         template <typename tuple> 

[bookmark: l00042]   42         __host__ __device__ void operator()(tuple t){

[bookmark: l00043]   43                 //get position from tuple

[bookmark: l00044]   44                 volatile float4 x4 = thrust::get<0>(t);

[bookmark: l00045]   45                 //get velocity from tuple

[bookmark: l00046]   46                 volatile float4 v4 = thrust::get<1>(t);

[bookmark: l00047]   47                 //get acceleration from tuple

[bookmark: l00048]   48                 volatile float4 a4 = thrust::get<2>(t);

[bookmark: l00049]   49                 //convert float4 to float3

[bookmark: l00050]   50                 float3 x3 = make_float3(x4.x, x4.y, x4.z);

[bookmark: l00051]   51                 float3 v3 = make_float3(v4.x, v4.y, v4.z);

[bookmark: l00052]   52                 float3 a3 = make_float3(a4.x, a4.y, a4.z);

[bookmark: l00053]   53                 //first velocity verlet integration step:  x = x + v*dt + 0.5*a*dt^2

[bookmark: l00054]   54                 x3 += v3 * _dt + 0.5f * a3 * _dt * _dt;

[bookmark: l00055]   55                 //apply periodic boundary conditions

[bookmark: l00056]   56                 if(x3.x < 0.0f)         x3.x += _boxSize.x;

[bookmark: l00057]   57                 if(x3.x > _boxSize.x)   x3.x -= _boxSize.x;

[bookmark: l00058]   58                 if(x3.y < 0.0f)         x3.y += _boxSize.y;

[bookmark: l00059]   59                 if(x3.y > _boxSize.y)   x3.y -= _boxSize.y;

[bookmark: l00060]   60                 if(x3.z < 0.0f)         x3.z += _boxSize.z;

[bookmark: l00061]   61                 if(x3.z > _boxSize.z)   x3.z -= _boxSize.z;

[bookmark: l00062]   62                 //update velocity:  v = v + 0.5*a*dt

[bookmark: l00063]   63                 v3 += 0.5f * a3 * _dt;

[bookmark: l00064]   64                 //store results back in tuple

[bookmark: l00065]   65                 thrust::get<0>(t) = make_float4( x3, x4.w);     

[bookmark: l00066]   66                 thrust::get<1>(t) = make_float4( v3, v4.w);     

[bookmark: l00067]   67         }

[bookmark: l00068]   68 };

[bookmark: l00069]   69 

[bookmark: l00077]   77 struct integrate2_functor{

[bookmark: l00078]   78         float _dt; 

[bookmark: l00079]   79         __host__ __device__ integrate2_functor(float dt) : _dt(dt) {}

[bookmark: l00086]   86         template <typename Tuple>

[bookmark: l00087]   87         __host__ __device__ void operator()(Tuple t){

[bookmark: l00088]   88                 //extract tuple

[bookmark: l00089]   89                 volatile float4 v4 = thrust::get<0>(t);

[bookmark: l00090]   90                 volatile float4 a4 = thrust::get<1>(t);

[bookmark: l00091]   91                 float3 v3 = make_float3(v4.x, v4.y, v4.z);

[bookmark: l00092]   92                 float3 a3 = make_float3(a4.x, a4.y, a4.z);

[bookmark: l00093]   93                 // v += 0.5*a*dt

[bookmark: l00094]   94                 v3 += 0.5f * a3 * _dt;

[bookmark: l00095]   95                 //store results

[bookmark: l00096]   96                 thrust::get<0>(t) = make_float4( v3, 0.0f);     

[bookmark: l00097]   97                 thrust::get<2>(t) = dot(v3,v3); 

[bookmark: l00098]   98         }

[bookmark: l00099]   99 };

[bookmark: l00100]  100 

[bookmark: l00114]  114 __device__ int3 calcGridPos(float3 p) {

[bookmark: l00115]  115     int3 gridPos;

[bookmark: l00116]  116     gridPos.x = floor((p.x - params.worldOrigin.x) / params.cellSize.x);

[bookmark: l00117]  117     gridPos.y = floor((p.y - params.worldOrigin.y) / params.cellSize.y);

[bookmark: l00118]  118     gridPos.z = floor((p.z - params.worldOrigin.z) / params.cellSize.z);

[bookmark: l00119]  119     return gridPos;

[bookmark: l00120]  120 }

[bookmark: l00121]  121 

[bookmark: l00129]  129 __device__ uint calcGridHash(int3 gridPos) {

[bookmark: l00130]  130         // wrap grid, assumes size is power of 2

[bookmark: l00131]  131         //gridPos.x = gridPos.x & (params.gridSize.x-1);  

[bookmark: l00132]  132         //gridPos.y = gridPos.y & (params.gridSize.y-1);

[bookmark: l00133]  133         //gridPos.z = gridPos.z & (params.gridSize.z-1);

[bookmark: l00134]  134         gridPos.x = gridPos.x < 0 ? gridPos.x + params.gridSize.x : gridPos.x;  

[bookmark: l00135]  135         gridPos.x = gridPos.x >= params.gridSize.x ? gridPos.x - params.gridSize.x : gridPos.x;  

[bookmark: l00136]  136         gridPos.y = gridPos.y < 0 ? gridPos.y + params.gridSize.y : gridPos.y;  

[bookmark: l00137]  137         gridPos.y = gridPos.y >= params.gridSize.y ? gridPos.y - params.gridSize.y : gridPos.y;  

[bookmark: l00138]  138         gridPos.z = gridPos.z < 0 ? gridPos.z + params.gridSize.z : gridPos.z;  

[bookmark: l00139]  139         gridPos.z = gridPos.z >= params.gridSize.z ? gridPos.z - params.gridSize.z : gridPos.z;  

[bookmark: l00140]  140         return gridPos.z * params.gridSize.y * params.gridSize.x + gridPos.y * params.gridSize.x + gridPos.x;

[bookmark: l00141]  141 }

[bookmark: l00142]  142 

[bookmark: l00157]  157 __device__ float4 ppInteraction(float4 x4_pi, float4 x4_pj){

[bookmark: l00158]  158         float3 xr3;

[bookmark: l00159]  159         //half the box size

[bookmark: l00160]  160         float hl = params.boxSize.x/ 2.0f;

[bookmark: l00161]  161         xr3.x = x4_pi.x - x4_pj.x;

[bookmark: l00162]  162         xr3.y = x4_pi.y - x4_pj.y;

[bookmark: l00163]  163         xr3.z = x4_pi.z - x4_pj.z;

[bookmark: l00164]  164         //apply periodic boundary conditions

[bookmark: l00165]  165         if(xr3.x < - hl) xr3.x += 2*hl;

[bookmark: l00166]  166         if(xr3.x >   hl) xr3.x -= 2*hl;

[bookmark: l00167]  167         if(xr3.y < - hl) xr3.y += 2*hl;

[bookmark: l00168]  168         if(xr3.y >   hl) xr3.y -= 2*hl;

[bookmark: l00169]  169         if(xr3.z < - hl) xr3.z += 2*hl;

[bookmark: l00170]  170         if(xr3.z >   hl) xr3.z -= 2*hl;

[bookmark: l00171]  171         //compute distance squared

[bookmark: l00172]  172         float r2 = dot(xr3,xr3);

[bookmark: l00173]  173         //checks if the particles are the same (distance == 0) or if one particle is dummy (distance == inf)

[bookmark: l00174]  174         if(r2 > params.cutoff*params.cutoff || r2==0.0f ) return make_float4(0.0f); 

[bookmark: l00175]  175         float r6i = 1/(r2*r2*r2);

[bookmark: l00176]  176         //compute virial contribution

[bookmark: l00177]  177         float ff = 48*r6i*(r6i-0.5f);

[bookmark: l00178]  178         //return acceleration (ff/r2*xr3) and the virial

[bookmark: l00179]  179         return make_float4(ff/r2*xr3,ff);

[bookmark: l00180]  180 }

[bookmark: l00181]  181 

[bookmark: l00194]  194 __device__ float ppPotential(float4 x4_pi, float4 x4_pj){

[bookmark: l00195]  195         float3 xr3;

[bookmark: l00197]  197         float hl = params.boxSize.x/ 2.0f;

[bookmark: l00198]  198         xr3.x = x4_pi.x - x4_pj.x;

[bookmark: l00199]  199         xr3.y = x4_pi.y - x4_pj.y;

[bookmark: l00200]  200         xr3.z = x4_pi.z - x4_pj.z;

[bookmark: l00201]  201         if(xr3.x < - hl) xr3.x += 2*hl;

[bookmark: l00202]  202         if(xr3.x >   hl) xr3.x -= 2*hl;

[bookmark: l00203]  203         if(xr3.y < - hl) xr3.y += 2*hl;

[bookmark: l00204]  204         if(xr3.y >   hl) xr3.y -= 2*hl;

[bookmark: l00205]  205         if(xr3.z < - hl) xr3.z += 2*hl;

[bookmark: l00206]  206         if(xr3.z >   hl) xr3.z -= 2*hl;

[bookmark: l00207]  207         float r2 = dot(xr3,xr3);

[bookmark: l00208]  208         //checks if the particles are the same (distance == 0) or if one particle is dummy (distance == inf)

[bookmark: l00209]  209         if(r2 > params.cutoff*params.cutoff || r2==0.0f ) return 0.0f; 

[bookmark: l00210]  210         //if(r2==0.0f || isinf(r2)) return make_float4(0.0f); 

[bookmark: l00211]  211         float r6i = 1/(r2*r2*r2);

[bookmark: l00212]  212         return 4*r6i*(r6i-1.0f)-params.potentialCorrection;

[bookmark: l00213]  213 }

[bookmark: l00214]  214 

[bookmark: l00229]  229 __device__ float4 tile_calculation(float4 myPos, float4 accel){

[bookmark: l00230]  230         extern __shared__ float4 shPos[];

[bookmark: l00231]  231         for( int i = 0; i < blockDim.x; ++i){

[bookmark: l00232]  232                 accel += ppInteraction(myPos, shPos[i]);

[bookmark: l00233]  233         }

[bookmark: l00234]  234         return accel;

[bookmark: l00235]  235 }

[bookmark: l00236]  236 

[bookmark: l00251]  251 __device__ float4 calculateForcesCell(int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd) {

[bookmark: l00252]  252         uint gridHash = calcGridHash(gridPos);

[bookmark: l00253]  253 

[bookmark: l00254]  254         //get start of bucket for this cell

[bookmark: l00255]  255         uint startIndex = cellStart[gridHash];

[bookmark: l00256]  256 

[bookmark: l00257]  257         float4 acc = make_float4(0.0f);

[bookmark: l00258]  258         

[bookmark: l00259]  259         if(startIndex != 0xffffffff) { //cell is not empty

[bookmark: l00260]  260                 //get end of bucket for this cell

[bookmark: l00261]  261                 uint endIndex = cellEnd[gridHash];

[bookmark: l00262]  262                 //iterate over particles in this cell

[bookmark: l00263]  263                 for( uint j = startIndex; j < endIndex; ++j){

[bookmark: l00264]  264                         if( j != index ) { //avoid self

[bookmark: l00265]  265                                 float4 pos2 = sortedPos[j];

[bookmark: l00266]  266                                 acc += ppInteraction(pos, pos2);

[bookmark: l00267]  267                         }

[bookmark: l00268]  268                 }

[bookmark: l00269]  269         }

[bookmark: l00270]  270         return acc;

[bookmark: l00271]  271 }

[bookmark: l00272]  272                                 

[bookmark: l00287]  287 __device__ float calculatePotentialCell(int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd) {

[bookmark: l00288]  288         uint gridHash = calcGridHash(gridPos);

[bookmark: l00289]  289 

[bookmark: l00290]  290         //get start of bucket for this cell

[bookmark: l00291]  291         uint startIndex = cellStart[gridHash];

[bookmark: l00292]  292 

[bookmark: l00293]  293         float potential = 0.0f;

[bookmark: l00294]  294         

[bookmark: l00295]  295         if(startIndex != 0xffffffff) { //cell is not empty

[bookmark: l00296]  296                 //iterate over particles in this cell

[bookmark: l00297]  297                 //get end of bucket for this cell

[bookmark: l00298]  298                 uint endIndex = cellEnd[gridHash];

[bookmark: l00299]  299                 for( uint j = startIndex; j < endIndex; ++j){

[bookmark: l00300]  300                         if( j != index ) { //avoid self

[bookmark: l00301]  301                                 //printf("particle %d\n", j);

[bookmark: l00302]  302                                 float4 pos2 = sortedPos[j];

[bookmark: l00303]  303                                 potential += ppPotential(pos, pos2);

[bookmark: l00304]  304                                 //printf("%f %f %f %f\n",acc.x, acc.y, acc.z, acc.w);

[bookmark: l00305]  305                         }

[bookmark: l00306]  306                 }

[bookmark: l00307]  307         }

[bookmark: l00308]  308         return potential;

[bookmark: l00309]  309 }

[bookmark: l00310]  310 

[bookmark: l00311]  311 

[bookmark: l00335]  335 __global__

[bookmark: l00336]  336 void calcHashD(uint   *gridParticleHash,  

[bookmark: l00337]  337            uint   *gridParticleIndex,

[bookmark: l00338]  338            float4 *pos,               

[bookmark: l00339]  339            uint    numParticles) {

[bookmark: l00340]  340         uint index = blockIdx.x * blockDim.x + threadIdx.x;

[bookmark: l00341]  341 

[bookmark: l00342]  342         if (index >= numParticles) return;

[bookmark: l00343]  343 

[bookmark: l00344]  344         volatile float4 p = pos[index];

[bookmark: l00345]  345 

[bookmark: l00346]  346         // get address in grid

[bookmark: l00347]  347         int3 gridPos = calcGridPos(make_float3(p.x, p.y, p.z));

[bookmark: l00348]  348         uint hash = calcGridHash(gridPos);

[bookmark: l00349]  349 

[bookmark: l00350]  350         // store grid hash and particle index

[bookmark: l00351]  351         gridParticleHash[index] = hash;

[bookmark: l00352]  352         gridParticleIndex[index] = index;

[bookmark: l00353]  353 }

[bookmark: l00354]  354 

[bookmark: l00370]  370 __global__

[bookmark: l00371]  371 void reorderDataAndFindCellStartD(uint   *cellStart,        

[bookmark: l00372]  372                                   uint   *cellEnd,          

[bookmark: l00373]  373                                   float4 *sortedPos,        

[bookmark: l00374]  374                                   uint   *gridParticleHash, 

[bookmark: l00375]  375                                   uint   *gridParticleIndex,

[bookmark: l00376]  376                                   float4 *oldPos,           

[bookmark: l00377]  377                                   uint    numParticles) {

[bookmark: l00378]  378         // blockSize + 1 elements

[bookmark: l00379]  379         extern __shared__ uint sharedHash[];    

[bookmark: l00380]  380         uint index = blockIdx.x * blockDim.x + threadIdx.x;

[bookmark: l00381]  381 

[bookmark: l00382]  382         uint hash;

[bookmark: l00383]  383         // handle case when no. of particles not multiple of block size

[bookmark: l00384]  384         if (index < numParticles)

[bookmark: l00385]  385         {

[bookmark: l00386]  386             hash = gridParticleHash[index];

[bookmark: l00387]  387 

[bookmark: l00388]  388             // Load hash data into shared memory so that we can look

[bookmark: l00389]  389             // at neighboring particle's hash value without loading

[bookmark: l00390]  390             // two hash values per thread

[bookmark: l00391]  391             sharedHash[threadIdx.x+1] = hash;

[bookmark: l00392]  392 

[bookmark: l00393]  393             if (index > 0 && threadIdx.x == 0)

[bookmark: l00394]  394             {

[bookmark: l00395]  395                 // first thread in block must load neighbor particle hash

[bookmark: l00396]  396                 sharedHash[0] = gridParticleHash[index-1];

[bookmark: l00397]  397             }

[bookmark: l00398]  398         }

[bookmark: l00399]  399 

[bookmark: l00400]  400         __syncthreads();

[bookmark: l00401]  401 

[bookmark: l00402]  402         if (index < numParticles)

[bookmark: l00403]  403         {

[bookmark: l00404]  404             // If this particle has a different cell index to the previous

[bookmark: l00405]  405             // particle then it must be the first particle in the cell,

[bookmark: l00406]  406             // so store the index of this particle in the cell.

[bookmark: l00407]  407             // As it isn't the first particle, it must also be the cell end of

[bookmark: l00408]  408             // the previous particle's cell

[bookmark: l00409]  409 

[bookmark: l00410]  410             if (index == 0 || hash != sharedHash[threadIdx.x])

[bookmark: l00411]  411             {

[bookmark: l00412]  412                 cellStart[hash] = index;

[bookmark: l00413]  413 

[bookmark: l00414]  414                 if (index > 0)

[bookmark: l00415]  415                     cellEnd[sharedHash[threadIdx.x]] = index;

[bookmark: l00416]  416             }

[bookmark: l00417]  417 

[bookmark: l00418]  418             //last hash is always the end of a cell

[bookmark: l00419]  419             if (index == numParticles - 1)

[bookmark: l00420]  420             {

[bookmark: l00421]  421                 cellEnd[hash] = index + 1;

[bookmark: l00422]  422             }

[bookmark: l00423]  423 

[bookmark: l00424]  424             // Now use the sorted index to reorder the pos data

[bookmark: l00425]  425             uint sortedIndex = gridParticleIndex[index];

[bookmark: l00426]  426             float4 pos = oldPos[sortedIndex];

[bookmark: l00427]  427 

[bookmark: l00428]  428             sortedPos[index] = pos;

[bookmark: l00429]  429 }

[bookmark: l00430]  430 

[bookmark: l00431]  431 

[bookmark: l00432]  432 }

[bookmark: l00433]  433 

[bookmark: l00446]  446 __global__ void calculate_forces_nbody(float4 *d_x4, float4 *d_a4, float *virial, int numParticles){

[bookmark: l00447]  447         //compute global thread id      

[bookmark: l00448]  448         int gtid = blockIdx.x * blockDim.x + threadIdx.x; 

[bookmark: l00449]  449         //reserve some space in shared memory to store information that must be accessed by all threads at the same time

[bookmark: l00450]  450         extern __shared__ float4 shPos[];

[bookmark: l00451]  451         //reserve space to store own position

[bookmark: l00452]  452         float4 myPos;

[bookmark: l00453]  453         //set acceleration to zero

[bookmark: l00454]  454         float4 acc = make_float4(0.0f);

[bookmark: l00455]  455         //if the thread is responsible for a real (not dummy) particle load my position

[bookmark: l00456]  456         if(gtid < numParticles) myPos = d_x4[gtid];

[bookmark: l00457]  457         //do calculation on a tile (the size of which is determined by the launch configuration)

[bookmark: l00458]  458         for( int tile = 0; tile < gridDim.x ; ++tile){

[bookmark: l00459]  459                 //see which particle I am responsible for in this tile

[bookmark: l00460]  460                 int idx = tile * blockDim.x + threadIdx.x;

[bookmark: l00461]  461                 //if it is a real particle store it's position in shared memory

[bookmark: l00462]  462                 if(idx < numParticles)  shPos[threadIdx.x] = d_x4[idx];

[bookmark: l00463]  463                 //if it is a dummy set the particles position in shared memory to inf

[bookmark: l00464]  464                 else shPos[threadIdx.x] = make_float4(logf(0));

[bookmark: l00465]  465                 //synchronize to make sure that we're al at the same point of execution, needed for memory broadcast

[bookmark: l00466]  466                 __syncthreads();

[bookmark: l00467]  467                 //if responsible for a real particle calculate acceleration due to the particles in the tile

[bookmark: l00468]  468                 if(gtid < numParticles) acc = tile_calculation(myPos, acc);

[bookmark: l00469]  469                 //sync again

[bookmark: l00470]  470                 __syncthreads();

[bookmark: l00471]  471         }

[bookmark: l00472]  472         //if real particle store acceleration and virial

[bookmark: l00473]  473         if(gtid < numParticles) {

[bookmark: l00474]  474                 d_a4[gtid] = acc;

[bookmark: l00475]  475                 virial[gtid] = acc.w;

[bookmark: l00476]  476         }

[bookmark: l00477]  477 }

[bookmark: l00478]  478 

[bookmark: l00492]  492 __global__ void calculate_forces_celllist (     float4 *d_a4, float *virial, float4 *d_x4, 

[bookmark: l00493]  493                                                 uint *gridParticleIndex,

[bookmark: l00494]  494                                                 uint *cellStart, uint *cellEnd,

[bookmark: l00495]  495                                                 uint numParticles) {

[bookmark: l00496]  496         uint index = blockIdx.x * blockDim.x + threadIdx.x;

[bookmark: l00497]  497 

[bookmark: l00498]  498         if(index >= numParticles) return;

[bookmark: l00499]  499 

[bookmark: l00500]  500         //read particle data from sorted arrays

[bookmark: l00501]  501         float4 pos = d_x4[index];

[bookmark: l00502]  502         float4 acc = make_float4(0.0f);

[bookmark: l00503]  503 

[bookmark: l00504]  504         int3 gridPos = calcGridPos(make_float3(pos));

[bookmark: l00505]  505 

[bookmark: l00506]  506         //examine neighboring cells

[bookmark: l00507]  507         for(int z = -1; z <= 1; ++z) {

[bookmark: l00508]  508                 for(int y = -1; y <= 1; ++y) {

[bookmark: l00509]  509                         for(int x = -1; x <= 1; ++x) {

[bookmark: l00510]  510                                 int3 neighborPos = gridPos + make_int3(x,y,z);

[bookmark: l00511]  511                                 acc += calculateForcesCell(neighborPos, index, pos, d_x4, cellStart, cellEnd);

[bookmark: l00512]  512                         }

[bookmark: l00513]  513                 }

[bookmark: l00514]  514         }

[bookmark: l00515]  515 

[bookmark: l00516]  516         // for big particles do separate routines here

[bookmark: l00517]  517 

[bookmark: l00518]  518         //write new acceleration back to original unsorted location

[bookmark: l00519]  519         uint originalIndex = gridParticleIndex[index];

[bookmark: l00520]  520         d_a4[originalIndex] = acc;

[bookmark: l00521]  521         virial[originalIndex] = acc.w;

[bookmark: l00522]  522 }

[bookmark: l00523]  523 

[bookmark: l00536]  536 __global__ void calculate_potential_celllist (  float *pot, float4 *sortedPos, 

[bookmark: l00537]  537                                                 uint *gridParticleIndex,

[bookmark: l00538]  538                                                 uint *cellStart, uint *cellEnd,

[bookmark: l00539]  539                                                 uint numParticles) {

[bookmark: l00540]  540         //uint index = __umul24(blockIdx.x, blockDim.x) + threadIdx.x;

[bookmark: l00541]  541         uint index = blockIdx.x * blockDim.x + threadIdx.x;

[bookmark: l00542]  542 

[bookmark: l00543]  543         if(index >= numParticles) return;

[bookmark: l00544]  544 

[bookmark: l00545]  545         //read particle data from sorted arrays

[bookmark: l00546]  546         float4 pos = sortedPos[index];

[bookmark: l00547]  547         float potential = 0.0f;

[bookmark: l00548]  548 

[bookmark: l00549]  549         int3 gridPos = calcGridPos(make_float3(pos));

[bookmark: l00550]  550         //printf("gridpos %d %d %d\n", gridPos.x, gridPos.y, gridPos.z);

[bookmark: l00551]  551 

[bookmark: l00552]  552         //examine neighboring cells

[bookmark: l00553]  553         for(int z = -1; z <= 1; ++z) {

[bookmark: l00554]  554                 for(int y = -1; y <= 1; ++y) {

[bookmark: l00555]  555                         for(int x = -1; x <= 1; ++x) {

[bookmark: l00556]  556                                 int3 neighborPos = gridPos + make_int3(x,y,z);

[bookmark: l00557]  557                                 //printf("neighbor %d %d %d\n", neighborPos.x, neighborPos.y, neighborPos.z);

[bookmark: l00558]  558                                 potential += calculatePotentialCell(neighborPos, index, pos, sortedPos, cellStart, cellEnd);

[bookmark: l00559]  559                                 //printf("%f %f %f %f\n",acc.x, acc.y, acc.z, acc.w);

[bookmark: l00560]  560                         }

[bookmark: l00561]  561                 }

[bookmark: l00562]  562         }

[bookmark: l00563]  563 

[bookmark: l00564]  564         // for big particles do separate routines here

[bookmark: l00565]  565 

[bookmark: l00566]  566         //write new acceleration back to original unsorted location

[bookmark: l00567]  567         uint originalIndex = gridParticleIndex[index];

[bookmark: l00568]  568         pot[originalIndex] = potential;

[bookmark: l00569]  569 }

[bookmark: l00570]  570 

[bookmark: l00573]  573 #endif

SimParams::gridSize
uint3 gridSize
size of the grid 
Definition: particles_kernel.cuh:24


calculate_forces_nbody
__global__ void calculate_forces_nbody(float4 *d_x4, float4 *d_a4, float *virial, int numParticles)
Kernel that calculates acceleration using the nbody approach. 
Definition: particles_kernel_impl.cuh:446


integrate1_functor::integrate1_functor
__host__ __device__ integrate1_functor(float dt, float3 boxSize)
Constructor. 
Definition: particles_kernel_impl.cuh:33


integrate2_functor::_dt
float _dt
timestep 
Definition: particles_kernel_impl.cuh:78


calcHashD
__global__ void calcHashD(uint *gridParticleHash, uint *gridParticleIndex, float4 *pos, uint numParticles)
Calculates grid hash value for each particle. 
Definition: particles_kernel_impl.cuh:336


SimParams::boxSize
float3 boxSize
size of the simulation box 
Definition: particles_kernel.cuh:22


SimParams::potentialCorrection
float potentialCorrection
potential correction for the shift in potential 
Definition: particles_kernel.cuh:28


tile_calculation
__device__ float4 tile_calculation(float4 myPos, float4 accel)
Calculate particle-particle interaction for a tile in the n x n acceleration matrix. 
Definition: particles_kernel_impl.cuh:229


integrate1_functor
functor for the first step of the Verlet integrator. 
Definition: particles_kernel_impl.cuh:29


params
__constant__ SimParams params
simulation parameters in constant memory 
Definition: particles_kernel_impl.cuh:18


integrate1_functor::operator()
__host__ __device__ void operator()(tuple t)
overloaded operator(), actual Verlet integration. 
Definition: particles_kernel_impl.cuh:42


integrate2_functor
functor for the second step of the Verlet integrator. 
Definition: particles_kernel_impl.cuh:77


particles_kernel.cuh
Definition of the struct SimParams that goes to constant memory. 


reorderDataAndFindCellStartD
__global__ void reorderDataAndFindCellStartD(uint *cellStart, uint *cellEnd, float4 *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float4 *oldPos, uint numParticles)
Reorders sorted particles and determine cells. 
Definition: particles_kernel_impl.cuh:371


SimParams::cellSize
float3 cellSize
size of the cells 
Definition: particles_kernel.cuh:25


integrate2_functor::operator()
__host__ __device__ void operator()(Tuple t)
overloaded operator(), actual Verlet integration. 
Definition: particles_kernel_impl.cuh:87


calculateForcesCell
__device__ float4 calculateForcesCell(int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd)
Device function that calculates the contribution of a neighboring cell for one particle Is called fro...
Definition: particles_kernel_impl.cuh:251


calculate_forces_celllist
__global__ void calculate_forces_celllist(float4 *d_a4, float *virial, float4 *d_x4, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Kernel that calculates acceleration using the celllist approach. 
Definition: particles_kernel_impl.cuh:492


ppPotential
__device__ float ppPotential(float4 x4_pi, float4 x4_pj)
Computes potential between two particles. 
Definition: particles_kernel_impl.cuh:194


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


calcGridHash
__device__ uint calcGridHash(int3 gridPos)
Calculates memory addres for cell using the position in the grid. 
Definition: particles_kernel_impl.cuh:129


SimParams::cutoff
float cutoff
cutoff radius potential 
Definition: particles_kernel.cuh:27


calculate_potential_celllist
__global__ void calculate_potential_celllist(float *pot, float4 *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Kernel that calculates potential using the celllist approach. 
Definition: particles_kernel_impl.cuh:536


calcGridPos
__device__ int3 calcGridPos(float3 p)
Converts the position of a particle to the corresponding cell in the grid. 
Definition: particles_kernel_impl.cuh:114


ppInteraction
__device__ float4 ppInteraction(float4 x4_pi, float4 x4_pj)
Computes interaction between two particles. 
Definition: particles_kernel_impl.cuh:157


integrate2_functor::integrate2_functor
__host__ __device__ integrate2_functor(float dt)
Constructor. 
Definition: particles_kernel_impl.cuh:80


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


calculatePotentialCell
__device__ float calculatePotentialCell(int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd)
Device function that calculates the contribution of a neighboring cell for one particle Is called fro...
Definition: particles_kernel_impl.cuh:287


SimParams::worldOrigin
float3 worldOrigin
origin of the coordinate system 
Definition: particles_kernel.cuh:21


integrate1_functor::_boxSize
float3 _boxSize
size of the simulation box 
Definition: particles_kernel_impl.cuh:31


integrate1_functor::_dt
float _dt
timestep 
Definition: particles_kernel_impl.cuh:30
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Macros |
Functions  

  
cuda_errorcheck.cuh File Reference
  





Implements functions to check for errors with kernel invocation.  
More...




#include <cstdlib>

#include <cstdio>



Go to the source code of this file.





				[bookmark: define-members]
Macros








				#define 				myCudaSafeCall(err)   __myCudaSafeCall( err, __FILE__, __LINE__ )




				 				nice wrapper for __myCudaSafeCall  More...





				 




				
#define 				myCudaCheckError()   __myCudaCheckError( __FILE__, __LINE__ )




				 				nice wrapper for __myCudaCheckError 





				 









				[bookmark: func-members]
Functions








				
void 				__myCudaSafeCall (cudaError err, const char *file, const int line)




				 				My version of cudaSafeCall. 





				 




				
void 				__myCudaCheckError (const char *file, const int line)




				 				My version of cudaCheckError. 





				 









[bookmark: details]Detailed Description




Implements functions to check for errors with kernel invocation. 




Avoids the use of cutil.




Put




-DCUDA_ERROR_CHECK 



 in the LDFLAGS of the Makefile to turn on error checking 





Definition in file cuda_errorcheck.cuh.





Macro Definition Documentation







      
        
          				#define myCudaSafeCall
          				(
          				 
          				err				)
          				   __myCudaSafeCall( err, __FILE__, __LINE__ )
        




      







nice wrapper for __myCudaSafeCall 




				Parameters



				
  
    				[in]				err				the error that is thrown 




  




  










Definition at line 21 of file cuda_errorcheck.cuh.
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integrate2_functor Member List
  





This is the complete list of members for integrate2_functor, including all inherited members.





  				_dt				integrate2_functor				




  				integrate2_functor(float dt)				integrate2_functor				inline




  				operator()(Tuple t)				integrate2_functor				inline
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				code



  









  
boost_rng.cpp File Reference
  





Implementation for the BoostRNG class.  
More...




#include "boost_rng.hpp"



Go to the source code of this file.




[bookmark: details]Detailed Description




Implementation for the BoostRNG class. 




A random number generator that uses the mersenne twister from the boost libraries 




				See Also



				BoostRNG 




				
boost_rng.hpp 









Definition in file boost_rng.cpp.
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				MAX
: select_device.h





				myCudaCheckError
: cuda_errorcheck.cuh





				myCudaSafeCall
: cuda_errorcheck.cuh





				PI_F
: particleSystem.cpp
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particles.cpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 #include <stdlib.h>

[bookmark: l00008]    8 #include <cstdlib>

[bookmark: l00009]    9 #include <cstdio>

[bookmark: l00010]   10 #include <algorithm>

[bookmark: l00011]   11 

[bookmark: l00012]   12 #include "particleSystem.h"

[bookmark: l00013]   13 #include "../cuda_helper/cutil_math.h"

[bookmark: l00014]   14 

[bookmark: l00019]   19 #define NUM_PARTICLES 1024

[bookmark: l00020]   20 #define NUM_EQUILIBRATION 15000

[bookmark: l00021]   21 #define NUM_EQUILIBRATION_2 5000

[bookmark: l00022]   22 #define NUM_ITER 15000

[bookmark: l00023]   23 #define TIMESTEP 0.003f

[bookmark: l00024]   24 #define DENSITY 0.5f

[bookmark: l00025]   25 #define TEMP 2.0f

[bookmark: l00026]   26 #define OUTDIR "out"

[bookmark: l00027]   27 #define CUTOFF 2.5f

[bookmark: l00028]   28 #define PRESSURE 1.75f

[bookmark: l00029]   29 #define DLNV 0.1f

[bookmark: l00030]   30 

[bookmark: l00036]   36 uint numParticles;

[bookmark: l00037]   37 int numEquilibrations; 

[bookmark: l00038]   38 int numEquilibrations2; 

[bookmark: l00039]   39 int numIterations;

[bookmark: l00040]   40 float deltaTime;

[bookmark: l00041]   41 float density;

[bookmark: l00042]   42 float temperature;

[bookmark: l00043]   43 float cutoff;

[bookmark: l00044]   44 std::string outdir;

[bookmark: l00045]   45 float pressure;

[bookmark: l00046]   46 float dlnV;

[bookmark: l00049]   49 ParticleSystem *psystem = NULL;

[bookmark: l00051]   51 

[bookmark: l00052]   52 extern "C" void cudaInit(int cmdArgDevice);

[bookmark: l00053]   53 extern "C" bool checkDeviceCapabilities(int major, int minor);

[bookmark: l00054]   54 

[bookmark: l00062]   62 int main(int argc, char **argv) {

[bookmark: l00063]   63         printf("%s Starting...\n",argv[0]);

[bookmark: l00064]   64         if(argc < 4) {

[bookmark: l00065]   65                 printf("error: too few arguments\n");

[bookmark: l00066]   66                 return EXIT_FAILURE;

[bookmark: l00067]   67         }

[bookmark: l00068]   68 

[bookmark: l00069]   69         numParticles = NUM_PARTICLES;

[bookmark: l00070]   70         numEquilibrations = NUM_EQUILIBRATION;

[bookmark: l00071]   71         numEquilibrations2 = NUM_EQUILIBRATION_2;

[bookmark: l00072]   72         numIterations = NUM_ITER;

[bookmark: l00073]   73         deltaTime = TIMESTEP;

[bookmark: l00074]   74         density = DENSITY;

[bookmark: l00075]   75         temperature = TEMP;

[bookmark: l00076]   76         cutoff = CUTOFF;

[bookmark: l00077]   77         outdir = OUTDIR;

[bookmark: l00078]   78         pressure = PRESSURE;

[bookmark: l00079]   79         dlnV = DLNV;

[bookmark: l00080]   80         //bool bNbody = true;

[bookmark: l00081]   81         bool bNbody = false;

[bookmark: l00082]   82         int device = -1;

[bookmark: l00083]   83 

[bookmark: l00084]   84         device = atoi(argv[1]);

[bookmark: l00085]   85         pressure = atof(argv[2]);

[bookmark: l00086]   86         //density = atof(argv[2]);

[bookmark: l00087]   87         numParticles = atoi(argv[3]);

[bookmark: l00088]   88 

[bookmark: l00089]   89         //setup cuda device

[bookmark: l00090]   90         printf("Initializing CUDA...\n");

[bookmark: l00091]   91         cudaInit(device);

[bookmark: l00092]   92 

[bookmark: l00093]   93         // If the GPU does not meet SM2.0 capabilities, we will quit

[bookmark: l00094]   94         int desiredCCMajor = 2;

[bookmark: l00095]   95         int desiredCCMinor = 0;

[bookmark: l00096]   96         if (!checkDeviceCapabilities(desiredCCMajor,desiredCCMinor)) {

[bookmark: l00097]   97                 return EXIT_FAILURE;    

[bookmark: l00098]   98         }

[bookmark: l00099]   99         

[bookmark: l00100]  100         //initializing particle system

[bookmark: l00101]  101         printf("Initializing particle system...\n");

[bookmark: l00102]  102         //set boxSize

[bookmark: l00103]  103         float3 boxSize = make_float3(powf(numParticles/density, 1.0f/3.0f));

[bookmark: l00104]  104         uint3 gridSize;

[bookmark: l00105]  105         if(bNbody) { //nbody

[bookmark: l00107]  107                 cutoff = boxSize.x /2.0f;

[bookmark: l00108]  108                 gridSize = make_uint3(0);

[bookmark: l00109]  109         } else { //celllists

[bookmark: l00110]  110                 uint gridDim = (uint) (boxSize.x / cutoff);

[bookmark: l00111]  111                 printf("grid dim: %d\n", gridDim);

[bookmark: l00112]  112                 if(gridDim < 3) {

[bookmark: l00113]  113                         printf("system too small for celllists\n");

[bookmark: l00114]  114                         return EXIT_FAILURE;

[bookmark: l00115]  115                 }

[bookmark: l00116]  116                 gridSize = make_uint3(gridDim);

[bookmark: l00117]  117         }

[bookmark: l00118]  118 

[bookmark: l00119]  119         psystem = new ParticleSystem(numParticles, gridSize, boxSize, temperature, outdir, cutoff);

[bookmark: l00120]  120         psystem->resetPos(ParticleSystem::CONFIG_GRID);

[bookmark: l00121]  121 

[bookmark: l00122]  122         printf("Starting simulation...\n");

[bookmark: l00123]  123         if(bNbody) { //nbody

[bookmark: l00124]  124                 psystem->startMDSimulation(numEquilibrations, numIterations, ParticleSystem::NBODY, deltaTime);

[bookmark: l00125]  125         } else { //celllists

[bookmark: l00126]  126                 //psystem->startMDSimulation(numEquilibrations, numIterations, ParticleSystem::CELLLIST, deltaTime);

[bookmark: l00127]  127                 psystem->startMCSimulationNPT(numEquilibrations, numEquilibrations2, numIterations, ParticleSystem::CELLLIST, deltaTime, pressure, dlnV);

[bookmark: l00128]  128                 //psystem->startMCSimulationNVT(numEquilibrations, numIterations, ParticleSystem::CELLLIST, deltaTime);

[bookmark: l00129]  129         }

[bookmark: l00130]  130         //clean up

[bookmark: l00131]  131         printf("Cleaning up...\n");

[bookmark: l00132]  132         if(psystem) delete psystem;

[bookmark: l00133]  133 

[bookmark: l00134]  134         cudaDeviceReset();

[bookmark: l00135]  135         printf("Exiting...\n");

[bookmark: l00136]  136         return EXIT_SUCCESS;

[bookmark: l00137]  137 }

cudaInit
void cudaInit(int cmdArgDevice)
Initialize cuda environment. 
Definition: particleSystem_cuda.cu:37


ParticleSystem::CELLLIST
use celllist approach 
Definition: particleSystem.h:44


particleSystem.h
Interface for the ParticleSystem class. 


ParticleSystem::NBODY
use nbody approach 
Definition: particleSystem.h:43


ParticleSystem
Class that contains the particle system and methods to update it. 
Definition: particleSystem.h:21


ParticleSystem::resetPos
void resetPos(ParticleConfig config)
Resets particle positions. 
Definition: particleSystem.cpp:1043


ParticleSystem::startMCSimulationNPT
void startMCSimulationNPT(uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)
The actual MC simulation in NPT. 
Definition: particleSystem.cpp:317


main
int main(int argc, char **argv)
main function, what&#39;s there to say ;) Checks if CUDA device is present and has the right compute capa...
Definition: particles.cpp:62


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


ParticleSystem::startMDSimulation
void startMDSimulation(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)
The actual MD simulation. 
Definition: particleSystem.cpp:719


checkDeviceCapabilities
bool checkDeviceCapabilities(int major, int minor)
Checks if device has the given compute capability. 
Definition: particleSystem_cuda.cu:49


ParticleSystem::CONFIG_GRID
particles are placed on a grid 
Definition: particleSystem.h:31


psystem
ParticleSystem * psystem
The particle system. 
Definition: particles.cpp:50
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cutil_math.h File Reference
  





This file implements common mathematical operations on vector types (float3, float4 etc.) since these are not provided as standard by CUDA.  
More...




#include "cuda_runtime.h"

#include "stdlib.h"

#include <math.h>



Go to the source code of this file.





				[bookmark: typedef-members]
Typedefs








				
typedef unsigned int 				uint




				 				Definition of uint as  unsigned int  





				 




				
typedef unsigned short 				ushort




				 				Definition of ushort as  unsigned short  





				 









				[bookmark: func-members]
Functions








				Some common mathematical operations on vector types.





				
float 				fminf (float a, float b)




				 




				
float 				fmaxf (float a, float b)




				 




				
int 				max (int a, int b)




				 




				
int 				min (int a, int b)




				 




				
float 				rsqrtf (float x)




				 




				
__host__ __device__ float2 				make_float2 (float s)




				 




				
__host__ __device__ float2 				make_float2 (float3 a)




				 




				
__host__ __device__ float2 				make_float2 (int2 a)




				 




				
__host__ __device__ float2 				make_float2 (uint2 a)




				 




				
__host__ __device__ int2 				make_int2 (int s)




				 




				
__host__ __device__ int2 				make_int2 (int3 a)




				 




				
__host__ __device__ int2 				make_int2 (uint2 a)




				 




				
__host__ __device__ int2 				make_int2 (float2 a)




				 




				
__host__ __device__ uint2 				make_uint2 (uint s)




				 




				
__host__ __device__ uint2 				make_uint2 (uint3 a)




				 




				
__host__ __device__ uint2 				make_uint2 (int2 a)




				 




				
__host__ __device__ float3 				make_float3 (float s)




				 




				
__host__ __device__ float3 				make_float3 (float2 a)




				 




				
__host__ __device__ float3 				make_float3 (float2 a, float s)




				 




				
__host__ __device__ float3 				make_float3 (float4 a)




				 




				
__host__ __device__ float3 				make_float3 (int3 a)




				 




				
__host__ __device__ float3 				make_float3 (uint3 a)




				 




				
__host__ __device__ int3 				make_int3 (int s)




				 




				
__host__ __device__ int3 				make_int3 (int2 a)




				 




				
__host__ __device__ int3 				make_int3 (int2 a, int s)




				 




				
__host__ __device__ int3 				make_int3 (uint3 a)




				 




				
__host__ __device__ int3 				make_int3 (float3 a)




				 




				
__host__ __device__ uint3 				make_uint3 (uint s)




				 




				
__host__ __device__ uint3 				make_uint3 (uint2 a)




				 




				
__host__ __device__ uint3 				make_uint3 (uint2 a, uint s)




				 




				
__host__ __device__ uint3 				make_uint3 (uint4 a)




				 




				
__host__ __device__ uint3 				make_uint3 (int3 a)




				 




				
__host__ __device__ float4 				make_float4 (float s)




				 




				
__host__ __device__ float4 				make_float4 (float3 a)




				 




				
__host__ __device__ float4 				make_float4 (float3 a, float w)




				 




				
__host__ __device__ float4 				make_float4 (int4 a)




				 




				
__host__ __device__ float4 				make_float4 (uint4 a)




				 




				
__host__ __device__ int4 				make_int4 (int s)




				 




				
__host__ __device__ int4 				make_int4 (int3 a)




				 




				
__host__ __device__ int4 				make_int4 (int3 a, int w)




				 




				
__host__ __device__ int4 				make_int4 (uint4 a)




				 




				
__host__ __device__ int4 				make_int4 (float4 a)




				 




				
__host__ __device__ uint4 				make_uint4 (uint s)




				 




				
__host__ __device__ uint4 				make_uint4 (uint3 a)




				 




				
__host__ __device__ uint4 				make_uint4 (uint3 a, uint w)




				 




				
__host__ __device__ uint4 				make_uint4 (int4 a)




				 




				
__host__ __device__ float2 				operator- (float2 &a)




				 




				
__host__ __device__ int2 				operator- (int2 &a)




				 




				
__host__ __device__ float3 				operator- (float3 &a)




				 




				
__host__ __device__ int3 				operator- (int3 &a)




				 




				
__host__ __device__ float4 				operator- (float4 &a)




				 




				
__host__ __device__ int4 				operator- (int4 &a)




				 




				
__host__ __device__ float2 				operator+ (float2 a, float2 b)




				 




				
__host__ __device__ void 				operator+= (float2 &a, float2 b)




				 




				
__host__ __device__ float2 				operator+ (float2 a, float b)




				 




				
__host__ __device__ float2 				operator+ (float b, float2 a)




				 




				
__host__ __device__ void 				operator+= (float2 &a, float b)




				 




				
__host__ __device__ int2 				operator+ (int2 a, int2 b)




				 




				
__host__ __device__ void 				operator+= (int2 &a, int2 b)




				 




				
__host__ __device__ int2 				operator+ (int2 a, int b)




				 




				
__host__ __device__ int2 				operator+ (int b, int2 a)




				 




				
__host__ __device__ void 				operator+= (int2 &a, int b)




				 




				
__host__ __device__ uint2 				operator+ (uint2 a, uint2 b)




				 




				
__host__ __device__ void 				operator+= (uint2 &a, uint2 b)




				 




				
__host__ __device__ uint2 				operator+ (uint2 a, uint b)




				 




				
__host__ __device__ uint2 				operator+ (uint b, uint2 a)




				 




				
__host__ __device__ void 				operator+= (uint2 &a, uint b)




				 




				
__host__ __device__ float3 				operator+ (float3 a, float3 b)




				 




				
__host__ __device__ void 				operator+= (float3 &a, float3 b)




				 




				
__host__ __device__ float3 				operator+ (float3 a, float b)




				 




				
__host__ __device__ void 				operator+= (float3 &a, float b)




				 




				
__host__ __device__ int3 				operator+ (int3 a, int3 b)




				 




				
__host__ __device__ void 				operator+= (int3 &a, int3 b)




				 




				
__host__ __device__ int3 				operator+ (int3 a, int b)




				 




				
__host__ __device__ void 				operator+= (int3 &a, int b)




				 




				
__host__ __device__ uint3 				operator+ (uint3 a, uint3 b)




				 




				
__host__ __device__ void 				operator+= (uint3 &a, uint3 b)




				 




				
__host__ __device__ uint3 				operator+ (uint3 a, uint b)




				 




				
__host__ __device__ void 				operator+= (uint3 &a, uint b)




				 




				
__host__ __device__ int3 				operator+ (int b, int3 a)




				 




				
__host__ __device__ uint3 				operator+ (uint b, uint3 a)




				 




				
__host__ __device__ float3 				operator+ (float b, float3 a)




				 




				
__host__ __device__ float4 				operator+ (float4 a, float4 b)




				 




				
__host__ __device__ void 				operator+= (float4 &a, float4 b)




				 




				
__host__ __device__ float4 				operator+ (float4 a, float b)




				 




				
__host__ __device__ float4 				operator+ (float b, float4 a)




				 




				
__host__ __device__ void 				operator+= (float4 &a, float b)




				 




				
__host__ __device__ int4 				operator+ (int4 a, int4 b)




				 




				
__host__ __device__ void 				operator+= (int4 &a, int4 b)




				 




				
__host__ __device__ int4 				operator+ (int4 a, int b)




				 




				
__host__ __device__ int4 				operator+ (int b, int4 a)




				 




				
__host__ __device__ void 				operator+= (int4 &a, int b)




				 




				
__host__ __device__ uint4 				operator+ (uint4 a, uint4 b)




				 




				
__host__ __device__ void 				operator+= (uint4 &a, uint4 b)




				 




				
__host__ __device__ uint4 				operator+ (uint4 a, uint b)




				 




				
__host__ __device__ uint4 				operator+ (uint b, uint4 a)




				 




				
__host__ __device__ void 				operator+= (uint4 &a, uint b)




				 




				
__host__ __device__ float2 				operator- (float2 a, float2 b)




				 




				
__host__ __device__ void 				operator-= (float2 &a, float2 b)




				 




				
__host__ __device__ float2 				operator- (float2 a, float b)




				 




				
__host__ __device__ float2 				operator- (float b, float2 a)




				 




				
__host__ __device__ void 				operator-= (float2 &a, float b)




				 




				
__host__ __device__ int2 				operator- (int2 a, int2 b)




				 




				
__host__ __device__ void 				operator-= (int2 &a, int2 b)




				 




				
__host__ __device__ int2 				operator- (int2 a, int b)




				 




				
__host__ __device__ int2 				operator- (int b, int2 a)




				 




				
__host__ __device__ void 				operator-= (int2 &a, int b)




				 




				
__host__ __device__ uint2 				operator- (uint2 a, uint2 b)




				 




				
__host__ __device__ void 				operator-= (uint2 &a, uint2 b)




				 




				
__host__ __device__ uint2 				operator- (uint2 a, uint b)




				 




				
__host__ __device__ uint2 				operator- (uint b, uint2 a)




				 




				
__host__ __device__ void 				operator-= (uint2 &a, uint b)




				 




				
__host__ __device__ float3 				operator- (float3 a, float3 b)




				 




				
__host__ __device__ void 				operator-= (float3 &a, float3 b)




				 




				
__host__ __device__ float3 				operator- (float3 a, float b)




				 




				
__host__ __device__ float3 				operator- (float b, float3 a)




				 




				
__host__ __device__ void 				operator-= (float3 &a, float b)




				 




				
__host__ __device__ int3 				operator- (int3 a, int3 b)




				 




				
__host__ __device__ void 				operator-= (int3 &a, int3 b)




				 




				
__host__ __device__ int3 				operator- (int3 a, int b)




				 




				
__host__ __device__ int3 				operator- (int b, int3 a)




				 




				
__host__ __device__ void 				operator-= (int3 &a, int b)




				 




				
__host__ __device__ uint3 				operator- (uint3 a, uint3 b)




				 




				
__host__ __device__ void 				operator-= (uint3 &a, uint3 b)




				 




				
__host__ __device__ uint3 				operator- (uint3 a, uint b)




				 




				
__host__ __device__ uint3 				operator- (uint b, uint3 a)




				 




				
__host__ __device__ void 				operator-= (uint3 &a, uint b)




				 




				
__host__ __device__ float4 				operator- (float4 a, float4 b)




				 




				
__host__ __device__ void 				operator-= (float4 &a, float4 b)




				 




				
__host__ __device__ float4 				operator- (float4 a, float b)




				 




				
__host__ __device__ void 				operator-= (float4 &a, float b)




				 




				
__host__ __device__ int4 				operator- (int4 a, int4 b)




				 




				
__host__ __device__ void 				operator-= (int4 &a, int4 b)




				 




				
__host__ __device__ int4 				operator- (int4 a, int b)




				 




				
__host__ __device__ int4 				operator- (int b, int4 a)




				 




				
__host__ __device__ void 				operator-= (int4 &a, int b)




				 




				
__host__ __device__ uint4 				operator- (uint4 a, uint4 b)




				 




				
__host__ __device__ void 				operator-= (uint4 &a, uint4 b)




				 




				
__host__ __device__ uint4 				operator- (uint4 a, uint b)




				 




				
__host__ __device__ uint4 				operator- (uint b, uint4 a)




				 




				
__host__ __device__ void 				operator-= (uint4 &a, uint b)




				 




				
__host__ __device__ float2 				operator* (float2 a, float2 b)




				 




				
__host__ __device__ void 				operator*= (float2 &a, float2 b)




				 




				
__host__ __device__ float2 				operator* (float2 a, float b)




				 




				
__host__ __device__ float2 				operator* (float b, float2 a)




				 




				
__host__ __device__ void 				operator*= (float2 &a, float b)




				 




				
__host__ __device__ int2 				operator* (int2 a, int2 b)




				 




				
__host__ __device__ void 				operator*= (int2 &a, int2 b)




				 




				
__host__ __device__ int2 				operator* (int2 a, int b)




				 




				
__host__ __device__ int2 				operator* (int b, int2 a)




				 




				
__host__ __device__ void 				operator*= (int2 &a, int b)




				 




				
__host__ __device__ uint2 				operator* (uint2 a, uint2 b)




				 




				
__host__ __device__ void 				operator*= (uint2 &a, uint2 b)




				 




				
__host__ __device__ uint2 				operator* (uint2 a, uint b)




				 




				
__host__ __device__ uint2 				operator* (uint b, uint2 a)




				 




				
__host__ __device__ void 				operator*= (uint2 &a, uint b)




				 




				
__host__ __device__ float3 				operator* (float3 a, float3 b)




				 




				
__host__ __device__ void 				operator*= (float3 &a, float3 b)




				 




				
__host__ __device__ float3 				operator* (float3 a, float b)




				 




				
__host__ __device__ float3 				operator* (float b, float3 a)




				 




				
__host__ __device__ void 				operator*= (float3 &a, float b)




				 




				
__host__ __device__ int3 				operator* (int3 a, int3 b)




				 




				
__host__ __device__ void 				operator*= (int3 &a, int3 b)




				 




				
__host__ __device__ int3 				operator* (int3 a, int b)




				 




				
__host__ __device__ int3 				operator* (int b, int3 a)




				 




				
__host__ __device__ void 				operator*= (int3 &a, int b)




				 




				
__host__ __device__ uint3 				operator* (uint3 a, uint3 b)




				 




				
__host__ __device__ void 				operator*= (uint3 &a, uint3 b)




				 




				
__host__ __device__ uint3 				operator* (uint3 a, uint b)




				 




				
__host__ __device__ uint3 				operator* (uint b, uint3 a)




				 




				
__host__ __device__ void 				operator*= (uint3 &a, uint b)




				 




				
__host__ __device__ float4 				operator* (float4 a, float4 b)




				 




				
__host__ __device__ void 				operator*= (float4 &a, float4 b)




				 




				
__host__ __device__ float4 				operator* (float4 a, float b)




				 




				
__host__ __device__ float4 				operator* (float b, float4 a)




				 




				
__host__ __device__ void 				operator*= (float4 &a, float b)




				 




				
__host__ __device__ int4 				operator* (int4 a, int4 b)




				 




				
__host__ __device__ void 				operator*= (int4 &a, int4 b)




				 




				
__host__ __device__ int4 				operator* (int4 a, int b)




				 




				
__host__ __device__ int4 				operator* (int b, int4 a)




				 




				
__host__ __device__ void 				operator*= (int4 &a, int b)




				 




				
__host__ __device__ uint4 				operator* (uint4 a, uint4 b)




				 




				
__host__ __device__ void 				operator*= (uint4 &a, uint4 b)




				 




				
__host__ __device__ uint4 				operator* (uint4 a, uint b)




				 




				
__host__ __device__ uint4 				operator* (uint b, uint4 a)




				 




				
__host__ __device__ void 				operator*= (uint4 &a, uint b)




				 




				
__host__ __device__ float2 				operator/ (float2 a, float2 b)




				 




				
__host__ __device__ void 				operator/= (float2 &a, float2 b)




				 




				
__host__ __device__ float2 				operator/ (float2 a, float b)




				 




				
__host__ __device__ void 				operator/= (float2 &a, float b)




				 




				
__host__ __device__ float2 				operator/ (float b, float2 a)




				 




				
__host__ __device__ float3 				operator/ (float3 a, float3 b)




				 




				
__host__ __device__ void 				operator/= (float3 &a, float3 b)




				 




				
__host__ __device__ float3 				operator/ (float3 a, float b)




				 




				
__host__ __device__ void 				operator/= (float3 &a, float b)




				 




				
__host__ __device__ float3 				operator/ (float b, float3 a)




				 




				
__host__ __device__ float4 				operator/ (float4 a, float4 b)




				 




				
__host__ __device__ void 				operator/= (float4 &a, float4 b)




				 




				
__host__ __device__ float4 				operator/ (float4 a, float b)




				 




				
__host__ __device__ void 				operator/= (float4 &a, float b)




				 




				
__host__ __device__ float4 				operator/ (float b, float4 a)




				 




				
__host__ __device__ float2 				fminf (float2 a, float2 b)




				 




				
__host__ __device__ float3 				fminf (float3 a, float3 b)




				 




				
__host__ __device__ float4 				fminf (float4 a, float4 b)




				 




				
__host__ __device__ int2 				min (int2 a, int2 b)




				 




				
__host__ __device__ int3 				min (int3 a, int3 b)




				 




				
__host__ __device__ int4 				min (int4 a, int4 b)




				 




				
__host__ __device__ uint2 				min (uint2 a, uint2 b)




				 




				
__host__ __device__ uint3 				min (uint3 a, uint3 b)




				 




				
__host__ __device__ uint4 				min (uint4 a, uint4 b)




				 




				
__host__ __device__ float2 				fmaxf (float2 a, float2 b)




				 




				
__host__ __device__ float3 				fmaxf (float3 a, float3 b)




				 




				
__host__ __device__ float4 				fmaxf (float4 a, float4 b)




				 




				
__host__ __device__ int2 				max (int2 a, int2 b)




				 




				
__host__ __device__ int3 				max (int3 a, int3 b)




				 




				
__host__ __device__ int4 				max (int4 a, int4 b)




				 




				
__host__ __device__ uint2 				max (uint2 a, uint2 b)




				 




				
__host__ __device__ uint3 				max (uint3 a, uint3 b)




				 




				
__host__ __device__ uint4 				max (uint4 a, uint4 b)




				 




				
__device__ __host__ float 				lerp (float a, float b, float t)




				 




				
__device__ __host__ float2 				lerp (float2 a, float2 b, float t)




				 




				
__device__ __host__ float3 				lerp (float3 a, float3 b, float t)




				 




				
__device__ __host__ float4 				lerp (float4 a, float4 b, float t)




				 




				
__device__ __host__ float 				clamp (float f, float a, float b)




				 




				
__device__ __host__ int 				clamp (int f, int a, int b)




				 




				
__device__ __host__ uint 				clamp (uint f, uint a, uint b)




				 




				
__device__ __host__ float2 				clamp (float2 v, float a, float b)




				 




				
__device__ __host__ float2 				clamp (float2 v, float2 a, float2 b)




				 




				
__device__ __host__ float3 				clamp (float3 v, float a, float b)




				 




				
__device__ __host__ float3 				clamp (float3 v, float3 a, float3 b)




				 




				
__device__ __host__ float4 				clamp (float4 v, float a, float b)




				 




				
__device__ __host__ float4 				clamp (float4 v, float4 a, float4 b)




				 




				
__device__ __host__ int2 				clamp (int2 v, int a, int b)




				 




				
__device__ __host__ int2 				clamp (int2 v, int2 a, int2 b)




				 




				
__device__ __host__ int3 				clamp (int3 v, int a, int b)




				 




				
__device__ __host__ int3 				clamp (int3 v, int3 a, int3 b)




				 




				
__device__ __host__ int4 				clamp (int4 v, int a, int b)




				 




				
__device__ __host__ int4 				clamp (int4 v, int4 a, int4 b)




				 




				
__device__ __host__ uint2 				clamp (uint2 v, uint a, uint b)




				 




				
__device__ __host__ uint2 				clamp (uint2 v, uint2 a, uint2 b)




				 




				
__device__ __host__ uint3 				clamp (uint3 v, uint a, uint b)




				 




				
__device__ __host__ uint3 				clamp (uint3 v, uint3 a, uint3 b)




				 




				
__device__ __host__ uint4 				clamp (uint4 v, uint a, uint b)




				 




				
__device__ __host__ uint4 				clamp (uint4 v, uint4 a, uint4 b)




				 




				
__host__ __device__ float 				dot (float2 a, float2 b)




				 




				
__host__ __device__ float 				dot (float3 a, float3 b)




				 




				
__host__ __device__ float 				dot (float4 a, float4 b)




				 




				
__host__ __device__ int 				dot (int2 a, int2 b)




				 




				
__host__ __device__ int 				dot (int3 a, int3 b)




				 




				
__host__ __device__ int 				dot (int4 a, int4 b)




				 




				
__host__ __device__ uint 				dot (uint2 a, uint2 b)




				 




				
__host__ __device__ uint 				dot (uint3 a, uint3 b)




				 




				
__host__ __device__ uint 				dot (uint4 a, uint4 b)




				 




				
__host__ __device__ float 				length (float2 v)




				 




				
__host__ __device__ float 				length (float3 v)




				 




				
__host__ __device__ float 				length (float4 v)




				 




				
__host__ __device__ float2 				normalize (float2 v)




				 




				
__host__ __device__ float3 				normalize (float3 v)




				 




				
__host__ __device__ float4 				normalize (float4 v)




				 




				
__host__ __device__ float2 				floorf (float2 v)




				 




				
__host__ __device__ float3 				floorf (float3 v)




				 




				
__host__ __device__ float4 				floorf (float4 v)




				 




				
__host__ __device__ float 				fracf (float v)




				 




				
__host__ __device__ float2 				fracf (float2 v)




				 




				
__host__ __device__ float3 				fracf (float3 v)




				 




				
__host__ __device__ float4 				fracf (float4 v)




				 




				
__host__ __device__ float2 				fmodf (float2 a, float2 b)




				 




				
__host__ __device__ float3 				fmodf (float3 a, float3 b)




				 




				
__host__ __device__ float4 				fmodf (float4 a, float4 b)




				 




				
__host__ __device__ float2 				fabs (float2 v)




				 




				
__host__ __device__ float3 				fabs (float3 v)




				 




				
__host__ __device__ float4 				fabs (float4 v)




				 




				
__host__ __device__ int2 				abs (int2 v)




				 




				
__host__ __device__ int3 				abs (int3 v)




				 




				
__host__ __device__ int4 				abs (int4 v)




				 




				
__host__ __device__ float3 				reflect (float3 i, float3 n)




				 




				
__host__ __device__ float3 				cross (float3 a, float3 b)




				 




				
__device__ __host__ float 				smoothstep (float a, float b, float x)




				 




				
__device__ __host__ float2 				smoothstep (float2 a, float2 b, float2 x)




				 




				
__device__ __host__ float3 				smoothstep (float3 a, float3 b, float3 x)




				 




				
__device__ __host__ float4 				smoothstep (float4 a, float4 b, float4 x)




				 









[bookmark: details]Detailed Description




This file implements common mathematical operations on vector types (float3, float4 etc.) since these are not provided as standard by CUDA. 




The syntax is modelled on the Cg standard library.




This is part of the CUTIL library and is not supported by NVIDIA.




Thanks to Linh Hah for additions and fixes. 





Definition in file cutil_math.h.
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				cuda_helper



  









  
cuda_helper Directory Reference
  









Helper functions for CUDA programs. 




 
More...





				[bookmark: files]
Files








				file  				cuda_errorcheck.cuh [code]




				 				Implements functions to check for errors with kernel invocation. 





				 




				file  				cuda_timer.cuh [code]




				 				implements the EventTimer class. 





				 




				file  				select_device.h [code]




				 				Functions to select device. 





				 









[bookmark: details]Detailed Description




Helper functions for CUDA programs. 




Includes CUDA timer, error checking and device selection. Also includes common math operations for newly introduced data types such as float4 taken from the cutil library. 
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				[bookmark: letter_E]				  E  
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BoostRNG Class Reference
  





class that provides random number generator.  
 More...





#include <boost_rng.hpp>





				[bookmark: pub-methods]
Public Member Functions








				 				BoostRNG (uint _seed)




				 				Constructor, initializes the BoostRNG class.  More...





				 




				float 				uniform ()




				 				Returns a number from a uniform distribution.  More...





				 




				float 				normal ()




				 				Returns a number from a normal distribution.  More...





				 




				
uint 				getSeed ()




				 				Returns the seed of the rng. 





				 









				[bookmark: pri-attribs]
Private Attributes








				
uint 				seed




				 				seed for the random number generator 





				 




				
boost::mt19937 				rng




				 				the Mersenne twister engine class from boost 





				 




				
boost::normal_distribution< float > 				dist_normal




				 				the normal distribution class from boost 





				 




				
boost::uniform_real< float > 				dist_uniform




				 				the uniform real distribution class from boost 





				 




				boost::variate_generator

< boost::mt19937 

&, boost::normal_distribution

< float > > 				rand_normal




				 				an instance of the variate generator class from boost, the template parameters specify that a reference to the Mersenne twister engine BoostRNG::rng is to be used, and the normal distribution BoostRNG::dist_normal  More...





				 




				boost::variate_generator

< boost::mt19937 

&, boost::uniform_real< float > > 				rand_uniform




				 				an instance of the variate generator class from boost, the template parameters specify that a reference to the Mersenne twister engine BoostRNG::rng is to be used, and the normal distribution BoostRNG::dist_normal  More...





				 









[bookmark: details]Detailed Description




class that provides random number generator. 




Uses the Mersenne twister from boost which can be used to sample different distributions without explicitly coding transformations such as the Box-Muller transform 





Definition at line 20 of file boost_rng.hpp.





Constructor & Destructor Documentation







      
        
          				BoostRNG::BoostRNG 
          				(
          				uint 
          				_seed				)
          				
        




      







Constructor, initializes the BoostRNG class. 




Because the variate_generator does not have a empty constructor, and uses a reference to the BoostRNG::rng, all variables are initialized using initializer lists 




				Parameters



				
  
    				_seed				the seed for the BoostRNG::rng 




  




  










Definition at line 10 of file boost_rng.cpp.









Member Function Documentation







      
        
          				float BoostRNG::normal 
          				(
          								)
          				
        




      







Returns a number from a normal distribution. 




Mean and standard deviation of the distribution are set in the constructor. 




				See Also



				BoostRNG::BoostRNG 









Definition at line 19 of file boost_rng.cpp.












      
        
          				float BoostRNG::uniform 
          				(
          								)
          				
        




      







Returns a number from a uniform distribution. 




Min and max of the distribution are set in the constructor. 




				See Also



				BoostRNG::BoostRNG 









Definition at line 23 of file boost_rng.cpp.









Member Data Documentation








  
  				
      
        
          				boost::variate_generator<boost::mt19937&, boost::normal_distribution<float> > BoostRNG::rand_normal
        




      




  
  				
private  
  












an instance of the variate generator class from boost, the template parameters specify that a reference to the Mersenne twister engine BoostRNG::rng is to be used, and the normal distribution BoostRNG::dist_normal 




				See Also



				BoostRNG::rng 




				
BoostRNG::dist_normal 









Definition at line 32 of file boost_rng.hpp.













  
  				
      
        
          				boost::variate_generator<boost::mt19937&, boost::uniform_real<float> > BoostRNG::rand_uniform
        




      




  
  				
private  
  












an instance of the variate generator class from boost, the template parameters specify that a reference to the Mersenne twister engine BoostRNG::rng is to be used, and the normal distribution BoostRNG::dist_normal 




				See Also



				BoostRNG::rng 




				
BoostRNG::dist_normal 









Definition at line 39 of file boost_rng.hpp.










The documentation for this class was generated from the following files:
				code/boost_rng.hpp




				code/boost_rng.cpp
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Public Member Functions |
Public Attributes |
List of all members  

  
integrate1_functor Struct Reference
  





functor for the first step of the Verlet integrator.  
 More...





				[bookmark: pub-methods]
Public Member Functions








				
__host__ __device__ 				integrate1_functor (float dt, float3 boxSize)




				 				Constructor. 





				 




				template<typename tuple > 




				__host__ __device__ void 				operator() (tuple t)




				 				overloaded operator(), actual Verlet integration.  More...





				 









				[bookmark: pub-attribs]
Public Attributes








				
float 				_dt




				 				timestep 





				 




				
float3 				_boxSize




				 				size of the simulation box 





				 









[bookmark: details]Detailed Description




functor for the first step of the Verlet integrator. 




Executes [image: $ x = x+ v \Delta t + 0.5 a {\Delta t}^2 $], and [image: $ v = v 0.5 a \Delta t $].




Functors are function objects to be used in (thrust) algorithms. Although they have many purposes, here they are used because you can pass them as arguments to other functions. 




				See Also



				Thrust QuickStartGuide: Algorithms 









Definition at line 29 of file particles_kernel_impl.cuh.





Member Function Documentation








template<typename tuple > 


  
  				
      
        
          				__host__ __device__ void integrate1_functor::operator() 
          				(
          				tuple 
          				t				)
          				
        




      




  
  				
inline  
  












overloaded operator(), actual Verlet integration. 




				Parameters



				
  
    				[in,out]				t				templated parameter, in this case a thrust::tuple is passed. 




  




  









				Note



				See integrateSystem1 to see how these tuples are made. 








				See Also



				thrust::tuple 








				Todo:



				check if the volatile is really needed 









Definition at line 42 of file particles_kernel_impl.cuh.










The documentation for this struct was generated from the following file:
				code/particles_kernel_impl.cuh
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				code



  









  
Classes |
Macros |
Variables  

  
particles_kernel_impl.cuh File Reference
  





Cuda function and functor definitions.  
More...




#include <stdio.h>

#include <math.h>

#include "particles_kernel.cuh"

#include "assert.h"

#include "../cuda_helper/cutil_math.h"



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				struct  				integrate1_functor




				 				functor for the first step of the Verlet integrator.  More...





				 




				struct  				integrate2_functor




				 				functor for the second step of the Verlet integrator.  More...





				 









				[bookmark: func-members]
Functions








				Device functions





				Device functions are parts of one or more kernels that have their own definition.




You can recognize device functions by the device keyword in front of them. These can only be called by kernels or other device functions. Some functions can be executed both on the host and the device, they have the keywords  host device . 










				__device__ int3 				calcGridPos (float3 p)




				 				Converts the position of a particle to the corresponding cell in the grid.  More...





				 




				__device__ uint 				calcGridHash (int3 gridPos)




				 				Calculates memory addres for cell using the position in the grid.  More...





				 




				__device__ float4 				ppInteraction (float4 x4_pi, float4 x4_pj)




				 				Computes interaction between two particles.  More...





				 




				__device__ float 				ppPotential (float4 x4_pi, float4 x4_pj)




				 				Computes potential between two particles.  More...





				 




				__device__ float4 				tile_calculation (float4 myPos, float4 accel)




				 				Calculate particle-particle interaction for a tile in the n x n acceleration matrix.  More...





				 




				__device__ float4 				calculateForcesCell (int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd)




				 				Device function that calculates the contribution of a neighboring cell for one particle Is called from calculate_forces_celllist for one particle and one of its neighboring cells.  More...





				 




				__device__ float 				calculatePotentialCell (int3 gridPos, uint index, float4 pos, float4 *sortedPos, uint *cellStart, uint *cellEnd)




				 				Device function that calculates the contribution of a neighboring cell for one particle Is called from calculate_potential_celllist for one particle and one of its neighboring cells.  More...





				 




				Kernels





				Kernels are a parallel portion of an application launched on the GPU.




Can be recognized by a global in front. Kernels need to be launched with a launch configuration, e.g.  <<< nb, tpb, shmemsize>>>Kernel() , where nb is the number of blocks, tpb the threads per block, and shmemsize (optional) the size of the shared memory. 












				__global__ void 				calcHashD (uint *gridParticleHash, uint *gridParticleIndex, float4 *pos, uint numParticles)




				 				Calculates grid hash value for each particle.  More...





				 




				__global__ void 				reorderDataAndFindCellStartD (uint *cellStart, uint *cellEnd, float4 *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float4 *oldPos, uint numParticles)




				 				Reorders sorted particles and determine cells.  More...





				 




				__global__ void 				calculate_forces_nbody (float4 *d_x4, float4 *d_a4, float *virial, int numParticles)




				 				Kernel that calculates acceleration using the nbody approach.  More...





				 




				__global__ void 				calculate_forces_celllist (float4 *d_a4, float *virial, float4 *d_x4, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Kernel that calculates acceleration using the celllist approach.  More...





				 




				__global__ void 				calculate_potential_celllist (float *pot, float4 *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Kernel that calculates potential using the celllist approach.  More...





				 









				[bookmark: var-members]
Variables








				
__constant__ SimParams 				params




				 				simulation parameters in constant memory 





				 









[bookmark: details]Detailed Description




Cuda function and functor definitions. 





Definition in file particles_kernel_impl.cuh.





Function Documentation







      
        
          				__device__ uint calcGridHash 
          				(
          				int3 
          				gridPos				)
          				
        




      







Calculates memory addres for cell using the position in the grid. 




Currently uses bit operations, grid sizes need to be powers of 2 




				Parameters



				
  
    				[in]				gridPos				position in the grid, can be obtained from calcGridPos 




  




  









				Returns



				memory addres for cell 








				Todo:



				don't use linear cell id, maybe something like z order curve 









Definition at line 129 of file particles_kernel_impl.cuh.












      
        
          				__device__ int3 calcGridPos 
          				(
          				float3 
          				p				)
          				
        




      







Converts the position of a particle to the corresponding cell in the grid. 




				Parameters



				
  
    				[in]				p				xyz-coordinates of the particle 




  




  









				Returns



				the coordinates of the cell in which the particle is 









Definition at line 114 of file particles_kernel_impl.cuh.












      
        
          				__global__ void calcHashD 
          				(
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float4 * 
          				pos, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Calculates grid hash value for each particle. 




Calls calcGridHash for every particle and restore the indices to the unsorted positions 




				Parameters



				
  
    				[in]				pos				particle position 




    				[in]				numParticles				number of particles 




    				[out]				gridParticleHash				array containing the particles hashes 




    				[out]				gridParticleIndex				array containing the order of the particles 




  




  









				Todo:



				check volatile 








				See Also



				calcGridPos 




				
calcGridHash 









Definition at line 336 of file particles_kernel_impl.cuh.












      
        
          				__global__ void calculate_forces_celllist 
          				(
          				float4 * 
          				d_a4, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				float4 * 
          				d_x4, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Kernel that calculates acceleration using the celllist approach. 




For every particle determine the neighboring cells, than calculate the acceleration and virial contribution for that cell using calculateForcesCell. 




				Parameters



				
  
    				[out]				d_a4				array with acceleration of each particle 




    				[out]				virial				array with virial contribution of each particle 




    				[in]				gridParticleIndex				index of sorted particles 




    				[in]				cellStart				array with start of each cell 




    				[in]				cellEnd				array with end of each cell 




    				[in]				d_x4				array with position of each particle 




    				[in]				numParticles				number of particles 




  




  









				See Also



				calculateForcesCell 









Definition at line 492 of file particles_kernel_impl.cuh.












      
        
          				__global__ void calculate_forces_nbody 
          				(
          				float4 * 
          				d_x4, 
        




        
          				
          				
          				float4 * 
          				d_a4, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				int 
          				numParticles 
        




        
          				
          				)
          								
        




      







Kernel that calculates acceleration using the nbody approach. 




Divides the acceleration matrix into n by n tiles, where n is the block dimension. If the block dimension is not a divisor of the number of particles, append dummy particles at infinite distance. Then run tile_calculation on each tile, and return the acceleration and the virial for each particle. 




				Parameters



				
  
    				[in]				d_x4				array with position of each particle 




    				[out]				d_a4				array with acceleration of each particle 




    				[out]				virial				array with virial contribution of each particle 




    				[in]				numParticles				number of particles 




  




  









				See Also



				tile_calculation 








				Todo:



				see if ternary operator makes a difference on possible warp divergence 









Definition at line 446 of file particles_kernel_impl.cuh.












      
        
          				__global__ void calculate_potential_celllist 
          				(
          				float * 
          				pot, 
        




        
          				
          				
          				float4 * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Kernel that calculates potential using the celllist approach. 




For every particle determine the neighboring cells, than calculate the potential for that cell using calculatePotentialCell 




				Parameters



				
  
    				[out]				pot				array with potential contribution of each particle 




    				[in]				gridParticleIndex				index of sorted particles 




    				[in]				cellStart				array with start of each cell 




    				[in]				cellEnd				array with end of each cell 




    				[in]				sortedPos				sorted array with position of each particle 




    				[in]				numParticles				number of particles 




  




  









				See Also



				calculatePotentialCell 









Definition at line 536 of file particles_kernel_impl.cuh.












      
        
          				__device__ float4 calculateForcesCell 
          				(
          				int3 
          				gridPos, 
        




        
          				
          				
          				uint 
          				index, 
        




        
          				
          				
          				float4 
          				pos, 
        




        
          				
          				
          				float4 * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd 
        




        
          				
          				)
          								
        




      







Device function that calculates the contribution of a neighboring cell for one particle Is called from calculate_forces_celllist for one particle and one of its neighboring cells. 




Iterates over all the particles in the cell and computes the acceleration and virial contribution by calling ppInteraction. 




				Parameters



				
  
    				[in]				gridPos				the position of the cell in the grid 




    				[in]				index				the index of the particle that we want to calculate the contribution for 




    				[in]				pos				the position of the particles with index index 




    				[in]				sortedPos				array with positions of all particles 




    				[in]				cellStart				array with start of each cell 




    				[in]				cellEnd				array with end of each cell 




  




  









				Returns



				the contribution of this cell to the acceleration and the virial of the particle with index index 








				See Also



				calculate_forces_celllist 




				
ppInteraction 









Definition at line 251 of file particles_kernel_impl.cuh.












      
        
          				__device__ float calculatePotentialCell 
          				(
          				int3 
          				gridPos, 
        




        
          				
          				
          				uint 
          				index, 
        




        
          				
          				
          				float4 
          				pos, 
        




        
          				
          				
          				float4 * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd 
        




        
          				
          				)
          								
        




      







Device function that calculates the contribution of a neighboring cell for one particle Is called from calculate_potential_celllist for one particle and one of its neighboring cells. 




Iterates over all the particles in the cell and computes the potential contribution by calling ppPotential. 




				Parameters



				
  
    				[in]				gridPos				the position of the cell in the grid 




    				[in]				index				the index of the particle that we want to calculate the contribution for 




    				[in]				pos				the position of the particles with index index 




    				[in]				sortedPos				array with positions of all particles 




    				[in]				cellStart				array with start of each cell 




    				[in]				cellEnd				array with end of each cell 




  




  









				Returns



				the contribution of this cell to the potential of the particle with index index 








				See Also



				calculate_potential_celllist 




				
ppPotential 









Definition at line 287 of file particles_kernel_impl.cuh.












      
        
          				__device__ float4 ppInteraction 
          				(
          				float4 
          				x4_pi, 
        




        
          				
          				
          				float4 
          				x4_pj 
        




        
          				
          				)
          								
        




      







Computes interaction between two particles. 




First applies periodic boundary conditions, then checks if 







				particles are the same (zero distance), 






				distance is greater than the cutoff value (also catches dummy particles at infinite distance when using nbody approach).









If all are false, returns the interaction (and virial), else returns 0. 




				Note



				Since the acceleration only needs a float3 we use the w value of the float4 to store the contribution to the virial. See implementation for details 








				Parameters



				
  
    				[in]				x4_pi				position of first particle 




    				[in]				x4_pj				position of second particle 




  




  









				Returns



				The interaction between (and virial contribution of) the two particles 








				Warning



				calculation assumes cubic box 









Definition at line 157 of file particles_kernel_impl.cuh.












      
        
          				__device__ float ppPotential 
          				(
          				float4 
          				x4_pi, 
        




        
          				
          				
          				float4 
          				x4_pj 
        




        
          				
          				)
          								
        




      







Computes potential between two particles. 




First applies periodic boundary conditions, then checks if 







				particles are the same (zero distance), 






				distance is greater than the cutoff value (also catches dummy particles at infinite distance when using nbody approach).









If all are false, returns the potential, else returns 0. 




				Parameters



				
  
    				[in]				x4_pi				position of first particle 




    				[in]				x4_pj				position of second particle 




  




  









				Returns



				The potential between the two particles 








				Warning



				calculation assumes cubic box 








				Todo:



				assumes cubic box 









Definition at line 194 of file particles_kernel_impl.cuh.












      
        
          				__global__ void reorderDataAndFindCellStartD 
          				(
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				float4 * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float4 * 
          				oldPos, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Reorders sorted particles and determine cells. 




Particles are sorted by sortParticles, which sorts the hashes in gridParticleHash. The sort permutation is stored in gridParticleIndex. Determines start and stop of each cell by checking if neighboring hashes differ, if they differ we have a new cell. Finally puts the particle positions in oldPos in sorted order in sortedPos. 




				Parameters



				
  
    				[out]				cellStart				array with start of each cell 




    				[out]				cellEnd				array with end of each cell 




    				[out]				sortedPos				sorted positions 




    				[in]				gridParticleHash				sorted grid hashes 




    				[in]				gridParticleIndex				sorted particle indices 




    				[in]				oldPos				unsorted particle positions 




    				[in]				numParticles				number of particles 




  




  









				Todo:



				See if thrust::adjacent_difference() can be used. 









Definition at line 371 of file particles_kernel_impl.cuh.












      
        
          				__device__ float4 tile_calculation 
          				(
          				float4 
          				myPos, 
        




        
          				
          				
          				float4 
          				accel 
        




        
          				
          				)
          								
        




      







Calculate particle-particle interaction for a tile in the n x n acceleration matrix. 




Calls ppInteraction and for every entry in the row. Remember that this function is called from calculate_forces_nbody, so myPos is dependend on the thread which calls this function. shPos (see source) on the other hand, is in shared memory and is the same for all threads in the block. Since all threads in the block access the same entry in shared memory at the same time, broadcasting is used (meaning: no serialization penalty). 




				Parameters



				
  
    				[in]				myPos				the position of the particle the thread is responsible for 




    				[in,out]				accel				the acceleration so far 




  




  









				Returns



				the acceleration added by this tile plus the acceleration already computed in previous tiles. 








				See Also



				ppInteraction 




				
calculate_forces_nbody 









Definition at line 229 of file particles_kernel_impl.cuh.
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error_analysis.cpp File Reference
  





Implementation for the ErrorAnalysis class.  
More...




#include "error_analysis.hpp"

#include <boost/bind.hpp>

#include <boost/ref.hpp>

#include <algorithm>

#include <cmath>

#include <iostream>



Go to the source code of this file.




[bookmark: details]Detailed Description




Implementation for the ErrorAnalysis class. 




				See Also



				ErrorAnalysis 




				
error_analysis.hpp 









Definition in file error_analysis.cpp.
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				cuda_helper



  









  
Macros |
Functions  

  
select_device.h File Reference
  





Functions to select device.  
More...




#include <stdlib.h>

#include <stdio.h>

#include <string.h>

#include "cuda_errorcheck.cuh"



Go to the source code of this file.





				[bookmark: define-members]
Macros








				
#define 				SELECT_DEVICE_H




				 




				#define 				MAX(a, b)




				 				Returns the maximum of a and b.  More...





				 









				[bookmark: func-members]
Functions








				int 				_ConvertSMVer2Cores (int major, int minor)




				 				Converts CC into # of SP/cores per SM.  More...





				 




				int 				gpuDeviceInit (int devID)




				 				Initializes the CUDA Device.  More...





				 




				int 				gpuGetMaxGflopsDeviceId ()




				 				Returns device ID of fastest device.  More...





				 




				int 				findCudaDevice (int CmdArgDevice)




				 				Finds CUDA device.  More...





				 




				bool 				checkCudaCapabilities (int major_version, int minor_version)




				 				Checks card for compute capability.  More...





				 









[bookmark: details]Detailed Description




Functions to select device. 




Ripped from the cutil library and made some small improvements. 





Definition in file select_device.h.





Macro Definition Documentation







      
        
          				#define MAX
          				(
          				 
          				a, 
        




        
          				
          				
          				 
          				b 
        




        
          				
          				)
          								
        




      






Value:({ __typeof__ (a) _a = (a); \

           __typeof__ (b) _b = (b); \

         _a > _b ? _a : _b; })



Returns the maximum of a and b. 




Type safe and avoids double evaluation 





Definition at line 20 of file select_device.h.









Function Documentation








  
  				
      
        
          				int _ConvertSMVer2Cores 
          				(
          				int 
          				major, 
        




        
          				
          				
          				int 
          				minor 
        




        
          				
          				)
          								
        




      




  
  				
inline  
  












Converts CC into # of SP/cores per SM. 




Maps the compute capability (CC) to the the number of streaming processors (SP) per streaming multiprocessors (SM). 




				Parameters



				
  
    				major				major version of compute capability 




    				minor				minor version of compute capability 




  




  









				Returns



				number of SP/cores per SM 









Definition at line 34 of file select_device.h.













  
  				
      
        
          				bool checkCudaCapabilities 
          				(
          				int 
          				major_version, 
        




        
          				
          				
          				int 
          				minor_version 
        




        
          				
          				)
          								
        




      




  
  				
inline  
  












Checks card for compute capability. 




Compute capability of device should be greater or equal to the provided compute capability. Device should be initialized before this function is called. 




				See Also



				findCudaDevice 








				Parameters



				
  
    				major_version				major compute capability 




    				minor_version				minor compute capability 




  




  









				Returns



				true if card supports compute capability, false if not 









Definition at line 247 of file select_device.h.













  
  				
      
        
          				int findCudaDevice 
          				(
          				int 
          				CmdArgDevice				)
          				
        




      




  
  				
inline  
  












Finds CUDA device. 




If no commmand line argument is given calls gpuGetMaxGflopsDeviceId to determine the fastest device, then initializes it. If command line argument is given, calls gpuDeviceInit which checks if the device is available and if so initializes it. 




				See Also



				gpuDeviceInit 




				
gpuGetMaxGflopsDeviceId 








				Parameters



				
  
    				CmdArgDevice				the device ID given on the command line, -1 if none is given 




  




  









				Returns



				the device ID of the initialized device 









Definition at line 196 of file select_device.h.













  
  				
      
        
          				int gpuDeviceInit 
          				(
          				int 
          				devID				)
          				
        




      




  
  				
inline  
  












Initializes the CUDA Device. 




Checks if device supports CUDA and if the compute mode is not prohibited. 




				Parameters



				
  
    				devID				device ID 




  




  









				Returns



				device ID on success, -1 on failure 








				See Also



				findCudaDevice 









Definition at line 80 of file select_device.h.













  
  				
      
        
          				int gpuGetMaxGflopsDeviceId 
          				(
          								)
          				
        




      




  
  				
inline  
  












Returns device ID of fastest device. 




First determines the compute capability of all devices, then returns the one with the most GFLOPS. Devices with compute capability > 2 beat devices with lower compute capability regardless of GFLOPS. 




				Warning



				The original code in cutil contains a bug, max_perf_device should be initialized to -1, this is fixed in this version to avoid crashing on runtime on a system without CUDA cards 








				Returns



				device ID of fastest device 








				See Also



				findCudaDevice 




				
_ConvertSMVer2Cores 









Definition at line 114 of file select_device.h.
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Todo List 
  





				Member accelerateCelllists  (float *acc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				determine optimal threads per block  




				Member accelerateCelllists  (float *acc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				determine optimal threads per block  




				Member accelerateNBody  (float *pos, float *acc, float *virial, uint numParticles)




				determine optimal threads per block  




				Member calcGridHash  (int3 gridPos)




				don't use linear cell id, maybe something like z order curve  




				Member calcHash  (uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)




				determine optimal threads per block 




				Member calcHashD  (uint *gridParticleHash, uint *gridParticleIndex, float4 *pos, uint numParticles)




				check volatile  




				Member calculate_forces_nbody  (float4 *d_x4, float4 *d_a4, float *virial, int numParticles)




				see if ternary operator makes a difference on possible warp divergence  




				Member integrate1_functor::operator()  (tuple t)




				check if the volatile is really needed  




				Member integrate2_functor::operator()  (Tuple t)




				volatile  




				Member main  (int argc, char **argv)




				use boost::program_options for neat parameter parsing 




cubic  









				File particles_kernel.cuh  




				check if vector_types is necesarry  




				File particleSystem.cpp  




				use derived classes instead of SimulationMode  




				Member ParticleSystem::MDstep  (SimulationMode mode, float deltaTime)




				slim down for better performance in NPT MC (maybe remove timing code (but is already controlled by CUDA_TIME macro))  




				Member ParticleSystem::resetVel  ()




				see if rescaling is necessary for large number of particles 




see if kin energy can be done more efficiently  









				Member ParticleSystem::startMCSimulationNPT  (uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)




				see if timestep can be included in SimParam 




include parameter to set number of output files 




add simulationmode 




see what needs to be done about timing code 




make suitable for non-cubic boxes 




find a way to do this more efficiently this step needs to be done because the sortedPosData is based on the old pos maybe scale the sortedposdata itself? 




see if potential scaling can be used  









				Member ParticleSystem::startMCSimulationNVT  (uint equilibration, uint iterations, SimulationMode mode, float deltaTime)




				include parameter to set number of output files 




maybe make the acceleration a virtual function 




add simulationmode  









				Member ParticleSystem::startMDSimulation  (uint equilibration, uint iterations, SimulationMode mode, float deltaTime)




				see if timestep can be included in SimParam 




remove temporary hack for timing 




include parameter to set number of output files 




maybe make the acceleration a virtual function 




maybe move fileoutput to function?  









				Member potentialCelllists  (float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				determine optimal threads per block  




				Member ppPotential  (float4 x4_pi, float4 x4_pj)




				assumes cubic box  




				Member reorderDataAndFindCellStartD  (uint *cellStart, uint *cellEnd, float4 *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float4 *oldPos, uint numParticles)




				See if thrust::adjacent_difference() can be used.  




				Class SimParams  




				see if including number of particles is convenient 
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Macros  

  
particleSystem.cpp File Reference
  





Implementation of the ParticleSystem class.  
More...




#include "particleSystem.h"

#include "particleSystem.cuh"

#include "particles_kernel.cuh"

#include "../cuda_helper/cutil_math.h"

#include "error_analysis.hpp"

#include "../cuda_helper/cuda_timer.cuh"

#include <fstream>

#include <boost/format.hpp>

#include <assert.h>

#include <math.h>

#include <memory.h>

#include <cstdio>

#include <cstdlib>

#include <algorithm>

#include <string>

#include <boost/filesystem.hpp>



Go to the source code of this file.





				[bookmark: define-members]
Macros








				
#define 				PI_F   3.141592654f




				 				Definition of PI as float. 





				 









[bookmark: details]Detailed Description




Implementation of the ParticleSystem class. 




				See Also



				particleSystem.hpp 




				
ParticleSystem 








				Todo:



				use derived classes instead of SimulationMode 









Definition in file particleSystem.cpp.
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particleSystem_cuda.cu
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00010]   10 #include<cstdlib>

[bookmark: l00011]   11 #include<cstdio>

[bookmark: l00012]   12 #include<string.h>

[bookmark: l00013]   13 

[bookmark: l00014]   14 #include<thrust/device_ptr.h>

[bookmark: l00015]   15 #include<thrust/for_each.h>

[bookmark: l00016]   16 #include<thrust/iterator/zip_iterator.h>

[bookmark: l00017]   17 #include <thrust/iterator/constant_iterator.h>

[bookmark: l00018]   18 #include<thrust/sort.h>

[bookmark: l00019]   19 

[bookmark: l00020]   20 #include "particles_kernel_impl.cuh"

[bookmark: l00021]   21 

[bookmark: l00022]   22 #include "../cuda_helper/select_device.h"

[bookmark: l00023]   23 

[bookmark: l00024]   24 extern "C" {

[bookmark: l00037]   37         void cudaInit(int cmdArgDevice) {

[bookmark: l00038]   38                 int devID = cmdArgDevice;

[bookmark: l00039]   39                 devID = findCudaDevice(devID);

[bookmark: l00040]   40         }

[bookmark: l00041]   41 

[bookmark: l00049]   49         bool checkDeviceCapabilities(int major, int minor) {

[bookmark: l00050]   50                 return checkCudaCapabilities(major, minor);

[bookmark: l00051]   51         } //end group wrapcutil

[bookmark: l00053]   53 

[bookmark: l00064]   64         void allocateDeviceArray(void **devPtr, int size)

[bookmark: l00065]   65         {

[bookmark: l00066]   66                 //cutilSafeCall(cudaMalloc(devPtr, size));

[bookmark: l00067]   67                 myCudaSafeCall(cudaMalloc(devPtr, (size_t) size));

[bookmark: l00068]   68         }

[bookmark: l00069]   69 

[bookmark: l00075]   75         void freeDeviceArray(void *devPtr)

[bookmark: l00076]   76         {

[bookmark: l00077]   77                 //cutilSafeCall(cudaFree(devPtr));

[bookmark: l00078]   78                 myCudaSafeCall(cudaFree(devPtr));

[bookmark: l00079]   79         }

[bookmark: l00080]   80 

[bookmark: l00086]   86         void copyArrayToDevice(void* device, const void* host, int offset, int size)

[bookmark: l00087]   87         {

[bookmark: l00088]   88                 myCudaSafeCall(cudaMemcpy((char *) device + offset, host, size, cudaMemcpyHostToDevice));

[bookmark: l00089]   89         }

[bookmark: l00090]   90 

[bookmark: l00096]   96         void backupArrayDevice(void *dest, const void *source, int size){

[bookmark: l00097]   97                 myCudaSafeCall(cudaMemcpy(dest, source, size, cudaMemcpyDeviceToDevice));

[bookmark: l00098]   98         }

[bookmark: l00099]   99                 

[bookmark: l00105]  105         void copyArrayFromDevice(void* host, const void* device, int size)

[bookmark: l00106]  106         { 

[bookmark: l00107]  107                 //cutilSafeCall(cudaMemcpy(host, device, size, cudaMemcpyDeviceToHost));

[bookmark: l00108]  108                 myCudaSafeCall(cudaMemcpy(host, device, size, cudaMemcpyDeviceToHost));

[bookmark: l00109]  109         }

[bookmark: l00110]  110 

[bookmark: l00116]  116         void deviceSync()

[bookmark: l00117]  117         {

[bookmark: l00118]  118                 //cutilSafeCall(cudaDeviceSynchronize());

[bookmark: l00119]  119                 myCudaSafeCall(cudaDeviceSynchronize());

[bookmark: l00120]  120         }

[bookmark: l00121]  121 

[bookmark: l00127]  127         void setParameters(SimParams *hostParams)

[bookmark: l00128]  128         {

[bookmark: l00129]  129                 // copy parameters to constant memory

[bookmark: l00130]  130                 myCudaSafeCall(cudaMemcpyToSymbol(params, hostParams, sizeof(SimParams)));

[bookmark: l00131]  131         }

[bookmark: l00132]  132 

[bookmark: l00133]  133  //end wrapcudart

[bookmark: l00135]  135 

[bookmark: l00136]  136 

[bookmark: l00140]  140         uint iDivUp(uint a, uint b) {

[bookmark: l00141]  141                 return (a % b != 0) ? ( a / b + 1 ) : ( a / b );

[bookmark: l00142]  142         }

[bookmark: l00143]  143 

[bookmark: l00151]  151         void computeGridSize(uint n, uint blockSize, uint &numBlocks, uint &numThreads) {

[bookmark: l00152]  152                 numThreads = min(blockSize, n);

[bookmark: l00153]  153                 numBlocks = iDivUp(n, numThreads);

[bookmark: l00154]  154         }

[bookmark: l00155]  155 

[bookmark: l00184]  184         void integrateSystem1(  float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles) {

[bookmark: l00185]  185                 //construct the functor

[bookmark: l00186]  186                 integrate1_functor integrate1_op(deltaTime, boxSize);

[bookmark: l00187]  187                 //wrap raw pointer to thrust::device_ptr

[bookmark: l00188]  188                 thrust::device_ptr<float4> d_pos4((float4 *) pos);

[bookmark: l00189]  189                 thrust::device_ptr<float4> d_vel4((float4 *) vel);

[bookmark: l00190]  190                 thrust::device_ptr<float4> d_acc4((float4 *) acc);

[bookmark: l00191]  191                 

[bookmark: l00192]  192                 thrust::for_each(

[bookmark: l00193]  193                         /*combine position, velocity and acceleration together in a tuple

[bookmark: l00194]  194                         and make them accesible with zip iterator */

[bookmark: l00195]  195                         //define begin of the zip iterator

[bookmark: l00196]  196                         thrust::make_zip_iterator(thrust::make_tuple(d_pos4,d_vel4,d_acc4)),

[bookmark: l00197]  197                         //define end of the zip iterator

[bookmark: l00198]  198                         thrust::make_zip_iterator(thrust::make_tuple(d_pos4+numParticles,d_vel4+numParticles,d_acc4+numParticles)),

[bookmark: l00199]  199                         //functor to be executed on the tuple

[bookmark: l00200]  200                         integrate1_op

[bookmark: l00201]  201                 );

[bookmark: l00202]  202         }

[bookmark: l00203]  203 

[bookmark: l00216]  216         void integrateSystem2( float *vel, float *acc, float *kin, float deltaTime, uint numParticles) {

[bookmark: l00217]  217                 //construct the functor

[bookmark: l00218]  218                 integrate2_functor integrate2_op(deltaTime);

[bookmark: l00219]  219                 //wrap raw pointer to thrust::device_ptr

[bookmark: l00220]  220                 thrust::device_ptr<float4> d_vel4((float4 *) vel);

[bookmark: l00221]  221                 thrust::device_ptr<float4> d_acc4((float4 *) acc);

[bookmark: l00222]  222                 thrust::device_ptr<float> d_tkin(kin);

[bookmark: l00223]  223                 thrust::for_each(

[bookmark: l00224]  224                         thrust::make_zip_iterator(thrust::make_tuple(d_vel4, d_acc4, d_tkin)),

[bookmark: l00225]  225                         thrust::make_zip_iterator(thrust::make_tuple(d_vel4+numParticles, d_acc4+numParticles, d_tkin+numParticles)),

[bookmark: l00226]  226                         integrate2_op

[bookmark: l00227]  227                 );

[bookmark: l00228]  228         }

[bookmark: l00229]  229 

[bookmark: l00241]  241         void sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles) {

[bookmark: l00242]  242                 thrust::sort_by_key(    thrust::device_ptr<uint>(dGridParticleHash),

[bookmark: l00243]  243                                         thrust::device_ptr<uint>(dGridParticleHash + numParticles),

[bookmark: l00244]  244                                         thrust::device_ptr<uint>(dGridParticleIndex));

[bookmark: l00245]  245         }

[bookmark: l00246]  246 

[bookmark: l00256]  256         float thrustReduce(float *array, uint length) {

[bookmark: l00257]  257                 thrust::device_ptr<float> thrustArray(array);

[bookmark: l00258]  258                 return thrust::reduce(thrustArray,thrustArray + length);

[bookmark: l00259]  259         }

[bookmark: l00260]  260 

[bookmark: l00261]  261 

[bookmark: l00274]  274         void scaleArray(float *array, float scalefactor, uint length) {

[bookmark: l00275]  275                 thrust::device_ptr<float> tarray(array);

[bookmark: l00276]  276                 //use thrust transform to multiply every particles velocity with the scalefactor in parallel

[bookmark: l00277]  277                 thrust::transform(      

[bookmark: l00278]  278                                 //begin and end of the array to transform

[bookmark: l00279]  279                                 tarray, tarray + length,

[bookmark: l00280]  280                                 /*array to multiply with 

[bookmark: l00281]  281                                 (the use of constant_iterator avoids wasting space on a array filled with constant value) */

[bookmark: l00282]  282                                 thrust::make_constant_iterator(scalefactor),

[bookmark: l00283]  283                                 //the begin of the array in which to store the result (in this case overwrites the old array)

[bookmark: l00284]  284                                 tarray,

[bookmark: l00285]  285                                 //the functor to call for the transformation, in this case we want to multiply two floats

[bookmark: l00286]  286                                 thrust::multiplies<float>() );

[bookmark: l00287]  287         }

[bookmark: l00288]  288  //end wrapthrust

[bookmark: l00290]  290 

[bookmark: l00291]  291 

[bookmark: l00312]  312         void calcHash( uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles) {

[bookmark: l00313]  313                 uint numThreads, numBlocks;

[bookmark: l00314]  314                 computeGridSize(numParticles, 256, numBlocks, numThreads);

[bookmark: l00315]  315                 //execute kernel

[bookmark: l00316]  316                 calcHashD<<< numBlocks , numThreads >>>(gridParticleHash,gridParticleIndex, (float4 *) pos, numParticles);

[bookmark: l00317]  317 

[bookmark: l00318]  318                 //check for errors

[bookmark: l00319]  319                 myCudaCheckError();

[bookmark: l00320]  320         }

[bookmark: l00321]  321 

[bookmark: l00322]  322         

[bookmark: l00339]  339         void reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd,

[bookmark: l00340]  340                                         float *sortedPos,

[bookmark: l00341]  341                                         uint *gridParticleHash, uint *gridParticleIndex, 

[bookmark: l00342]  342                                         float *oldPos,

[bookmark: l00343]  343                                          uint numParticles, uint numCells) {

[bookmark: l00344]  344                 uint numThreads, numBlocks;

[bookmark: l00345]  345                 computeGridSize(numParticles, 256, numBlocks, numThreads);

[bookmark: l00346]  346 

[bookmark: l00347]  347                 // set all cells to empty

[bookmark: l00348]  348                 myCudaSafeCall(cudaMemset(cellStart, 0xffffffff, numCells*sizeof(uint)));

[bookmark: l00349]  349 

[bookmark: l00350]  350                 uint smemSize = sizeof(uint)*(numThreads+1);

[bookmark: l00351]  351                 reorderDataAndFindCellStartD<<< numBlocks, numThreads, smemSize>>>(

[bookmark: l00352]  352                         cellStart, cellEnd,

[bookmark: l00353]  353                         (float4 *) sortedPos,

[bookmark: l00354]  354                         gridParticleHash, gridParticleIndex,

[bookmark: l00355]  355                         (float4 *) oldPos,

[bookmark: l00356]  356                          numParticles);

[bookmark: l00357]  357                 myCudaCheckError();

[bookmark: l00358]  358         }

[bookmark: l00359]  359         

[bookmark: l00375]  375         void accelerateNBody(float *pos, float *acc, float *virial, uint numParticles) {

[bookmark: l00376]  376                 uint numBlocks, numThreads;

[bookmark: l00377]  377                 computeGridSize(numParticles, 256, numBlocks, numThreads);

[bookmark: l00378]  378                 calculate_forces_nbody <<< numBlocks, numThreads, numThreads*sizeof(float4) >>>((float4 *) pos, (float4 *) acc, virial, numParticles);

[bookmark: l00379]  379 

[bookmark: l00380]  380                 //check if kernel invocation generated an error

[bookmark: l00381]  381                 myCudaCheckError();

[bookmark: l00382]  382         }

[bookmark: l00383]  383         

[bookmark: l00402]  402         void accelerateCelllists( float *acc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles) {

[bookmark: l00403]  403                 uint numThreads, numBlocks;

[bookmark: l00404]  404                 computeGridSize(numParticles, 256, numBlocks, numThreads);

[bookmark: l00405]  405                 calculate_forces_celllist <<< numBlocks, numThreads >>> (       (float4 *) acc, virial, (float4 *) sortedPos, 

[bookmark: l00406]  406                                                                                 gridParticleIndex, 

[bookmark: l00407]  407                                                                                 cellStart, cellEnd, 

[bookmark: l00408]  408                                                                                 numParticles);

[bookmark: l00409]  409                 //check if kernel invocation generated an error

[bookmark: l00410]  410                 myCudaCheckError();

[bookmark: l00411]  411         }

[bookmark: l00412]  412 

[bookmark: l00430]  430         void potentialCelllists( float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles) {

[bookmark: l00431]  431                 uint numThreads, numBlocks;

[bookmark: l00432]  432                 computeGridSize(numParticles, 256, numBlocks, numThreads);

[bookmark: l00433]  433                 calculate_potential_celllist <<< numBlocks, numThreads >>> (    potentialEnergy, (float4 *) sortedPos, 

[bookmark: l00434]  434                                                                                 gridParticleIndex, 

[bookmark: l00435]  435                                                                                 cellStart, cellEnd, 

[bookmark: l00436]  436                                                                                 numParticles);

[bookmark: l00437]  437                 //check if kernel invocation generated an error

[bookmark: l00438]  438                 myCudaCheckError();

[bookmark: l00439]  439         }

[bookmark: l00440]  440  //end wrapkernel

[bookmark: l00442]  442 } // extern "C"

thrustReduce
float thrustReduce(float *array, uint numParticles)
Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then...
Definition: particleSystem_cuda.cu:256


integrateSystem1
void integrateSystem1(float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles)
First Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:184


myCudaCheckError
#define myCudaCheckError()
nice wrapper for __myCudaCheckError 
Definition: cuda_errorcheck.cuh:26


myCudaSafeCall
#define myCudaSafeCall(err)
nice wrapper for __myCudaSafeCall 
Definition: cuda_errorcheck.cuh:21


particles_kernel_impl.cuh
Cuda function and functor definitions. 


sortParticles
void sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles)
Sorts the particles based on hash. 
Definition: particleSystem_cuda.cu:241


setParameters
void setParameters(SimParams *hostParams)
copies parameters to constant memory Wrapper around cudaMemcpyToSymbol. 
Definition: particleSystem_cuda.cu:127


accelerateCelllists
void accelerateCelllists(float *newAcc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the acceleration by using celllists. 
Definition: particleSystem_cuda.cu:402


cudaInit
void cudaInit(int cmdArgDevice)
Initialize cuda environment. 
Definition: particleSystem_cuda.cu:37


computeGridSize
void computeGridSize(uint n, uint blockSize, uint &numBlocks, uint &numThreads)
Computes launch configuration based on blockSize and number of particles. 
Definition: particleSystem_cuda.cu:151


allocateDeviceArray
void allocateDeviceArray(void **devPtr, int size)
Allocates device memory. 
Definition: particleSystem_cuda.cu:64


integrate1_functor
functor for the first step of the Verlet integrator. 
Definition: particles_kernel_impl.cuh:29


params
__constant__ SimParams params
simulation parameters in constant memory 
Definition: particles_kernel_impl.cuh:18


integrate2_functor
functor for the second step of the Verlet integrator. 
Definition: particles_kernel_impl.cuh:77


integrateSystem2
void integrateSystem2(float *vel, float *acc, float *kin, float deltaTime, uint numParticles)
Second Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:216


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


findCudaDevice
int findCudaDevice(int CmdArgDevice)
Finds CUDA device. 
Definition: select_device.h:196


backupArrayDevice
void backupArrayDevice(void *dest, const void *source, int size)
Copy arrays from device to device. 
Definition: particleSystem_cuda.cu:96


checkDeviceCapabilities
bool checkDeviceCapabilities(int major, int minor)
Checks if device has the given compute capability. 
Definition: particleSystem_cuda.cu:49


iDivUp
uint iDivUp(uint a, uint b)
Does integer division but rounds up insteads of down. 
Definition: particleSystem_cuda.cu:140


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


copyArrayFromDevice
void copyArrayFromDevice(void *host, const void *device, int size)
Copy arrays to host from device. 
Definition: particleSystem_cuda.cu:105


reorderDataAndFindCellStart
void reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells)
Reorder particle data into sorted order and determine first and last particle for each cell...
Definition: particleSystem_cuda.cu:339


potentialCelllists
void potentialCelllists(float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the potential energy by using celllists. 
Definition: particleSystem_cuda.cu:430


freeDeviceArray
void freeDeviceArray(void *devPtr)
Frees device memory. 
Definition: particleSystem_cuda.cu:75


calcHash
void calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)
Calculate grid hash for all particles. 
Definition: particleSystem_cuda.cu:312


checkCudaCapabilities
bool checkCudaCapabilities(int major_version, int minor_version)
Checks card for compute capability. 
Definition: select_device.h:247


copyArrayToDevice
void copyArrayToDevice(void *device, const void *host, int offset, int size)
Copy arrays from host to device. 
Definition: particleSystem_cuda.cu:86


deviceSync
void deviceSync()
Synchronize device. 
Definition: particleSystem_cuda.cu:116


scaleArray
void scaleArray(float *array, float scalefactor, uint length)
scales the array with the given scalefactor. 
Definition: particleSystem_cuda.cu:274


accelerateNBody
void accelerateNBody(float *pos, float *acc, float *virial, uint numParticles)
Compute the acceleration by using the nbody approach. 
Definition: particleSystem_cuda.cu:375
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html/formula.repository


\form#0:$s^2 = \frac{N}{N-1} n_2$
\form#1:$N$
\form#2:$n_2 = \frac{1}{N} \sum\limits_{i=1}^{N} (x_i - \bar{x})^2$
\form#3:$\sqrt{s^2/N}$
\form#4:$s^2$
\form#5:$ x = x+ v \Delta t + 0.5 a {\Delta t}^2 $
\form#6:$ v = v 0.5 a \Delta t $
\form#7:$ v = v + 0.5 a \Delta t $
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cuda_timer.cuh File Reference
  





implements the EventTimer class.  
More...




#include "cuda_errorcheck.cuh"

#include <iostream>



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				class  				EventTimer




				 				A timer class for CUDA.  More...





				 









[bookmark: details]Detailed Description




implements the EventTimer class. 




				See Also



				EventTimer 









Definition in file cuda_timer.cuh.
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Molecular simulations using CUDA Documentation
  





Introduction




This is the documentation for the code I created for my master thesis. The main folder contains the following directories:





				./code: the main code directory for Molecular Simulations




				./cuda_docs: documentation files for CUDA




				./cuda_helper: helper functions related to CUDA




				./doxygen: documentation for the code




				./gpulab: extra information and some code examples from a CUDA course in Delft




				./old_code: old CUDA code for Molecular Simulations, still contains some useful bits.




				./thrust_docs: documenation files for Thrust




				./thrust_example: some easy examples of Thrust I used in my report









This documenation is only for the code in the ./code and the ./cuda_helper directories.





Installation




To compile please make sure you have the CUDA SDK and the boost libraries installed, then use the Makefile in the code directory.





Usage




Assuming you are in the ./code directory you can run the program by executing




./particles 0 0.1 1024




where the first argument is the CUDA device that should be used (0 in case there is only 1 device), the second argument is the density or pressure depending on whether the ensemble is NVT or NPT (see  ./code/particles.cpp), and the third is the number of particles to be used. Additional parameters are set in  ./code/particles.cpp. Setting parameters easier (todo item) can be done using the boost::program_options library, see ./old_code/boost_po.cpp for an example.




The code now also includes a compression mode only in HMC NPT, this is available in ./particles_comp. Run it by executing




./particles 0 0.1 1024




The second argument is ignored, instead the program will loop over the following pressures: {0.177, 0.329, 0.489, 0.700, 1.071, 1.75, 3.028, 5.285, 9.12, 15.20} 
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SimParams Member List
  





This is the complete list of members for SimParams, including all inherited members.





  				boxSize				SimParams				




  				cellSize				SimParams				




  				cutoff				SimParams				




  				gridSize				SimParams				




  				numCells				SimParams				




  				potentialCorrection				SimParams				




  				temperature				SimParams				




  				worldOrigin				SimParams				
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particleSystem.cpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00009]    9 #include "particleSystem.h"

[bookmark: l00010]   10 #include "particleSystem.cuh"

[bookmark: l00011]   11 #include "particles_kernel.cuh"

[bookmark: l00012]   12 

[bookmark: l00013]   13 #include "../cuda_helper/cutil_math.h"

[bookmark: l00014]   14 #include "error_analysis.hpp" //code for computing standard error

[bookmark: l00015]   15 #include "../cuda_helper/cuda_timer.cuh" //code for timing

[bookmark: l00016]   16 

[bookmark: l00017]   17 #include <fstream>                      //for ofstream

[bookmark: l00018]   18 #include <boost/format.hpp>             //format io

[bookmark: l00019]   19 

[bookmark: l00020]   20 #include <assert.h>

[bookmark: l00021]   21 #include <math.h>

[bookmark: l00022]   22 #include <memory.h>

[bookmark: l00023]   23 #include <cstdio>

[bookmark: l00024]   24 #include <cstdlib>

[bookmark: l00025]   25 #include <algorithm>

[bookmark: l00026]   26 #include <string>

[bookmark: l00027]   27 

[bookmark: l00028]   28 #include <boost/filesystem.hpp>         //for editing files and directories

[bookmark: l00029]   29 

[bookmark: l00030]   30 #ifndef PI_F

[bookmark: l00031]   31 #define PI_F 3.141592654f

[bookmark: l00033]   33 #endif

[bookmark: l00034]   34 

[bookmark: l00035]   35 using namespace std;

[bookmark: l00036]   36 namespace bf = boost::filesystem;

[bookmark: l00037]   37 

[bookmark: l00041]   41 ParticleSystem::ParticleSystem(uint numParticles, uint3 gridSize, float3 boxSize, float temperature, string outdir, float cutoff) :

[bookmark: l00042]   42         m_bInitialized(false),

[bookmark: l00043]   43         m_velscaling(false),

[bookmark: l00044]   44         m_numParticles(numParticles),

[bookmark: l00045]   45         m_hPos(NULL),

[bookmark: l00046]   46         m_hVel(NULL),

[bookmark: l00047]   47         m_hAcc(NULL),

[bookmark: l00048]   48         m_dPos(NULL),

[bookmark: l00049]   49         m_dVel(NULL),

[bookmark: l00050]   50         m_dAcc(NULL),

[bookmark: l00051]   51         m_gridSize(gridSize),

[bookmark: l00052]   52         m_boxSize(boxSize),

[bookmark: l00053]   53         m_temperature(temperature),

[bookmark: l00054]   54         m_outdir(outdir),

[bookmark: l00055]   55         m_cutoff(cutoff),

[bookmark: l00057]   57         //m_rng(BoostRNG(0))

[bookmark: l00058]   58         m_rng(BoostRNG(time(NULL)))

[bookmark: l00059]   59 {

[bookmark: l00060]   60         //create output directory if it doesn't exist

[bookmark: l00061]   61         if(!bf::is_directory( m_outdir ))

[bookmark: l00062]   62                 bf::create_directory( m_outdir );

[bookmark: l00063]   63 

[bookmark: l00064]   64         m_numGridCells = m_gridSize.x * m_gridSize.y * m_gridSize.z;    

[bookmark: l00065]   65 

[bookmark: l00066]   66         //set simulation parameters

[bookmark: l00067]   67         m_params.gridSize = m_gridSize;

[bookmark: l00068]   68         m_params.numCells = m_numGridCells;

[bookmark: l00069]   69         m_params.boxSize = m_boxSize;

[bookmark: l00070]   70         m_params.temperature = m_temperature;

[bookmark: l00071]   71         m_params.cutoff = m_cutoff;

[bookmark: l00072]   72         m_params.potentialCorrection = 4.0f * (powf(1/m_cutoff,12) - powf(1/m_cutoff,6)); //4 * (rc^-12 - rc^-6)

[bookmark: l00073]   73         

[bookmark: l00074]   74         m_params.worldOrigin = make_float3(0.0f);

[bookmark: l00075]   75         float cellSize = m_boxSize.x / m_gridSize.x;

[bookmark: l00076]   76         m_params.cellSize = make_float3(cellSize);

[bookmark: l00077]   77 

[bookmark: l00078]   78         m_density = m_numParticles/(m_boxSize.x*m_boxSize.y*m_boxSize.z);

[bookmark: l00079]   79         m_pressureCorrection = 16.0f/3.0f * M_PI *m_density*m_density * (2.0f/3.0f*powf(1/m_cutoff,9)-powf(1/m_cutoff,3));

[bookmark: l00080]   80         m_potentialEnergyCorrection = 8.0f/9.0f * M_PI *m_density * (powf(1/m_cutoff,9)-3.0f*powf(1/m_cutoff,3));

[bookmark: l00081]   81         m_potentialEnergyCorrection += 4.0f/3.0f*M_PI * m_cutoff * m_cutoff * m_cutoff * m_density * 0.5f * m_params.potentialCorrection;

[bookmark: l00082]   82         cout << m_potentialEnergyCorrection << endl;

[bookmark: l00083]   83 

[bookmark: l00084]   84         _initialize(numParticles);

[bookmark: l00085]   85 }

[bookmark: l00086]   86 

[bookmark: l00087]   87 ParticleSystem::~ParticleSystem() {

[bookmark: l00088]   88         _finalize();

[bookmark: l00089]   89         m_numParticles = 0;

[bookmark: l00090]   90 }

[bookmark: l00091]   91 

[bookmark: l00098]   98 void ParticleSystem::_initialize(uint numParticles) {

[bookmark: l00099]   99         assert(!m_bInitialized);

[bookmark: l00100]  100 

[bookmark: l00101]  101         m_numParticles = numParticles;

[bookmark: l00102]  102         unsigned int memSize = sizeof(float)*4*m_numParticles;

[bookmark: l00103]  103 

[bookmark: l00104]  104         //allocate host storage

[bookmark: l00105]  105         m_hPos = new float[m_numParticles*4];

[bookmark: l00106]  106         m_hVel = new float[m_numParticles*4];

[bookmark: l00107]  107         m_hAcc = new float[m_numParticles*4];

[bookmark: l00108]  108         memset(m_hPos, 0, memSize);

[bookmark: l00109]  109         memset(m_hVel, 0, memSize);

[bookmark: l00110]  110         memset(m_hAcc, 0, memSize);

[bookmark: l00111]  111         

[bookmark: l00112]  112         m_hCellStart = new uint[m_numGridCells];

[bookmark: l00113]  113         memset(m_hCellStart, 0, m_numGridCells*sizeof(uint));

[bookmark: l00114]  114 

[bookmark: l00115]  115         m_hCellEnd = new uint[m_numGridCells];

[bookmark: l00116]  116         memset(m_hCellEnd, 0, m_numGridCells*sizeof(uint));

[bookmark: l00117]  117 

[bookmark: l00118]  118         m_hParticleHash = new uint[m_numParticles];

[bookmark: l00119]  119         memset(m_hParticleHash, 0 , m_numParticles*sizeof(uint)); 

[bookmark: l00120]  120         

[bookmark: l00121]  121         //allocate GPU data

[bookmark: l00122]  122         allocateDeviceArray((void **)&m_dPos, memSize);

[bookmark: l00123]  123         allocateDeviceArray((void **)&m_dVel, memSize);

[bookmark: l00124]  124         allocateDeviceArray((void **)&m_dAcc, memSize);

[bookmark: l00125]  125 

[bookmark: l00126]  126         allocateDeviceArray((void **)&m_dSortedPos, memSize);

[bookmark: l00127]  127 

[bookmark: l00128]  128         allocateDeviceArray((void **)&m_dVirial, m_numParticles*sizeof(float));

[bookmark: l00129]  129         allocateDeviceArray((void **)&m_dKineticEnergy, m_numParticles*sizeof(float));

[bookmark: l00130]  130         allocateDeviceArray((void **)&m_dPotentialEnergy, m_numParticles*sizeof(float));

[bookmark: l00131]  131 

[bookmark: l00132]  132         allocateDeviceArray((void **)&m_dGridParticleHash, m_numParticles*sizeof(uint));

[bookmark: l00133]  133         allocateDeviceArray((void **)&m_dGridParticleIndex, m_numParticles*sizeof(uint));

[bookmark: l00134]  134 

[bookmark: l00135]  135         allocateDeviceArray((void **)&m_dCellStart, m_numGridCells*sizeof(uint));

[bookmark: l00136]  136         allocateDeviceArray((void **)&m_dCellEnd, m_numGridCells*sizeof(uint));

[bookmark: l00137]  137 

[bookmark: l00138]  138         setParameters(&m_params);

[bookmark: l00139]  139 

[bookmark: l00140]  140         m_bInitialized = true;

[bookmark: l00141]  141 }

[bookmark: l00142]  142 

[bookmark: l00148]  148 void ParticleSystem::_finalize() {

[bookmark: l00149]  149         assert(m_bInitialized);

[bookmark: l00150]  150         

[bookmark: l00151]  151         delete [] m_hPos;

[bookmark: l00152]  152         delete [] m_hVel;

[bookmark: l00153]  153         delete [] m_hAcc;

[bookmark: l00154]  154         delete [] m_hCellStart;

[bookmark: l00155]  155         delete [] m_hCellEnd;

[bookmark: l00156]  156         delete [] m_hParticleHash;

[bookmark: l00157]  157 

[bookmark: l00158]  158         

[bookmark: l00159]  159         freeDeviceArray(m_dPos);        

[bookmark: l00160]  160         freeDeviceArray(m_dVel);        

[bookmark: l00161]  161         freeDeviceArray(m_dAcc);        

[bookmark: l00162]  162 

[bookmark: l00163]  163         freeDeviceArray(m_dSortedPos);  

[bookmark: l00164]  164 

[bookmark: l00165]  165         freeDeviceArray(m_dVirial);

[bookmark: l00166]  166         freeDeviceArray(m_dKineticEnergy);

[bookmark: l00167]  167         freeDeviceArray(m_dPotentialEnergy);

[bookmark: l00168]  168 

[bookmark: l00169]  169         freeDeviceArray(m_dGridParticleHash);

[bookmark: l00170]  170         freeDeviceArray(m_dGridParticleIndex);

[bookmark: l00171]  171         freeDeviceArray(m_dCellStart);

[bookmark: l00172]  172         freeDeviceArray(m_dCellEnd);

[bookmark: l00173]  173 }

[bookmark: l00174]  174 

[bookmark: l00187]  187 void ParticleSystem::startMCSimulationNVT(uint equilibrationIter, uint iterations, SimulationMode mode, float deltaTime) {

[bookmark: l00188]  188         assert(m_bInitialized);

[bookmark: l00189]  189         

[bookmark: l00190]  190         //add space to store backup of positions

[bookmark: l00191]  191         float *dPosBackup;

[bookmark: l00192]  192         int memSize = 4*m_numParticles*sizeof(float);

[bookmark: l00193]  193         allocateDeviceArray((void **)&dPosBackup, memSize);

[bookmark: l00194]  194         backupArrayDevice(dPosBackup, m_dPos, memSize);

[bookmark: l00195]  195 

[bookmark: l00196]  196         //calculate hash for all particles

[bookmark: l00197]  197         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00198]  198 

[bookmark: l00199]  199         //sort particles based on hash

[bookmark: l00200]  200         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00201]  201 

[bookmark: l00202]  202         //reorder particle arrays into sorted order and 

[bookmark: l00203]  203         //find start and end of each cell

[bookmark: l00204]  204         reorderDataAndFindCellStart(

[bookmark: l00205]  205                 m_dCellStart, m_dCellEnd,

[bookmark: l00206]  206                 m_dSortedPos,

[bookmark: l00207]  207                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00208]  208                 m_dPos,

[bookmark: l00209]  209                 m_numParticles, m_numGridCells);

[bookmark: l00210]  210 

[bookmark: l00211]  211         //set initial potential

[bookmark: l00212]  212         potentialCelllists (m_dPotentialEnergy, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00213]  213         m_potentialEnergy = 0.5*thrustReduce(m_dPotentialEnergy, m_numParticles);

[bookmark: l00214]  214         m_potentialEnergy += m_numParticles*m_potentialEnergyCorrection;

[bookmark: l00215]  215         float oldPotential = m_potentialEnergy;

[bookmark: l00216]  216 

[bookmark: l00217]  217         //set initial acceleration and pressure

[bookmark: l00218]  218         accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00219]  219         m_virial = 0.5f*thrustReduce(m_dVirial, m_numParticles);

[bookmark: l00220]  220         m_pressure = m_density*m_kineticEnergy*2/(3*m_numParticles) + m_virial/(3*m_boxSize.x*m_boxSize.y*m_boxSize.z); 

[bookmark: l00221]  221         m_pressure += m_pressureCorrection;

[bookmark: l00222]  222         float oldPressure = m_pressure;

[bookmark: l00223]  223 

[bookmark: l00224]  224         //set initial total energy

[bookmark: l00225]  225         float totalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00226]  226         float initTotalEnergy = totalEnergy; 

[bookmark: l00227]  227 

[bookmark: l00228]  228         cout << "iter\tPE\t\tKE\t\tTE\t\tdrift" << endl;

[bookmark: l00229]  229         cout << boost::format("%3d\t%6f\t%6f\t%6f\t%+6f") % 0 % m_potentialEnergy % m_kineticEnergy % initTotalEnergy % 0.0f << endl ;

[bookmark: l00230]  230 

[bookmark: l00231]  231         float diffTotalEnergy;

[bookmark: l00232]  232         float diffInitTotalEnergy;

[bookmark: l00233]  233         float oldTotalEnergy;

[bookmark: l00234]  234 

[bookmark: l00235]  235         uint totalIter = equilibrationIter + iterations;

[bookmark: l00236]  236         ErrorAnalysis pressureData(iterations);

[bookmark: l00237]  237         for(uint i = 1; i < totalIter + 1; ++i) {

[bookmark: l00238]  238 

[bookmark: l00239]  239                 //set new velocity here

[bookmark: l00240]  240                 resetVel(); //kinetic energy should be set here

[bookmark: l00241]  241                 totalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00242]  242                 oldTotalEnergy = totalEnergy;

[bookmark: l00243]  243                 //cout << "before move " << totalEnergy << endl; 

[bookmark: l00244]  244 

[bookmark: l00245]  245                 for(uint j = 0; j < 10 + 1; ++j) {

[bookmark: l00246]  246                         MDstep(mode, deltaTime); //potential not set here, virial set here!

[bookmark: l00247]  247                 }

[bookmark: l00248]  248 

[bookmark: l00249]  249                 potentialCelllists (m_dPotentialEnergy, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00250]  250                 m_potentialEnergy = 0.5*thrustReduce(m_dPotentialEnergy, m_numParticles);

[bookmark: l00251]  251                 m_potentialEnergy += m_numParticles* m_potentialEnergyCorrection;

[bookmark: l00252]  252                 totalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00253]  253                 diffTotalEnergy = totalEnergy - oldTotalEnergy;

[bookmark: l00254]  254                 diffInitTotalEnergy = totalEnergy - initTotalEnergy;

[bookmark: l00255]  255                 //cout << boost::format("%3d\t%6f\t%6f\t%6f\t%+6f") % i % m_potentialEnergy % m_kineticEnergy % totalEnergy % diffInitTotalEnergy << endl ;

[bookmark: l00256]  256                 int accept = 1;

[bookmark: l00257]  257                 if(m_rng.uniform() >= expf(-(1/m_temperature)*diffTotalEnergy)) accept=0;

[bookmark: l00258]  258                 //cout << boost::format("move: %+6f\t\t%3f\t%d\n") % diffTotalEnergy % (expf(-(1/m_temperature)*diffTotalEnergy)) % accept;

[bookmark: l00259]  259 

[bookmark: l00260]  260                 if(accept == 1){

[bookmark: l00261]  261                         //store new positions, pressure, potential in backup

[bookmark: l00262]  262                         backupArrayDevice(dPosBackup,m_dPos, memSize);

[bookmark: l00263]  263                         oldPressure = m_pressure;

[bookmark: l00264]  264                         oldPotential = m_potentialEnergy;

[bookmark: l00265]  265                 } else {

[bookmark: l00266]  266                         //restore particle positions

[bookmark: l00267]  267                         backupArrayDevice(m_dPos, dPosBackup, memSize);

[bookmark: l00268]  268                         m_potentialEnergy = oldPotential;

[bookmark: l00269]  269                         m_pressure = oldPressure;

[bookmark: l00270]  270 

[bookmark: l00271]  271                         //calculate hash for all particles

[bookmark: l00272]  272                         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00273]  273 

[bookmark: l00274]  274                         //sort particles based on hash

[bookmark: l00275]  275                         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00276]  276 

[bookmark: l00277]  277                         //reorder particle arrays into sorted order and 

[bookmark: l00278]  278                         //find start and end of each cell

[bookmark: l00279]  279                         reorderDataAndFindCellStart(

[bookmark: l00280]  280                                 m_dCellStart, m_dCellEnd,

[bookmark: l00281]  281                                 m_dSortedPos,

[bookmark: l00282]  282                                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00283]  283                                 m_dPos,

[bookmark: l00284]  284                                 m_numParticles, m_numGridCells);

[bookmark: l00285]  285 

[bookmark: l00286]  286                         accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00287]  287 

[bookmark: l00288]  288                 }

[bookmark: l00289]  289                 if(i > equilibrationIter) pressureData.push(m_pressure);

[bookmark: l00290]  290                 if(i % 1000 == 0) {

[bookmark: l00291]  291                         cout << i << endl;

[bookmark: l00292]  292                         cout << boost::format("pressure: %f\n") % (m_pressure);

[bookmark: l00293]  293                 }

[bookmark: l00294]  294                 

[bookmark: l00295]  295         //writeForGL();

[bookmark: l00296]  296 

[bookmark: l00297]  297         }

[bookmark: l00298]  298         cout << boost::format("average pressure = %6f with error %6f \n") % (pressureData.mean()) % (pressureData.error()) ;

[bookmark: l00299]  299 

[bookmark: l00300]  300 }

[bookmark: l00301]  301 

[bookmark: l00317]  317 void ParticleSystem::startMCSimulationNPT(uint equilibrationIter, uint equilibrationIter2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV) {

[bookmark: l00318]  318         assert(m_bInitialized);

[bookmark: l00319]  319 

[bookmark: l00320]  320         //EventTimer *cet = new EventTimer(); 

[bookmark: l00321]  321 

[bookmark: l00322]  322         //add space to store backup of positions

[bookmark: l00323]  323         float *dPosBackup;

[bookmark: l00324]  324         int memSize = 4*m_numParticles*sizeof(float);

[bookmark: l00325]  325         allocateDeviceArray((void **)&dPosBackup, memSize);

[bookmark: l00326]  326 

[bookmark: l00327]  327         //cet->start();

[bookmark: l00328]  328 

[bookmark: l00329]  329         //calculate hash for all particles

[bookmark: l00330]  330         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00331]  331 

[bookmark: l00332]  332         //sort particles based on hash

[bookmark: l00333]  333         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00334]  334 

[bookmark: l00335]  335         //reorder particle arrays into sorted order and 

[bookmark: l00336]  336         //find start and end of each cell

[bookmark: l00337]  337         reorderDataAndFindCellStart(

[bookmark: l00338]  338                 m_dCellStart, m_dCellEnd,

[bookmark: l00339]  339                 m_dSortedPos,

[bookmark: l00340]  340                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00341]  341                 m_dPos,

[bookmark: l00342]  342                 m_numParticles, m_numGridCells);

[bookmark: l00343]  343 

[bookmark: l00344]  344         //set initial potential energy

[bookmark: l00345]  345         potentialCelllists (m_dPotentialEnergy, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00346]  346         m_potentialEnergy = 0.5*thrustReduce(m_dPotentialEnergy, m_numParticles);

[bookmark: l00347]  347         m_potentialEnergy += m_numParticles*m_potentialEnergyCorrection;

[bookmark: l00348]  348 

[bookmark: l00349]  349         //set initial acceleration and pressure

[bookmark: l00350]  350         accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00351]  351         m_virial = 0.5f*thrustReduce(m_dVirial, m_numParticles);

[bookmark: l00352]  352         m_pressure = m_density*m_kineticEnergy*2/(3*m_numParticles) + m_virial/(3*m_boxSize.x*m_boxSize.y*m_boxSize.z); 

[bookmark: l00353]  353         m_pressure += m_pressureCorrection;

[bookmark: l00354]  354 

[bookmark: l00355]  355         //set initial total energy

[bookmark: l00356]  356         //float totalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00357]  357         //float initTotalEnergy = totalEnergy; 

[bookmark: l00358]  358 

[bookmark: l00359]  359         //cet->stop();

[bookmark: l00360]  360         //printf("Initialization:\n\t %f s\n",cet->elapsed()/1000);

[bookmark: l00361]  361 

[bookmark: l00362]  362 

[bookmark: l00363]  363         //cout << "iter\tPE\t\tKE\t\tTE\t\tdrift" << endl;

[bookmark: l00364]  364         //cout << boost::format("%3d\t%6f\t%6f\t%6f\t%+6f") % 0 % m_potentialEnergy % m_kineticEnergy % initTotalEnergy % 0.0f << endl ;

[bookmark: l00365]  365 

[bookmark: l00366]  366 

[bookmark: l00367]  367         int nMovAtt = 0, nMovAcc = 0, nVolAtt = 0, nVolAcc = 0;

[bookmark: l00368]  368         int  niVolAtt = 0, niVolAcc = 0;

[bookmark: l00369]  369         double totalmcmove = 0, totalmcvol = 0;

[bookmark: l00370]  370 

[bookmark: l00371]  371         //set file for density log

[bookmark: l00372]  372         

[bookmark: l00373]  373         string ofname = "density.log";

[bookmark: l00374]  374         ofstream os;

[bookmark: l00375]  375         os.open(ofname.c_str(),ios::trunc);

[bookmark: l00376]  376         if( !os.is_open() ){

[bookmark: l00377]  377                 cerr << "error: could not open file " << ofname << endl ;

[bookmark: l00378]  378         }

[bookmark: l00379]  379 #ifdef COMP

[bookmark: l00380]  380 float pressure_arr [9] = { 0.1776, 0.3290, 0.4890, 0.7000, 1.0710, 1.7500, 3.0280, 5.2850, 9.1200 };

[bookmark: l00381]  381 

[bookmark: l00382]  382 string eqnstofname = "eqnst.txt";

[bookmark: l00383]  383 ofstream eqnstos;

[bookmark: l00384]  384 eqnstos.open(eqnstofname.c_str(),ios::trunc);

[bookmark: l00385]  385 if(!eqnstos.is_open()){

[bookmark: l00386]  386         cerr << "error: could not open file " << eqnstofname << endl ;

[bookmark: l00387]  387 }

[bookmark: l00388]  388 

[bookmark: l00389]  389 eqnstos << "#n=" << m_numParticles << " equi=" << equilibrationIter << " equi2=" << equilibrationIter2 << " iter=" << iterations << "\n" ; 

[bookmark: l00390]  390 eqnstos << "#pressure\tdensity\tmpressure\n" ;

[bookmark: l00391]  391 

[bookmark: l00392]  392 for(uint pstep = 0; pstep < 9; pstep++){

[bookmark: l00393]  393         pressure = pressure_arr[pstep];

[bookmark: l00394]  394         printf("\npressure = %f\n",pressure);

[bookmark: l00395]  395 

[bookmark: l00396]  396 #endif

[bookmark: l00397]  397 

[bookmark: l00398]  398         //instantiate error analysis for pressure and density

[bookmark: l00399]  399         ErrorAnalysis pressureData(iterations);

[bookmark: l00400]  400         ErrorAnalysis densityData(iterations);

[bookmark: l00401]  401 

[bookmark: l00402]  402         uint totalIter = equilibrationIter + iterations;

[bookmark: l00403]  403 

[bookmark: l00404]  404         //main loop

[bookmark: l00405]  405         for(uint i = 1; i < totalIter + 1; ++i) {

[bookmark: l00406]  406                 

[bookmark: l00407]  407                 //test ratio particle/volume moves

[bookmark: l00408]  408                 float randnr = m_rng.uniform();

[bookmark: l00409]  409                 //int randnr = (int) (m_rng.uniform()*(m_numParticles+1));

[bookmark: l00410]  410                 //if(randnr < m_numParticles) { /*trial move*/

[bookmark: l00411]  411                 if(randnr < 0.9 ) { /*trial move*/

[bookmark: l00412]  412                         

[bookmark: l00413]  413                         nMovAtt++;

[bookmark: l00414]  414                         //cet->start();

[bookmark: l00415]  415                         

[bookmark: l00416]  416                         //backup old values

[bookmark: l00417]  417                         float oldPE = m_potentialEnergy;

[bookmark: l00418]  418                         float oldKE = m_kineticEnergy;

[bookmark: l00419]  419                         float oldPressure = m_pressure;

[bookmark: l00420]  420                         float oldVirial = m_virial;

[bookmark: l00421]  421 

[bookmark: l00422]  422                         //backup positions

[bookmark: l00423]  423                         backupArrayDevice(dPosBackup, m_dPos, memSize);

[bookmark: l00424]  424 

[bookmark: l00425]  425                         //reset velocities according to maxwell boltzman

[bookmark: l00426]  426                         resetVel(); //kinetic energy should be set here

[bookmark: l00427]  427                         float beforeTotalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00428]  428 

[bookmark: l00429]  429                         //do MD simulation, replaces the traditional trial move

[bookmark: l00430]  430                         for(uint j = 0; j < 10 + 1; ++j) {

[bookmark: l00431]  431                                 MDstep(mode, deltaTime); //potential not set here, virial set here!

[bookmark: l00432]  432                         }

[bookmark: l00433]  433 

[bookmark: l00434]  434                         //calculate new potential energy

[bookmark: l00435]  435                         potentialCelllists (m_dPotentialEnergy, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00436]  436                         m_potentialEnergy = 0.5*thrustReduce(m_dPotentialEnergy, m_numParticles);

[bookmark: l00437]  437                         m_potentialEnergy += m_numParticles* m_potentialEnergyCorrection;

[bookmark: l00438]  438 

[bookmark: l00439]  439                         //compute difference in energy

[bookmark: l00440]  440                         float afterTotalEnergy = m_potentialEnergy + m_kineticEnergy;

[bookmark: l00441]  441                         float diffTotalEnergy = afterTotalEnergy - beforeTotalEnergy;

[bookmark: l00442]  442 

[bookmark: l00443]  443                         //calculate acceptance

[bookmark: l00444]  444                         int accept = 1;

[bookmark: l00445]  445                         float acceptprob = expf(-(1/m_temperature)*diffTotalEnergy);

[bookmark: l00446]  446                         if(m_rng.uniform() >= acceptprob) accept=0;

[bookmark: l00447]  447                         //cout << boost::format("move: %+6f\t\t%3f\t%d\n") % diffTotalEnergy % acceptprob % accept;

[bookmark: l00448]  448 

[bookmark: l00449]  449                         if(accept == 0) { //not accepted, revert changes

[bookmark: l00450]  450                                 //restore particle positions

[bookmark: l00451]  451                                 backupArrayDevice(m_dPos, dPosBackup, memSize);

[bookmark: l00452]  452 

[bookmark: l00453]  453                                 //calculate hash for all particles

[bookmark: l00454]  454                                 calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00455]  455 

[bookmark: l00456]  456                                 //sort particles based on hash

[bookmark: l00457]  457                                 sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00458]  458 

[bookmark: l00459]  459                                 //reorder particle arrays into sorted order and 

[bookmark: l00460]  460                                 //find start and end of each cell

[bookmark: l00461]  461                                 reorderDataAndFindCellStart(

[bookmark: l00462]  462                                         m_dCellStart, m_dCellEnd,

[bookmark: l00463]  463                                         m_dSortedPos,

[bookmark: l00464]  464                                         m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00465]  465                                         m_dPos,

[bookmark: l00466]  466                                         m_numParticles, m_numGridCells);

[bookmark: l00467]  467 

[bookmark: l00468]  468                                 accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00469]  469 

[bookmark: l00470]  470                                 m_potentialEnergy = oldPE ;

[bookmark: l00471]  471                                 m_kineticEnergy = oldKE ;

[bookmark: l00472]  472                                 m_virial = oldVirial ;

[bookmark: l00473]  473                                 m_pressure = oldPressure ;

[bookmark: l00474]  474 

[bookmark: l00475]  475                         } else { //accepted

[bookmark: l00476]  476                                 nMovAcc++;

[bookmark: l00477]  477                         }

[bookmark: l00478]  478                         //cet->stop();

[bookmark: l00479]  479                         //totalmcmove += cet->elapsed()/1000;

[bookmark: l00480]  480                         //end trial move

[bookmark: l00481]  481                 } else { //volume move

[bookmark: l00482]  482 

[bookmark: l00483]  483                         nVolAtt++;

[bookmark: l00484]  484                         niVolAtt++;

[bookmark: l00485]  485                         //cet->start();

[bookmark: l00486]  486 

[bookmark: l00487]  487                         //backup old values

[bookmark: l00488]  488                         float oldPE = m_potentialEnergy;

[bookmark: l00489]  489                         float oldPressure = m_pressure;

[bookmark: l00490]  490                         float oldVirial = m_virial;

[bookmark: l00491]  491                         

[bookmark: l00492]  492                         //determine new box size and scalefactor

[bookmark: l00493]  493                         float oldV = m_boxSize.x * m_boxSize.y * m_boxSize.z;

[bookmark: l00494]  494                         float lnOldV = logf(oldV);

[bookmark: l00495]  495                         float lnNewV = lnOldV + dlnV*(m_rng.uniform()-0.5);

[bookmark: l00496]  496                         float newV = expf(lnNewV);

[bookmark: l00497]  497                         float newBoxsize = powf(newV,1.0f/3.0f);

[bookmark: l00498]  498                         float scalefactor = newBoxsize / m_boxSize.x;

[bookmark: l00499]  499 

[bookmark: l00500]  500                         //backup old positions

[bookmark: l00501]  501                         backupArrayDevice(dPosBackup, m_dPos, memSize);

[bookmark: l00502]  502                         //backup old simulation parameters (used in cuda kernels, stored on device)

[bookmark: l00503]  503                         SimParams backupParams = m_params;

[bookmark: l00504]  504 

[bookmark: l00505]  505                         //backup old values

[bookmark: l00506]  506                         float3 oldBoxSize = m_boxSize;

[bookmark: l00507]  507                         float oldDensity = m_density;

[bookmark: l00508]  508                         uint3 oldGridSize = m_gridSize;

[bookmark: l00509]  509                         float oldPressureCorrection = m_pressureCorrection;

[bookmark: l00510]  510                         float oldPotentialEnergyCorrection = m_potentialEnergyCorrection;

[bookmark: l00511]  511 

[bookmark: l00512]  512                         //scale particle positions

[bookmark: l00513]  513                         scaleArray(m_dPos, scalefactor, 4*m_numParticles);      

[bookmark: l00514]  514 

[bookmark: l00515]  515                         //scale box and grid

[bookmark: l00516]  516                         m_boxSize *= scalefactor;

[bookmark: l00517]  517                         m_params.boxSize = m_boxSize;

[bookmark: l00518]  518                         m_density = m_numParticles/(m_boxSize.x * m_boxSize.y * m_boxSize.z);

[bookmark: l00519]  519 

[bookmark: l00520]  520                         //setup new corrections for pressure and potential

[bookmark: l00521]  521                         m_pressureCorrection = 16.0f/3.0f * M_PI *m_density*m_density * (2.0f/3.0f*powf(1/m_cutoff,9)-powf(1/m_cutoff,3));

[bookmark: l00522]  522                         m_potentialEnergyCorrection = 8.0f/9.0f * M_PI *m_density * (powf(1/m_cutoff,9)-3.0f*powf(1/m_cutoff,3));

[bookmark: l00523]  523                         m_potentialEnergyCorrection += 4.0f/3.0f*M_PI * m_cutoff * m_cutoff * m_cutoff * m_density * 0.5f * m_params.potentialCorrection;

[bookmark: l00524]  524 

[bookmark: l00525]  525                         //check if new grid is needed

[bookmark: l00526]  526                         uint gridDim = (uint) (m_boxSize.x / m_cutoff);

[bookmark: l00527]  527                         if(gridDim < 3) {

[bookmark: l00528]  528                                 printf("system too small for celllists\n");

[bookmark: l00529]  529                                 exit(EXIT_FAILURE);

[bookmark: l00530]  530                         }

[bookmark: l00531]  531                         m_gridSize = make_uint3(gridDim);

[bookmark: l00533]  533                         float cellSize = m_boxSize.x / m_gridSize.x;

[bookmark: l00534]  534                         m_params.cellSize = make_float3(cellSize);

[bookmark: l00535]  535 

[bookmark: l00536]  536                         bool gridChanged = (m_gridSize.x != oldGridSize.x);

[bookmark: l00537]  537 

[bookmark: l00538]  538                         //if grid is changed allocate space

[bookmark: l00539]  539                         if(gridChanged){

[bookmark: l00540]  540                                 m_params.gridSize = m_gridSize;

[bookmark: l00541]  541                                 m_numGridCells = m_gridSize.x * m_gridSize.y * m_gridSize.z;

[bookmark: l00542]  542                                 freeDeviceArray(m_dCellStart);

[bookmark: l00543]  543                                 freeDeviceArray(m_dCellEnd);

[bookmark: l00544]  544                                 allocateDeviceArray((void **)&m_dCellStart, m_numGridCells*sizeof(uint));

[bookmark: l00545]  545                                 allocateDeviceArray((void **)&m_dCellEnd, m_numGridCells*sizeof(uint));

[bookmark: l00546]  546                         }

[bookmark: l00547]  547 

[bookmark: l00548]  548                         //send simulation parameters to cuda device

[bookmark: l00549]  549                         setParameters(&m_params);

[bookmark: l00550]  550 

[bookmark: l00551]  551                         //if grid is changed calculate new hashes

[bookmark: l00552]  552                         if(gridChanged){

[bookmark: l00553]  553                                 //calculate hash for all particles

[bookmark: l00554]  554                                 calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00555]  555 

[bookmark: l00556]  556                                 //sort particles based on hash

[bookmark: l00557]  557                                 sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00558]  558                         }

[bookmark: l00559]  559 

[bookmark: l00565]  565                         //reorder particle arrays into sorted order and 

[bookmark: l00566]  566                         //find start and end of each cell

[bookmark: l00567]  567                         reorderDataAndFindCellStart(

[bookmark: l00568]  568                                 m_dCellStart, m_dCellEnd,

[bookmark: l00569]  569                                 m_dSortedPos,

[bookmark: l00570]  570                                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00571]  571                                 m_dPos,

[bookmark: l00572]  572                                 m_numParticles, m_numGridCells);

[bookmark: l00573]  573 

[bookmark: l00575]  575                         //calculate new potential energy

[bookmark: l00576]  576                         potentialCelllists (m_dPotentialEnergy, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00577]  577                         m_potentialEnergy = 0.5*thrustReduce(m_dPotentialEnergy, m_numParticles);

[bookmark: l00578]  578                         m_potentialEnergy += m_numParticles*m_potentialEnergyCorrection;

[bookmark: l00579]  579 

[bookmark: l00580]  580                         float newPE = m_potentialEnergy;

[bookmark: l00581]  581 

[bookmark: l00582]  582                         float diffTotalEnergy = newPE - oldPE;

[bookmark: l00583]  583 

[bookmark: l00584]  584                         //calculate acceptance

[bookmark: l00585]  585                         float acceptprob = expf(-(1.0/m_temperature)*(diffTotalEnergy + pressure*(newV - oldV)) + (m_numParticles+1)*(lnNewV-lnOldV));

[bookmark: l00586]  586                         int accept = 1;

[bookmark: l00587]  587                         if(m_rng.uniform() >= acceptprob) accept=0;

[bookmark: l00588]  588                         //cout << boost::format("volume move: %+6f\t\t%+6f\t\t%3f\t%d\n") % (newV - oldV) % diffTotalEnergy % acceptprob % accept;

[bookmark: l00589]  589 

[bookmark: l00590]  590                         if(accept == 1){ //accepted, calculate new accelerations, virial and pressure

[bookmark: l00591]  591                                 accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00592]  592                                 m_virial = 0.5f*thrustReduce(m_dVirial, m_numParticles);

[bookmark: l00593]  593                                 m_pressure = m_density*m_kineticEnergy*2/(3*m_numParticles) + m_virial/(3*m_boxSize.x*m_boxSize.y*m_boxSize.z); 

[bookmark: l00594]  594                                 m_pressure += m_pressureCorrection;

[bookmark: l00595]  595                                 nVolAcc++;

[bookmark: l00596]  596                                 niVolAcc++;

[bookmark: l00597]  597                         } else { //not accepted, revert to old situation

[bookmark: l00598]  598                                 //restore particle data

[bookmark: l00599]  599                                 backupArrayDevice(m_dPos, dPosBackup, memSize);

[bookmark: l00600]  600                                 //restore simulation parameters

[bookmark: l00601]  601                                 m_params = backupParams;

[bookmark: l00602]  602                                 //send restored simulation parameters to device

[bookmark: l00603]  603                                 setParameters(&m_params);

[bookmark: l00604]  604 

[bookmark: l00605]  605                                 //restore old values

[bookmark: l00606]  606                                 m_boxSize = oldBoxSize; 

[bookmark: l00607]  607                                 m_density = oldDensity;

[bookmark: l00608]  608                                 m_gridSize = oldGridSize;

[bookmark: l00609]  609                                 m_pressureCorrection = oldPressureCorrection;

[bookmark: l00610]  610                                 m_potentialEnergyCorrection = oldPotentialEnergyCorrection;

[bookmark: l00611]  611 

[bookmark: l00612]  612                                 if(gridChanged){

[bookmark: l00613]  613                                         m_numGridCells = m_gridSize.x * m_gridSize.y * m_gridSize.z;

[bookmark: l00614]  614                                         freeDeviceArray(m_dCellStart);

[bookmark: l00615]  615                                         freeDeviceArray(m_dCellEnd);

[bookmark: l00616]  616                                         allocateDeviceArray((void **)&m_dCellStart, m_numGridCells*sizeof(uint));

[bookmark: l00617]  617                                         allocateDeviceArray((void **)&m_dCellEnd, m_numGridCells*sizeof(uint));

[bookmark: l00618]  618 

[bookmark: l00619]  619                                         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00620]  620                                 

[bookmark: l00621]  621                                         //sort particles based on hash

[bookmark: l00622]  622                                         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00623]  623 

[bookmark: l00624]  624                                 }

[bookmark: l00625]  625                                 //reorder particle arrays into sorted order and 

[bookmark: l00626]  626                                 //find start and end of each cell

[bookmark: l00627]  627                                 reorderDataAndFindCellStart(

[bookmark: l00628]  628                                         m_dCellStart, m_dCellEnd,

[bookmark: l00629]  629                                         m_dSortedPos,

[bookmark: l00630]  630                                         m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00631]  631                                         m_dPos,

[bookmark: l00632]  632                                         m_numParticles, m_numGridCells);

[bookmark: l00633]  633 

[bookmark: l00634]  634                                 //acceleration need not be calculated because it didn't change

[bookmark: l00635]  635                                 m_potentialEnergy = oldPE ;

[bookmark: l00636]  636                                 m_virial = oldVirial ;

[bookmark: l00637]  637                                 m_pressure = oldPressure ;

[bookmark: l00638]  638                         }

[bookmark: l00639]  639 

[bookmark: l00640]  640                         //cet->stop();

[bookmark: l00641]  641                         //totalmcvol += cet->elapsed()/1000;

[bookmark: l00642]  642                 }

[bookmark: l00643]  643                 

[bookmark: l00644]  644                 if(i <= equilibrationIter && i % 100 == 0) {

[bookmark: l00645]  645                         if(niVolAtt != 0){

[bookmark: l00646]  646                                 double accratio = (double) niVolAcc / niVolAtt;

[bookmark: l00647]  647                                 if(accratio < 0.25 && dlnV > 0.000001){

[bookmark: l00648]  648                                         dlnV *= 0.95;

[bookmark: l00649]  649                                 } else if (accratio > 0.25 && dlnV < 0.2){

[bookmark: l00650]  650                                         dlnV *= 1.05;

[bookmark: l00651]  651                                 }

[bookmark: l00652]  652                                 //printf("dlnv changed to %f\n",dlnV);

[bookmark: l00653]  653                         }

[bookmark: l00654]  654                         niVolAtt = 0;

[bookmark: l00655]  655                         niVolAcc = 0;

[bookmark: l00656]  656                 }

[bookmark: l00657]  657 

[bookmark: l00658]  658                 if(i % 100 == 0) {

[bookmark: l00659]  659                         cout << i << endl;

[bookmark: l00660]  660                         cout << boost::format("density: %f\n") % (m_density);

[bookmark: l00661]  661                         cout << boost::format("pressure: %f\n") % (m_pressure);

[bookmark: l00662]  662                 }

[bookmark: l00663]  663                 if(i > equilibrationIter){

[bookmark: l00664]  664                         pressureData.push(m_pressure);

[bookmark: l00665]  665                         densityData.push(m_density);

[bookmark: l00666]  666                 }

[bookmark: l00667]  667                 

[bookmark: l00668]  668                 

[bookmark: l00669]  669                 os << m_density << "\n";

[bookmark: l00670]  670 

[bookmark: l00671]  671         //writeForGL();

[bookmark: l00672]  672 

[bookmark: l00673]  673         }

[bookmark: l00674]  674 

[bookmark: l00675]  675         

[bookmark: l00676]  676         fprintf(stdout,"Trial moves\n");

[bookmark: l00677]  677         fprintf(stdout,"\tTotal moves: %d\n",nMovAtt);

[bookmark: l00678]  678         fprintf(stdout,"\tTotal time: %lf s\n",totalmcmove);

[bookmark: l00679]  679         fprintf(stdout,"\tAverage time: %lf s\n",totalmcmove/nMovAtt);

[bookmark: l00680]  680         fprintf(stdout,"\tAcceptance rate: %f\n\n",(double)nMovAcc/nMovAtt); 

[bookmark: l00681]  681 

[bookmark: l00682]  682         fprintf(stdout,"Volume moves\n");

[bookmark: l00683]  683         fprintf(stdout,"\tTotal moves: %d\n",nVolAtt);

[bookmark: l00684]  684         fprintf(stdout,"\tTotal time: %lf s\n",totalmcvol);

[bookmark: l00685]  685         fprintf(stdout,"\tAverage time: %lf s\n",totalmcvol/nVolAtt);

[bookmark: l00686]  686         fprintf(stdout,"\tAcceptance rate: %f\n\n",(double)nVolAcc/nVolAtt); 

[bookmark: l00687]  687 

[bookmark: l00688]  688         cout << boost::format("average pressure = %6f with error %6f \n") % (pressureData.mean()) % (pressureData.error()) ;

[bookmark: l00689]  689         cout << boost::format("average density = %6f with error %6f \n") % (densityData.mean()) % (densityData.error()) ;

[bookmark: l00690]  690 

[bookmark: l00691]  691 #ifdef COMP

[bookmark: l00692]  692 

[bookmark: l00693]  693         eqnstos << pressure << "\t" << densityData.mean() << "\t" << pressureData.mean() << "\n" ;

[bookmark: l00694]  694         eqnstos.flush();

[bookmark: l00695]  695         equilibrationIter = equilibrationIter2;

[bookmark: l00696]  696 }

[bookmark: l00697]  697         eqnstos.close();

[bookmark: l00698]  698 #endif

[bookmark: l00699]  699 

[bookmark: l00700]  700 

[bookmark: l00701]  701         os.close();

[bookmark: l00702]  702         

[bookmark: l00703]  703 }

[bookmark: l00704]  704 

[bookmark: l00719]  719 void ParticleSystem::startMDSimulation(uint equilibrationIter, uint iterations, SimulationMode mode, float deltaTime) {

[bookmark: l00720]  720         assert(m_bInitialized);

[bookmark: l00721]  721         m_velscaling = true;

[bookmark: l00722]  722         //assert(iterations == 1000);

[bookmark: l00723]  723         //writeForGL();

[bookmark: l00724]  724         switch(mode) {

[bookmark: l00725]  725                 case NBODY:

[bookmark: l00726]  726                 {

[bookmark: l00727]  727                         printf("Running MD simulation using nbody approach...\n");

[bookmark: l00728]  728                         accelerateNBody(m_dPos, m_dAcc, m_dVirial, m_numParticles);

[bookmark: l00729]  729                         break;

[bookmark: l00730]  730                 }

[bookmark: l00731]  731                 case CELLLIST:

[bookmark: l00732]  732                 {

[bookmark: l00733]  733                         printf("Starting MD simulation using celllist approach...\n");

[bookmark: l00734]  734                         //calculate hash for all particles

[bookmark: l00735]  735                         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00736]  736         

[bookmark: l00737]  737                         //sort particles based on hash

[bookmark: l00738]  738                         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00739]  739 

[bookmark: l00740]  740                         //reorder particle arrays into sorted order and 

[bookmark: l00741]  741                         //find start and end of each cell

[bookmark: l00742]  742                         reorderDataAndFindCellStart(

[bookmark: l00743]  743                                 m_dCellStart, m_dCellEnd,

[bookmark: l00744]  744                                 m_dSortedPos,

[bookmark: l00745]  745                                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00746]  746                                 m_dPos,

[bookmark: l00747]  747                                 m_numParticles, m_numGridCells);

[bookmark: l00748]  748                         

[bookmark: l00749]  749                         accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00750]  750 

[bookmark: l00751]  751                         break;

[bookmark: l00752]  752                 }

[bookmark: l00753]  753         }

[bookmark: l00754]  754 

[bookmark: l00755]  755         //setup data structure to store pressure measurements (defined in error_analysis.hpp)

[bookmark: l00756]  756         uint totalIter = equilibrationIter + iterations;

[bookmark: l00757]  757         ErrorAnalysis pressureData(iterations);

[bookmark: l00758]  758         for(uint i = 1; i < totalIter + 1; ++i) {

[bookmark: l00759]  759                 MDstep(mode, deltaTime);

[bookmark: l00760]  760                 if(i > equilibrationIter) pressureData.push(m_pressure);

[bookmark: l00761]  761                 if(totalIter <10 || i%(totalIter/10) == 0) printf("%i/%i\n", i, totalIter);

[bookmark: l00762]  762                 //writeForGL();

[bookmark: l00763]  763         }

[bookmark: l00764]  764         writeForGL();

[bookmark: l00765]  765         cout << boost::format("average pressure = %6f with error %6f \n") % (pressureData.mean()) % (pressureData.error()) ;

[bookmark: l00766]  766 

[bookmark: l00767]  767 

[bookmark: l00769]  769         string ofname = "eqnst.txt";

[bookmark: l00770]  770         ofstream os;

[bookmark: l00771]  771         os.open(ofname.c_str(),ios::app);

[bookmark: l00772]  772         if(os.is_open()){

[bookmark: l00773]  773                 os << m_density << " " << pressureData.mean() << " " << pressureData.error() << "\n";

[bookmark: l00774]  774                 os.close();

[bookmark: l00775]  775         } else {

[bookmark: l00776]  776                 cerr << "error: could not open file " << ofname << endl ;

[bookmark: l00777]  777         }

[bookmark: l00778]  778 }

[bookmark: l00800]  800 void ParticleSystem::MDstep(SimulationMode mode, float deltaTime) {

[bookmark: l00801]  801         assert(m_bInitialized);

[bookmark: l00802]  802 

[bookmark: l00803]  803         //static EventTimer *cet = new EventTimer(); 

[bookmark: l00804]  804         //static int count = 0;

[bookmark: l00805]  805         //static double totaltime = 0.0;

[bookmark: l00806]  806 

[bookmark: l00807]  807         //integrate1

[bookmark: l00808]  808         integrateSystem1( m_dPos, m_dVel, m_dAcc, deltaTime, m_boxSize, m_numParticles );

[bookmark: l00809]  809 

[bookmark: l00810]  810         //cet->start();

[bookmark: l00811]  811         //compute acceleration

[bookmark: l00812]  812         switch(mode) {

[bookmark: l00813]  813                 case NBODY:

[bookmark: l00814]  814                 {

[bookmark: l00815]  815                         accelerateNBody(m_dPos, m_dAcc, m_dVirial, m_numParticles);

[bookmark: l00816]  816                         break;

[bookmark: l00817]  817                 }

[bookmark: l00818]  818                 case CELLLIST:

[bookmark: l00819]  819                 {

[bookmark: l00820]  820                         //calculate hash for all particles

[bookmark: l00821]  821                         calcHash( m_dGridParticleHash, m_dGridParticleIndex, m_dPos, m_numParticles);

[bookmark: l00822]  822         

[bookmark: l00823]  823                         //sort particles based on hash

[bookmark: l00824]  824                         sortParticles(m_dGridParticleHash, m_dGridParticleIndex, m_numParticles);

[bookmark: l00825]  825 

[bookmark: l00826]  826                         //reorder particle arrays into sorted order and 

[bookmark: l00827]  827                         //find start and end of each cell

[bookmark: l00828]  828                         reorderDataAndFindCellStart(

[bookmark: l00829]  829                                 m_dCellStart, m_dCellEnd,

[bookmark: l00830]  830                                 m_dSortedPos,

[bookmark: l00831]  831                                 m_dGridParticleHash, m_dGridParticleIndex,

[bookmark: l00832]  832                                 m_dPos,

[bookmark: l00833]  833                                 m_numParticles, m_numGridCells);

[bookmark: l00834]  834                         

[bookmark: l00835]  835                         accelerateCelllists (m_dAcc, m_dVirial, m_dSortedPos, m_dGridParticleIndex, m_dCellStart, m_dCellEnd, m_numParticles);

[bookmark: l00836]  836 

[bookmark: l00837]  837                 }

[bookmark: l00838]  838         }

[bookmark: l00839]  839         //cet->stop();

[bookmark: l00840]  840         //totaltime+=cet->elapsed();

[bookmark: l00841]  841         //count++;

[bookmark: l00842]  842         //if(count == 1000) {

[bookmark: l00843]  843                 //printf("mean acctime %f\n", totaltime/count);

[bookmark: l00844]  844                 //delete cet;

[bookmark: l00845]  845         //}

[bookmark: l00846]  846 

[bookmark: l00847]  847         //integrate2

[bookmark: l00848]  848         integrateSystem2( m_dVel, m_dAcc, m_dKineticEnergy, deltaTime, m_numParticles );

[bookmark: l00849]  849 

[bookmark: l00850]  850         //measure virial

[bookmark: l00851]  851         m_virial = 0.5f*thrustReduce(m_dVirial, m_numParticles);

[bookmark: l00852]  852 

[bookmark: l00853]  853         //measuring

[bookmark: l00854]  854         m_kineticEnergy = 0.5f*thrustReduce(m_dKineticEnergy, m_numParticles);

[bookmark: l00855]  855 

[bookmark: l00856]  856         if(m_velscaling){

[bookmark: l00857]  857                 //scale momentum for MD NVT

[bookmark: l00858]  858                 float instatemp = m_kineticEnergy*2/(3*m_numParticles);

[bookmark: l00859]  859                 float scalefactor = sqrtf(m_temperature/instatemp);

[bookmark: l00860]  860                 scaleArray(m_dVel, scalefactor, 4*m_numParticles);

[bookmark: l00861]  861         }

[bookmark: l00862]  862 

[bookmark: l00863]  863         m_pressure = m_density*m_kineticEnergy*2/(3*m_numParticles) + m_virial/(3*m_boxSize.x*m_boxSize.y*m_boxSize.z); 

[bookmark: l00864]  864         m_pressure += m_pressureCorrection;

[bookmark: l00865]  865         

[bookmark: l00866]  866 

[bookmark: l00867]  867 }

[bookmark: l00868]  868 

[bookmark: l00872]  872 void ParticleSystem::dumpGrid() {

[bookmark: l00873]  873         //dump grid information

[bookmark: l00874]  874         copyArrayFromDevice(m_hCellStart, m_dCellStart, m_numGridCells*sizeof(uint));

[bookmark: l00875]  875         copyArrayFromDevice(m_hCellEnd, m_dCellEnd, m_numGridCells*sizeof(uint));

[bookmark: l00876]  876         uint maxCellSize = 0;

[bookmark: l00877]  877 

[bookmark: l00878]  878         for( uint i = 0; i < m_numGridCells; ++i) {

[bookmark: l00879]  879                 if (m_hCellStart[i] != 0xffffffff) {

[bookmark: l00880]  880                         uint cellSize = m_hCellEnd[i] - m_hCellStart[i];

[bookmark: l00881]  881                         printf("cell: %d, %d particles\n", i, cellSize);

[bookmark: l00882]  882                         //printf("\tstart: %d, end: %d\n",m_hCellStart[i],m_hCellEnd[i]);

[bookmark: l00883]  883                         if(cellSize > maxCellSize) maxCellSize = cellSize;

[bookmark: l00884]  884                 }

[bookmark: l00885]  885         }

[bookmark: l00886]  886         

[bookmark: l00887]  887         /*

[bookmark: l00888]  888         printf("maximum particles per cell = %d\n", maxCellSize);

[bookmark: l00889]  889 

[bookmark: l00890]  890         uint* hParticleIndex = new uint[m_numParticles];

[bookmark: l00891]  891         copyArrayFromDevice(hParticleIndex, m_dGridParticleIndex, m_numParticles*sizeof(uint));

[bookmark: l00892]  892         for( uint i = 0; i < m_numParticles; ++i) {

[bookmark: l00893]  893                 printf("particle %d has index %d\n", i, hParticleIndex[i]);

[bookmark: l00894]  894         }

[bookmark: l00895]  895         delete [] hParticleIndex;

[bookmark: l00896]  896         */

[bookmark: l00897]  897 

[bookmark: l00898]  898         /*

[bookmark: l00899]  899         copyArrayFromDevice(m_hParticleHash, m_dGridParticleHash, m_numParticles*sizeof(uint));

[bookmark: l00900]  900         for( uint i = 0; i < m_numParticles; ++i) {

[bookmark: l00901]  901                 printf("particle %d in cell %d\n", i, m_hParticleHash[i]);

[bookmark: l00902]  902         }

[bookmark: l00903]  903         */

[bookmark: l00904]  904         

[bookmark: l00905]  905 }

[bookmark: l00906]  906 

[bookmark: l00912]  912 void ParticleSystem::dumpParticles(uint start, uint count) {

[bookmark: l00913]  913         //debug

[bookmark: l00914]  914         copyArrayFromDevice(m_hPos, m_dPos, count*4*sizeof(float));

[bookmark: l00915]  915         copyArrayFromDevice(m_hVel, m_dVel, count*4*sizeof(float));

[bookmark: l00916]  916         copyArrayFromDevice(m_hAcc, m_dAcc, count*4*sizeof(float));

[bookmark: l00917]  917         

[bookmark: l00918]  918         for( uint i = start; i < start+count; ++i) {

[bookmark: l00919]  919                 //printf("%d: ", i);

[bookmark: l00920]  920                 uint ii = 4*i;

[bookmark: l00921]  921                 printf("pos: (%.4f, %.4f, %.4f, %.4f)\n", m_hPos[ii+0], m_hPos[ii+1], m_hPos[ii+2], m_hPos[ii+3]);

[bookmark: l00922]  922                 printf("vel: (%.4f, %.4f, %.4f, %.4f)\n", m_hVel[ii+0], m_hVel[ii+1], m_hVel[ii+2], m_hVel[ii+3]);

[bookmark: l00923]  923                 printf("acc: (%.4f, %.4f, %.4f, %.4f)\n", m_hAcc[ii+0], m_hAcc[ii+1], m_hAcc[ii+2], m_hAcc[ii+3]);

[bookmark: l00924]  924         }

[bookmark: l00925]  925 }

[bookmark: l00926]  926 

[bookmark: l00930]  930 void ParticleSystem::writeForGL() {

[bookmark: l00931]  931         copyArrayFromDevice(m_hPos, m_dPos, m_numParticles*4*sizeof(float));

[bookmark: l00932]  932         static bool first = true;

[bookmark: l00933]  933         string ofname;

[bookmark: l00934]  934         ofname = str(boost::format("%s/config_frank.sph") % m_outdir);

[bookmark: l00935]  935         ofstream os;

[bookmark: l00936]  936         if(first) {

[bookmark: l00937]  937                 //if first output overwrite any existant file

[bookmark: l00938]  938                 os.open(ofname.c_str(),ios::trunc);

[bookmark: l00939]  939                 first = false;

[bookmark: l00940]  940         } else {

[bookmark: l00941]  941                 //else append

[bookmark: l00942]  942                 os.open(ofname.c_str(),ios::app);

[bookmark: l00943]  943         }

[bookmark: l00944]  944         if(os.is_open()){

[bookmark: l00945]  945                 os << "&" << m_numParticles << "\n";

[bookmark: l00946]  946                 os << m_boxSize.x << " " << m_boxSize.y << " "  << m_boxSize.z << "\n";

[bookmark: l00947]  947                 for( uint i = 0; i < m_numParticles; ++i){

[bookmark: l00948]  948                         uint ii = 4*i;

[bookmark: l00949]  949                         os << (char)((i%26)+'a') << " " << m_hPos[ii+0] << " " << m_hPos[ii+1] << " " << m_hPos[ii+2] << " " << 0.5 << "\n" ;

[bookmark: l00950]  950                 }

[bookmark: l00951]  951                 os.close();

[bookmark: l00952]  952         } else

[bookmark: l00953]  953                 cerr << "error: could not open file " << ofname << endl ;

[bookmark: l00954]  954 }

[bookmark: l00955]  955 

[bookmark: l00961]  961 float *ParticleSystem::getArray(ParticleArray array) {

[bookmark: l00962]  962         assert(m_bInitialized);

[bookmark: l00963]  963 

[bookmark: l00964]  964         float *hdata = 0;

[bookmark: l00965]  965         float *ddata = 0;

[bookmark: l00966]  966 

[bookmark: l00967]  967         switch(array) {

[bookmark: l00968]  968                 default:

[bookmark: l00969]  969                 case POSITION:

[bookmark: l00970]  970                         hdata = m_hPos;

[bookmark: l00971]  971                         ddata = m_dPos;

[bookmark: l00972]  972                         break;

[bookmark: l00973]  973                 case VELOCITY:

[bookmark: l00974]  974                         hdata = m_hVel;

[bookmark: l00975]  975                         ddata = m_dVel;

[bookmark: l00976]  976                         break;

[bookmark: l00977]  977                 case ACCELERATION:

[bookmark: l00978]  978                         hdata = m_hAcc;

[bookmark: l00979]  979                         ddata = m_dAcc;

[bookmark: l00980]  980                         break;

[bookmark: l00981]  981         }

[bookmark: l00982]  982 

[bookmark: l00983]  983         copyArrayFromDevice(hdata, ddata, m_numParticles*4*sizeof(float));

[bookmark: l00984]  984         return hdata;

[bookmark: l00985]  985 }

[bookmark: l00986]  986 

[bookmark: l00994]  994 void ParticleSystem::setArray(ParticleArray array, const float *data, int start, int count) {

[bookmark: l00995]  995         assert(m_bInitialized);

[bookmark: l00996]  996 

[bookmark: l00997]  997         switch(array) {

[bookmark: l00998]  998                 default:

[bookmark: l00999]  999                 case POSITION:

[bookmark: l01000] 1000                         copyArrayToDevice(m_dPos, data, start*4*sizeof(float), count*4*sizeof(float));

[bookmark: l01001] 1001                         break;

[bookmark: l01002] 1002                 case VELOCITY:

[bookmark: l01003] 1003                         copyArrayToDevice(m_dVel, data, start*4*sizeof(float), count*4*sizeof(float));

[bookmark: l01004] 1004                         break;

[bookmark: l01005] 1005                 case ACCELERATION:

[bookmark: l01006] 1006                         copyArrayToDevice(m_dAcc, data, start*4*sizeof(float), count*4*sizeof(float));

[bookmark: l01007] 1007                         break;

[bookmark: l01008] 1008         }

[bookmark: l01009] 1009 }

[bookmark: l01010] 1010 

[bookmark: l01019] 1019 void ParticleSystem::initGrid(uint *size, float spacing) { 

[bookmark: l01020] 1020         for(uint z = 0; z<size[2]; ++z) {

[bookmark: l01021] 1021                 for(uint y = 0; y<size[1]; ++y) {

[bookmark: l01022] 1022                         for(uint x = 0; x<size[0]; ++x) {

[bookmark: l01023] 1023                                 uint i = (z*size[1]*size[0]) + (y*size[0]) + x;

[bookmark: l01024] 1024                                 if(i < m_numParticles) {

[bookmark: l01025] 1025                                         m_hPos[i*4+0] = spacing * (x+0.5f);     

[bookmark: l01026] 1026                                         m_hPos[i*4+1] = spacing * (y+0.5f);     

[bookmark: l01027] 1027                                         m_hPos[i*4+2] = spacing * (z+0.5f);     

[bookmark: l01028] 1028                                         m_hPos[i*4+3] = 0.0f; //filler for coalescence

[bookmark: l01029] 1029                                 }

[bookmark: l01030] 1030                         }

[bookmark: l01031] 1031                 }

[bookmark: l01032] 1032         }

[bookmark: l01033] 1033 }

[bookmark: l01034] 1034 

[bookmark: l01043] 1043 void ParticleSystem::resetPos(ParticleConfig config) {

[bookmark: l01044] 1044         switch(config) {

[bookmark: l01045] 1045                 default:

[bookmark: l01046] 1046                 case CONFIG_GRID:

[bookmark: l01047] 1047                 {

[bookmark: l01048] 1048                         //determine lattice size

[bookmark: l01049] 1049                         uint s = (uint) ceilf(powf((float) m_numParticles, 1.0f/ 3.0f));

[bookmark: l01050] 1050                         uint gridSize[3];

[bookmark: l01051] 1051                         gridSize[0] = gridSize[1] = gridSize[2] = s;

[bookmark: l01052] 1052                         float spacing = m_boxSize.x/gridSize[0];

[bookmark: l01053] 1053                         initGrid(gridSize, spacing);

[bookmark: l01054] 1054                         break;

[bookmark: l01055] 1055                 }

[bookmark: l01056] 1056                 case CONFIG_RANDOM:

[bookmark: l01057] 1057                 {

[bookmark: l01058] 1058                         int p = 0;

[bookmark: l01059] 1059                         for(uint i = 0; i < m_numParticles; ++i) {

[bookmark: l01060] 1060                                 m_hPos[p++] = m_rng.uniform();

[bookmark: l01061] 1061                                 m_hPos[p++] = m_rng.uniform();

[bookmark: l01062] 1062                                 m_hPos[p++] = m_rng.uniform();

[bookmark: l01063] 1063                                 m_hPos[p++] = 0.0f; //filler for coalescence

[bookmark: l01064] 1064                         }

[bookmark: l01065] 1065                         break;

[bookmark: l01066] 1066                 }

[bookmark: l01067] 1067         }

[bookmark: l01068] 1068         setArray(POSITION, m_hPos, 0, m_numParticles);

[bookmark: l01069] 1069         resetVel();

[bookmark: l01070] 1070         

[bookmark: l01071] 1071 }

[bookmark: l01072] 1072 

[bookmark: l01078] 1078 void ParticleSystem::resetVel() {

[bookmark: l01079] 1079         float kinEnergy;

[bookmark: l01080] 1080         float sumVel[3] = {0.0f, 0.0f, 0.0f};

[bookmark: l01081] 1081         for(uint i = 0; i < m_numParticles; ++i) {      

[bookmark: l01082] 1082                 uint ii = 4*i;

[bookmark: l01083] 1083                 m_hVel[ii+0] = m_rng.normal();

[bookmark: l01084] 1084                 m_hVel[ii+1] = m_rng.normal();

[bookmark: l01085] 1085                 m_hVel[ii+2] = m_rng.normal();

[bookmark: l01086] 1086                 m_hVel[ii+3] = 1.0f;

[bookmark: l01087] 1087                 sumVel[0] += m_hVel[ii+0];

[bookmark: l01088] 1088                 sumVel[1] += m_hVel[ii+1];

[bookmark: l01089] 1089                 sumVel[2] += m_hVel[ii+2];

[bookmark: l01090] 1090         }

[bookmark: l01091] 1091         //calculate velocity center of mass

[bookmark: l01092] 1092         sumVel[0] /= m_numParticles;

[bookmark: l01093] 1093         sumVel[1] /= m_numParticles;

[bookmark: l01094] 1094         sumVel[2] /= m_numParticles;

[bookmark: l01095] 1095 

[bookmark: l01096] 1096         //set velocity center of mass to zero and compute kinetic energy

[bookmark: l01097] 1097         kinEnergy = 0.0f;

[bookmark: l01098] 1098         for( uint i = 0; i < m_numParticles; ++i) {

[bookmark: l01099] 1099                 uint ii = 4*i;

[bookmark: l01100] 1100                 m_hVel[ii+0] -= sumVel[0];

[bookmark: l01101] 1101                 m_hVel[ii+1] -= sumVel[1];

[bookmark: l01102] 1102                 m_hVel[ii+2] -= sumVel[2];

[bookmark: l01103] 1103                 kinEnergy += m_hVel[ii]*m_hVel[ii]+m_hVel[ii+1]*m_hVel[ii+1]+m_hVel[ii+2]*m_hVel[ii+2];

[bookmark: l01104] 1104         }

[bookmark: l01105] 1105         kinEnergy /= 2.0f;

[bookmark: l01106] 1106         //compute instantaneous temperature

[bookmark: l01107] 1107         float instaTemp = kinEnergy/m_numParticles * 2.0f / 3.0f;

[bookmark: l01108] 1108         //compute scalefactor needed to get the desired temperature

[bookmark: l01109] 1109         float scalefactor = sqrtf(m_temperature/instaTemp);

[bookmark: l01110] 1110         kinEnergy = 0.0f;

[bookmark: l01111] 1111         for( uint i = 0; i < m_numParticles; ++i) {

[bookmark: l01112] 1112                 uint ii = 4*i;

[bookmark: l01113] 1113                 m_hVel[ii+0] *= scalefactor;

[bookmark: l01114] 1114                 m_hVel[ii+1] *= scalefactor;

[bookmark: l01115] 1115                 m_hVel[ii+2] *= scalefactor;

[bookmark: l01117] 1117                 kinEnergy += m_hVel[ii]*m_hVel[ii]+m_hVel[ii+1]*m_hVel[ii+1]+m_hVel[ii+2]*m_hVel[ii+2];

[bookmark: l01118] 1118         }

[bookmark: l01119] 1119         kinEnergy /= 2.0f;

[bookmark: l01120] 1120         m_kineticEnergy = kinEnergy;

[bookmark: l01121] 1121         //copy velocity to cuda

[bookmark: l01122] 1122         setArray( VELOCITY, m_hVel, 0, m_numParticles);

[bookmark: l01123] 1123 }

[bookmark: l01124] 1124 

[bookmark: l01125] 1125 

BoostRNG::normal
float normal()
Returns a number from a normal distribution. 
Definition: boost_rng.cpp:19


ParticleSystem::MDstep
void MDstep(SimulationMode mode, float deltaTime)
Does one MD step. 
Definition: particleSystem.cpp:800


SimParams::gridSize
uint3 gridSize
size of the grid 
Definition: particles_kernel.cuh:24


thrustReduce
float thrustReduce(float *array, uint numParticles)
Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then...
Definition: particleSystem_cuda.cu:256


ParticleSystem::m_dPotentialEnergy
float * m_dPotentialEnergy
potential energy contributions 
Definition: particleSystem.h:113


ParticleSystem::m_velscaling
bool m_velscaling
bool to switch velocity scaling in MD NVT 
Definition: particleSystem.h:92


ParticleSystem::m_numParticles
uint m_numParticles
number of particles 
Definition: particleSystem.h:93


integrateSystem1
void integrateSystem1(float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles)
First Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:184


ErrorAnalysis::push
void push(double value)
Pushes a value to the correct bin. 
Definition: error_analysis.cpp:54


ParticleSystem::m_density
float m_density
number density of the system 
Definition: particleSystem.h:149


SimParams::numCells
uint numCells
number of cells 
Definition: particles_kernel.cuh:23


ParticleSystem::~ParticleSystem
~ParticleSystem()
Destructor. 
Definition: particleSystem.cpp:87


ParticleSystem::startMCSimulationNVT
void startMCSimulationNVT(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)
The actual MC simulation. 
Definition: particleSystem.cpp:187


sortParticles
void sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles)
Sorts the particles based on hash. 
Definition: particleSystem_cuda.cu:241


ParticleSystem::m_potentialEnergyCorrection
float m_potentialEnergyCorrection
correction (takes care of the shifted part in &#39;truncated and shifted) 
Definition: particleSystem.h:148


setParameters
void setParameters(SimParams *hostParams)
copies parameters to constant memory Wrapper around cudaMemcpyToSymbol. 
Definition: particleSystem_cuda.cu:127


accelerateCelllists
void accelerateCelllists(float *newAcc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the acceleration by using celllists. 
Definition: particleSystem_cuda.cu:402


ParticleSystem::m_pressureCorrection
float m_pressureCorrection
correction for the pressure when using cutoff 
Definition: particleSystem.h:147


ParticleSystem::m_hPos
float * m_hPos
position 
Definition: particleSystem.h:99


SimParams::temperature
float temperature
temperature in the system 
Definition: particles_kernel.cuh:26


ParticleSystem::m_cutoff
float m_cutoff
cutoff radius 
Definition: particleSystem.h:146


SimParams::boxSize
float3 boxSize
size of the simulation box 
Definition: particles_kernel.cuh:22


ParticleSystem::CELLLIST
use celllist approach 
Definition: particleSystem.h:44


particleSystem.h
Interface for the ParticleSystem class. 


SimParams::potentialCorrection
float potentialCorrection
potential correction for the shift in potential 
Definition: particles_kernel.cuh:28


ErrorAnalysis::error
double error()
Returns the standard error of the mean using the unbiased estimator of the variance. 
Definition: error_analysis.cpp:106


ParticleSystem::resetVel
void resetVel()
resets velocity. 
Definition: particleSystem.cpp:1078


ParticleSystem::ParticleConfig
ParticleConfig
enum for the initial particle placement 
Definition: particleSystem.h:29


particleSystem.cuh
Extern declaration of function in particleSystem_cuda.cu so that they can be called from the Particle...


ParticleSystem::m_potentialEnergy
float m_potentialEnergy
potential energy of the system 
Definition: particleSystem.h:158


allocateDeviceArray
void allocateDeviceArray(void **devPtr, int size)
Allocates device memory. 
Definition: particleSystem_cuda.cu:64


ParticleSystem::m_boxSize
float3 m_boxSize
size of simulation box 
Definition: particleSystem.h:142


ParticleSystem::initGrid
void initGrid(uint *size, float spacing)
initializes position and velocity data Called from ParticleSystem::resetPos 
Definition: particleSystem.cpp:1019


ParticleSystem::NBODY
use nbody approach 
Definition: particleSystem.h:43


ParticleSystem::m_dGridParticleIndex
uint * m_dGridParticleIndex
grid indeces 
Definition: particleSystem.h:122


ParticleSystem::ParticleSystem
ParticleSystem(uint numParticles, uint3 gridSize, float3 boxSize, float temperature, std::string outdir, float cutoff)
Constructor. 
Definition: particleSystem.cpp:41


ParticleSystem::_initialize
void _initialize(uint numParticles)
Initializes particle system. 
Definition: particleSystem.cpp:98


particles_kernel.cuh
Definition of the struct SimParams that goes to constant memory. 


BoostRNG
class that provides random number generator. 
Definition: boost_rng.hpp:20


ParticleSystem::resetPos
void resetPos(ParticleConfig config)
Resets particle positions. 
Definition: particleSystem.cpp:1043


ParticleSystem::m_hParticleHash
uint * m_hParticleHash
grid hashes 
Definition: particleSystem.h:131


ParticleSystem::m_dPos
float * m_dPos
position 
Definition: particleSystem.h:108


SimParams::cellSize
float3 cellSize
size of the cells 
Definition: particles_kernel.cuh:25


ParticleSystem::m_dAcc
float * m_dAcc
acceleration 
Definition: particleSystem.h:111


ParticleSystem::m_hCellEnd
uint * m_hCellEnd
ending particles for cells 
Definition: particleSystem.h:133


ParticleSystem::dumpParticles
void dumpParticles(uint start, uint count)
Dumps particle information to CPU and prints to screen. 
Definition: particleSystem.cpp:912


ParticleSystem::startMCSimulationNPT
void startMCSimulationNPT(uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)
The actual MC simulation in NPT. 
Definition: particleSystem.cpp:317


ParticleSystem::m_kineticEnergy
float m_kineticEnergy
kinetic energy of the system 
Definition: particleSystem.h:159


integrateSystem2
void integrateSystem2(float *vel, float *acc, float *kin, float deltaTime, uint numParticles)
Second Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:216


ParticleSystem::m_dVel
float * m_dVel
velocity 
Definition: particleSystem.h:110


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


ParticleSystem::m_hCellStart
uint * m_hCellStart
starting particles for cells 
Definition: particleSystem.h:132


ParticleSystem::getArray
float * getArray(ParticleArray array)
Copies array from the GPU to the CPU. 
Definition: particleSystem.cpp:961


ParticleSystem::startMDSimulation
void startMDSimulation(uint equilibration, uint iterations, SimulationMode mode, float deltaTime)
The actual MD simulation. 
Definition: particleSystem.cpp:719


ParticleSystem::m_rng
BoostRNG m_rng
boost random number generator 
Definition: particleSystem.h:163


ParticleSystem::m_temperature
float m_temperature
temperature of simulation 
Definition: particleSystem.h:144


ParticleSystem::m_bInitialized
bool m_bInitialized
bool to see if system is initialized 
Definition: particleSystem.h:91


backupArrayDevice
void backupArrayDevice(void *dest, const void *source, int size)
Copy arrays from device to device. 
Definition: particleSystem_cuda.cu:96


ParticleSystem::ParticleArray
ParticleArray
enum to select the right array 
Definition: particleSystem.h:35


ParticleSystem::POSITION
select position array 
Definition: particleSystem.h:36


ErrorAnalysis
class for determining mean and error for a observable. 
Definition: error_analysis.hpp:23


ParticleSystem::m_virial
float m_virial
virial of the system 
Definition: particleSystem.h:157


ParticleSystem::CONFIG_GRID
particles are placed on a grid 
Definition: particleSystem.h:31


ParticleSystem::m_dSortedPos
float * m_dSortedPos
sorted positions 
Definition: particleSystem.h:109


SimParams::cutoff
float cutoff
cutoff radius potential 
Definition: particles_kernel.cuh:27


ParticleSystem::m_dCellEnd
uint * m_dCellEnd
ending particles for cells 
Definition: particleSystem.h:124


ParticleSystem::m_hVel
float * m_hVel
velocity 
Definition: particleSystem.h:100


ParticleSystem::SimulationMode
SimulationMode
enum to set the simulation mode 
Definition: particleSystem.h:42


ParticleSystem::CONFIG_RANDOM
particles are placed in the box randomly 
Definition: particleSystem.h:30


ParticleSystem::m_numGridCells
uint m_numGridCells
number of cells in the grid 
Definition: particleSystem.h:143


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


ParticleSystem::VELOCITY
select velocity array 
Definition: particleSystem.h:37


ParticleSystem::_finalize
void _finalize()
frees CPU and GPU memory Called by the destructor ParticleSystem::~ParticleSystem(). 
Definition: particleSystem.cpp:148


ParticleSystem::m_dVirial
float * m_dVirial
virial contributions 
Definition: particleSystem.h:114


ParticleSystem::m_pressure
float m_pressure
temperature of the system 
Definition: particleSystem.h:160


ParticleSystem::setArray
void setArray(ParticleArray array, const float *data, int start, int count)
Copies array from the CPU to the GPU. 
Definition: particleSystem.cpp:994


copyArrayFromDevice
void copyArrayFromDevice(void *host, const void *device, int size)
Copy arrays to host from device. 
Definition: particleSystem_cuda.cu:105


reorderDataAndFindCellStart
void reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells)
Reorder particle data into sorted order and determine first and last particle for each cell...
Definition: particleSystem_cuda.cu:339


ParticleSystem::ACCELERATION
select acceleration array 
Definition: particleSystem.h:38


potentialCelllists
void potentialCelllists(float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the potential energy by using celllists. 
Definition: particleSystem_cuda.cu:430


freeDeviceArray
void freeDeviceArray(void *devPtr)
Frees device memory. 
Definition: particleSystem_cuda.cu:75


BoostRNG::uniform
float uniform()
Returns a number from a uniform distribution. 
Definition: boost_rng.cpp:23


calcHash
void calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)
Calculate grid hash for all particles. 
Definition: particleSystem_cuda.cu:312


SimParams::worldOrigin
float3 worldOrigin
origin of the coordinate system 
Definition: particles_kernel.cuh:21


ParticleSystem::m_dKineticEnergy
float * m_dKineticEnergy
kinetic energy contributions 
Definition: particleSystem.h:112


ParticleSystem::m_gridSize
uint3 m_gridSize
size of grid 
Definition: particleSystem.h:141


ParticleSystem::m_params
SimParams m_params
cpu instance of SimParams, to be put in constant memory 
Definition: particleSystem.h:140


ParticleSystem::m_dGridParticleHash
uint * m_dGridParticleHash
grid hashes 
Definition: particleSystem.h:121


copyArrayToDevice
void copyArrayToDevice(void *device, const void *host, int offset, int size)
Copy arrays from host to device. 
Definition: particleSystem_cuda.cu:86


ParticleSystem::m_outdir
std::string m_outdir
directory to write output to 
Definition: particleSystem.h:145


ErrorAnalysis::mean
double mean()
Returns the mean. 
Definition: error_analysis.cpp:67


ParticleSystem::dumpGrid
void dumpGrid()
Dumps grid information to CPU and prints to screen. 
Definition: particleSystem.cpp:872


scaleArray
void scaleArray(float *array, float scalefactor, uint length)
scales the array with the given scalefactor. 
Definition: particleSystem_cuda.cu:274


error_analysis.hpp
Interface for the ErrorAnalysis class. 


ParticleSystem::writeForGL
void writeForGL()
Copies particle positions and prints them for use in franks opengl. 
Definition: particleSystem.cpp:930


ParticleSystem::m_dCellStart
uint * m_dCellStart
starting particles for cells 
Definition: particleSystem.h:123


ParticleSystem::m_hAcc
float * m_hAcc
acceleration 
Definition: particleSystem.h:101


accelerateNBody
void accelerateNBody(float *pos, float *acc, float *virial, uint numParticles)
Compute the acceleration by using the nbody approach. 
Definition: particleSystem_cuda.cu:375
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// Search script generated by doxygen
// Copyright (C) 2009 by Dimitri van Heesch.

// The code in this file is loosly based on main.js, part of Natural Docs,
// which is Copyright (C) 2003-2008 Greg Valure
// Natural Docs is licensed under the GPL.

var indexSectionsWithContent =
{
  0: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000010111111101000111101111110000001000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  1: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000010010001000000100100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  2: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000011010000000000100100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  3: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000010111111101000111101111110000001000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  4: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000010111100100000110101110010000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  5: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  6: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000100100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  7: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000101000000000010100000100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  8: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000100100000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000",
  9: "0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"
};

var indexSectionNames =
{
  0: "all",
  1: "classes",
  2: "files",
  3: "functions",
  4: "variables",
  5: "typedefs",
  6: "enums",
  7: "enumvalues",
  8: "defines",
  9: "pages"
};

function convertToId(search)
{
  var result = '';
  for (i=0;i<search.length;i++)
  {
    var c = search.charAt(i);
    var cn = c.charCodeAt(0);
    if (c.match(/[a-z0-9]/))
    {
      result+=c;
    }
    else if (cn<16) 
    {
      result+="_0"+cn.toString(16);
    }
    else 
    {
      result+="_"+cn.toString(16);
    }
  }
  return result;
}

function getXPos(item)
{
  var x = 0;
  if (item.offsetWidth)
  {
    while (item && item!=document.body)
    {
      x   += item.offsetLeft;
      item = item.offsetParent;
    }
  }
  return x;
}

function getYPos(item)
{
  var y = 0;
  if (item.offsetWidth)
  {
     while (item && item!=document.body)
     {
       y   += item.offsetTop;
       item = item.offsetParent;
     }
  }
  return y;
}

/* A class handling everything associated with the search panel.

   Parameters:
   name - The name of the global variable that will be 
          storing this instance.  Is needed to be able to set timeouts.
   resultPath - path to use for external files
*/
function SearchBox(name, resultsPath, inFrame, label)
{
  if (!name || !resultsPath) {  alert("Missing parameters to SearchBox."); }
   
  // ---------- Instance variables
  this.name                  = name;
  this.resultsPath           = resultsPath;
  this.keyTimeout            = 0;
  this.keyTimeoutLength      = 500;
  this.closeSelectionTimeout = 300;
  this.lastSearchValue       = "";
  this.lastResultsPage       = "";
  this.hideTimeout           = 0;
  this.searchIndex           = 0;
  this.searchActive          = false;
  this.insideFrame           = inFrame;
  this.searchLabel           = label;

  // ----------- DOM Elements

  this.DOMSearchField = function()
  {  return document.getElementById("MSearchField");  }

  this.DOMSearchSelect = function()
  {  return document.getElementById("MSearchSelect");  }

  this.DOMSearchSelectWindow = function()
  {  return document.getElementById("MSearchSelectWindow");  }

  this.DOMPopupSearchResults = function()
  {  return document.getElementById("MSearchResults");  }

  this.DOMPopupSearchResultsWindow = function()
  {  return document.getElementById("MSearchResultsWindow");  }

  this.DOMSearchClose = function()
  {  return document.getElementById("MSearchClose"); }

  this.DOMSearchBox = function()
  {  return document.getElementById("MSearchBox");  }

  // ------------ Event Handlers

  // Called when focus is added or removed from the search field.
  this.OnSearchFieldFocus = function(isActive)
  {
    this.Activate(isActive);
  }

  this.OnSearchSelectShow = function()
  {
    var searchSelectWindow = this.DOMSearchSelectWindow();
    var searchField        = this.DOMSearchSelect();

    if (this.insideFrame)
    {
      var left = getXPos(searchField);
      var top  = getYPos(searchField);
      left += searchField.offsetWidth + 6;
      top += searchField.offsetHeight;

      // show search selection popup
      searchSelectWindow.style.display='block';
      left -= searchSelectWindow.offsetWidth;
      searchSelectWindow.style.left =  left + 'px';
      searchSelectWindow.style.top  =  top  + 'px';
    }
    else
    {
      var left = getXPos(searchField);
      var top  = getYPos(searchField);
      top += searchField.offsetHeight;

      // show search selection popup
      searchSelectWindow.style.display='block';
      searchSelectWindow.style.left =  left + 'px';
      searchSelectWindow.style.top  =  top  + 'px';
    }

    // stop selection hide timer
    if (this.hideTimeout) 
    {
      clearTimeout(this.hideTimeout);
      this.hideTimeout=0;
    }
    return false; // to avoid "image drag" default event
  }

  this.OnSearchSelectHide = function()
  {
    this.hideTimeout = setTimeout(this.name +".CloseSelectionWindow()",
                                  this.closeSelectionTimeout);
  }

  // Called when the content of the search field is changed.
  this.OnSearchFieldChange = function(evt)
  {
    if (this.keyTimeout) // kill running timer
    {
      clearTimeout(this.keyTimeout);
      this.keyTimeout = 0;
    }

    var e  = (evt) ? evt : window.event; // for IE
    if (e.keyCode==40 || e.keyCode==13)
    {
      if (e.shiftKey==1)
      {
        this.OnSearchSelectShow();
        var win=this.DOMSearchSelectWindow(); 
        for (i=0;i<win.childNodes.length;i++)
        {
          var child = win.childNodes[i]; // get span within a
          if (child.className=='SelectItem')
          {
            child.focus();
            return;
          }
        }
        return;
      }
      else if (window.frames.MSearchResults.searchResults)
      {
        var elem = window.frames.MSearchResults.searchResults.NavNext(0);
        if (elem) elem.focus();
      }
    }
    else if (e.keyCode==27) // Escape out of the search field
    {
      this.DOMSearchField().blur();
      this.DOMPopupSearchResultsWindow().style.display = 'none';
      this.DOMSearchClose().style.display = 'none';
      this.lastSearchValue = '';
      this.Activate(false);
      return;
    }

    // strip whitespaces
    var searchValue = this.DOMSearchField().value.replace(/ +/g, "");

    if (searchValue != this.lastSearchValue) // search value has changed
    {
      if (searchValue != "") // non-empty search
      {
        // set timer for search update
        this.keyTimeout = setTimeout(this.name + '.Search()',
                                     this.keyTimeoutLength);
      }
      else // empty search field
      {
        this.DOMPopupSearchResultsWindow().style.display = 'none';
        this.DOMSearchClose().style.display = 'none';
        this.lastSearchValue = '';
      }
    }
  }

  this.SelectItemCount = function(id)
  {
    var count=0;
    var win=this.DOMSearchSelectWindow(); 
    for (i=0;i<win.childNodes.length;i++)
    {
      var child = win.childNodes[i]; // get span within a
      if (child.className=='SelectItem')
      {
        count++;
      }
    }
    return count;
  }

  this.SelectItemSet = function(id)
  {
    var i,j=0;
    var win=this.DOMSearchSelectWindow(); 
    for (i=0;i<win.childNodes.length;i++)
    {
      var child = win.childNodes[i]; // get span within a
      if (child.className=='SelectItem')
      {
        var node = child.firstChild;
        if (j==id)
        {
          node.innerHTML='&#8226;';
        }
        else
        {
          node.innerHTML='&#160;';
        }
        j++;
      }
    }
  }

  // Called when an search filter selection is made.
  // set item with index id as the active item
  this.OnSelectItem = function(id)
  {
    this.searchIndex = id;
    this.SelectItemSet(id);
    var searchValue = this.DOMSearchField().value.replace(/ +/g, "");
    if (searchValue!="" && this.searchActive) // something was found -> do a search
    {
      this.Search();
    }
  }

  this.OnSearchSelectKey = function(evt)
  {
    var e = (evt) ? evt : window.event; // for IE
    if (e.keyCode==40 && this.searchIndex<this.SelectItemCount()) // Down
    {
      this.searchIndex++;
      this.OnSelectItem(this.searchIndex);
    }
    else if (e.keyCode==38 && this.searchIndex>0) // Up
    {
      this.searchIndex--;
      this.OnSelectItem(this.searchIndex);
    }
    else if (e.keyCode==13 || e.keyCode==27)
    {
      this.OnSelectItem(this.searchIndex);
      this.CloseSelectionWindow();
      this.DOMSearchField().focus();
    }
    return false;
  }

  // --------- Actions

  // Closes the results window.
  this.CloseResultsWindow = function()
  {
    this.DOMPopupSearchResultsWindow().style.display = 'none';
    this.DOMSearchClose().style.display = 'none';
    this.Activate(false);
  }

  this.CloseSelectionWindow = function()
  {
    this.DOMSearchSelectWindow().style.display = 'none';
  }

  // Performs a search.
  this.Search = function()
  {
    this.keyTimeout = 0;

    // strip leading whitespace
    var searchValue = this.DOMSearchField().value.replace(/^ +/, "");

    var code = searchValue.toLowerCase().charCodeAt(0);
    var hexCode;
    if (code<16) 
    {
      hexCode="0"+code.toString(16);
    }
    else 
    {
      hexCode=code.toString(16);
    }

    var resultsPage;
    var resultsPageWithSearch;
    var hasResultsPage;

    if (indexSectionsWithContent[this.searchIndex].charAt(code) == '1')
    {
       resultsPage = this.resultsPath + '/' + indexSectionNames[this.searchIndex] + '_' + hexCode + '.html';
       resultsPageWithSearch = resultsPage+'?'+escape(searchValue);
       hasResultsPage = true;
    }
    else // nothing available for this search term
    {
       resultsPage = this.resultsPath + '/nomatches.html';
       resultsPageWithSearch = resultsPage;
       hasResultsPage = false;
    }

    window.frames.MSearchResults.location = resultsPageWithSearch;  
    var domPopupSearchResultsWindow = this.DOMPopupSearchResultsWindow();

    if (domPopupSearchResultsWindow.style.display!='block')
    {
       var domSearchBox = this.DOMSearchBox();
       this.DOMSearchClose().style.display = 'inline';
       if (this.insideFrame)
       {
         var domPopupSearchResults = this.DOMPopupSearchResults();
         domPopupSearchResultsWindow.style.position = 'relative';
         domPopupSearchResultsWindow.style.display  = 'block';
         var width = document.body.clientWidth - 8; // the -8 is for IE :-(
         domPopupSearchResultsWindow.style.width    = width + 'px';
         domPopupSearchResults.style.width          = width + 'px';
       }
       else
       {
         var domPopupSearchResults = this.DOMPopupSearchResults();
         var left = getXPos(domSearchBox) + 150; // domSearchBox.offsetWidth;
         var top  = getYPos(domSearchBox) + 20;  // domSearchBox.offsetHeight + 1;
         domPopupSearchResultsWindow.style.display = 'block';
         left -= domPopupSearchResults.offsetWidth;
         domPopupSearchResultsWindow.style.top     = top  + 'px';
         domPopupSearchResultsWindow.style.left    = left + 'px';
       }
    }

    this.lastSearchValue = searchValue;
    this.lastResultsPage = resultsPage;
  }

  // -------- Activation Functions

  // Activates or deactivates the search panel, resetting things to 
  // their default values if necessary. 
  this.Activate = function(isActive)
  {
    if (isActive || // open it
        this.DOMPopupSearchResultsWindow().style.display == 'block' 
       )
    {
      this.DOMSearchBox().className = 'MSearchBoxActive';

      var searchField = this.DOMSearchField();

      if (searchField.value == this.searchLabel) // clear "Search" term upon entry
      {  
        searchField.value = '';  
        this.searchActive = true;
      }
    }
    else if (!isActive) // directly remove the panel
    {
      this.DOMSearchBox().className = 'MSearchBoxInactive';
      this.DOMSearchField().value   = this.searchLabel;
      this.searchActive             = false;
      this.lastSearchValue          = ''
      this.lastResultsPage          = '';
    }
  }
}

// -----------------------------------------------------------------------

// The class that handles everything on the search results page.
function SearchResults(name)
{
    // The number of matches from the last run of <Search()>.
    this.lastMatchCount = 0;
    this.lastKey = 0;
    this.repeatOn = false;

    // Toggles the visibility of the passed element ID.
    this.FindChildElement = function(id)
    {
      var parentElement = document.getElementById(id);
      var element = parentElement.firstChild;

      while (element && element!=parentElement)
      {
        if (element.nodeName == 'DIV' && element.className == 'SRChildren')
        {
          return element;
        }

        if (element.nodeName == 'DIV' && element.hasChildNodes())
        {  
           element = element.firstChild;  
        }
        else if (element.nextSibling)
        {  
           element = element.nextSibling;  
        }
        else
        {
          do
          {
            element = element.parentNode;
          }
          while (element && element!=parentElement && !element.nextSibling);

          if (element && element!=parentElement)
          {  
            element = element.nextSibling;  
          }
        }
      }
    }

    this.Toggle = function(id)
    {
      var element = this.FindChildElement(id);
      if (element)
      {
        if (element.style.display == 'block')
        {
          element.style.display = 'none';
        }
        else
        {
          element.style.display = 'block';
        }
      }
    }

    // Searches for the passed string.  If there is no parameter,
    // it takes it from the URL query.
    //
    // Always returns true, since other documents may try to call it
    // and that may or may not be possible.
    this.Search = function(search)
    {
      if (!search) // get search word from URL
      {
        search = window.location.search;
        search = search.substring(1);  // Remove the leading '?'
        search = unescape(search);
      }

      search = search.replace(/^ +/, ""); // strip leading spaces
      search = search.replace(/ +$/, ""); // strip trailing spaces
      search = search.toLowerCase();
      search = convertToId(search);

      var resultRows = document.getElementsByTagName("div");
      var matches = 0;

      var i = 0;
      while (i < resultRows.length)
      {
        var row = resultRows.item(i);
        if (row.className == "SRResult")
        {
          var rowMatchName = row.id.toLowerCase();
          rowMatchName = rowMatchName.replace(/^sr\d*_/, ''); // strip 'sr123_'

          if (search.length<=rowMatchName.length && 
             rowMatchName.substr(0, search.length)==search)
          {
            row.style.display = 'block';
            matches++;
          }
          else
          {
            row.style.display = 'none';
          }
        }
        i++;
      }
      document.getElementById("Searching").style.display='none';
      if (matches == 0) // no results
      {
        document.getElementById("NoMatches").style.display='block';
      }
      else // at least one result
      {
        document.getElementById("NoMatches").style.display='none';
      }
      this.lastMatchCount = matches;
      return true;
    }

    // return the first item with index index or higher that is visible
    this.NavNext = function(index)
    {
      var focusItem;
      while (1)
      {
        var focusName = 'Item'+index;
        focusItem = document.getElementById(focusName);
        if (focusItem && focusItem.parentNode.parentNode.style.display=='block')
        {
          break;
        }
        else if (!focusItem) // last element
        {
          break;
        }
        focusItem=null;
        index++;
      }
      return focusItem;
    }

    this.NavPrev = function(index)
    {
      var focusItem;
      while (1)
      {
        var focusName = 'Item'+index;
        focusItem = document.getElementById(focusName);
        if (focusItem && focusItem.parentNode.parentNode.style.display=='block')
        {
          break;
        }
        else if (!focusItem) // last element
        {
          break;
        }
        focusItem=null;
        index--;
      }
      return focusItem;
    }

    this.ProcessKeys = function(e)
    {
      if (e.type == "keydown") 
      {
        this.repeatOn = false;
        this.lastKey = e.keyCode;
      }
      else if (e.type == "keypress")
      {
        if (!this.repeatOn)
        {
          if (this.lastKey) this.repeatOn = true;
          return false; // ignore first keypress after keydown
        }
      }
      else if (e.type == "keyup")
      {
        this.lastKey = 0;
        this.repeatOn = false;
      }
      return this.lastKey!=0;
    }

    this.Nav = function(evt,itemIndex) 
    {
      var e  = (evt) ? evt : window.event; // for IE
      if (e.keyCode==13) return true;
      if (!this.ProcessKeys(e)) return false;

      if (this.lastKey==38) // Up
      {
        var newIndex = itemIndex-1;
        var focusItem = this.NavPrev(newIndex);
        if (focusItem)
        {
          var child = this.FindChildElement(focusItem.parentNode.parentNode.id);
          if (child && child.style.display == 'block') // children visible
          { 
            var n=0;
            var tmpElem;
            while (1) // search for last child
            {
              tmpElem = document.getElementById('Item'+newIndex+'_c'+n);
              if (tmpElem)
              {
                focusItem = tmpElem;
              }
              else // found it!
              {
                break;
              }
              n++;
            }
          }
        }
        if (focusItem)
        {
          focusItem.focus();
        }
        else // return focus to search field
        {
           parent.document.getElementById("MSearchField").focus();
        }
      }
      else if (this.lastKey==40) // Down
      {
        var newIndex = itemIndex+1;
        var focusItem;
        var item = document.getElementById('Item'+itemIndex);
        var elem = this.FindChildElement(item.parentNode.parentNode.id);
        if (elem && elem.style.display == 'block') // children visible
        {
          focusItem = document.getElementById('Item'+itemIndex+'_c0');
        }
        if (!focusItem) focusItem = this.NavNext(newIndex);
        if (focusItem)  focusItem.focus();
      }
      else if (this.lastKey==39) // Right
      {
        var item = document.getElementById('Item'+itemIndex);
        var elem = this.FindChildElement(item.parentNode.parentNode.id);
        if (elem) elem.style.display = 'block';
      }
      else if (this.lastKey==37) // Left
      {
        var item = document.getElementById('Item'+itemIndex);
        var elem = this.FindChildElement(item.parentNode.parentNode.id);
        if (elem) elem.style.display = 'none';
      }
      else if (this.lastKey==27) // Escape
      {
        parent.searchBox.CloseResultsWindow();
        parent.document.getElementById("MSearchField").focus();
      }
      else if (this.lastKey==13) // Enter
      {
        return true;
      }
      return false;
    }

    this.NavChild = function(evt,itemIndex,childIndex)
    {
      var e  = (evt) ? evt : window.event; // for IE
      if (e.keyCode==13) return true;
      if (!this.ProcessKeys(e)) return false;

      if (this.lastKey==38) // Up
      {
        if (childIndex>0)
        {
          var newIndex = childIndex-1;
          document.getElementById('Item'+itemIndex+'_c'+newIndex).focus();
        }
        else // already at first child, jump to parent
        {
          document.getElementById('Item'+itemIndex).focus();
        }
      }
      else if (this.lastKey==40) // Down
      {
        var newIndex = childIndex+1;
        var elem = document.getElementById('Item'+itemIndex+'_c'+newIndex);
        if (!elem) // last child, jump to parent next parent
        {
          elem = this.NavNext(itemIndex+1);
        }
        if (elem)
        {
          elem.focus();
        } 
      }
      else if (this.lastKey==27) // Escape
      {
        parent.searchBox.CloseResultsWindow();
        parent.document.getElementById("MSearchField").focus();
      }
      else if (this.lastKey==13) // Enter
      {
        return true;
      }
      return false;
    }
}

function setKeyActions(elem,action)
{
  elem.setAttribute('onkeydown',action);
  elem.setAttribute('onkeypress',action);
  elem.setAttribute('onkeyup',action);
}

function setClassAttr(elem,attr)
{
  elem.setAttribute('class',attr);
  elem.setAttribute('className',attr);
}

function createResults()
{
  var results = document.getElementById("SRResults");
  for (var e=0; e<searchData.length; e++)
  {
    var id = searchData[e][0];
    var srResult = document.createElement('div');
    srResult.setAttribute('id','SR_'+id);
    setClassAttr(srResult,'SRResult');
    var srEntry = document.createElement('div');
    setClassAttr(srEntry,'SREntry');
    var srLink = document.createElement('a');
    srLink.setAttribute('id','Item'+e);
    setKeyActions(srLink,'return searchResults.Nav(event,'+e+')');
    setClassAttr(srLink,'SRSymbol');
    srLink.innerHTML = searchData[e][1][0];
    srEntry.appendChild(srLink);
    if (searchData[e][1].length==2) // single result
    {
      srLink.setAttribute('href',searchData[e][1][1][0]);
      if (searchData[e][1][1][1])
      {
       srLink.setAttribute('target','_parent');
      }
      var srScope = document.createElement('span');
      setClassAttr(srScope,'SRScope');
      srScope.innerHTML = searchData[e][1][1][2];
      srEntry.appendChild(srScope);
    }
    else // multiple results
    {
      srLink.setAttribute('href','javascript:searchResults.Toggle("SR_'+id+'")');
      var srChildren = document.createElement('div');
      setClassAttr(srChildren,'SRChildren');
      for (var c=0; c<searchData[e][1].length-1; c++)
      {
        var srChild = document.createElement('a');
        srChild.setAttribute('id','Item'+e+'_c'+c);
        setKeyActions(srChild,'return searchResults.NavChild(event,'+e+','+c+')');
        setClassAttr(srChild,'SRScope');
        srChild.setAttribute('href',searchData[e][1][c+1][0]);
        if (searchData[e][1][c+1][1])
        {
         srChild.setAttribute('target','_parent');
        }
        srChild.innerHTML = searchData[e][1][c+1][2];
        srChildren.appendChild(srChild);
      }
      srEntry.appendChild(srChildren);
    }
    srResult.appendChild(srEntry);
    results.appendChild(srResult);
  }
}
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var searchData=
[
  ['scalearray',['scaleArray',['../particleSystem_8cuh.html#a2851daa42a19e1e825d4484635814e09',1,'scaleArray(float *array, float scalefactor, uint length):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a2851daa42a19e1e825d4484635814e09',1,'scaleArray(float *array, float scalefactor, uint length):&#160;particleSystem_cuda.cu']]],
  ['setarray',['setArray',['../classParticleSystem.html#aa792a66680e800832059854aab0d594d',1,'ParticleSystem']]],
  ['setparameters',['setParameters',['../particleSystem_8cuh.html#a342176dbaba2668312c45e1a1423fc4e',1,'setParameters(SimParams *hostParams):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a342176dbaba2668312c45e1a1423fc4e',1,'setParameters(SimParams *hostParams):&#160;particleSystem_cuda.cu']]],
  ['sortparticles',['sortParticles',['../particleSystem_8cuh.html#ac71da7e4672a2732a098ba933a799257',1,'sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ac71da7e4672a2732a098ba933a799257',1,'sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles):&#160;particleSystem_cuda.cu']]],
  ['start',['start',['../classEventTimer.html#a7b854cab1ce9c41f757df92ed84d0277',1,'EventTimer']]],
  ['startmcsimulationnpt',['startMCSimulationNPT',['../classParticleSystem.html#aa40fffad07c295f55466f733f08f3f3e',1,'ParticleSystem']]],
  ['startmcsimulationnvt',['startMCSimulationNVT',['../classParticleSystem.html#acce382a3d5c5047947ad675b4b4f338e',1,'ParticleSystem']]],
  ['startmdsimulation',['startMDSimulation',['../classParticleSystem.html#ab1ae40cd2bb167d2e846f5b11971f033',1,'ParticleSystem']]],
  ['stop',['stop',['../classEventTimer.html#a744d274b917b5badcc7c76e81ce5d913',1,'EventTimer']]]
];
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var searchData=
[
  ['uniform',['uniform',['../classBoostRNG.html#a2d347bedb1a65afc62de12bb10f80d24',1,'BoostRNG']]]
];
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/*---------------- Search Box */

#FSearchBox {
    float: left;
}

#MSearchBox {
    white-space : nowrap;
    position: absolute;
    float: none;
    display: inline;
    margin-top: 8px;
    right: 0px;
    width: 170px;
    z-index: 102;
    background-color: white;
}

#MSearchBox .left
{
    display:block;
    position:absolute;
    left:10px;
    width:20px;
    height:19px;
    background:url('search_l.png') no-repeat;
    background-position:right;
}

#MSearchSelect {
    display:block;
    position:absolute;
    width:20px;
    height:19px;
}

.left #MSearchSelect {
    left:4px;
}

.right #MSearchSelect {
    right:5px;
}

#MSearchField {
    display:block;
    position:absolute;
    height:19px;
    background:url('search_m.png') repeat-x;
    border:none;
    width:111px;
    margin-left:20px;
    padding-left:4px;
    color: #909090;
    outline: none;
    font: 9pt Arial, Verdana, sans-serif;
}

#FSearchBox #MSearchField {
    margin-left:15px;
}

#MSearchBox .right {
    display:block;
    position:absolute;
    right:10px;
    top:0px;
    width:20px;
    height:19px;
    background:url('search_r.png') no-repeat;
    background-position:left;
}

#MSearchClose {
    display: none;
    position: absolute;
    top: 4px;
    background : none;
    border: none;
    margin: 0px 4px 0px 0px;
    padding: 0px 0px;
    outline: none;
}

.left #MSearchClose {
    left: 6px;
}

.right #MSearchClose {
    right: 2px;
}

.MSearchBoxActive #MSearchField {
    color: #000000;
}

/*---------------- Search filter selection */

#MSearchSelectWindow {
    display: none;
    position: absolute;
    left: 0; top: 0;
    border: 1px solid #90A5CE;
    background-color: #F9FAFC;
    z-index: 1;
    padding-top: 4px;
    padding-bottom: 4px;
    -moz-border-radius: 4px;
    -webkit-border-top-left-radius: 4px;
    -webkit-border-top-right-radius: 4px;
    -webkit-border-bottom-left-radius: 4px;
    -webkit-border-bottom-right-radius: 4px;
    -webkit-box-shadow: 5px 5px 5px rgba(0, 0, 0, 0.15);
}

.SelectItem {
    font: 8pt Arial, Verdana, sans-serif;
    padding-left:  2px;
    padding-right: 12px;
    border: 0px;
}

span.SelectionMark {
    margin-right: 4px;
    font-family: monospace;
    outline-style: none;
    text-decoration: none;
}

a.SelectItem {
    display: block;
    outline-style: none;
    color: #000000; 
    text-decoration: none;
    padding-left:   6px;
    padding-right: 12px;
}

a.SelectItem:focus,
a.SelectItem:active {
    color: #000000; 
    outline-style: none;
    text-decoration: none;
}

a.SelectItem:hover {
    color: #FFFFFF;
    background-color: #3D578C;
    outline-style: none;
    text-decoration: none;
    cursor: pointer;
    display: block;
}

/*---------------- Search results window */

iframe#MSearchResults {
    width: 60ex;
    height: 15em;
}

#MSearchResultsWindow {
    display: none;
    position: absolute;
    left: 0; top: 0;
    border: 1px solid #000;
    background-color: #EEF1F7;
}

/* ----------------------------------- */


#SRIndex {
    clear:both; 
    padding-bottom: 15px;
}

.SREntry {
    font-size: 10pt;
    padding-left: 1ex;
}

.SRPage .SREntry {
    font-size: 8pt;
    padding: 1px 5px;
}

body.SRPage {
    margin: 5px 2px;
}

.SRChildren {
    padding-left: 3ex; padding-bottom: .5em 
}

.SRPage .SRChildren {
    display: none;
}

.SRSymbol {
    font-weight: bold; 
    color: #425E97;
    font-family: Arial, Verdana, sans-serif;
    text-decoration: none;
    outline: none;
}

a.SRScope {
    display: block;
    color: #425E97; 
    font-family: Arial, Verdana, sans-serif;
    text-decoration: none;
    outline: none;
}

a.SRSymbol:focus, a.SRSymbol:active,
a.SRScope:focus, a.SRScope:active {
    text-decoration: underline;
}

span.SRScope {
    padding-left: 4px;
}

.SRPage .SRStatus {
    padding: 2px 5px;
    font-size: 8pt;
    font-style: italic;
}

.SRResult {
    display: none;
}

DIV.searchresults {
    margin-left: 10px;
    margin-right: 10px;
}

/*---------------- External search page results */

.searchresult {
    background-color: #F0F3F8;
}

.pages b {
   color: white;
   padding: 5px 5px 3px 5px;
   background-image: url("../tab_a.png");
   background-repeat: repeat-x;
   text-shadow: 0 1px 1px #000000;
}

.pages {
    line-height: 17px;
    margin-left: 4px;
    text-decoration: none;
}

.hl {
    font-weight: bold;
}

#searchresults {
    margin-bottom: 20px;
}

.searchpages {
    margin-top: 10px;
}
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var searchData=
[
  ['nrbins',['nrBins',['../classErrorAnalysis.html#a8ba1778c2b48ff98e75adaec74f007d8',1,'ErrorAnalysis']]],
  ['nrsamples',['nrSamples',['../classErrorAnalysis.html#acb2e9741a18be23e8d86887de2eb9abd',1,'ErrorAnalysis']]],
  ['numcells',['numCells',['../structSimParams.html#a9d51112b7e86d46b6f33126a67cc84b4',1,'SimParams']]]
];
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var searchData=
[
  ['celllist',['CELLLIST',['../classParticleSystem.html#aec4e95c30b40be0bccff18585b365b37ad5615649478e8cd22b9753dcce084553',1,'ParticleSystem']]],
  ['config_5fgrid',['CONFIG_GRID',['../classParticleSystem.html#a1dca3996c8068602412ef9f7826605d1aa6bd9e92edfc102877bf103547397b47',1,'ParticleSystem']]],
  ['config_5frandom',['CONFIG_RANDOM',['../classParticleSystem.html#a1dca3996c8068602412ef9f7826605d1a053c69e4e6b094605ea152a644e7c9ee',1,'ParticleSystem']]]
];
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var searchData=
[
  ['idivup',['iDivUp',['../particleSystem__cuda_8cu.html#aa5accec7fb28381615c8cb68522c9eb3',1,'particleSystem_cuda.cu']]],
  ['initgrid',['initGrid',['../classParticleSystem.html#a14ee03c0bb3301eb2f52354b33258aac',1,'ParticleSystem']]],
  ['integrate1_5ffunctor',['integrate1_functor',['../structintegrate1__functor.html#a4d964ce9c4d53f734829d52ebcd7a1a9',1,'integrate1_functor']]],
  ['integrate2_5ffunctor',['integrate2_functor',['../structintegrate2__functor.html#a229a3b5a358c5aeaedceebbc85197c23',1,'integrate2_functor']]],
  ['integratesystem1',['integrateSystem1',['../particleSystem_8cuh.html#ab3b6df168dea02641cebd899ea677e74',1,'integrateSystem1(float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ab3b6df168dea02641cebd899ea677e74',1,'integrateSystem1(float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles):&#160;particleSystem_cuda.cu']]],
  ['integratesystem2',['integrateSystem2',['../particleSystem_8cuh.html#a9945b5ec8aaae9a28a46d3bf8125035b',1,'integrateSystem2(float *vel, float *acc, float *kin, float deltaTime, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a9945b5ec8aaae9a28a46d3bf8125035b',1,'integrateSystem2(float *vel, float *acc, float *kin, float deltaTime, uint numParticles):&#160;particleSystem_cuda.cu']]]
];
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var searchData=
[
  ['bins',['bins',['../classErrorAnalysis.html#a43582f09dfab8a5520900f6c36e013c2',1,'ErrorAnalysis']]],
  ['boxsize',['boxSize',['../structSimParams.html#aa055cfb6e300bf9518205f3ea9c1ddca',1,'SimParams']]]
];
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var searchData=
[
  ['samplesperbin',['samplesPerBin',['../classErrorAnalysis.html#a8167a6df5d4a59fbdadbcb5f621ec392',1,'ErrorAnalysis']]],
  ['scalearray',['scaleArray',['../particleSystem_8cuh.html#a2851daa42a19e1e825d4484635814e09',1,'scaleArray(float *array, float scalefactor, uint length):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a2851daa42a19e1e825d4484635814e09',1,'scaleArray(float *array, float scalefactor, uint length):&#160;particleSystem_cuda.cu']]],
  ['seed',['seed',['../classBoostRNG.html#a151b14eea06299db989a38ddcefa4eef',1,'BoostRNG']]],
  ['select_5fdevice_2eh',['select_device.h',['../select__device_8h.html',1,'']]],
  ['setarray',['setArray',['../classParticleSystem.html#aa792a66680e800832059854aab0d594d',1,'ParticleSystem']]],
  ['setparameters',['setParameters',['../particleSystem_8cuh.html#a342176dbaba2668312c45e1a1423fc4e',1,'setParameters(SimParams *hostParams):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a342176dbaba2668312c45e1a1423fc4e',1,'setParameters(SimParams *hostParams):&#160;particleSystem_cuda.cu']]],
  ['simparams',['SimParams',['../structSimParams.html',1,'']]],
  ['simulationmode',['SimulationMode',['../classParticleSystem.html#aec4e95c30b40be0bccff18585b365b37',1,'ParticleSystem']]],
  ['sortparticles',['sortParticles',['../particleSystem_8cuh.html#ac71da7e4672a2732a098ba933a799257',1,'sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ac71da7e4672a2732a098ba933a799257',1,'sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles):&#160;particleSystem_cuda.cu']]],
  ['start',['start',['../classEventTimer.html#a7b854cab1ce9c41f757df92ed84d0277',1,'EventTimer']]],
  ['startmcsimulationnpt',['startMCSimulationNPT',['../classParticleSystem.html#aa40fffad07c295f55466f733f08f3f3e',1,'ParticleSystem']]],
  ['startmcsimulationnvt',['startMCSimulationNVT',['../classParticleSystem.html#acce382a3d5c5047947ad675b4b4f338e',1,'ParticleSystem']]],
  ['startmdsimulation',['startMDSimulation',['../classParticleSystem.html#ab1ae40cd2bb167d2e846f5b11971f033',1,'ParticleSystem']]],
  ['stop',['stop',['../classEventTimer.html#a744d274b917b5badcc7c76e81ce5d913',1,'EventTimer']]]
];
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var searchData=
[
  ['particles_2ecpp',['particles.cpp',['../particles_8cpp.html',1,'']]],
  ['particles_5fkernel_2ecuh',['particles_kernel.cuh',['../particles__kernel_8cuh.html',1,'']]],
  ['particles_5fkernel_5fimpl_2ecuh',['particles_kernel_impl.cuh',['../particles__kernel__impl_8cuh.html',1,'']]],
  ['particlesystem_2ecpp',['particleSystem.cpp',['../particleSystem_8cpp.html',1,'']]],
  ['particlesystem_2ecuh',['particleSystem.cuh',['../particleSystem_8cuh.html',1,'']]],
  ['particlesystem_2eh',['particleSystem.h',['../particleSystem_8h.html',1,'']]],
  ['particlesystem_5fcuda_2ecu',['particleSystem_cuda.cu',['../particleSystem__cuda_8cu.html',1,'']]]
];
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var searchData=
[
  ['dist_5fnormal',['dist_normal',['../classBoostRNG.html#a1553de8238cf97ba785b4c1c38e30c52',1,'BoostRNG']]],
  ['dist_5funiform',['dist_uniform',['../classBoostRNG.html#adba1eb4ab249374394df6d784b4fab40',1,'BoostRNG']]],
  ['done',['done',['../classErrorAnalysis.html#ac83f94fe11d8280f8571a416bac7a211',1,'ErrorAnalysis']]]
];
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var searchData=
[
  ['_5fboxsize',['_boxSize',['../structintegrate1__functor.html#ab460b5c53b3bb560f94c300941e03fc6',1,'integrate1_functor']]],
  ['_5fdt',['_dt',['../structintegrate1__functor.html#a60daf9e9ce31bc1ca266285ae40502bd',1,'integrate1_functor::_dt()'],['../structintegrate2__functor.html#aec6a9153a74c85fa213c3f9267c8f2db',1,'integrate2_functor::_dt()']]]
];
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var searchData=
[
  ['findcudadevice',['findCudaDevice',['../select__device_8h.html#ad290a966c470a2f90cd47536101b881c',1,'select_device.h']]],
  ['freedevicearray',['freeDeviceArray',['../particleSystem_8cuh.html#a53e87581ec0a3ed8973bc2d5d8276f96',1,'freeDeviceArray(void *devPtr):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a53e87581ec0a3ed8973bc2d5d8276f96',1,'freeDeviceArray(void *devPtr):&#160;particleSystem_cuda.cu']]]
];
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var searchData=
[
  ['calcgridhash',['calcGridHash',['../particles__kernel__impl_8cuh.html#ad20ac253847311c176aacf9a224e14e5',1,'particles_kernel_impl.cuh']]],
  ['calcgridpos',['calcGridPos',['../particles__kernel__impl_8cuh.html#a63d62750e6cbb8781c5ff252fc13c1fd',1,'particles_kernel_impl.cuh']]],
  ['calchash',['calcHash',['../particleSystem_8cuh.html#ae0a4037d25e768622443077546399cf2',1,'calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ae0a4037d25e768622443077546399cf2',1,'calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles):&#160;particleSystem_cuda.cu']]],
  ['calchashd',['calcHashD',['../particles__kernel__impl_8cuh.html#a4c688195fb1c2963cbdcaf62c737b9d7',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fforces_5fcelllist',['calculate_forces_celllist',['../particles__kernel__impl_8cuh.html#acf3264fc6ceb938557a0dcf120a7bdce',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fforces_5fnbody',['calculate_forces_nbody',['../particles__kernel__impl_8cuh.html#a4c1a8b307323364e67a336812ef7e01f',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fpotential_5fcelllist',['calculate_potential_celllist',['../particles__kernel__impl_8cuh.html#a8d7a0683d9f21fc5d52b06eb0d4bccb4',1,'particles_kernel_impl.cuh']]],
  ['calculateforcescell',['calculateForcesCell',['../particles__kernel__impl_8cuh.html#a6c2966c4af11986b6ed1a2e0f6c558f4',1,'particles_kernel_impl.cuh']]],
  ['calculatepotentialcell',['calculatePotentialCell',['../particles__kernel__impl_8cuh.html#aceb88ed470017ac98739654474811cf8',1,'particles_kernel_impl.cuh']]],
  ['celllist',['CELLLIST',['../classParticleSystem.html#aec4e95c30b40be0bccff18585b365b37ad5615649478e8cd22b9753dcce084553',1,'ParticleSystem']]],
  ['cellsize',['cellSize',['../structSimParams.html#ad5d71ad4ba6acc829a35f47b3da3e169',1,'SimParams']]],
  ['checkcudacapabilities',['checkCudaCapabilities',['../select__device_8h.html#a73f2cf162d51d96268a9dcf3db73ffd7',1,'select_device.h']]],
  ['checkdevicecapabilities',['checkDeviceCapabilities',['../particles_8cpp.html#a0f3e8ae8112f9e6c9d7b7e0c6821284c',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu'],['../particleSystem_8cuh.html#aff1ef612863d739b65a89945b10e7c93',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a0f3e8ae8112f9e6c9d7b7e0c6821284c',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu']]],
  ['computegridsize',['computeGridSize',['../particleSystem__cuda_8cu.html#a78e8aa50e0629b57cff219a2fa753ed0',1,'particleSystem_cuda.cu']]],
  ['config_5fgrid',['CONFIG_GRID',['../classParticleSystem.html#a1dca3996c8068602412ef9f7826605d1aa6bd9e92edfc102877bf103547397b47',1,'ParticleSystem']]],
  ['config_5frandom',['CONFIG_RANDOM',['../classParticleSystem.html#a1dca3996c8068602412ef9f7826605d1a053c69e4e6b094605ea152a644e7c9ee',1,'ParticleSystem']]],
  ['copyarrayfromdevice',['copyArrayFromDevice',['../particleSystem_8cuh.html#aa68f0f88df21c30b7ed6dd1b518a198a',1,'copyArrayFromDevice(void *host, const void *device, int size):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#aa68f0f88df21c30b7ed6dd1b518a198a',1,'copyArrayFromDevice(void *host, const void *device, int size):&#160;particleSystem_cuda.cu']]],
  ['copyarraytodevice',['copyArrayToDevice',['../particleSystem_8cuh.html#ac4d4ecd921dbed6c2deef639ca295374',1,'copyArrayToDevice(void *device, const void *host, int offset, int size):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ac4d4ecd921dbed6c2deef639ca295374',1,'copyArrayToDevice(void *device, const void *host, int offset, int size):&#160;particleSystem_cuda.cu']]],
  ['count',['count',['../classErrorAnalysis.html#a03e0a85e545cda8239df5b34f6b86b21',1,'ErrorAnalysis']]],
  ['cuda_5ferrorcheck_2ecuh',['cuda_errorcheck.cuh',['../cuda__errorcheck_8cuh.html',1,'']]],
  ['cuda_5ftimer_2ecuh',['cuda_timer.cuh',['../cuda__timer_8cuh.html',1,'']]],
  ['cudainit',['cudaInit',['../particles_8cpp.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu'],['../particleSystem_8cuh.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu']]],
  ['cutoff',['cutoff',['../structSimParams.html#a8aa0141b96e3f68e3ee051c1471a11a0',1,'SimParams']]]
];
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var searchData=
[
  ['particlearray',['ParticleArray',['../classParticleSystem.html#a332fbe57a36aaea5c18b4ea4fba6bbb3',1,'ParticleSystem']]],
  ['particleconfig',['ParticleConfig',['../classParticleSystem.html#a1dca3996c8068602412ef9f7826605d1',1,'ParticleSystem']]]
];
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var searchData=
[
  ['velocity',['VELOCITY',['../classParticleSystem.html#a332fbe57a36aaea5c18b4ea4fba6bbb3a3702de73065f01b4f6ffa604b799e53d',1,'ParticleSystem']]]
];
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var searchData=
[
  ['temperature',['temperature',['../structSimParams.html#a5719b9bbd52aa92b13d7425994ea06ce',1,'SimParams']]],
  ['thrustreduce',['thrustReduce',['../particleSystem_8cuh.html#aa5120e8e73fc7cb333983f7588d7c072',1,'thrustReduce(float *array, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a91c8ccee7433d5bc91d2dfcd538dd2a4',1,'thrustReduce(float *array, uint length):&#160;particleSystem_cuda.cu']]],
  ['tile_5fcalculation',['tile_calculation',['../particles__kernel__impl_8cuh.html#a555077cc7a8ad24d907b3150c86c734e',1,'particles_kernel_impl.cuh']]],
  ['todo_20list',['Todo List',['../todo.html',1,'']]]
];
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var searchData=
[
  ['nbody',['NBODY',['../classParticleSystem.html#aec4e95c30b40be0bccff18585b365b37a71e60a4e7bf16582497a623182c242b3',1,'ParticleSystem']]]
];
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var searchData=
[
  ['cellsize',['cellSize',['../structSimParams.html#ad5d71ad4ba6acc829a35f47b3da3e169',1,'SimParams']]],
  ['count',['count',['../classErrorAnalysis.html#a03e0a85e545cda8239df5b34f6b86b21',1,'ErrorAnalysis']]],
  ['cutoff',['cutoff',['../structSimParams.html#a8aa0141b96e3f68e3ee051c1471a11a0',1,'SimParams']]]
];
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var searchData=
[
  ['rand_5fnormal',['rand_normal',['../classBoostRNG.html#a9b5bbffc4c37afdd87f027e18d20aec7',1,'BoostRNG']]],
  ['rand_5funiform',['rand_uniform',['../classBoostRNG.html#a1debfc04e184e80058f50cdef4fdd11c',1,'BoostRNG']]],
  ['rng',['rng',['../classBoostRNG.html#a506e16b6948ffcc8864378e7c7247be0',1,'BoostRNG']]]
];
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var searchData=
[
  ['temperature',['temperature',['../structSimParams.html#a5719b9bbd52aa92b13d7425994ea06ce',1,'SimParams']]]
];
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var searchData=
[
  ['variance',['variance',['../classErrorAnalysis.html#a48f3d14a8f346ba528912c0228982d95',1,'ErrorAnalysis']]]
];
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var searchData=
[
  ['integrate1_5ffunctor',['integrate1_functor',['../structintegrate1__functor.html',1,'']]],
  ['integrate2_5ffunctor',['integrate2_functor',['../structintegrate2__functor.html',1,'']]]
];
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var searchData=
[
  ['cuda_5ferrorcheck_2ecuh',['cuda_errorcheck.cuh',['../cuda__errorcheck_8cuh.html',1,'']]],
  ['cuda_5ftimer_2ecuh',['cuda_timer.cuh',['../cuda__timer_8cuh.html',1,'']]]
];
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var searchData=
[
  ['operator_28_29',['operator()',['../structintegrate1__functor.html#a9bee3112ee1b17079187728845bd1003',1,'integrate1_functor::operator()()'],['../structintegrate2__functor.html#a6dc150fb39eedd154c1c094b2080a440',1,'integrate2_functor::operator()()']]]
];
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var searchData=
[
  ['nbody',['NBODY',['../classParticleSystem.html#aec4e95c30b40be0bccff18585b365b37a71e60a4e7bf16582497a623182c242b3',1,'ParticleSystem']]],
  ['normal',['normal',['../classBoostRNG.html#a3f921a9c3ca5e2c1efda19c2983bc294',1,'BoostRNG']]],
  ['nrbins',['nrBins',['../classErrorAnalysis.html#a8ba1778c2b48ff98e75adaec74f007d8',1,'ErrorAnalysis']]],
  ['nrsamples',['nrSamples',['../classErrorAnalysis.html#acb2e9741a18be23e8d86887de2eb9abd',1,'ErrorAnalysis']]],
  ['numcells',['numCells',['../structSimParams.html#a9d51112b7e86d46b6f33126a67cc84b4',1,'SimParams']]]
];
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var searchData=
[
  ['particlesystem',['ParticleSystem',['../classParticleSystem.html',1,'']]]
];
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var searchData=
[
  ['uint',['uint',['../particles__kernel_8cuh.html#a91ad9478d81a7aaf2593e8d9c3d06a14',1,'particles_kernel.cuh']]],
  ['uniform',['uniform',['../classBoostRNG.html#a2d347bedb1a65afc62de12bb10f80d24',1,'BoostRNG']]]
];
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var searchData=
[
  ['_5f_5fmycudacheckerror',['__myCudaCheckError',['../cuda__errorcheck_8cuh.html#a308b90075a55d95f4b30b289a82048c6',1,'cuda_errorcheck.cuh']]],
  ['_5f_5fmycudasafecall',['__myCudaSafeCall',['../cuda__errorcheck_8cuh.html#a3586063994b93b14cadc5eea74a3785d',1,'cuda_errorcheck.cuh']]],
  ['_5fconvertsmver2cores',['_ConvertSMVer2Cores',['../select__device_8h.html#a1d4e590d5ed3de8d5b87a04aae952725',1,'select_device.h']]],
  ['_5ffinalize',['_finalize',['../classParticleSystem.html#a5d6a52db7d1277c8fe734ecceb69e5c6',1,'ParticleSystem']]],
  ['_5finitialize',['_initialize',['../classParticleSystem.html#a2b2eea41cd527cf151ef8a16198bcb74',1,'ParticleSystem']]]
];
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var searchData=
[
  ['error_5fanalysis_2ecpp',['error_analysis.cpp',['../error__analysis_8cpp.html',1,'']]],
  ['error_5fanalysis_2ehpp',['error_analysis.hpp',['../error__analysis_8hpp.html',1,'']]]
];
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var searchData=
[
  ['pi_5ff',['PI_F',['../particleSystem_8cpp.html#a424474293274d0c4fa04da4151f420e5',1,'particleSystem.cpp']]]
];
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var searchData=
[
  ['uint',['uint',['../particles__kernel_8cuh.html#a91ad9478d81a7aaf2593e8d9c3d06a14',1,'particles_kernel.cuh']]]
];
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var searchData=
[
  ['worldorigin',['worldOrigin',['../structSimParams.html#a1ed7465773f15f2874650f19cec3d0a9',1,'SimParams']]],
  ['writeforgl',['writeForGL',['../classParticleSystem.html#aabf96b4ef269ae587bdb551ebe5b7293',1,'ParticleSystem']]]
];
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var searchData=
[
  ['rand_5fnormal',['rand_normal',['../classBoostRNG.html#a9b5bbffc4c37afdd87f027e18d20aec7',1,'BoostRNG']]],
  ['rand_5funiform',['rand_uniform',['../classBoostRNG.html#a1debfc04e184e80058f50cdef4fdd11c',1,'BoostRNG']]],
  ['reorderdataandfindcellstart',['reorderDataAndFindCellStart',['../particleSystem_8cuh.html#ae92cbbeb6990b97371d02e0b0c77760a',1,'reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ae92cbbeb6990b97371d02e0b0c77760a',1,'reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells):&#160;particleSystem_cuda.cu']]],
  ['reorderdataandfindcellstartd',['reorderDataAndFindCellStartD',['../particles__kernel__impl_8cuh.html#adbe9a273d5fc2340233e19d73ae64556',1,'particles_kernel_impl.cuh']]],
  ['resetpos',['resetPos',['../classParticleSystem.html#aac562fbc59ce293910faec6badd91617',1,'ParticleSystem']]],
  ['resetvel',['resetVel',['../classParticleSystem.html#a921c3533927ac919eae44778c71a0f11',1,'ParticleSystem']]],
  ['rng',['rng',['../classBoostRNG.html#a506e16b6948ffcc8864378e7c7247be0',1,'BoostRNG']]]
];










html/search/classes_62.js


var searchData=
[
  ['boostrng',['BoostRNG',['../classBoostRNG.html',1,'']]]
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var searchData=
[
  ['_7eeventtimer',['~EventTimer',['../classEventTimer.html#af512f855ddfe47c32863ec12315c0f05',1,'EventTimer']]],
  ['_7eparticlesystem',['~ParticleSystem',['../classParticleSystem.html#a6bc725349a763b9d6817950cde16a93f',1,'ParticleSystem']]]
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var searchData=
[
  ['findcudadevice',['findCudaDevice',['../select__device_8h.html#ad290a966c470a2f90cd47536101b881c',1,'select_device.h']]],
  ['freedevicearray',['freeDeviceArray',['../particleSystem_8cuh.html#a53e87581ec0a3ed8973bc2d5d8276f96',1,'freeDeviceArray(void *devPtr):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a53e87581ec0a3ed8973bc2d5d8276f96',1,'freeDeviceArray(void *devPtr):&#160;particleSystem_cuda.cu']]]
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var searchData=
[
  ['getarray',['getArray',['../classParticleSystem.html#a8bdfaa6198651ef0ceb8be489ecd78e3',1,'ParticleSystem']]],
  ['getcellsize',['getCellSize',['../classParticleSystem.html#a608bcb87f3d30fbfeae810da28ae1052',1,'ParticleSystem']]],
  ['getgridsize',['getGridSize',['../classParticleSystem.html#af94ba180bcb348afcfd81bb699d6aab0',1,'ParticleSystem']]],
  ['getnumparticles',['getNumParticles',['../classParticleSystem.html#a6f89e8d4c3e3e328088b7d652cee84b0',1,'ParticleSystem']]],
  ['getseed',['getSeed',['../classBoostRNG.html#ad9b34b232f33963444fa7cbe4834959c',1,'BoostRNG']]],
  ['getworldorigin',['getWorldOrigin',['../classParticleSystem.html#a19d9bb799a5b5704d8fd6a286f6be20d',1,'ParticleSystem']]],
  ['gpudeviceinit',['gpuDeviceInit',['../select__device_8h.html#a48513809a5d2d378a9820767a2bc121d',1,'select_device.h']]],
  ['gpugetmaxgflopsdeviceid',['gpuGetMaxGflopsDeviceId',['../select__device_8h.html#afbfb91900f4dae6f6fd4a86c9cdfe2c2',1,'select_device.h']]],
  ['gridsize',['gridSize',['../structSimParams.html#a4cfb18ff777876da3ad69aae6e023949',1,'SimParams']]]
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var searchData=
[
  ['boost_5frng_2ecpp',['boost_rng.cpp',['../boost__rng_8cpp.html',1,'']]],
  ['boost_5frng_2ehpp',['boost_rng.hpp',['../boost__rng_8hpp.html',1,'']]]
];
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var searchData=
[
  ['simparams',['SimParams',['../structSimParams.html',1,'']]]
];
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var searchData=
[
  ['_5f_5fmycudacheckerror',['__myCudaCheckError',['../cuda__errorcheck_8cuh.html#a308b90075a55d95f4b30b289a82048c6',1,'cuda_errorcheck.cuh']]],
  ['_5f_5fmycudasafecall',['__myCudaSafeCall',['../cuda__errorcheck_8cuh.html#a3586063994b93b14cadc5eea74a3785d',1,'cuda_errorcheck.cuh']]],
  ['_5fboxsize',['_boxSize',['../structintegrate1__functor.html#ab460b5c53b3bb560f94c300941e03fc6',1,'integrate1_functor']]],
  ['_5fconvertsmver2cores',['_ConvertSMVer2Cores',['../select__device_8h.html#a1d4e590d5ed3de8d5b87a04aae952725',1,'select_device.h']]],
  ['_5fdt',['_dt',['../structintegrate1__functor.html#a60daf9e9ce31bc1ca266285ae40502bd',1,'integrate1_functor::_dt()'],['../structintegrate2__functor.html#aec6a9153a74c85fa213c3f9267c8f2db',1,'integrate2_functor::_dt()']]],
  ['_5ffinalize',['_finalize',['../classParticleSystem.html#a5d6a52db7d1277c8fe734ecceb69e5c6',1,'ParticleSystem']]],
  ['_5finitialize',['_initialize',['../classParticleSystem.html#a2b2eea41cd527cf151ef8a16198bcb74',1,'ParticleSystem']]]
];
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var searchData=
[
  ['samplesperbin',['samplesPerBin',['../classErrorAnalysis.html#a8167a6df5d4a59fbdadbcb5f621ec392',1,'ErrorAnalysis']]],
  ['seed',['seed',['../classBoostRNG.html#a151b14eea06299db989a38ddcefa4eef',1,'BoostRNG']]]
];
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var searchData=
[
  ['thrustreduce',['thrustReduce',['../particleSystem_8cuh.html#aa5120e8e73fc7cb333983f7588d7c072',1,'thrustReduce(float *array, uint numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a91c8ccee7433d5bc91d2dfcd538dd2a4',1,'thrustReduce(float *array, uint length):&#160;particleSystem_cuda.cu']]],
  ['tile_5fcalculation',['tile_calculation',['../particles__kernel__impl_8cuh.html#a555077cc7a8ad24d907b3150c86c734e',1,'particles_kernel_impl.cuh']]]
];
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var searchData=
[
  ['devicesync',['deviceSync',['../particleSystem__cuda_8cu.html#aad056517acf9ee162e6f4bbb85968046',1,'particleSystem_cuda.cu']]],
  ['dist_5fnormal',['dist_normal',['../classBoostRNG.html#a1553de8238cf97ba785b4c1c38e30c52',1,'BoostRNG']]],
  ['dist_5funiform',['dist_uniform',['../classBoostRNG.html#adba1eb4ab249374394df6d784b4fab40',1,'BoostRNG']]],
  ['done',['done',['../classErrorAnalysis.html#ac83f94fe11d8280f8571a416bac7a211',1,'ErrorAnalysis']]],
  ['dumpgrid',['dumpGrid',['../classParticleSystem.html#a722bdb7cc940f052400a69fe9569a49e',1,'ParticleSystem']]],
  ['dumpparticles',['dumpParticles',['../classParticleSystem.html#a9025f319e07c58c6ece1cd2a620ce33a',1,'ParticleSystem']]]
];
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var searchData=
[
  ['select_5fdevice_2eh',['select_device.h',['../select__device_8h.html',1,'']]]
];
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var searchData=
[
  ['m_5fbinitialized',['m_bInitialized',['../classParticleSystem.html#a21bbfba9d8701a70bc6fddbf4fc3f5bd',1,'ParticleSystem']]],
  ['m_5fboxsize',['m_boxSize',['../classParticleSystem.html#a7c8cd2d792dc493222326a588dfb885c',1,'ParticleSystem']]],
  ['m_5fcutoff',['m_cutoff',['../classParticleSystem.html#a3bbb0ab986101146527462453dbb9975',1,'ParticleSystem']]],
  ['m_5fdacc',['m_dAcc',['../classParticleSystem.html#acbc38f53bf0723e3cf614c1edcdce304',1,'ParticleSystem']]],
  ['m_5fdcellend',['m_dCellEnd',['../classParticleSystem.html#a3a0b9c760c2bfcf811d54b8194ebea01',1,'ParticleSystem']]],
  ['m_5fdcellstart',['m_dCellStart',['../classParticleSystem.html#a137909a8b34f7a42e50cd0fcc86bb784',1,'ParticleSystem']]],
  ['m_5fdensity',['m_density',['../classParticleSystem.html#a9e6e7e2dc4e1335f3502db0168f66d7b',1,'ParticleSystem']]],
  ['m_5fdgridparticlehash',['m_dGridParticleHash',['../classParticleSystem.html#ab44080655971a5501eaee6ad7355a139',1,'ParticleSystem']]],
  ['m_5fdgridparticleindex',['m_dGridParticleIndex',['../classParticleSystem.html#a1a67fc1e3ffd4e64f55a2a315c49c74c',1,'ParticleSystem']]],
  ['m_5fdkineticenergy',['m_dKineticEnergy',['../classParticleSystem.html#a5ee9644eda7620f3bc7c0421b1b0361a',1,'ParticleSystem']]],
  ['m_5fdpos',['m_dPos',['../classParticleSystem.html#afff6217d2726217dff77c81ef3c23bfa',1,'ParticleSystem']]],
  ['m_5fdpotentialenergy',['m_dPotentialEnergy',['../classParticleSystem.html#a0cd0b2add3bc4480afb0a87b7b6306b1',1,'ParticleSystem']]],
  ['m_5fdsortedpos',['m_dSortedPos',['../classParticleSystem.html#ab60e8b5a312b2f400b10dfba5153fc3c',1,'ParticleSystem']]],
  ['m_5fdvel',['m_dVel',['../classParticleSystem.html#a5efd31a2fdba8d98b105f4e546964cb5',1,'ParticleSystem']]],
  ['m_5fdvirial',['m_dVirial',['../classParticleSystem.html#a155f5d79682566ce8968d7540f0ea595',1,'ParticleSystem']]],
  ['m_5fgridsize',['m_gridSize',['../classParticleSystem.html#ad555b31501a258d776e8c72c96178aa0',1,'ParticleSystem']]],
  ['m_5fhacc',['m_hAcc',['../classParticleSystem.html#a726b15d66790db618d823256139e6426',1,'ParticleSystem']]],
  ['m_5fhcellend',['m_hCellEnd',['../classParticleSystem.html#a8d8ad2d142f3a5b83f2c10a46f5d7a8b',1,'ParticleSystem']]],
  ['m_5fhcellstart',['m_hCellStart',['../classParticleSystem.html#a8412ecd991c14d906fcebba42bdeffd3',1,'ParticleSystem']]],
  ['m_5fhparticlehash',['m_hParticleHash',['../classParticleSystem.html#a4280ede7d75e44c8c0d4edfa5ee7dd02',1,'ParticleSystem']]],
  ['m_5fhpos',['m_hPos',['../classParticleSystem.html#ab9d75471d2eaaeb8fa98d2f3f47d9c25',1,'ParticleSystem']]],
  ['m_5fhvel',['m_hVel',['../classParticleSystem.html#a20560c896ee8a8bbc827a8e5902da7e2',1,'ParticleSystem']]],
  ['m_5finstanttemperature',['m_instantTemperature',['../classParticleSystem.html#a2573b2564840001c2816c389f077cce4',1,'ParticleSystem']]],
  ['m_5fkineticenergy',['m_kineticEnergy',['../classParticleSystem.html#a88881223c56a55a4840075782e055093',1,'ParticleSystem']]],
  ['m_5fnumgridcells',['m_numGridCells',['../classParticleSystem.html#aa1ef17d723af5d7a4685e8fd57e9ca89',1,'ParticleSystem']]],
  ['m_5fnumparticles',['m_numParticles',['../classParticleSystem.html#a23d238efa80a647d4b6cde034f486a91',1,'ParticleSystem']]],
  ['m_5foutdir',['m_outdir',['../classParticleSystem.html#a000e78842bab9394b9771eb142255925',1,'ParticleSystem']]],
  ['m_5fparams',['m_params',['../classParticleSystem.html#ab765472aed6a1b5f0d2f98a3a906c417',1,'ParticleSystem']]],
  ['m_5fpotentialenergy',['m_potentialEnergy',['../classParticleSystem.html#a62ba4c7012cc0b4ff512a268fe8023d4',1,'ParticleSystem']]],
  ['m_5fpotentialenergycorrection',['m_potentialEnergyCorrection',['../classParticleSystem.html#a281cbeb2d9991295fd967181dfe6e80c',1,'ParticleSystem']]],
  ['m_5fpressure',['m_pressure',['../classParticleSystem.html#a1beb6f00ab836adae1e351cd2af66460',1,'ParticleSystem']]],
  ['m_5fpressurecorrection',['m_pressureCorrection',['../classParticleSystem.html#a2ac01017f5f41bb4abdbe0b8f5867272',1,'ParticleSystem']]],
  ['m_5frng',['m_rng',['../classParticleSystem.html#a8f7f5d8ba372293bc656e8caf3411b64',1,'ParticleSystem']]],
  ['m_5ftemperature',['m_temperature',['../classParticleSystem.html#a49ce20aa96e8f5d084e7f8a390c97ed1',1,'ParticleSystem']]],
  ['m_5fvelscaling',['m_velscaling',['../classParticleSystem.html#ad1122e022569486968777d7996b17aa3',1,'ParticleSystem']]],
  ['m_5fvirial',['m_virial',['../classParticleSystem.html#a4f198f8b0011cc35a730e7d1e0aaa344',1,'ParticleSystem']]],
  ['mstart',['mStart',['../classEventTimer.html#a75c703e3c4fa07a922391a2156e229ce',1,'EventTimer']]],
  ['mstop',['mStop',['../classEventTimer.html#a46f01dbbb74005e19e6a975f7b64f3d3',1,'EventTimer']]],
  ['mstopped',['mStopped',['../classEventTimer.html#a2d2d84970951449570c59c387e9b834d',1,'EventTimer']]]
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var searchData=
[
  ['params',['params',['../particles__kernel__impl_8cuh.html#a8db8938e28edd17862daf58651051bdc',1,'particles_kernel_impl.cuh']]],
  ['potentialcorrection',['potentialCorrection',['../structSimParams.html#aa55f7090ad7e5161e2334cac235051f8',1,'SimParams']]],
  ['psystem',['psystem',['../particles_8cpp.html#a6fa81770b30ecffc7110864e64fe4fc5',1,'particles.cpp']]]
];
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var searchData=
[
  ['worldorigin',['worldOrigin',['../structSimParams.html#a1ed7465773f15f2874650f19cec3d0a9',1,'SimParams']]]
];
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var searchData=
[
  ['gridsize',['gridSize',['../structSimParams.html#a4cfb18ff777876da3ad69aae6e023949',1,'SimParams']]]
];
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var searchData=
[
  ['reorderdataandfindcellstart',['reorderDataAndFindCellStart',['../particleSystem_8cuh.html#ae92cbbeb6990b97371d02e0b0c77760a',1,'reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ae92cbbeb6990b97371d02e0b0c77760a',1,'reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells):&#160;particleSystem_cuda.cu']]],
  ['reorderdataandfindcellstartd',['reorderDataAndFindCellStartD',['../particles__kernel__impl_8cuh.html#adbe9a273d5fc2340233e19d73ae64556',1,'particles_kernel_impl.cuh']]],
  ['resetpos',['resetPos',['../classParticleSystem.html#aac562fbc59ce293910faec6badd91617',1,'ParticleSystem']]],
  ['resetvel',['resetVel',['../classParticleSystem.html#a921c3533927ac919eae44778c71a0f11',1,'ParticleSystem']]]
];










html/search/functions_63.js


var searchData=
[
  ['calcgridhash',['calcGridHash',['../particles__kernel__impl_8cuh.html#ad20ac253847311c176aacf9a224e14e5',1,'particles_kernel_impl.cuh']]],
  ['calcgridpos',['calcGridPos',['../particles__kernel__impl_8cuh.html#a63d62750e6cbb8781c5ff252fc13c1fd',1,'particles_kernel_impl.cuh']]],
  ['calchash',['calcHash',['../particleSystem_8cuh.html#ae0a4037d25e768622443077546399cf2',1,'calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ae0a4037d25e768622443077546399cf2',1,'calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles):&#160;particleSystem_cuda.cu']]],
  ['calchashd',['calcHashD',['../particles__kernel__impl_8cuh.html#a4c688195fb1c2963cbdcaf62c737b9d7',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fforces_5fcelllist',['calculate_forces_celllist',['../particles__kernel__impl_8cuh.html#acf3264fc6ceb938557a0dcf120a7bdce',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fforces_5fnbody',['calculate_forces_nbody',['../particles__kernel__impl_8cuh.html#a4c1a8b307323364e67a336812ef7e01f',1,'particles_kernel_impl.cuh']]],
  ['calculate_5fpotential_5fcelllist',['calculate_potential_celllist',['../particles__kernel__impl_8cuh.html#a8d7a0683d9f21fc5d52b06eb0d4bccb4',1,'particles_kernel_impl.cuh']]],
  ['calculateforcescell',['calculateForcesCell',['../particles__kernel__impl_8cuh.html#a6c2966c4af11986b6ed1a2e0f6c558f4',1,'particles_kernel_impl.cuh']]],
  ['calculatepotentialcell',['calculatePotentialCell',['../particles__kernel__impl_8cuh.html#aceb88ed470017ac98739654474811cf8',1,'particles_kernel_impl.cuh']]],
  ['checkcudacapabilities',['checkCudaCapabilities',['../select__device_8h.html#a73f2cf162d51d96268a9dcf3db73ffd7',1,'select_device.h']]],
  ['checkdevicecapabilities',['checkDeviceCapabilities',['../particles_8cpp.html#a0f3e8ae8112f9e6c9d7b7e0c6821284c',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu'],['../particleSystem_8cuh.html#aff1ef612863d739b65a89945b10e7c93',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a0f3e8ae8112f9e6c9d7b7e0c6821284c',1,'checkDeviceCapabilities(int major, int minor):&#160;particleSystem_cuda.cu']]],
  ['computegridsize',['computeGridSize',['../particleSystem__cuda_8cu.html#a78e8aa50e0629b57cff219a2fa753ed0',1,'particleSystem_cuda.cu']]],
  ['copyarrayfromdevice',['copyArrayFromDevice',['../particleSystem_8cuh.html#aa68f0f88df21c30b7ed6dd1b518a198a',1,'copyArrayFromDevice(void *host, const void *device, int size):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#aa68f0f88df21c30b7ed6dd1b518a198a',1,'copyArrayFromDevice(void *host, const void *device, int size):&#160;particleSystem_cuda.cu']]],
  ['copyarraytodevice',['copyArrayToDevice',['../particleSystem_8cuh.html#ac4d4ecd921dbed6c2deef639ca295374',1,'copyArrayToDevice(void *device, const void *host, int offset, int size):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#ac4d4ecd921dbed6c2deef639ca295374',1,'copyArrayToDevice(void *device, const void *host, int offset, int size):&#160;particleSystem_cuda.cu']]],
  ['cudainit',['cudaInit',['../particles_8cpp.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu'],['../particleSystem_8cuh.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu'],['../particleSystem__cuda_8cu.html#a3deaacc6e9c7a3f2ee7543c7dfa6f956',1,'cudaInit(int cmdArgDevice):&#160;particleSystem_cuda.cu']]]
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  ['particlesystem_5fcuda_2ecu',['particleSystem_cuda.cu',['../particleSystem__cuda_8cu.html',1,'']]],
  ['pi_5ff',['PI_F',['../particleSystem_8cpp.html#a424474293274d0c4fa04da4151f420e5',1,'particleSystem.cpp']]],
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BoostRNG Member List
  





This is the complete list of members for BoostRNG, including all inherited members.





  				BoostRNG(uint _seed)				BoostRNG				




  				dist_normal				BoostRNG				private




  				dist_uniform				BoostRNG				private




  				getSeed()				BoostRNG				




  				normal()				BoostRNG				




  				rand_normal				BoostRNG				private




  				rand_uniform				BoostRNG				private




  				rng				BoostRNG				private




  				seed				BoostRNG				private




  				uniform()				BoostRNG				
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				cuda_helper



  









  
cuda_errorcheck.cuh
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00008]    8 #pragma once

[bookmark: l00009]    9 #ifndef CUDA_ERRORCHECK_CUH

[bookmark: l00010]   10 

[bookmark: l00011]   11 #define CUDA_ERRORCHECK_CUH

[bookmark: l00012]   12 

[bookmark: l00014]   14 #include <cstdlib> //for EXIT_FAILURE

[bookmark: l00015]   15 #include <cstdio>

[bookmark: l00016]   16 

[bookmark: l00021]   21 #define myCudaSafeCall( err ) __myCudaSafeCall( err, __FILE__, __LINE__ )

[bookmark: l00022]   22 

[bookmark: l00026]   26 #define myCudaCheckError()    __myCudaCheckError( __FILE__, __LINE__ )

[bookmark: l00027]   27 

[bookmark: l00031]   31 inline void __myCudaSafeCall( cudaError err, const char *file, const int line ) {

[bookmark: l00032]   32         #ifdef CUDA_ERROR_CHECK

[bookmark: l00033]   33         if ( cudaSuccess != err ) {

[bookmark: l00034]   34                 fprintf( stderr, "myCudaSafeCall() failed at %s:%i : %s\n", file, line, cudaGetErrorString( err ) );

[bookmark: l00035]   35                 exit(EXIT_FAILURE);

[bookmark: l00036]   36         }

[bookmark: l00037]   37         #endif

[bookmark: l00038]   38         return;

[bookmark: l00039]   39 }

[bookmark: l00040]   40 

[bookmark: l00044]   44 inline void __myCudaCheckError( const char *file, const int line ) {

[bookmark: l00045]   45         #ifdef CUDA_ERROR_CHECK

[bookmark: l00046]   46         cudaError err = cudaGetLastError();

[bookmark: l00047]   47         if ( cudaSuccess != err ) {

[bookmark: l00048]   48                 fprintf( stderr, "myCudaCheckError() failed at %s:%i : %s\n",

[bookmark: l00049]   49                 file, line, cudaGetErrorString( err ) );

[bookmark: l00050]   50                 exit(EXIT_FAILURE);

[bookmark: l00051]   51         }

[bookmark: l00052]   52 

[bookmark: l00053]   53         // More careful checking. However, this will affect performance.

[bookmark: l00054]   54         // Comment away if needed.

[bookmark: l00055]   55         err = cudaDeviceSynchronize();

[bookmark: l00056]   56         if( cudaSuccess != err ) {

[bookmark: l00057]   57                 fprintf( stderr, "cudaCheckError() with sync failed at %s:%i : %s\n", file, line, cudaGetErrorString( err ) );

[bookmark: l00058]   58                 exit(EXIT_FAILURE);

[bookmark: l00059]   59         }

[bookmark: l00060]   60         #endif

[bookmark: l00061]   61         return;

[bookmark: l00062]   62 }

[bookmark: l00063]   63 

[bookmark: l00064]   64 #endif

__myCudaCheckError
void __myCudaCheckError(const char *file, const int line)
My version of cudaCheckError. 
Definition: cuda_errorcheck.cuh:44


__myCudaSafeCall
void __myCudaSafeCall(cudaError err, const char *file, const int line)
My version of cudaSafeCall. 
Definition: cuda_errorcheck.cuh:31
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integrate2_functor Struct Reference
  





functor for the second step of the Verlet integrator.  
 More...





				[bookmark: pub-methods]
Public Member Functions








				
__host__ __device__ 				integrate2_functor (float dt)




				 				Constructor. 





				 




				template<typename Tuple > 




				__host__ __device__ void 				operator() (Tuple t)




				 				overloaded operator(), actual Verlet integration.  More...





				 









				[bookmark: pub-attribs]
Public Attributes








				
float 				_dt




				 				timestep 





				 









[bookmark: details]Detailed Description




functor for the second step of the Verlet integrator. 




Executes [image: $ v = v + 0.5 a \Delta t $] after the new acceleration is computed by accelerateCelllists or accelerateNBody.




See integrate1_functor for more information. 




				See Also



				integrate1_functor 









Definition at line 77 of file particles_kernel_impl.cuh.





Member Function Documentation








template<typename Tuple > 


  
  				
      
        
          				__host__ __device__ void integrate2_functor::operator() 
          				(
          				Tuple 
          				t				)
          				
        




      




  
  				
inline  
  












overloaded operator(), actual Verlet integration. 




				Parameters



				
  
    				[in,out]				t				templated parameter, in this case a thrust::tuple is passed. 




  




  









				Todo:



				volatile 









Definition at line 87 of file particles_kernel_impl.cuh.










The documentation for this struct was generated from the following file:
				code/particles_kernel_impl.cuh
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				code



  









  
boost_rng.cpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00008]    8 #include "boost_rng.hpp"

[bookmark: l00009]    9 

[bookmark: l00010]   10 BoostRNG::BoostRNG(uint _seed) : 

[bookmark: l00011]   11         seed(_seed), 

[bookmark: l00012]   12         rng(boost::mt19937(_seed)), 

[bookmark: l00013]   13         dist_normal(boost::normal_distribution<float>(0.0f,1.0f)), 

[bookmark: l00014]   14         dist_uniform(boost::uniform_real<float>(0.0f,1.0f)), 

[bookmark: l00015]   15         rand_normal(boost::variate_generator<boost::mt19937&, boost::normal_distribution<float> >(rng, dist_normal)),

[bookmark: l00016]   16         rand_uniform(boost::variate_generator<boost::mt19937&, boost::uniform_real<float> >(rng, dist_uniform))

[bookmark: l00017]   17 {}

[bookmark: l00018]   18 

[bookmark: l00019]   19 float BoostRNG::normal() {

[bookmark: l00020]   20         return rand_normal();

[bookmark: l00021]   21 }

[bookmark: l00022]   22 

[bookmark: l00023]   23 float BoostRNG::uniform() {

[bookmark: l00024]   24         return rand_uniform();

[bookmark: l00025]   25 }

[bookmark: l00026]   26 

[bookmark: l00027]   27 uint BoostRNG::getSeed(){

[bookmark: l00028]   28         return seed;

[bookmark: l00029]   29 }

[bookmark: l00030]   30         

[bookmark: l00031]   31         

BoostRNG::normal
float normal()
Returns a number from a normal distribution. 
Definition: boost_rng.cpp:19


BoostRNG::getSeed
uint getSeed()
Returns the seed of the rng. 
Definition: boost_rng.cpp:27


BoostRNG::BoostRNG
BoostRNG(uint _seed)
Constructor, initializes the BoostRNG class. 
Definition: boost_rng.cpp:10


BoostRNG::rand_normal
boost::variate_generator< boost::mt19937 &, boost::normal_distribution< float > > rand_normal
an instance of the variate generator class from boost, the template parameters specify that a referen...
Definition: boost_rng.hpp:32


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


BoostRNG::seed
uint seed
seed for the random number generator 
Definition: boost_rng.hpp:22


BoostRNG::uniform
float uniform()
Returns a number from a uniform distribution. 
Definition: boost_rng.cpp:23


boost_rng.hpp
Interface for the BoostRNG class. 


BoostRNG::rand_uniform
boost::variate_generator< boost::mt19937 &, boost::uniform_real< float > > rand_uniform
an instance of the variate generator class from boost, the template parameters specify that a referen...
Definition: boost_rng.hpp:39
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				ACCELERATION
: ParticleSystem





				CELLLIST
: ParticleSystem





				CONFIG_GRID
: ParticleSystem





				CONFIG_RANDOM
: ParticleSystem





				NBODY
: ParticleSystem





				POSITION
: ParticleSystem





				VELOCITY
: ParticleSystem
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Public Member Functions |
Private Member Functions |
Private Attributes |
List of all members  

  
ErrorAnalysis Class Reference
  





class for determining mean and error for a observable.  
 More...





#include <error_analysis.hpp>





				[bookmark: pub-methods]
Public Member Functions








				 				ErrorAnalysis (int _nrSamples, int _nrBins=10)




				 				Constructor.  More...





				 




				
void 				push (double value)




				 				Pushes a value to the correct bin. 





				 




				double 				mean ()




				 				Returns the mean.  More...





				 




				double 				variance ()




				 				Returns the unbiased estimator of the variance.  More...





				 




				double 				error ()




				 				Returns the standard error of the mean using the unbiased estimator of the variance.  More...





				 









				[bookmark: pri-methods]
Private Member Functions








				void 				process ()




				 				Processes the data.  More...





				 









				[bookmark: pri-attribs]
Private Attributes








				
bool 				done




				 				set to true if all samples are added and processed 





				 




				
int 				nrSamples




				 				total number of samples 





				 




				
int 				nrBins




				 				number of bins to divide the samples over 





				 




				
int 				samplesPerBin




				 				number of samples per bin 





				 




				
int 				count




				 				counter for number of samples already pushed 





				 




				
std::vector< double > 				bins




				 				vector of doubles to store the sum of the bins 





				 




				boost::accumulators::accumulator_set

< double, 

boost::accumulators::features

< boost::accumulators::tag::mean, 

boost::accumulators::tag::variance > > 				acc




				 				The boost accumulator set.  More...





				 









[bookmark: details]Detailed Description




class for determining mean and error for a observable. 




Uses batch means to avoid autocorrelation effects. 





Definition at line 23 of file error_analysis.hpp.





Constructor & Destructor Documentation







      
        
          				ErrorAnalysis::ErrorAnalysis 
          				(
          				int 
          				_nrSamples, 
        




        
          				
          				
          				int 
          				_nrBins = 10 
        




        
          				
          				)
          								
        




      







Constructor. 




Sets the correct vector size and initializes counter. 




				Parameters



				
  
    				_nrSamples				the total number of samples 




    				_nrBins				the number of bins to use, a minimum of 10 is recommended 




  




  










Definition at line 20 of file error_analysis.cpp.









Member Function Documentation







      
        
          				double ErrorAnalysis::error 
          				(
          								)
          				
        




      







Returns the standard error of the mean using the unbiased estimator of the variance. 




The standard error is given by [image: $\sqrt{s^2/N}$], where [image: $s^2$] is the unbiased estimator of the variance returned by ErrorAnalysis::variance(), and [image: $N$] is equal to ErrorAnalysis::nrBins.




First checks ErrorAnalysis::done if ErrorAnalysis::bins is processed already. If not, runs ErrorAnalysis::process() first. 




				See Also



				ErrorAnalysis::variance() 




				
ErrorAnalysis::process() 








				Returns



				the standard error of the mean 









Definition at line 106 of file error_analysis.cpp.












      
        
          				double ErrorAnalysis::mean 
          				(
          								)
          				
        




      







Returns the mean. 




First checks ErrorAnalysis::done if ErrorAnalysis::bins is processed already. If not, runs ErrorAnalysis::process() first. 




				See Also



				ErrorAnalysis::process 








				Returns



				the average of the pushed values 









Definition at line 67 of file error_analysis.cpp.













  
  				
      
        
          				void ErrorAnalysis::process 
          				(
          								)
          				
        




      




  
  				
private  
  












Processes the data. 




Checks first if all samples are added. Then divides the total of each bin in ErrorAnalysis::bins by the ErrorAnalysis::samplesPerBin Sets ErrorAnalysis::done to true. 





Definition at line 40 of file error_analysis.cpp.












      
        
          				double ErrorAnalysis::variance 
          				(
          								)
          				
        




      







Returns the unbiased estimator of the variance. 




The unbiased estimator of the variance (aka the sample variance) is given by [image: $s^2 = \frac{N}{N-1} n_2$], where [image: $N$] is equal to ErrorAnalysis::nrBins and [image: $n_2 = \frac{1}{N} \sum\limits_{i=1}^{N} (x_i - \bar{x})^2$] is the second sample central moment. The second sample central moment can be obtained by calling boost::accumulators::variance(arg), where arg is the boost::accumulators::accumulator_set, in our case ErrorAnalysis::acc.




First checks ErrorAnalysis::done if ErrorAnalysis::bins is processed already. If not, runs ErrorAnalysis::process() first. 




				See Also



				ErrorAnalysis::process() 




				
ErrorAnalysis::acc 








				Returns



				the unbiased estimator of the variance 









Definition at line 86 of file error_analysis.cpp.









Member Data Documentation








  
  				
      
        
          				boost::accumulators::accumulator_set< double, boost::accumulators::features< boost::accumulators::tag::mean, boost::accumulators::tag::variance > > ErrorAnalysis::acc
        




      




  
  				
private  
  












The boost accumulator set. 




Class that stores samples and can return features, such as mean and variance 




				See Also



				http://www.boost.org/doc/html/boost/accumulators/accumulator_set.html 









Definition at line 36 of file error_analysis.hpp.










The documentation for this class was generated from the following files:
				code/error_analysis.hpp




				code/error_analysis.cpp
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				cuda_helper



  









  
cutil_math.h
  




Go to the documentation of this file.[bookmark: l00001]    1 /*

[bookmark: l00002]    2  * Copyright 1993-2012 NVIDIA Corporation.  All rights reserved.

[bookmark: l00003]    3  *

[bookmark: l00004]    4  * Please refer to the NVIDIA end user license agreement (EULA) associated

[bookmark: l00005]    5  * with this source code for terms and conditions that govern your use of

[bookmark: l00006]    6  * this software. Any use, reproduction, disclosure, or distribution of

[bookmark: l00007]    7  * this software and related documentation outside the terms of the EULA

[bookmark: l00008]    8  * is strictly prohibited.

[bookmark: l00009]    9  *

[bookmark: l00010]   10  */

[bookmark: l00011]   11 

[bookmark: l00023]   23 #pragma once

[bookmark: l00024]   24 #ifndef CUTIL_MATH_H

[bookmark: l00025]   25 #define CUTIL_MATH_H

[bookmark: l00026]   26 

[bookmark: l00027]   27 #include "cuda_runtime.h"

[bookmark: l00028]   28 #include "stdlib.h"

[bookmark: l00029]   29 

[bookmark: l00031]   31 typedef unsigned int uint;

[bookmark: l00033]   33 typedef unsigned short ushort;

[bookmark: l00034]   34 

[bookmark: l00040]   40 #ifndef __CUDACC__

[bookmark: l00041]   41 #include <math.h>

[bookmark: l00042]   42 

[bookmark: l00044]   44 // host implementations of CUDA functions

[bookmark: l00046]   46 

[bookmark: l00047]   47 inline float fminf(float a, float b)

[bookmark: l00048]   48 {

[bookmark: l00049]   49     return a < b ? a : b;

[bookmark: l00050]   50 }

[bookmark: l00051]   51 

[bookmark: l00052]   52 inline float fmaxf(float a, float b)

[bookmark: l00053]   53 {

[bookmark: l00054]   54     return a > b ? a : b;

[bookmark: l00055]   55 }

[bookmark: l00056]   56 

[bookmark: l00057]   57 inline int max(int a, int b)

[bookmark: l00058]   58 {

[bookmark: l00059]   59     return a > b ? a : b;

[bookmark: l00060]   60 }

[bookmark: l00061]   61 

[bookmark: l00062]   62 inline int min(int a, int b)

[bookmark: l00063]   63 {

[bookmark: l00064]   64     return a < b ? a : b;

[bookmark: l00065]   65 }

[bookmark: l00066]   66 

[bookmark: l00067]   67 inline float rsqrtf(float x)

[bookmark: l00068]   68 {

[bookmark: l00069]   69     return 1.0f / sqrtf(x);

[bookmark: l00070]   70 }

[bookmark: l00071]   71 #endif

[bookmark: l00072]   72 

[bookmark: l00074]   74 // constructors

[bookmark: l00076]   76 

[bookmark: l00077]   77 inline __host__ __device__ float2 make_float2(float s)

[bookmark: l00078]   78 {

[bookmark: l00079]   79     return make_float2(s, s);

[bookmark: l00080]   80 }

[bookmark: l00081]   81 inline __host__ __device__ float2 make_float2(float3 a)

[bookmark: l00082]   82 {

[bookmark: l00083]   83     return make_float2(a.x, a.y);

[bookmark: l00084]   84 }

[bookmark: l00085]   85 inline __host__ __device__ float2 make_float2(int2 a)

[bookmark: l00086]   86 {

[bookmark: l00087]   87     return make_float2(float(a.x), float(a.y));

[bookmark: l00088]   88 }

[bookmark: l00089]   89 inline __host__ __device__ float2 make_float2(uint2 a)

[bookmark: l00090]   90 {

[bookmark: l00091]   91     return make_float2(float(a.x), float(a.y));

[bookmark: l00092]   92 }

[bookmark: l00093]   93 

[bookmark: l00094]   94 inline __host__ __device__ int2 make_int2(int s)

[bookmark: l00095]   95 {

[bookmark: l00096]   96     return make_int2(s, s);

[bookmark: l00097]   97 }

[bookmark: l00098]   98 inline __host__ __device__ int2 make_int2(int3 a)

[bookmark: l00099]   99 {

[bookmark: l00100]  100     return make_int2(a.x, a.y);

[bookmark: l00101]  101 }

[bookmark: l00102]  102 inline __host__ __device__ int2 make_int2(uint2 a)

[bookmark: l00103]  103 {

[bookmark: l00104]  104     return make_int2(int(a.x), int(a.y));

[bookmark: l00105]  105 }

[bookmark: l00106]  106 inline __host__ __device__ int2 make_int2(float2 a)

[bookmark: l00107]  107 {

[bookmark: l00108]  108     return make_int2(int(a.x), int(a.y));

[bookmark: l00109]  109 }

[bookmark: l00110]  110 

[bookmark: l00111]  111 inline __host__ __device__ uint2 make_uint2(uint s)

[bookmark: l00112]  112 {

[bookmark: l00113]  113     return make_uint2(s, s);

[bookmark: l00114]  114 }

[bookmark: l00115]  115 inline __host__ __device__ uint2 make_uint2(uint3 a)

[bookmark: l00116]  116 {

[bookmark: l00117]  117     return make_uint2(a.x, a.y);

[bookmark: l00118]  118 }

[bookmark: l00119]  119 inline __host__ __device__ uint2 make_uint2(int2 a)

[bookmark: l00120]  120 {

[bookmark: l00121]  121     return make_uint2(uint(a.x), uint(a.y));

[bookmark: l00122]  122 }

[bookmark: l00123]  123 

[bookmark: l00124]  124 inline __host__ __device__ float3 make_float3(float s)

[bookmark: l00125]  125 {

[bookmark: l00126]  126     return make_float3(s, s, s);

[bookmark: l00127]  127 }

[bookmark: l00128]  128 inline __host__ __device__ float3 make_float3(float2 a)

[bookmark: l00129]  129 {

[bookmark: l00130]  130     return make_float3(a.x, a.y, 0.0f);

[bookmark: l00131]  131 }

[bookmark: l00132]  132 inline __host__ __device__ float3 make_float3(float2 a, float s)

[bookmark: l00133]  133 {

[bookmark: l00134]  134     return make_float3(a.x, a.y, s);

[bookmark: l00135]  135 }

[bookmark: l00136]  136 inline __host__ __device__ float3 make_float3(float4 a)

[bookmark: l00137]  137 {

[bookmark: l00138]  138     return make_float3(a.x, a.y, a.z);

[bookmark: l00139]  139 }

[bookmark: l00140]  140 inline __host__ __device__ float3 make_float3(int3 a)

[bookmark: l00141]  141 {

[bookmark: l00142]  142     return make_float3(float(a.x), float(a.y), float(a.z));

[bookmark: l00143]  143 }

[bookmark: l00144]  144 inline __host__ __device__ float3 make_float3(uint3 a)

[bookmark: l00145]  145 {

[bookmark: l00146]  146     return make_float3(float(a.x), float(a.y), float(a.z));

[bookmark: l00147]  147 }

[bookmark: l00148]  148 

[bookmark: l00149]  149 inline __host__ __device__ int3 make_int3(int s)

[bookmark: l00150]  150 {

[bookmark: l00151]  151     return make_int3(s, s, s);

[bookmark: l00152]  152 }

[bookmark: l00153]  153 inline __host__ __device__ int3 make_int3(int2 a)

[bookmark: l00154]  154 {

[bookmark: l00155]  155     return make_int3(a.x, a.y, 0);

[bookmark: l00156]  156 }

[bookmark: l00157]  157 inline __host__ __device__ int3 make_int3(int2 a, int s)

[bookmark: l00158]  158 {

[bookmark: l00159]  159     return make_int3(a.x, a.y, s);

[bookmark: l00160]  160 }

[bookmark: l00161]  161 inline __host__ __device__ int3 make_int3(uint3 a)

[bookmark: l00162]  162 {

[bookmark: l00163]  163     return make_int3(int(a.x), int(a.y), int(a.z));

[bookmark: l00164]  164 }

[bookmark: l00165]  165 inline __host__ __device__ int3 make_int3(float3 a)

[bookmark: l00166]  166 {

[bookmark: l00167]  167     return make_int3(int(a.x), int(a.y), int(a.z));

[bookmark: l00168]  168 }

[bookmark: l00169]  169 

[bookmark: l00170]  170 inline __host__ __device__ uint3 make_uint3(uint s)

[bookmark: l00171]  171 {

[bookmark: l00172]  172     return make_uint3(s, s, s);

[bookmark: l00173]  173 }

[bookmark: l00174]  174 inline __host__ __device__ uint3 make_uint3(uint2 a)

[bookmark: l00175]  175 {

[bookmark: l00176]  176     return make_uint3(a.x, a.y, 0);

[bookmark: l00177]  177 }

[bookmark: l00178]  178 inline __host__ __device__ uint3 make_uint3(uint2 a, uint s)

[bookmark: l00179]  179 {

[bookmark: l00180]  180     return make_uint3(a.x, a.y, s);

[bookmark: l00181]  181 }

[bookmark: l00182]  182 inline __host__ __device__ uint3 make_uint3(uint4 a)

[bookmark: l00183]  183 {

[bookmark: l00184]  184     return make_uint3(a.x, a.y, a.z);

[bookmark: l00185]  185 }

[bookmark: l00186]  186 inline __host__ __device__ uint3 make_uint3(int3 a)

[bookmark: l00187]  187 {

[bookmark: l00188]  188     return make_uint3(uint(a.x), uint(a.y), uint(a.z));

[bookmark: l00189]  189 }

[bookmark: l00190]  190 

[bookmark: l00191]  191 inline __host__ __device__ float4 make_float4(float s)

[bookmark: l00192]  192 {

[bookmark: l00193]  193     return make_float4(s, s, s, s);

[bookmark: l00194]  194 }

[bookmark: l00195]  195 inline __host__ __device__ float4 make_float4(float3 a)

[bookmark: l00196]  196 {

[bookmark: l00197]  197     return make_float4(a.x, a.y, a.z, 0.0f);

[bookmark: l00198]  198 }

[bookmark: l00199]  199 inline __host__ __device__ float4 make_float4(float3 a, float w)

[bookmark: l00200]  200 {

[bookmark: l00201]  201     return make_float4(a.x, a.y, a.z, w);

[bookmark: l00202]  202 }

[bookmark: l00203]  203 inline __host__ __device__ float4 make_float4(int4 a)

[bookmark: l00204]  204 {

[bookmark: l00205]  205     return make_float4(float(a.x), float(a.y), float(a.z), float(a.w));

[bookmark: l00206]  206 }

[bookmark: l00207]  207 inline __host__ __device__ float4 make_float4(uint4 a)

[bookmark: l00208]  208 {

[bookmark: l00209]  209     return make_float4(float(a.x), float(a.y), float(a.z), float(a.w));

[bookmark: l00210]  210 }

[bookmark: l00211]  211 

[bookmark: l00212]  212 inline __host__ __device__ int4 make_int4(int s)

[bookmark: l00213]  213 {

[bookmark: l00214]  214     return make_int4(s, s, s, s);

[bookmark: l00215]  215 }

[bookmark: l00216]  216 inline __host__ __device__ int4 make_int4(int3 a)

[bookmark: l00217]  217 {

[bookmark: l00218]  218     return make_int4(a.x, a.y, a.z, 0);

[bookmark: l00219]  219 }

[bookmark: l00220]  220 inline __host__ __device__ int4 make_int4(int3 a, int w)

[bookmark: l00221]  221 {

[bookmark: l00222]  222     return make_int4(a.x, a.y, a.z, w);

[bookmark: l00223]  223 }

[bookmark: l00224]  224 inline __host__ __device__ int4 make_int4(uint4 a)

[bookmark: l00225]  225 {

[bookmark: l00226]  226     return make_int4(int(a.x), int(a.y), int(a.z), int(a.w));

[bookmark: l00227]  227 }

[bookmark: l00228]  228 inline __host__ __device__ int4 make_int4(float4 a)

[bookmark: l00229]  229 {

[bookmark: l00230]  230     return make_int4(int(a.x), int(a.y), int(a.z), int(a.w));

[bookmark: l00231]  231 }

[bookmark: l00232]  232 

[bookmark: l00233]  233 

[bookmark: l00234]  234 inline __host__ __device__ uint4 make_uint4(uint s)

[bookmark: l00235]  235 {

[bookmark: l00236]  236     return make_uint4(s, s, s, s);

[bookmark: l00237]  237 }

[bookmark: l00238]  238 inline __host__ __device__ uint4 make_uint4(uint3 a)

[bookmark: l00239]  239 {

[bookmark: l00240]  240     return make_uint4(a.x, a.y, a.z, 0);

[bookmark: l00241]  241 }

[bookmark: l00242]  242 inline __host__ __device__ uint4 make_uint4(uint3 a, uint w)

[bookmark: l00243]  243 {

[bookmark: l00244]  244     return make_uint4(a.x, a.y, a.z, w);

[bookmark: l00245]  245 }

[bookmark: l00246]  246 inline __host__ __device__ uint4 make_uint4(int4 a)

[bookmark: l00247]  247 {

[bookmark: l00248]  248     return make_uint4(uint(a.x), uint(a.y), uint(a.z), uint(a.w));

[bookmark: l00249]  249 }

[bookmark: l00250]  250 

[bookmark: l00252]  252 // negate

[bookmark: l00254]  254 

[bookmark: l00255]  255 inline __host__ __device__ float2 operator-(float2 &a)

[bookmark: l00256]  256 {

[bookmark: l00257]  257     return make_float2(-a.x, -a.y);

[bookmark: l00258]  258 }

[bookmark: l00259]  259 inline __host__ __device__ int2 operator-(int2 &a)

[bookmark: l00260]  260 {

[bookmark: l00261]  261     return make_int2(-a.x, -a.y);

[bookmark: l00262]  262 }

[bookmark: l00263]  263 inline __host__ __device__ float3 operator-(float3 &a)

[bookmark: l00264]  264 {

[bookmark: l00265]  265     return make_float3(-a.x, -a.y, -a.z);

[bookmark: l00266]  266 }

[bookmark: l00267]  267 inline __host__ __device__ int3 operator-(int3 &a)

[bookmark: l00268]  268 {

[bookmark: l00269]  269     return make_int3(-a.x, -a.y, -a.z);

[bookmark: l00270]  270 }

[bookmark: l00271]  271 inline __host__ __device__ float4 operator-(float4 &a)

[bookmark: l00272]  272 {

[bookmark: l00273]  273     return make_float4(-a.x, -a.y, -a.z, -a.w);

[bookmark: l00274]  274 }

[bookmark: l00275]  275 inline __host__ __device__ int4 operator-(int4 &a)

[bookmark: l00276]  276 {

[bookmark: l00277]  277     return make_int4(-a.x, -a.y, -a.z, -a.w);

[bookmark: l00278]  278 }

[bookmark: l00279]  279 

[bookmark: l00281]  281 // addition

[bookmark: l00283]  283 

[bookmark: l00284]  284 inline __host__ __device__ float2 operator+(float2 a, float2 b)

[bookmark: l00285]  285 {

[bookmark: l00286]  286     return make_float2(a.x + b.x, a.y + b.y);

[bookmark: l00287]  287 }

[bookmark: l00288]  288 inline __host__ __device__ void operator+=(float2 &a, float2 b)

[bookmark: l00289]  289 {

[bookmark: l00290]  290     a.x += b.x;

[bookmark: l00291]  291     a.y += b.y;

[bookmark: l00292]  292 }

[bookmark: l00293]  293 inline __host__ __device__ float2 operator+(float2 a, float b)

[bookmark: l00294]  294 {

[bookmark: l00295]  295     return make_float2(a.x + b, a.y + b);

[bookmark: l00296]  296 }

[bookmark: l00297]  297 inline __host__ __device__ float2 operator+(float b, float2 a)

[bookmark: l00298]  298 {

[bookmark: l00299]  299     return make_float2(a.x + b, a.y + b);

[bookmark: l00300]  300 }

[bookmark: l00301]  301 inline __host__ __device__ void operator+=(float2 &a, float b)

[bookmark: l00302]  302 {

[bookmark: l00303]  303     a.x += b;

[bookmark: l00304]  304     a.y += b;

[bookmark: l00305]  305 }

[bookmark: l00306]  306 

[bookmark: l00307]  307 inline __host__ __device__ int2 operator+(int2 a, int2 b)

[bookmark: l00308]  308 {

[bookmark: l00309]  309     return make_int2(a.x + b.x, a.y + b.y);

[bookmark: l00310]  310 }

[bookmark: l00311]  311 inline __host__ __device__ void operator+=(int2 &a, int2 b)

[bookmark: l00312]  312 {

[bookmark: l00313]  313     a.x += b.x;

[bookmark: l00314]  314     a.y += b.y;

[bookmark: l00315]  315 }

[bookmark: l00316]  316 inline __host__ __device__ int2 operator+(int2 a, int b)

[bookmark: l00317]  317 {

[bookmark: l00318]  318     return make_int2(a.x + b, a.y + b);

[bookmark: l00319]  319 }

[bookmark: l00320]  320 inline __host__ __device__ int2 operator+(int b, int2 a)

[bookmark: l00321]  321 {

[bookmark: l00322]  322     return make_int2(a.x + b, a.y + b);

[bookmark: l00323]  323 }

[bookmark: l00324]  324 inline __host__ __device__ void operator+=(int2 &a, int b)

[bookmark: l00325]  325 {

[bookmark: l00326]  326     a.x += b;

[bookmark: l00327]  327     a.y += b;

[bookmark: l00328]  328 }

[bookmark: l00329]  329 

[bookmark: l00330]  330 inline __host__ __device__ uint2 operator+(uint2 a, uint2 b)

[bookmark: l00331]  331 {

[bookmark: l00332]  332     return make_uint2(a.x + b.x, a.y + b.y);

[bookmark: l00333]  333 }

[bookmark: l00334]  334 inline __host__ __device__ void operator+=(uint2 &a, uint2 b)

[bookmark: l00335]  335 {

[bookmark: l00336]  336     a.x += b.x;

[bookmark: l00337]  337     a.y += b.y;

[bookmark: l00338]  338 }

[bookmark: l00339]  339 inline __host__ __device__ uint2 operator+(uint2 a, uint b)

[bookmark: l00340]  340 {

[bookmark: l00341]  341     return make_uint2(a.x + b, a.y + b);

[bookmark: l00342]  342 }

[bookmark: l00343]  343 inline __host__ __device__ uint2 operator+(uint b, uint2 a)

[bookmark: l00344]  344 {

[bookmark: l00345]  345     return make_uint2(a.x + b, a.y + b);

[bookmark: l00346]  346 }

[bookmark: l00347]  347 inline __host__ __device__ void operator+=(uint2 &a, uint b)

[bookmark: l00348]  348 {

[bookmark: l00349]  349     a.x += b;

[bookmark: l00350]  350     a.y += b;

[bookmark: l00351]  351 }

[bookmark: l00352]  352 

[bookmark: l00353]  353 

[bookmark: l00354]  354 inline __host__ __device__ float3 operator+(float3 a, float3 b)

[bookmark: l00355]  355 {

[bookmark: l00356]  356     return make_float3(a.x + b.x, a.y + b.y, a.z + b.z);

[bookmark: l00357]  357 }

[bookmark: l00358]  358 inline __host__ __device__ void operator+=(float3 &a, float3 b)

[bookmark: l00359]  359 {

[bookmark: l00360]  360     a.x += b.x;

[bookmark: l00361]  361     a.y += b.y;

[bookmark: l00362]  362     a.z += b.z;

[bookmark: l00363]  363 }

[bookmark: l00364]  364 inline __host__ __device__ float3 operator+(float3 a, float b)

[bookmark: l00365]  365 {

[bookmark: l00366]  366     return make_float3(a.x + b, a.y + b, a.z + b);

[bookmark: l00367]  367 }

[bookmark: l00368]  368 inline __host__ __device__ void operator+=(float3 &a, float b)

[bookmark: l00369]  369 {

[bookmark: l00370]  370     a.x += b;

[bookmark: l00371]  371     a.y += b;

[bookmark: l00372]  372     a.z += b;

[bookmark: l00373]  373 }

[bookmark: l00374]  374 

[bookmark: l00375]  375 inline __host__ __device__ int3 operator+(int3 a, int3 b)

[bookmark: l00376]  376 {

[bookmark: l00377]  377     return make_int3(a.x + b.x, a.y + b.y, a.z + b.z);

[bookmark: l00378]  378 }

[bookmark: l00379]  379 inline __host__ __device__ void operator+=(int3 &a, int3 b)

[bookmark: l00380]  380 {

[bookmark: l00381]  381     a.x += b.x;

[bookmark: l00382]  382     a.y += b.y;

[bookmark: l00383]  383     a.z += b.z;

[bookmark: l00384]  384 }

[bookmark: l00385]  385 inline __host__ __device__ int3 operator+(int3 a, int b)

[bookmark: l00386]  386 {

[bookmark: l00387]  387     return make_int3(a.x + b, a.y + b, a.z + b);

[bookmark: l00388]  388 }

[bookmark: l00389]  389 inline __host__ __device__ void operator+=(int3 &a, int b)

[bookmark: l00390]  390 {

[bookmark: l00391]  391     a.x += b;

[bookmark: l00392]  392     a.y += b;

[bookmark: l00393]  393     a.z += b;

[bookmark: l00394]  394 }

[bookmark: l00395]  395 

[bookmark: l00396]  396 inline __host__ __device__ uint3 operator+(uint3 a, uint3 b)

[bookmark: l00397]  397 {

[bookmark: l00398]  398     return make_uint3(a.x + b.x, a.y + b.y, a.z + b.z);

[bookmark: l00399]  399 }

[bookmark: l00400]  400 inline __host__ __device__ void operator+=(uint3 &a, uint3 b)

[bookmark: l00401]  401 {

[bookmark: l00402]  402     a.x += b.x;

[bookmark: l00403]  403     a.y += b.y;

[bookmark: l00404]  404     a.z += b.z;

[bookmark: l00405]  405 }

[bookmark: l00406]  406 inline __host__ __device__ uint3 operator+(uint3 a, uint b)

[bookmark: l00407]  407 {

[bookmark: l00408]  408     return make_uint3(a.x + b, a.y + b, a.z + b);

[bookmark: l00409]  409 }

[bookmark: l00410]  410 inline __host__ __device__ void operator+=(uint3 &a, uint b)

[bookmark: l00411]  411 {

[bookmark: l00412]  412     a.x += b;

[bookmark: l00413]  413     a.y += b;

[bookmark: l00414]  414     a.z += b;

[bookmark: l00415]  415 }

[bookmark: l00416]  416 

[bookmark: l00417]  417 inline __host__ __device__ int3 operator+(int b, int3 a)

[bookmark: l00418]  418 {

[bookmark: l00419]  419     return make_int3(a.x + b, a.y + b, a.z + b);

[bookmark: l00420]  420 }

[bookmark: l00421]  421 inline __host__ __device__ uint3 operator+(uint b, uint3 a)

[bookmark: l00422]  422 {

[bookmark: l00423]  423     return make_uint3(a.x + b, a.y + b, a.z + b);

[bookmark: l00424]  424 }

[bookmark: l00425]  425 inline __host__ __device__ float3 operator+(float b, float3 a)

[bookmark: l00426]  426 {

[bookmark: l00427]  427     return make_float3(a.x + b, a.y + b, a.z + b);

[bookmark: l00428]  428 }

[bookmark: l00429]  429 

[bookmark: l00430]  430 inline __host__ __device__ float4 operator+(float4 a, float4 b)

[bookmark: l00431]  431 {

[bookmark: l00432]  432     return make_float4(a.x + b.x, a.y + b.y, a.z + b.z,  a.w + b.w);

[bookmark: l00433]  433 }

[bookmark: l00434]  434 inline __host__ __device__ void operator+=(float4 &a, float4 b)

[bookmark: l00435]  435 {

[bookmark: l00436]  436     a.x += b.x;

[bookmark: l00437]  437     a.y += b.y;

[bookmark: l00438]  438     a.z += b.z;

[bookmark: l00439]  439     a.w += b.w;

[bookmark: l00440]  440 }

[bookmark: l00441]  441 inline __host__ __device__ float4 operator+(float4 a, float b)

[bookmark: l00442]  442 {

[bookmark: l00443]  443     return make_float4(a.x + b, a.y + b, a.z + b, a.w + b);

[bookmark: l00444]  444 }

[bookmark: l00445]  445 inline __host__ __device__ float4 operator+(float b, float4 a)

[bookmark: l00446]  446 {

[bookmark: l00447]  447     return make_float4(a.x + b, a.y + b, a.z + b, a.w + b);

[bookmark: l00448]  448 }

[bookmark: l00449]  449 inline __host__ __device__ void operator+=(float4 &a, float b)

[bookmark: l00450]  450 {

[bookmark: l00451]  451     a.x += b;

[bookmark: l00452]  452     a.y += b;

[bookmark: l00453]  453     a.z += b;

[bookmark: l00454]  454     a.w += b;

[bookmark: l00455]  455 }

[bookmark: l00456]  456 

[bookmark: l00457]  457 inline __host__ __device__ int4 operator+(int4 a, int4 b)

[bookmark: l00458]  458 {

[bookmark: l00459]  459     return make_int4(a.x + b.x, a.y + b.y, a.z + b.z,  a.w + b.w);

[bookmark: l00460]  460 }

[bookmark: l00461]  461 inline __host__ __device__ void operator+=(int4 &a, int4 b)

[bookmark: l00462]  462 {

[bookmark: l00463]  463     a.x += b.x;

[bookmark: l00464]  464     a.y += b.y;

[bookmark: l00465]  465     a.z += b.z;

[bookmark: l00466]  466     a.w += b.w;

[bookmark: l00467]  467 }

[bookmark: l00468]  468 inline __host__ __device__ int4 operator+(int4 a, int b)

[bookmark: l00469]  469 {

[bookmark: l00470]  470     return make_int4(a.x + b, a.y + b, a.z + b,  a.w + b);

[bookmark: l00471]  471 }

[bookmark: l00472]  472 inline __host__ __device__ int4 operator+(int b, int4 a)

[bookmark: l00473]  473 {

[bookmark: l00474]  474     return make_int4(a.x + b, a.y + b, a.z + b,  a.w + b);

[bookmark: l00475]  475 }

[bookmark: l00476]  476 inline __host__ __device__ void operator+=(int4 &a, int b)

[bookmark: l00477]  477 {

[bookmark: l00478]  478     a.x += b;

[bookmark: l00479]  479     a.y += b;

[bookmark: l00480]  480     a.z += b;

[bookmark: l00481]  481     a.w += b;

[bookmark: l00482]  482 }

[bookmark: l00483]  483 

[bookmark: l00484]  484 inline __host__ __device__ uint4 operator+(uint4 a, uint4 b)

[bookmark: l00485]  485 {

[bookmark: l00486]  486     return make_uint4(a.x + b.x, a.y + b.y, a.z + b.z,  a.w + b.w);

[bookmark: l00487]  487 }

[bookmark: l00488]  488 inline __host__ __device__ void operator+=(uint4 &a, uint4 b)

[bookmark: l00489]  489 {

[bookmark: l00490]  490     a.x += b.x;

[bookmark: l00491]  491     a.y += b.y;

[bookmark: l00492]  492     a.z += b.z;

[bookmark: l00493]  493     a.w += b.w;

[bookmark: l00494]  494 }

[bookmark: l00495]  495 inline __host__ __device__ uint4 operator+(uint4 a, uint b)

[bookmark: l00496]  496 {

[bookmark: l00497]  497     return make_uint4(a.x + b, a.y + b, a.z + b,  a.w + b);

[bookmark: l00498]  498 }

[bookmark: l00499]  499 inline __host__ __device__ uint4 operator+(uint b, uint4 a)

[bookmark: l00500]  500 {

[bookmark: l00501]  501     return make_uint4(a.x + b, a.y + b, a.z + b,  a.w + b);

[bookmark: l00502]  502 }

[bookmark: l00503]  503 inline __host__ __device__ void operator+=(uint4 &a, uint b)

[bookmark: l00504]  504 {

[bookmark: l00505]  505     a.x += b;

[bookmark: l00506]  506     a.y += b;

[bookmark: l00507]  507     a.z += b;

[bookmark: l00508]  508     a.w += b;

[bookmark: l00509]  509 }

[bookmark: l00510]  510 

[bookmark: l00512]  512 // subtract

[bookmark: l00514]  514 

[bookmark: l00515]  515 inline __host__ __device__ float2 operator-(float2 a, float2 b)

[bookmark: l00516]  516 {

[bookmark: l00517]  517     return make_float2(a.x - b.x, a.y - b.y);

[bookmark: l00518]  518 }

[bookmark: l00519]  519 inline __host__ __device__ void operator-=(float2 &a, float2 b)

[bookmark: l00520]  520 {

[bookmark: l00521]  521     a.x -= b.x;

[bookmark: l00522]  522     a.y -= b.y;

[bookmark: l00523]  523 }

[bookmark: l00524]  524 inline __host__ __device__ float2 operator-(float2 a, float b)

[bookmark: l00525]  525 {

[bookmark: l00526]  526     return make_float2(a.x - b, a.y - b);

[bookmark: l00527]  527 }

[bookmark: l00528]  528 inline __host__ __device__ float2 operator-(float b, float2 a)

[bookmark: l00529]  529 {

[bookmark: l00530]  530     return make_float2(b - a.x, b - a.y);

[bookmark: l00531]  531 }

[bookmark: l00532]  532 inline __host__ __device__ void operator-=(float2 &a, float b)

[bookmark: l00533]  533 {

[bookmark: l00534]  534     a.x -= b;

[bookmark: l00535]  535     a.y -= b;

[bookmark: l00536]  536 }

[bookmark: l00537]  537 

[bookmark: l00538]  538 inline __host__ __device__ int2 operator-(int2 a, int2 b)

[bookmark: l00539]  539 {

[bookmark: l00540]  540     return make_int2(a.x - b.x, a.y - b.y);

[bookmark: l00541]  541 }

[bookmark: l00542]  542 inline __host__ __device__ void operator-=(int2 &a, int2 b)

[bookmark: l00543]  543 {

[bookmark: l00544]  544     a.x -= b.x;

[bookmark: l00545]  545     a.y -= b.y;

[bookmark: l00546]  546 }

[bookmark: l00547]  547 inline __host__ __device__ int2 operator-(int2 a, int b)

[bookmark: l00548]  548 {

[bookmark: l00549]  549     return make_int2(a.x - b, a.y - b);

[bookmark: l00550]  550 }

[bookmark: l00551]  551 inline __host__ __device__ int2 operator-(int b, int2 a)

[bookmark: l00552]  552 {

[bookmark: l00553]  553     return make_int2(b - a.x, b - a.y);

[bookmark: l00554]  554 }

[bookmark: l00555]  555 inline __host__ __device__ void operator-=(int2 &a, int b)

[bookmark: l00556]  556 {

[bookmark: l00557]  557     a.x -= b;

[bookmark: l00558]  558     a.y -= b;

[bookmark: l00559]  559 }

[bookmark: l00560]  560 

[bookmark: l00561]  561 inline __host__ __device__ uint2 operator-(uint2 a, uint2 b)

[bookmark: l00562]  562 {

[bookmark: l00563]  563     return make_uint2(a.x - b.x, a.y - b.y);

[bookmark: l00564]  564 }

[bookmark: l00565]  565 inline __host__ __device__ void operator-=(uint2 &a, uint2 b)

[bookmark: l00566]  566 {

[bookmark: l00567]  567     a.x -= b.x;

[bookmark: l00568]  568     a.y -= b.y;

[bookmark: l00569]  569 }

[bookmark: l00570]  570 inline __host__ __device__ uint2 operator-(uint2 a, uint b)

[bookmark: l00571]  571 {

[bookmark: l00572]  572     return make_uint2(a.x - b, a.y - b);

[bookmark: l00573]  573 }

[bookmark: l00574]  574 inline __host__ __device__ uint2 operator-(uint b, uint2 a)

[bookmark: l00575]  575 {

[bookmark: l00576]  576     return make_uint2(b - a.x, b - a.y);

[bookmark: l00577]  577 }

[bookmark: l00578]  578 inline __host__ __device__ void operator-=(uint2 &a, uint b)

[bookmark: l00579]  579 {

[bookmark: l00580]  580     a.x -= b;

[bookmark: l00581]  581     a.y -= b;

[bookmark: l00582]  582 }

[bookmark: l00583]  583 

[bookmark: l00584]  584 inline __host__ __device__ float3 operator-(float3 a, float3 b)

[bookmark: l00585]  585 {

[bookmark: l00586]  586     return make_float3(a.x - b.x, a.y - b.y, a.z - b.z);

[bookmark: l00587]  587 }

[bookmark: l00588]  588 inline __host__ __device__ void operator-=(float3 &a, float3 b)

[bookmark: l00589]  589 {

[bookmark: l00590]  590     a.x -= b.x;

[bookmark: l00591]  591     a.y -= b.y;

[bookmark: l00592]  592     a.z -= b.z;

[bookmark: l00593]  593 }

[bookmark: l00594]  594 inline __host__ __device__ float3 operator-(float3 a, float b)

[bookmark: l00595]  595 {

[bookmark: l00596]  596     return make_float3(a.x - b, a.y - b, a.z - b);

[bookmark: l00597]  597 }

[bookmark: l00598]  598 inline __host__ __device__ float3 operator-(float b, float3 a)

[bookmark: l00599]  599 {

[bookmark: l00600]  600     return make_float3(b - a.x, b - a.y, b - a.z);

[bookmark: l00601]  601 }

[bookmark: l00602]  602 inline __host__ __device__ void operator-=(float3 &a, float b)

[bookmark: l00603]  603 {

[bookmark: l00604]  604     a.x -= b;

[bookmark: l00605]  605     a.y -= b;

[bookmark: l00606]  606     a.z -= b;

[bookmark: l00607]  607 }

[bookmark: l00608]  608 

[bookmark: l00609]  609 inline __host__ __device__ int3 operator-(int3 a, int3 b)

[bookmark: l00610]  610 {

[bookmark: l00611]  611     return make_int3(a.x - b.x, a.y - b.y, a.z - b.z);

[bookmark: l00612]  612 }

[bookmark: l00613]  613 inline __host__ __device__ void operator-=(int3 &a, int3 b)

[bookmark: l00614]  614 {

[bookmark: l00615]  615     a.x -= b.x;

[bookmark: l00616]  616     a.y -= b.y;

[bookmark: l00617]  617     a.z -= b.z;

[bookmark: l00618]  618 }

[bookmark: l00619]  619 inline __host__ __device__ int3 operator-(int3 a, int b)

[bookmark: l00620]  620 {

[bookmark: l00621]  621     return make_int3(a.x - b, a.y - b, a.z - b);

[bookmark: l00622]  622 }

[bookmark: l00623]  623 inline __host__ __device__ int3 operator-(int b, int3 a)

[bookmark: l00624]  624 {

[bookmark: l00625]  625     return make_int3(b - a.x, b - a.y, b - a.z);

[bookmark: l00626]  626 }

[bookmark: l00627]  627 inline __host__ __device__ void operator-=(int3 &a, int b)

[bookmark: l00628]  628 {

[bookmark: l00629]  629     a.x -= b;

[bookmark: l00630]  630     a.y -= b;

[bookmark: l00631]  631     a.z -= b;

[bookmark: l00632]  632 }

[bookmark: l00633]  633 

[bookmark: l00634]  634 inline __host__ __device__ uint3 operator-(uint3 a, uint3 b)

[bookmark: l00635]  635 {

[bookmark: l00636]  636     return make_uint3(a.x - b.x, a.y - b.y, a.z - b.z);

[bookmark: l00637]  637 }

[bookmark: l00638]  638 inline __host__ __device__ void operator-=(uint3 &a, uint3 b)

[bookmark: l00639]  639 {

[bookmark: l00640]  640     a.x -= b.x;

[bookmark: l00641]  641     a.y -= b.y;

[bookmark: l00642]  642     a.z -= b.z;

[bookmark: l00643]  643 }

[bookmark: l00644]  644 inline __host__ __device__ uint3 operator-(uint3 a, uint b)

[bookmark: l00645]  645 {

[bookmark: l00646]  646     return make_uint3(a.x - b, a.y - b, a.z - b);

[bookmark: l00647]  647 }

[bookmark: l00648]  648 inline __host__ __device__ uint3 operator-(uint b, uint3 a)

[bookmark: l00649]  649 {

[bookmark: l00650]  650     return make_uint3(b - a.x, b - a.y, b - a.z);

[bookmark: l00651]  651 }

[bookmark: l00652]  652 inline __host__ __device__ void operator-=(uint3 &a, uint b)

[bookmark: l00653]  653 {

[bookmark: l00654]  654     a.x -= b;

[bookmark: l00655]  655     a.y -= b;

[bookmark: l00656]  656     a.z -= b;

[bookmark: l00657]  657 }

[bookmark: l00658]  658 

[bookmark: l00659]  659 inline __host__ __device__ float4 operator-(float4 a, float4 b)

[bookmark: l00660]  660 {

[bookmark: l00661]  661     return make_float4(a.x - b.x, a.y - b.y, a.z - b.z,  a.w - b.w);

[bookmark: l00662]  662 }

[bookmark: l00663]  663 inline __host__ __device__ void operator-=(float4 &a, float4 b)

[bookmark: l00664]  664 {

[bookmark: l00665]  665     a.x -= b.x;

[bookmark: l00666]  666     a.y -= b.y;

[bookmark: l00667]  667     a.z -= b.z;

[bookmark: l00668]  668     a.w -= b.w;

[bookmark: l00669]  669 }

[bookmark: l00670]  670 inline __host__ __device__ float4 operator-(float4 a, float b)

[bookmark: l00671]  671 {

[bookmark: l00672]  672     return make_float4(a.x - b, a.y - b, a.z - b,  a.w - b);

[bookmark: l00673]  673 }

[bookmark: l00674]  674 inline __host__ __device__ void operator-=(float4 &a, float b)

[bookmark: l00675]  675 {

[bookmark: l00676]  676     a.x -= b;

[bookmark: l00677]  677     a.y -= b;

[bookmark: l00678]  678     a.z -= b;

[bookmark: l00679]  679     a.w -= b;

[bookmark: l00680]  680 }

[bookmark: l00681]  681 

[bookmark: l00682]  682 inline __host__ __device__ int4 operator-(int4 a, int4 b)

[bookmark: l00683]  683 {

[bookmark: l00684]  684     return make_int4(a.x - b.x, a.y - b.y, a.z - b.z,  a.w - b.w);

[bookmark: l00685]  685 }

[bookmark: l00686]  686 inline __host__ __device__ void operator-=(int4 &a, int4 b)

[bookmark: l00687]  687 {

[bookmark: l00688]  688     a.x -= b.x;

[bookmark: l00689]  689     a.y -= b.y;

[bookmark: l00690]  690     a.z -= b.z;

[bookmark: l00691]  691     a.w -= b.w;

[bookmark: l00692]  692 }

[bookmark: l00693]  693 inline __host__ __device__ int4 operator-(int4 a, int b)

[bookmark: l00694]  694 {

[bookmark: l00695]  695     return make_int4(a.x - b, a.y - b, a.z - b,  a.w - b);

[bookmark: l00696]  696 }

[bookmark: l00697]  697 inline __host__ __device__ int4 operator-(int b, int4 a)

[bookmark: l00698]  698 {

[bookmark: l00699]  699     return make_int4(b - a.x, b - a.y, b - a.z, b - a.w);

[bookmark: l00700]  700 }

[bookmark: l00701]  701 inline __host__ __device__ void operator-=(int4 &a, int b)

[bookmark: l00702]  702 {

[bookmark: l00703]  703     a.x -= b;

[bookmark: l00704]  704     a.y -= b;

[bookmark: l00705]  705     a.z -= b;

[bookmark: l00706]  706     a.w -= b;

[bookmark: l00707]  707 }

[bookmark: l00708]  708 

[bookmark: l00709]  709 inline __host__ __device__ uint4 operator-(uint4 a, uint4 b)

[bookmark: l00710]  710 {

[bookmark: l00711]  711     return make_uint4(a.x - b.x, a.y - b.y, a.z - b.z,  a.w - b.w);

[bookmark: l00712]  712 }

[bookmark: l00713]  713 inline __host__ __device__ void operator-=(uint4 &a, uint4 b)

[bookmark: l00714]  714 {

[bookmark: l00715]  715     a.x -= b.x;

[bookmark: l00716]  716     a.y -= b.y;

[bookmark: l00717]  717     a.z -= b.z;

[bookmark: l00718]  718     a.w -= b.w;

[bookmark: l00719]  719 }

[bookmark: l00720]  720 inline __host__ __device__ uint4 operator-(uint4 a, uint b)

[bookmark: l00721]  721 {

[bookmark: l00722]  722     return make_uint4(a.x - b, a.y - b, a.z - b,  a.w - b);

[bookmark: l00723]  723 }

[bookmark: l00724]  724 inline __host__ __device__ uint4 operator-(uint b, uint4 a)

[bookmark: l00725]  725 {

[bookmark: l00726]  726     return make_uint4(b - a.x, b - a.y, b - a.z, b - a.w);

[bookmark: l00727]  727 }

[bookmark: l00728]  728 inline __host__ __device__ void operator-=(uint4 &a, uint b)

[bookmark: l00729]  729 {

[bookmark: l00730]  730     a.x -= b;

[bookmark: l00731]  731     a.y -= b;

[bookmark: l00732]  732     a.z -= b;

[bookmark: l00733]  733     a.w -= b;

[bookmark: l00734]  734 }

[bookmark: l00735]  735 

[bookmark: l00737]  737 // multiply

[bookmark: l00739]  739 

[bookmark: l00740]  740 inline __host__ __device__ float2 operator*(float2 a, float2 b)

[bookmark: l00741]  741 {

[bookmark: l00742]  742     return make_float2(a.x * b.x, a.y * b.y);

[bookmark: l00743]  743 }

[bookmark: l00744]  744 inline __host__ __device__ void operator*=(float2 &a, float2 b)

[bookmark: l00745]  745 {

[bookmark: l00746]  746     a.x *= b.x;

[bookmark: l00747]  747     a.y *= b.y;

[bookmark: l00748]  748 }

[bookmark: l00749]  749 inline __host__ __device__ float2 operator*(float2 a, float b)

[bookmark: l00750]  750 {

[bookmark: l00751]  751     return make_float2(a.x * b, a.y * b);

[bookmark: l00752]  752 }

[bookmark: l00753]  753 inline __host__ __device__ float2 operator*(float b, float2 a)

[bookmark: l00754]  754 {

[bookmark: l00755]  755     return make_float2(b * a.x, b * a.y);

[bookmark: l00756]  756 }

[bookmark: l00757]  757 inline __host__ __device__ void operator*=(float2 &a, float b)

[bookmark: l00758]  758 {

[bookmark: l00759]  759     a.x *= b;

[bookmark: l00760]  760     a.y *= b;

[bookmark: l00761]  761 }

[bookmark: l00762]  762 

[bookmark: l00763]  763 inline __host__ __device__ int2 operator*(int2 a, int2 b)

[bookmark: l00764]  764 {

[bookmark: l00765]  765     return make_int2(a.x * b.x, a.y * b.y);

[bookmark: l00766]  766 }

[bookmark: l00767]  767 inline __host__ __device__ void operator*=(int2 &a, int2 b)

[bookmark: l00768]  768 {

[bookmark: l00769]  769     a.x *= b.x;

[bookmark: l00770]  770     a.y *= b.y;

[bookmark: l00771]  771 }

[bookmark: l00772]  772 inline __host__ __device__ int2 operator*(int2 a, int b)

[bookmark: l00773]  773 {

[bookmark: l00774]  774     return make_int2(a.x * b, a.y * b);

[bookmark: l00775]  775 }

[bookmark: l00776]  776 inline __host__ __device__ int2 operator*(int b, int2 a)

[bookmark: l00777]  777 {

[bookmark: l00778]  778     return make_int2(b * a.x, b * a.y);

[bookmark: l00779]  779 }

[bookmark: l00780]  780 inline __host__ __device__ void operator*=(int2 &a, int b)

[bookmark: l00781]  781 {

[bookmark: l00782]  782     a.x *= b;

[bookmark: l00783]  783     a.y *= b;

[bookmark: l00784]  784 }

[bookmark: l00785]  785 

[bookmark: l00786]  786 inline __host__ __device__ uint2 operator*(uint2 a, uint2 b)

[bookmark: l00787]  787 {

[bookmark: l00788]  788     return make_uint2(a.x * b.x, a.y * b.y);

[bookmark: l00789]  789 }

[bookmark: l00790]  790 inline __host__ __device__ void operator*=(uint2 &a, uint2 b)

[bookmark: l00791]  791 {

[bookmark: l00792]  792     a.x *= b.x;

[bookmark: l00793]  793     a.y *= b.y;

[bookmark: l00794]  794 }

[bookmark: l00795]  795 inline __host__ __device__ uint2 operator*(uint2 a, uint b)

[bookmark: l00796]  796 {

[bookmark: l00797]  797     return make_uint2(a.x * b, a.y * b);

[bookmark: l00798]  798 }

[bookmark: l00799]  799 inline __host__ __device__ uint2 operator*(uint b, uint2 a)

[bookmark: l00800]  800 {

[bookmark: l00801]  801     return make_uint2(b * a.x, b * a.y);

[bookmark: l00802]  802 }

[bookmark: l00803]  803 inline __host__ __device__ void operator*=(uint2 &a, uint b)

[bookmark: l00804]  804 {

[bookmark: l00805]  805     a.x *= b;

[bookmark: l00806]  806     a.y *= b;

[bookmark: l00807]  807 }

[bookmark: l00808]  808 

[bookmark: l00809]  809 inline __host__ __device__ float3 operator*(float3 a, float3 b)

[bookmark: l00810]  810 {

[bookmark: l00811]  811     return make_float3(a.x * b.x, a.y * b.y, a.z * b.z);

[bookmark: l00812]  812 }

[bookmark: l00813]  813 inline __host__ __device__ void operator*=(float3 &a, float3 b)

[bookmark: l00814]  814 {

[bookmark: l00815]  815     a.x *= b.x;

[bookmark: l00816]  816     a.y *= b.y;

[bookmark: l00817]  817     a.z *= b.z;

[bookmark: l00818]  818 }

[bookmark: l00819]  819 inline __host__ __device__ float3 operator*(float3 a, float b)

[bookmark: l00820]  820 {

[bookmark: l00821]  821     return make_float3(a.x * b, a.y * b, a.z * b);

[bookmark: l00822]  822 }

[bookmark: l00823]  823 inline __host__ __device__ float3 operator*(float b, float3 a)

[bookmark: l00824]  824 {

[bookmark: l00825]  825     return make_float3(b * a.x, b * a.y, b * a.z);

[bookmark: l00826]  826 }

[bookmark: l00827]  827 inline __host__ __device__ void operator*=(float3 &a, float b)

[bookmark: l00828]  828 {

[bookmark: l00829]  829     a.x *= b;

[bookmark: l00830]  830     a.y *= b;

[bookmark: l00831]  831     a.z *= b;

[bookmark: l00832]  832 }

[bookmark: l00833]  833 

[bookmark: l00834]  834 inline __host__ __device__ int3 operator*(int3 a, int3 b)

[bookmark: l00835]  835 {

[bookmark: l00836]  836     return make_int3(a.x * b.x, a.y * b.y, a.z * b.z);

[bookmark: l00837]  837 }

[bookmark: l00838]  838 inline __host__ __device__ void operator*=(int3 &a, int3 b)

[bookmark: l00839]  839 {

[bookmark: l00840]  840     a.x *= b.x;

[bookmark: l00841]  841     a.y *= b.y;

[bookmark: l00842]  842     a.z *= b.z;

[bookmark: l00843]  843 }

[bookmark: l00844]  844 inline __host__ __device__ int3 operator*(int3 a, int b)

[bookmark: l00845]  845 {

[bookmark: l00846]  846     return make_int3(a.x * b, a.y * b, a.z * b);

[bookmark: l00847]  847 }

[bookmark: l00848]  848 inline __host__ __device__ int3 operator*(int b, int3 a)

[bookmark: l00849]  849 {

[bookmark: l00850]  850     return make_int3(b * a.x, b * a.y, b * a.z);

[bookmark: l00851]  851 }

[bookmark: l00852]  852 inline __host__ __device__ void operator*=(int3 &a, int b)

[bookmark: l00853]  853 {

[bookmark: l00854]  854     a.x *= b;

[bookmark: l00855]  855     a.y *= b;

[bookmark: l00856]  856     a.z *= b;

[bookmark: l00857]  857 }

[bookmark: l00858]  858 

[bookmark: l00859]  859 inline __host__ __device__ uint3 operator*(uint3 a, uint3 b)

[bookmark: l00860]  860 {

[bookmark: l00861]  861     return make_uint3(a.x * b.x, a.y * b.y, a.z * b.z);

[bookmark: l00862]  862 }

[bookmark: l00863]  863 inline __host__ __device__ void operator*=(uint3 &a, uint3 b)

[bookmark: l00864]  864 {

[bookmark: l00865]  865     a.x *= b.x;

[bookmark: l00866]  866     a.y *= b.y;

[bookmark: l00867]  867     a.z *= b.z;

[bookmark: l00868]  868 }

[bookmark: l00869]  869 inline __host__ __device__ uint3 operator*(uint3 a, uint b)

[bookmark: l00870]  870 {

[bookmark: l00871]  871     return make_uint3(a.x * b, a.y * b, a.z * b);

[bookmark: l00872]  872 }

[bookmark: l00873]  873 inline __host__ __device__ uint3 operator*(uint b, uint3 a)

[bookmark: l00874]  874 {

[bookmark: l00875]  875     return make_uint3(b * a.x, b * a.y, b * a.z);

[bookmark: l00876]  876 }

[bookmark: l00877]  877 inline __host__ __device__ void operator*=(uint3 &a, uint b)

[bookmark: l00878]  878 {

[bookmark: l00879]  879     a.x *= b;

[bookmark: l00880]  880     a.y *= b;

[bookmark: l00881]  881     a.z *= b;

[bookmark: l00882]  882 }

[bookmark: l00883]  883 

[bookmark: l00884]  884 inline __host__ __device__ float4 operator*(float4 a, float4 b)

[bookmark: l00885]  885 {

[bookmark: l00886]  886     return make_float4(a.x * b.x, a.y * b.y, a.z * b.z,  a.w * b.w);

[bookmark: l00887]  887 }

[bookmark: l00888]  888 inline __host__ __device__ void operator*=(float4 &a, float4 b)

[bookmark: l00889]  889 {

[bookmark: l00890]  890     a.x *= b.x;

[bookmark: l00891]  891     a.y *= b.y;

[bookmark: l00892]  892     a.z *= b.z;

[bookmark: l00893]  893     a.w *= b.w;

[bookmark: l00894]  894 }

[bookmark: l00895]  895 inline __host__ __device__ float4 operator*(float4 a, float b)

[bookmark: l00896]  896 {

[bookmark: l00897]  897     return make_float4(a.x * b, a.y * b, a.z * b,  a.w * b);

[bookmark: l00898]  898 }

[bookmark: l00899]  899 inline __host__ __device__ float4 operator*(float b, float4 a)

[bookmark: l00900]  900 {

[bookmark: l00901]  901     return make_float4(b * a.x, b * a.y, b * a.z, b * a.w);

[bookmark: l00902]  902 }

[bookmark: l00903]  903 inline __host__ __device__ void operator*=(float4 &a, float b)

[bookmark: l00904]  904 {

[bookmark: l00905]  905     a.x *= b;

[bookmark: l00906]  906     a.y *= b;

[bookmark: l00907]  907     a.z *= b;

[bookmark: l00908]  908     a.w *= b;

[bookmark: l00909]  909 }

[bookmark: l00910]  910 

[bookmark: l00911]  911 inline __host__ __device__ int4 operator*(int4 a, int4 b)

[bookmark: l00912]  912 {

[bookmark: l00913]  913     return make_int4(a.x * b.x, a.y * b.y, a.z * b.z,  a.w * b.w);

[bookmark: l00914]  914 }

[bookmark: l00915]  915 inline __host__ __device__ void operator*=(int4 &a, int4 b)

[bookmark: l00916]  916 {

[bookmark: l00917]  917     a.x *= b.x;

[bookmark: l00918]  918     a.y *= b.y;

[bookmark: l00919]  919     a.z *= b.z;

[bookmark: l00920]  920     a.w *= b.w;

[bookmark: l00921]  921 }

[bookmark: l00922]  922 inline __host__ __device__ int4 operator*(int4 a, int b)

[bookmark: l00923]  923 {

[bookmark: l00924]  924     return make_int4(a.x * b, a.y * b, a.z * b,  a.w * b);

[bookmark: l00925]  925 }

[bookmark: l00926]  926 inline __host__ __device__ int4 operator*(int b, int4 a)

[bookmark: l00927]  927 {

[bookmark: l00928]  928     return make_int4(b * a.x, b * a.y, b * a.z, b * a.w);

[bookmark: l00929]  929 }

[bookmark: l00930]  930 inline __host__ __device__ void operator*=(int4 &a, int b)

[bookmark: l00931]  931 {

[bookmark: l00932]  932     a.x *= b;

[bookmark: l00933]  933     a.y *= b;

[bookmark: l00934]  934     a.z *= b;

[bookmark: l00935]  935     a.w *= b;

[bookmark: l00936]  936 }

[bookmark: l00937]  937 

[bookmark: l00938]  938 inline __host__ __device__ uint4 operator*(uint4 a, uint4 b)

[bookmark: l00939]  939 {

[bookmark: l00940]  940     return make_uint4(a.x * b.x, a.y * b.y, a.z * b.z,  a.w * b.w);

[bookmark: l00941]  941 }

[bookmark: l00942]  942 inline __host__ __device__ void operator*=(uint4 &a, uint4 b)

[bookmark: l00943]  943 {

[bookmark: l00944]  944     a.x *= b.x;

[bookmark: l00945]  945     a.y *= b.y;

[bookmark: l00946]  946     a.z *= b.z;

[bookmark: l00947]  947     a.w *= b.w;

[bookmark: l00948]  948 }

[bookmark: l00949]  949 inline __host__ __device__ uint4 operator*(uint4 a, uint b)

[bookmark: l00950]  950 {

[bookmark: l00951]  951     return make_uint4(a.x * b, a.y * b, a.z * b,  a.w * b);

[bookmark: l00952]  952 }

[bookmark: l00953]  953 inline __host__ __device__ uint4 operator*(uint b, uint4 a)

[bookmark: l00954]  954 {

[bookmark: l00955]  955     return make_uint4(b * a.x, b * a.y, b * a.z, b * a.w);

[bookmark: l00956]  956 }

[bookmark: l00957]  957 inline __host__ __device__ void operator*=(uint4 &a, uint b)

[bookmark: l00958]  958 {

[bookmark: l00959]  959     a.x *= b;

[bookmark: l00960]  960     a.y *= b;

[bookmark: l00961]  961     a.z *= b;

[bookmark: l00962]  962     a.w *= b;

[bookmark: l00963]  963 }

[bookmark: l00964]  964 

[bookmark: l00966]  966 // divide

[bookmark: l00968]  968 

[bookmark: l00969]  969 inline __host__ __device__ float2 operator/(float2 a, float2 b)

[bookmark: l00970]  970 {

[bookmark: l00971]  971     return make_float2(a.x / b.x, a.y / b.y);

[bookmark: l00972]  972 }

[bookmark: l00973]  973 inline __host__ __device__ void operator/=(float2 &a, float2 b)

[bookmark: l00974]  974 {

[bookmark: l00975]  975     a.x /= b.x;

[bookmark: l00976]  976     a.y /= b.y;

[bookmark: l00977]  977 }

[bookmark: l00978]  978 inline __host__ __device__ float2 operator/(float2 a, float b)

[bookmark: l00979]  979 {

[bookmark: l00980]  980     return make_float2(a.x / b, a.y / b);

[bookmark: l00981]  981 }

[bookmark: l00982]  982 inline __host__ __device__ void operator/=(float2 &a, float b)

[bookmark: l00983]  983 {

[bookmark: l00984]  984     a.x /= b;

[bookmark: l00985]  985     a.y /= b;

[bookmark: l00986]  986 }

[bookmark: l00987]  987 inline __host__ __device__ float2 operator/(float b, float2 a)

[bookmark: l00988]  988 {

[bookmark: l00989]  989     return make_float2(b / a.x, b / a.y);

[bookmark: l00990]  990 }

[bookmark: l00991]  991 

[bookmark: l00992]  992 inline __host__ __device__ float3 operator/(float3 a, float3 b)

[bookmark: l00993]  993 {

[bookmark: l00994]  994     return make_float3(a.x / b.x, a.y / b.y, a.z / b.z);

[bookmark: l00995]  995 }

[bookmark: l00996]  996 inline __host__ __device__ void operator/=(float3 &a, float3 b)

[bookmark: l00997]  997 {

[bookmark: l00998]  998     a.x /= b.x;

[bookmark: l00999]  999     a.y /= b.y;

[bookmark: l01000] 1000     a.z /= b.z;

[bookmark: l01001] 1001 }

[bookmark: l01002] 1002 inline __host__ __device__ float3 operator/(float3 a, float b)

[bookmark: l01003] 1003 {

[bookmark: l01004] 1004     return make_float3(a.x / b, a.y / b, a.z / b);

[bookmark: l01005] 1005 }

[bookmark: l01006] 1006 inline __host__ __device__ void operator/=(float3 &a, float b)

[bookmark: l01007] 1007 {

[bookmark: l01008] 1008     a.x /= b;

[bookmark: l01009] 1009     a.y /= b;

[bookmark: l01010] 1010     a.z /= b;

[bookmark: l01011] 1011 }

[bookmark: l01012] 1012 inline __host__ __device__ float3 operator/(float b, float3 a)

[bookmark: l01013] 1013 {

[bookmark: l01014] 1014     return make_float3(b / a.x, b / a.y, b / a.z);

[bookmark: l01015] 1015 }

[bookmark: l01016] 1016 

[bookmark: l01017] 1017 inline __host__ __device__ float4 operator/(float4 a, float4 b)

[bookmark: l01018] 1018 {

[bookmark: l01019] 1019     return make_float4(a.x / b.x, a.y / b.y, a.z / b.z,  a.w / b.w);

[bookmark: l01020] 1020 }

[bookmark: l01021] 1021 inline __host__ __device__ void operator/=(float4 &a, float4 b)

[bookmark: l01022] 1022 {

[bookmark: l01023] 1023     a.x /= b.x;

[bookmark: l01024] 1024     a.y /= b.y;

[bookmark: l01025] 1025     a.z /= b.z;

[bookmark: l01026] 1026     a.w /= b.w;

[bookmark: l01027] 1027 }

[bookmark: l01028] 1028 inline __host__ __device__ float4 operator/(float4 a, float b)

[bookmark: l01029] 1029 {

[bookmark: l01030] 1030     return make_float4(a.x / b, a.y / b, a.z / b,  a.w / b);

[bookmark: l01031] 1031 }

[bookmark: l01032] 1032 inline __host__ __device__ void operator/=(float4 &a, float b)

[bookmark: l01033] 1033 {

[bookmark: l01034] 1034     a.x /= b;

[bookmark: l01035] 1035     a.y /= b;

[bookmark: l01036] 1036     a.z /= b;

[bookmark: l01037] 1037     a.w /= b;

[bookmark: l01038] 1038 }

[bookmark: l01039] 1039 inline __host__ __device__ float4 operator/(float b, float4 a)

[bookmark: l01040] 1040 {

[bookmark: l01041] 1041     return make_float4(b / a.x, b / a.y, b / a.z, b / a.w);

[bookmark: l01042] 1042 }

[bookmark: l01043] 1043 

[bookmark: l01045] 1045 // min

[bookmark: l01047] 1047 

[bookmark: l01048] 1048 inline  __host__ __device__ float2 fminf(float2 a, float2 b)

[bookmark: l01049] 1049 {

[bookmark: l01050] 1050     return make_float2(fminf(a.x,b.x), fminf(a.y,b.y));

[bookmark: l01051] 1051 }

[bookmark: l01052] 1052 inline __host__ __device__ float3 fminf(float3 a, float3 b)

[bookmark: l01053] 1053 {

[bookmark: l01054] 1054     return make_float3(fminf(a.x,b.x), fminf(a.y,b.y), fminf(a.z,b.z));

[bookmark: l01055] 1055 }

[bookmark: l01056] 1056 inline  __host__ __device__ float4 fminf(float4 a, float4 b)

[bookmark: l01057] 1057 {

[bookmark: l01058] 1058     return make_float4(fminf(a.x,b.x), fminf(a.y,b.y), fminf(a.z,b.z), fminf(a.w,b.w));

[bookmark: l01059] 1059 }

[bookmark: l01060] 1060 

[bookmark: l01061] 1061 inline __host__ __device__ int2 min(int2 a, int2 b)

[bookmark: l01062] 1062 {

[bookmark: l01063] 1063     return make_int2(min(a.x,b.x), min(a.y,b.y));

[bookmark: l01064] 1064 }

[bookmark: l01065] 1065 inline __host__ __device__ int3 min(int3 a, int3 b)

[bookmark: l01066] 1066 {

[bookmark: l01067] 1067     return make_int3(min(a.x,b.x), min(a.y,b.y), min(a.z,b.z));

[bookmark: l01068] 1068 }

[bookmark: l01069] 1069 inline __host__ __device__ int4 min(int4 a, int4 b)

[bookmark: l01070] 1070 {

[bookmark: l01071] 1071     return make_int4(min(a.x,b.x), min(a.y,b.y), min(a.z,b.z), min(a.w,b.w));

[bookmark: l01072] 1072 }

[bookmark: l01073] 1073 

[bookmark: l01074] 1074 inline __host__ __device__ uint2 min(uint2 a, uint2 b)

[bookmark: l01075] 1075 {

[bookmark: l01076] 1076     return make_uint2(min(a.x,b.x), min(a.y,b.y));

[bookmark: l01077] 1077 }

[bookmark: l01078] 1078 inline __host__ __device__ uint3 min(uint3 a, uint3 b)

[bookmark: l01079] 1079 {

[bookmark: l01080] 1080     return make_uint3(min(a.x,b.x), min(a.y,b.y), min(a.z,b.z));

[bookmark: l01081] 1081 }

[bookmark: l01082] 1082 inline __host__ __device__ uint4 min(uint4 a, uint4 b)

[bookmark: l01083] 1083 {

[bookmark: l01084] 1084     return make_uint4(min(a.x,b.x), min(a.y,b.y), min(a.z,b.z), min(a.w,b.w));

[bookmark: l01085] 1085 }

[bookmark: l01086] 1086 

[bookmark: l01088] 1088 // max

[bookmark: l01090] 1090 

[bookmark: l01091] 1091 inline __host__ __device__ float2 fmaxf(float2 a, float2 b)

[bookmark: l01092] 1092 {

[bookmark: l01093] 1093     return make_float2(fmaxf(a.x,b.x), fmaxf(a.y,b.y));

[bookmark: l01094] 1094 }

[bookmark: l01095] 1095 inline __host__ __device__ float3 fmaxf(float3 a, float3 b)

[bookmark: l01096] 1096 {

[bookmark: l01097] 1097     return make_float3(fmaxf(a.x,b.x), fmaxf(a.y,b.y), fmaxf(a.z,b.z));

[bookmark: l01098] 1098 }

[bookmark: l01099] 1099 inline __host__ __device__ float4 fmaxf(float4 a, float4 b)

[bookmark: l01100] 1100 {

[bookmark: l01101] 1101     return make_float4(fmaxf(a.x,b.x), fmaxf(a.y,b.y), fmaxf(a.z,b.z), fmaxf(a.w,b.w));

[bookmark: l01102] 1102 }

[bookmark: l01103] 1103 

[bookmark: l01104] 1104 inline __host__ __device__ int2 max(int2 a, int2 b)

[bookmark: l01105] 1105 {

[bookmark: l01106] 1106     return make_int2(max(a.x,b.x), max(a.y,b.y));

[bookmark: l01107] 1107 }

[bookmark: l01108] 1108 inline __host__ __device__ int3 max(int3 a, int3 b)

[bookmark: l01109] 1109 {

[bookmark: l01110] 1110     return make_int3(max(a.x,b.x), max(a.y,b.y), max(a.z,b.z));

[bookmark: l01111] 1111 }

[bookmark: l01112] 1112 inline __host__ __device__ int4 max(int4 a, int4 b)

[bookmark: l01113] 1113 {

[bookmark: l01114] 1114     return make_int4(max(a.x,b.x), max(a.y,b.y), max(a.z,b.z), max(a.w,b.w));

[bookmark: l01115] 1115 }

[bookmark: l01116] 1116 

[bookmark: l01117] 1117 inline __host__ __device__ uint2 max(uint2 a, uint2 b)

[bookmark: l01118] 1118 {

[bookmark: l01119] 1119     return make_uint2(max(a.x,b.x), max(a.y,b.y));

[bookmark: l01120] 1120 }

[bookmark: l01121] 1121 inline __host__ __device__ uint3 max(uint3 a, uint3 b)

[bookmark: l01122] 1122 {

[bookmark: l01123] 1123     return make_uint3(max(a.x,b.x), max(a.y,b.y), max(a.z,b.z));

[bookmark: l01124] 1124 }

[bookmark: l01125] 1125 inline __host__ __device__ uint4 max(uint4 a, uint4 b)

[bookmark: l01126] 1126 {

[bookmark: l01127] 1127     return make_uint4(max(a.x,b.x), max(a.y,b.y), max(a.z,b.z), max(a.w,b.w));

[bookmark: l01128] 1128 }

[bookmark: l01129] 1129 

[bookmark: l01131] 1131 // lerp

[bookmark: l01132] 1132 // - linear interpolation between a and b, based on value t in [0, 1] range

[bookmark: l01134] 1134 

[bookmark: l01135] 1135 inline __device__ __host__ float lerp(float a, float b, float t)

[bookmark: l01136] 1136 {

[bookmark: l01137] 1137     return a + t*(b-a);

[bookmark: l01138] 1138 }

[bookmark: l01139] 1139 inline __device__ __host__ float2 lerp(float2 a, float2 b, float t)

[bookmark: l01140] 1140 {

[bookmark: l01141] 1141     return a + t*(b-a);

[bookmark: l01142] 1142 }

[bookmark: l01143] 1143 inline __device__ __host__ float3 lerp(float3 a, float3 b, float t)

[bookmark: l01144] 1144 {

[bookmark: l01145] 1145     return a + t*(b-a);

[bookmark: l01146] 1146 }

[bookmark: l01147] 1147 inline __device__ __host__ float4 lerp(float4 a, float4 b, float t)

[bookmark: l01148] 1148 {

[bookmark: l01149] 1149     return a + t*(b-a);

[bookmark: l01150] 1150 }

[bookmark: l01151] 1151 

[bookmark: l01153] 1153 // clamp

[bookmark: l01154] 1154 // - clamp the value v to be in the range [a, b]

[bookmark: l01156] 1156 

[bookmark: l01157] 1157 inline __device__ __host__ float clamp(float f, float a, float b)

[bookmark: l01158] 1158 {

[bookmark: l01159] 1159     return fmaxf(a, fminf(f, b));

[bookmark: l01160] 1160 }

[bookmark: l01161] 1161 inline __device__ __host__ int clamp(int f, int a, int b)

[bookmark: l01162] 1162 {

[bookmark: l01163] 1163     return max(a, min(f, b));

[bookmark: l01164] 1164 }

[bookmark: l01165] 1165 inline __device__ __host__ uint clamp(uint f, uint a, uint b)

[bookmark: l01166] 1166 {

[bookmark: l01167] 1167     return max(a, min(f, b));

[bookmark: l01168] 1168 }

[bookmark: l01169] 1169 

[bookmark: l01170] 1170 inline __device__ __host__ float2 clamp(float2 v, float a, float b)

[bookmark: l01171] 1171 {

[bookmark: l01172] 1172     return make_float2(clamp(v.x, a, b), clamp(v.y, a, b));

[bookmark: l01173] 1173 }

[bookmark: l01174] 1174 inline __device__ __host__ float2 clamp(float2 v, float2 a, float2 b)

[bookmark: l01175] 1175 {

[bookmark: l01176] 1176     return make_float2(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y));

[bookmark: l01177] 1177 }

[bookmark: l01178] 1178 inline __device__ __host__ float3 clamp(float3 v, float a, float b)

[bookmark: l01179] 1179 {

[bookmark: l01180] 1180     return make_float3(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b));

[bookmark: l01181] 1181 }

[bookmark: l01182] 1182 inline __device__ __host__ float3 clamp(float3 v, float3 a, float3 b)

[bookmark: l01183] 1183 {

[bookmark: l01184] 1184     return make_float3(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z));

[bookmark: l01185] 1185 }

[bookmark: l01186] 1186 inline __device__ __host__ float4 clamp(float4 v, float a, float b)

[bookmark: l01187] 1187 {

[bookmark: l01188] 1188     return make_float4(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b), clamp(v.w, a, b));

[bookmark: l01189] 1189 }

[bookmark: l01190] 1190 inline __device__ __host__ float4 clamp(float4 v, float4 a, float4 b)

[bookmark: l01191] 1191 {

[bookmark: l01192] 1192     return make_float4(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z), clamp(v.w, a.w, b.w));

[bookmark: l01193] 1193 }

[bookmark: l01194] 1194 

[bookmark: l01195] 1195 inline __device__ __host__ int2 clamp(int2 v, int a, int b)

[bookmark: l01196] 1196 {

[bookmark: l01197] 1197     return make_int2(clamp(v.x, a, b), clamp(v.y, a, b));

[bookmark: l01198] 1198 }

[bookmark: l01199] 1199 inline __device__ __host__ int2 clamp(int2 v, int2 a, int2 b)

[bookmark: l01200] 1200 {

[bookmark: l01201] 1201     return make_int2(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y));

[bookmark: l01202] 1202 }

[bookmark: l01203] 1203 inline __device__ __host__ int3 clamp(int3 v, int a, int b)

[bookmark: l01204] 1204 {

[bookmark: l01205] 1205     return make_int3(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b));

[bookmark: l01206] 1206 }

[bookmark: l01207] 1207 inline __device__ __host__ int3 clamp(int3 v, int3 a, int3 b)

[bookmark: l01208] 1208 {

[bookmark: l01209] 1209     return make_int3(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z));

[bookmark: l01210] 1210 }

[bookmark: l01211] 1211 inline __device__ __host__ int4 clamp(int4 v, int a, int b)

[bookmark: l01212] 1212 {

[bookmark: l01213] 1213     return make_int4(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b), clamp(v.w, a, b));

[bookmark: l01214] 1214 }

[bookmark: l01215] 1215 inline __device__ __host__ int4 clamp(int4 v, int4 a, int4 b)

[bookmark: l01216] 1216 {

[bookmark: l01217] 1217     return make_int4(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z), clamp(v.w, a.w, b.w));

[bookmark: l01218] 1218 }

[bookmark: l01219] 1219 

[bookmark: l01220] 1220 inline __device__ __host__ uint2 clamp(uint2 v, uint a, uint b)

[bookmark: l01221] 1221 {

[bookmark: l01222] 1222     return make_uint2(clamp(v.x, a, b), clamp(v.y, a, b));

[bookmark: l01223] 1223 }

[bookmark: l01224] 1224 inline __device__ __host__ uint2 clamp(uint2 v, uint2 a, uint2 b)

[bookmark: l01225] 1225 {

[bookmark: l01226] 1226     return make_uint2(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y));

[bookmark: l01227] 1227 }

[bookmark: l01228] 1228 inline __device__ __host__ uint3 clamp(uint3 v, uint a, uint b)

[bookmark: l01229] 1229 {

[bookmark: l01230] 1230     return make_uint3(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b));

[bookmark: l01231] 1231 }

[bookmark: l01232] 1232 inline __device__ __host__ uint3 clamp(uint3 v, uint3 a, uint3 b)

[bookmark: l01233] 1233 {

[bookmark: l01234] 1234     return make_uint3(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z));

[bookmark: l01235] 1235 }

[bookmark: l01236] 1236 inline __device__ __host__ uint4 clamp(uint4 v, uint a, uint b)

[bookmark: l01237] 1237 {

[bookmark: l01238] 1238     return make_uint4(clamp(v.x, a, b), clamp(v.y, a, b), clamp(v.z, a, b), clamp(v.w, a, b));

[bookmark: l01239] 1239 }

[bookmark: l01240] 1240 inline __device__ __host__ uint4 clamp(uint4 v, uint4 a, uint4 b)

[bookmark: l01241] 1241 {

[bookmark: l01242] 1242     return make_uint4(clamp(v.x, a.x, b.x), clamp(v.y, a.y, b.y), clamp(v.z, a.z, b.z), clamp(v.w, a.w, b.w));

[bookmark: l01243] 1243 }

[bookmark: l01244] 1244 

[bookmark: l01246] 1246 // dot product

[bookmark: l01248] 1248 

[bookmark: l01249] 1249 inline __host__ __device__ float dot(float2 a, float2 b)

[bookmark: l01250] 1250 {

[bookmark: l01251] 1251     return a.x * b.x + a.y * b.y;

[bookmark: l01252] 1252 }

[bookmark: l01253] 1253 inline __host__ __device__ float dot(float3 a, float3 b)

[bookmark: l01254] 1254 {

[bookmark: l01255] 1255     return a.x * b.x + a.y * b.y + a.z * b.z;

[bookmark: l01256] 1256 }

[bookmark: l01257] 1257 inline __host__ __device__ float dot(float4 a, float4 b)

[bookmark: l01258] 1258 {

[bookmark: l01259] 1259     return a.x * b.x + a.y * b.y + a.z * b.z + a.w * b.w;

[bookmark: l01260] 1260 }

[bookmark: l01261] 1261 

[bookmark: l01262] 1262 inline __host__ __device__ int dot(int2 a, int2 b)

[bookmark: l01263] 1263 {

[bookmark: l01264] 1264     return a.x * b.x + a.y * b.y;

[bookmark: l01265] 1265 }

[bookmark: l01266] 1266 inline __host__ __device__ int dot(int3 a, int3 b)

[bookmark: l01267] 1267 {

[bookmark: l01268] 1268     return a.x * b.x + a.y * b.y + a.z * b.z;

[bookmark: l01269] 1269 }

[bookmark: l01270] 1270 inline __host__ __device__ int dot(int4 a, int4 b)

[bookmark: l01271] 1271 {

[bookmark: l01272] 1272     return a.x * b.x + a.y * b.y + a.z * b.z + a.w * b.w;

[bookmark: l01273] 1273 }

[bookmark: l01274] 1274 

[bookmark: l01275] 1275 inline __host__ __device__ uint dot(uint2 a, uint2 b)

[bookmark: l01276] 1276 {

[bookmark: l01277] 1277     return a.x * b.x + a.y * b.y;

[bookmark: l01278] 1278 }

[bookmark: l01279] 1279 inline __host__ __device__ uint dot(uint3 a, uint3 b)

[bookmark: l01280] 1280 {

[bookmark: l01281] 1281     return a.x * b.x + a.y * b.y + a.z * b.z;

[bookmark: l01282] 1282 }

[bookmark: l01283] 1283 inline __host__ __device__ uint dot(uint4 a, uint4 b)

[bookmark: l01284] 1284 {

[bookmark: l01285] 1285     return a.x * b.x + a.y * b.y + a.z * b.z + a.w * b.w;

[bookmark: l01286] 1286 }

[bookmark: l01287] 1287 

[bookmark: l01289] 1289 // length

[bookmark: l01291] 1291 

[bookmark: l01292] 1292 inline __host__ __device__ float length(float2 v)

[bookmark: l01293] 1293 {

[bookmark: l01294] 1294     return sqrtf(dot(v, v));

[bookmark: l01295] 1295 }

[bookmark: l01296] 1296 inline __host__ __device__ float length(float3 v)

[bookmark: l01297] 1297 {

[bookmark: l01298] 1298     return sqrtf(dot(v, v));

[bookmark: l01299] 1299 }

[bookmark: l01300] 1300 inline __host__ __device__ float length(float4 v)

[bookmark: l01301] 1301 {

[bookmark: l01302] 1302     return sqrtf(dot(v, v));

[bookmark: l01303] 1303 }

[bookmark: l01304] 1304 

[bookmark: l01306] 1306 // normalize

[bookmark: l01308] 1308 

[bookmark: l01309] 1309 inline __host__ __device__ float2 normalize(float2 v)

[bookmark: l01310] 1310 {

[bookmark: l01311] 1311     float invLen = rsqrtf(dot(v, v));

[bookmark: l01312] 1312     return v * invLen;

[bookmark: l01313] 1313 }

[bookmark: l01314] 1314 inline __host__ __device__ float3 normalize(float3 v)

[bookmark: l01315] 1315 {

[bookmark: l01316] 1316     float invLen = rsqrtf(dot(v, v));

[bookmark: l01317] 1317     return v * invLen;

[bookmark: l01318] 1318 }

[bookmark: l01319] 1319 inline __host__ __device__ float4 normalize(float4 v)

[bookmark: l01320] 1320 {

[bookmark: l01321] 1321     float invLen = rsqrtf(dot(v, v));

[bookmark: l01322] 1322     return v * invLen;

[bookmark: l01323] 1323 }

[bookmark: l01324] 1324 

[bookmark: l01326] 1326 // floor

[bookmark: l01328] 1328 

[bookmark: l01329] 1329 inline __host__ __device__ float2 floorf(float2 v)

[bookmark: l01330] 1330 {

[bookmark: l01331] 1331     return make_float2(floorf(v.x), floorf(v.y));

[bookmark: l01332] 1332 }

[bookmark: l01333] 1333 inline __host__ __device__ float3 floorf(float3 v)

[bookmark: l01334] 1334 {

[bookmark: l01335] 1335     return make_float3(floorf(v.x), floorf(v.y), floorf(v.z));

[bookmark: l01336] 1336 }

[bookmark: l01337] 1337 inline __host__ __device__ float4 floorf(float4 v)

[bookmark: l01338] 1338 {

[bookmark: l01339] 1339     return make_float4(floorf(v.x), floorf(v.y), floorf(v.z), floorf(v.w));

[bookmark: l01340] 1340 }

[bookmark: l01341] 1341 

[bookmark: l01343] 1343 // frac - returns the fractional portion of a scalar or each vector component

[bookmark: l01345] 1345 

[bookmark: l01346] 1346 inline __host__ __device__ float fracf(float v)

[bookmark: l01347] 1347 {

[bookmark: l01348] 1348     return v - floorf(v);

[bookmark: l01349] 1349 }

[bookmark: l01350] 1350 inline __host__ __device__ float2 fracf(float2 v)

[bookmark: l01351] 1351 {

[bookmark: l01352] 1352     return make_float2(fracf(v.x), fracf(v.y));

[bookmark: l01353] 1353 }

[bookmark: l01354] 1354 inline __host__ __device__ float3 fracf(float3 v)

[bookmark: l01355] 1355 {

[bookmark: l01356] 1356     return make_float3(fracf(v.x), fracf(v.y), fracf(v.z));

[bookmark: l01357] 1357 }

[bookmark: l01358] 1358 inline __host__ __device__ float4 fracf(float4 v)

[bookmark: l01359] 1359 {

[bookmark: l01360] 1360     return make_float4(fracf(v.x), fracf(v.y), fracf(v.z), fracf(v.w));

[bookmark: l01361] 1361 }

[bookmark: l01362] 1362 

[bookmark: l01364] 1364 // fmod

[bookmark: l01366] 1366 

[bookmark: l01367] 1367 inline __host__ __device__ float2 fmodf(float2 a, float2 b)

[bookmark: l01368] 1368 {

[bookmark: l01369] 1369     return make_float2(fmodf(a.x, b.x), fmodf(a.y, b.y));

[bookmark: l01370] 1370 }

[bookmark: l01371] 1371 inline __host__ __device__ float3 fmodf(float3 a, float3 b)

[bookmark: l01372] 1372 {

[bookmark: l01373] 1373     return make_float3(fmodf(a.x, b.x), fmodf(a.y, b.y), fmodf(a.z, b.z));

[bookmark: l01374] 1374 }

[bookmark: l01375] 1375 inline __host__ __device__ float4 fmodf(float4 a, float4 b)

[bookmark: l01376] 1376 {

[bookmark: l01377] 1377     return make_float4(fmodf(a.x, b.x), fmodf(a.y, b.y), fmodf(a.z, b.z), fmodf(a.w, b.w));

[bookmark: l01378] 1378 }

[bookmark: l01379] 1379 

[bookmark: l01381] 1381 // absolute value

[bookmark: l01383] 1383 

[bookmark: l01384] 1384 inline __host__ __device__ float2 fabs(float2 v)

[bookmark: l01385] 1385 {

[bookmark: l01386] 1386     return make_float2(fabs(v.x), fabs(v.y));

[bookmark: l01387] 1387 }

[bookmark: l01388] 1388 inline __host__ __device__ float3 fabs(float3 v)

[bookmark: l01389] 1389 {

[bookmark: l01390] 1390     return make_float3(fabs(v.x), fabs(v.y), fabs(v.z));

[bookmark: l01391] 1391 }

[bookmark: l01392] 1392 inline __host__ __device__ float4 fabs(float4 v)

[bookmark: l01393] 1393 {

[bookmark: l01394] 1394     return make_float4(fabs(v.x), fabs(v.y), fabs(v.z), fabs(v.w));

[bookmark: l01395] 1395 }

[bookmark: l01396] 1396 

[bookmark: l01397] 1397 inline __host__ __device__ int2 abs(int2 v)

[bookmark: l01398] 1398 {

[bookmark: l01399] 1399     return make_int2(abs(v.x), abs(v.y));

[bookmark: l01400] 1400 }

[bookmark: l01401] 1401 inline __host__ __device__ int3 abs(int3 v)

[bookmark: l01402] 1402 {

[bookmark: l01403] 1403     return make_int3(abs(v.x), abs(v.y), abs(v.z));

[bookmark: l01404] 1404 }

[bookmark: l01405] 1405 inline __host__ __device__ int4 abs(int4 v)

[bookmark: l01406] 1406 {

[bookmark: l01407] 1407     return make_int4(abs(v.x), abs(v.y), abs(v.z), abs(v.w));

[bookmark: l01408] 1408 }

[bookmark: l01409] 1409 

[bookmark: l01411] 1411 // reflect

[bookmark: l01412] 1412 // - returns reflection of incident ray I around surface normal N

[bookmark: l01413] 1413 // - N should be normalized, reflected vector's length is equal to length of I

[bookmark: l01415] 1415 

[bookmark: l01416] 1416 inline __host__ __device__ float3 reflect(float3 i, float3 n)

[bookmark: l01417] 1417 {

[bookmark: l01418] 1418     return i - 2.0f * n * dot(n,i);

[bookmark: l01419] 1419 }

[bookmark: l01420] 1420 

[bookmark: l01422] 1422 // cross product

[bookmark: l01424] 1424 

[bookmark: l01425] 1425 inline __host__ __device__ float3 cross(float3 a, float3 b)

[bookmark: l01426] 1426 {

[bookmark: l01427] 1427     return make_float3(a.y*b.z - a.z*b.y, a.z*b.x - a.x*b.z, a.x*b.y - a.y*b.x);

[bookmark: l01428] 1428 }

[bookmark: l01429] 1429 

[bookmark: l01431] 1431 // smoothstep

[bookmark: l01432] 1432 // - returns 0 if x < a

[bookmark: l01433] 1433 // - returns 1 if x > b

[bookmark: l01434] 1434 // - otherwise returns smooth interpolation between 0 and 1 based on x

[bookmark: l01436] 1436 

[bookmark: l01437] 1437 inline __device__ __host__ float smoothstep(float a, float b, float x)

[bookmark: l01438] 1438 {

[bookmark: l01439] 1439     float y = clamp((x - a) / (b - a), 0.0f, 1.0f);

[bookmark: l01440] 1440     return (y*y*(3.0f - (2.0f*y)));

[bookmark: l01441] 1441 }

[bookmark: l01442] 1442 inline __device__ __host__ float2 smoothstep(float2 a, float2 b, float2 x)

[bookmark: l01443] 1443 {

[bookmark: l01444] 1444     float2 y = clamp((x - a) / (b - a), 0.0f, 1.0f);

[bookmark: l01445] 1445     return (y*y*(make_float2(3.0f) - (make_float2(2.0f)*y)));

[bookmark: l01446] 1446 }

[bookmark: l01447] 1447 inline __device__ __host__ float3 smoothstep(float3 a, float3 b, float3 x)

[bookmark: l01448] 1448 {

[bookmark: l01449] 1449     float3 y = clamp((x - a) / (b - a), 0.0f, 1.0f);

[bookmark: l01450] 1450     return (y*y*(make_float3(3.0f) - (make_float3(2.0f)*y)));

[bookmark: l01451] 1451 }

[bookmark: l01452] 1452 inline __device__ __host__ float4 smoothstep(float4 a, float4 b, float4 x)

[bookmark: l01453] 1453 {

[bookmark: l01454] 1454     float4 y = clamp((x - a) / (b - a), 0.0f, 1.0f);

[bookmark: l01455] 1455     return (y*y*(make_float4(3.0f) - (make_float4(2.0f)*y)));

[bookmark: l01456] 1456 }

[bookmark: l01459] 1459 #endif
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Functions  

  
particleSystem.cuh File Reference
  





Extern declaration of function in particleSystem_cuda.cu so that they can be called from the ParticleSystem class.  
More...





Go to the source code of this file.





				[bookmark: func-members]
Functions








				void 				cudaInit (int cmdArgDevice)




				 				Initialize cuda environment.  More...





				 




				void 				checkDeviceCapabilities (int major, int minor)




				 				Checks if device has the given compute capability.  More...





				 




				void 				allocateDeviceArray (void **devPtr, int size)




				 				Allocates device memory.  More...





				 




				void 				freeDeviceArray (void *devPtr)




				 				Frees device memory.  More...





				 




				void 				copyArrayFromDevice (void *host, const void *device, int size)




				 				Copy arrays to host from device.  More...





				 




				void 				copyArrayToDevice (void *device, const void *host, int offset, int size)




				 				Copy arrays from host to device.  More...





				 




				void 				backupArrayDevice (void *dest, const void *source, int size)




				 				Copy arrays from device to device.  More...





				 




				void 				setParameters (SimParams *hostParams)




				 				copies parameters to constant memory Wrapper around cudaMemcpyToSymbol.  More...





				 




				void 				integrateSystem1 (float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles)




				 				First Velocity Verlet integration step.  More...





				 




				void 				accelerateNBody (float *pos, float *acc, float *virial, uint numParticles)




				 				Compute the acceleration by using the nbody approach.  More...





				 




				void 				accelerateCelllists (float *newAcc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Compute the acceleration by using celllists.  More...





				 




				void 				potentialCelllists (float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Compute the potential energy by using celllists.  More...





				 




				void 				integrateSystem2 (float *vel, float *acc, float *kin, float deltaTime, uint numParticles)




				 				Second Velocity Verlet integration step.  More...





				 




				void 				calcHash (uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)




				 				Calculate grid hash for all particles.  More...





				 




				void 				reorderDataAndFindCellStart (uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells)




				 				Reorder particle data into sorted order and determine first and last particle for each cell.  More...





				 




				void 				sortParticles (uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles)




				 				Sorts the particles based on hash.  More...





				 




				float 				thrustReduce (float *array, uint numParticles)




				 				Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then uses thrust::reduce to sum the values.  More...





				 




				void 				scaleArray (float *array, float scalefactor, uint length)




				 				scales the array with the given scalefactor.  More...





				 









[bookmark: details]Detailed Description




Extern declaration of function in particleSystem_cuda.cu so that they can be called from the ParticleSystem class. 




				See Also



				particleSystem_cuda.cu 









Definition in file particleSystem.cuh.





Function Documentation







      
        
          				void accelerateCelllists 
          				(
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the acceleration by using celllists. 




Wrapper around kernel calculate_forces_celllist. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				acc				array to store accelerations of particles 




    				[out]				virial				array to store virial contributions of particles 




    				[in]				sortedPos				array with sorted positions of particles 




    				[in]				gridParticleIndex				indices of the particles in sorted order 




    				[in]				cellStart				array with starting particles of cells 




    				[in]				cellEnd				array with ending particles of cells 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_forces_celllist 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 402 of file particleSystem_cuda.cu.












      
        
          				void accelerateNBody 
          				(
          				float * 
          				pos, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the acceleration by using the nbody approach. 




Wrapper around kernel calculate_forces_nbody. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[in]				pos				array with positions of particles 




    				[out]				acc				array to store accelerations of particles 




    				[out]				virial				array to store virial contributions of particles 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_forces_nbody 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 375 of file particleSystem_cuda.cu.












      
        
          				void allocateDeviceArray 
          				(
          				void ** 
          				devPtr, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Allocates device memory. 




Wrapper around cudaMalloc 




				See Also



				cudaMalloc 









Definition at line 64 of file particleSystem_cuda.cu.












      
        
          				void backupArrayDevice 
          				(
          				void * 
          				dest, 
        




        
          				
          				
          				const void * 
          				source, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays from device to device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 96 of file particleSystem_cuda.cu.












      
        
          				void calcHash 
          				(
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float * 
          				pos, 
        




        
          				
          				
          				int 
          				numParticles 
        




        
          				
          				)
          								
        




      







Calculate grid hash for all particles. 




Wrapper around calcHashD First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Parameters



				
  
    				[out]				gridParticleHash				array to store the particle hashes 




    				[out]				gridParticleIndex				array to store the particle indices 




    				[in]				pos				array containing positions of particles 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calcHashD 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block









Definition at line 312 of file particleSystem_cuda.cu.












      
        
          				void checkDeviceCapabilities 
          				(
          				int 
          				major, 
        




        
          				
          				
          				int 
          				minor 
        




        
          				
          				)
          								
        




      







Checks if device has the given compute capability. 




Runs checkCudaCapabilities. 




				Parameters



				
  
    				[in]				major				major compute capability 




    				[in]				minor				minor compute capability 




  




  









				Returns



				true if device supports desired capability, false otherwise 









Definition at line 49 of file particleSystem_cuda.cu.












      
        
          				void copyArrayFromDevice 
          				(
          				void * 
          				host, 
        




        
          				
          				
          				const void * 
          				device, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays to host from device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 105 of file particleSystem_cuda.cu.












      
        
          				void copyArrayToDevice 
          				(
          				void * 
          				device, 
        




        
          				
          				
          				const void * 
          				host, 
        




        
          				
          				
          				int 
          				offset, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays from host to device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 86 of file particleSystem_cuda.cu.












      
        
          				void cudaInit 
          				(
          				int 
          				cmdArgDevice				)
          				
        




      







Initialize cuda environment. 




Calls findCudaDevice. 




				Parameters



				
  
    				[in]				cmdArgDevice				desired CUDA device, -1 if not specified 




  




  









				See Also



				findCudaDevice 









Definition at line 37 of file particleSystem_cuda.cu.












      
        
          				void freeDeviceArray 
          				(
          				void * 
          				devPtr				)
          				
        




      







Frees device memory. 




Wrapper around cudaFree 




				See Also



				cudaFree 









Definition at line 75 of file particleSystem_cuda.cu.












      
        
          				void integrateSystem1 
          				(
          				float * 
          				pos, 
        




        
          				
          				
          				float * 
          				vel, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float 
          				deltaTime, 
        




        
          				
          				
          				float3 
          				boxSize, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







First Velocity Verlet integration step. 




Executes an instance of integrate1_functor, which does the actual integration step, on every particle.




This function does the following steps:





				creates an instance of integrate1_functor




				converts each raw pointer to thrust::device_ptr 




				zips together all the thrust::device_ptr into tuples using thrust::make_zip_iterator. Every tuple contains the position, velocity and acceleration of one particle.




				for every tuple call integrate1_op, this is done using thrust::for_each, which makes it run in parallel on the gpu









				Parameters



				
  
    				[in,out]				pos				array with positions of particles 




    				[in,out]				vel				array with velocities of particles 




    				[in]				acc				array with accelerations of particles 




    				[in]				deltaTime				time step 




    				[in]				boxSize				size of the simulation box 




    				[in]				numParticles				number of particles 




  




  









				See Also



				integrate1_functor 




				
thrust::device_ptr 




				
thrust::for_each 




				
thrust::zip_iterator 









Definition at line 184 of file particleSystem_cuda.cu.












      
        
          				void integrateSystem2 
          				(
          				float * 
          				vel, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				kin, 
        




        
          				
          				
          				float 
          				deltaTime, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Second Velocity Verlet integration step. 




Works similar to integrateSystem1, only uses integrate2_functor and computes kinetic energy. Is executed after the acceleration is computed 




				Parameters



				
  
    				[in,out]				vel				array with velocities of particles 




    				[in]				acc				array with accelerations of particles 




    				[out]				kin				array to store the kinetic energy contributions 




    				[in]				deltaTime				time step 




    				[in]				numParticles				number of particles 




  




  









				See Also



				integrateSystem1 




				
integrate2_functor 









Definition at line 216 of file particleSystem_cuda.cu.












      
        
          				void potentialCelllists 
          				(
          				float * 
          				potentialEnergy, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the potential energy by using celllists. 




Wrapper around kernel calculate_potential_celllist. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				potentialEnergy				the potential energy 




    				[in]				sortedPos				array with sorted positions of particles 




    				[in]				gridParticleIndex				indices of the particles in sorted order 




    				[in]				cellStart				array with starting particles of cells 




    				[in]				cellEnd				array with ending particles of cells 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_potential_celllist 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 430 of file particleSystem_cuda.cu.












      
        
          				void reorderDataAndFindCellStart 
          				(
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float * 
          				oldPos, 
        




        
          				
          				
          				uint 
          				numParticles, 
        




        
          				
          				
          				uint 
          				numCells 
        




        
          				
          				)
          								
        




      







Reorder particle data into sorted order and determine first and last particle for each cell. 




Wrapper around reorderDataAndFindCellStartD First sets all cells to empty, then determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				cellStart				array with start of each cell 




    				[out]				cellEnd				array with end of each cell 




    				[out]				sortedPos				sorted positions 




    				[in]				gridParticleHash				sorted grid hashes 




    				[in]				gridParticleIndex				sorted particle indices 




    				[in]				oldPos				unsorted particle positions 




    				[in]				numParticles				number of particles 




    				[in]				numCells				number of cells 




  




  










Definition at line 339 of file particleSystem_cuda.cu.












      
        
          				void scaleArray 
          				(
          				float * 
          				array, 
        




        
          				
          				
          				float 
          				scalefactor, 
        




        
          				
          				
          				uint 
          				length 
        




        
          				
          				)
          								
        




      







scales the array with the given scalefactor. 




Executes thrust::transform on the array, the functor  thrust::multiplies<T>()  is used to multiply the values with the scaling factor. 




				Note



				The use of thrust::constant_iterator in thrust::transform saves both bandwith and memory capacity sinds it represents an array of size numParticles, but is not explicitly stored. 








				Parameters



				
  
    				[in,out]				array				array with the values to be scaled 




    				[in]				scalefactor				scaling factor for the array 




    				[in]				length				length of the array 




  




  









				See Also



				thrust::transform 




				
thrust::constant_iterator 




				
thrust::multiplies 









Definition at line 274 of file particleSystem_cuda.cu.












      
        
          				void setParameters 
          				(
          				SimParams * 
          				hostParams				)
          				
        




      







copies parameters to constant memory Wrapper around cudaMemcpyToSymbol. 




Uses globally declared params. 




				See Also



				cudaMemcpyToSymbol 









Definition at line 127 of file particleSystem_cuda.cu.












      
        
          				void sortParticles 
          				(
          				uint * 
          				dGridParticleHash, 
        




        
          				
          				
          				uint * 
          				dGridParticleIndex, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Sorts the particles based on hash. 




Does not do the actual reordering, thrust::sort_by_key stores the permutation which is then used for the actual reordering. The reordering is done by reorderDataAndFindCellStart 




				Parameters



				
  
    				[in]				dGridParticleHash				the hashes of the particles 




    				[out]				dGridParticleIndex				the permutation that will put the particles in sorted order 




    				[in]				numParticles				number of Particles 




  




  









				See Also



				thrust::sort_by_key 




				
reorderDataAndFindCellStart 









Definition at line 241 of file particleSystem_cuda.cu.












      
        
          				float thrustReduce 
          				(
          				float * 
          				array, 
        




        
          				
          				
          				uint 
          				length 
        




        
          				
          				)
          								
        




      







Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then uses thrust::reduce to sum the values. 




				Parameters



				
  
    				[in]				array				the array with values to be reduced 




    				[in]				length				length of the array, usually equal to the number of particles 




  




  









				Returns



				the sum of the values in array 








				See Also



				thrust::device_ptr 




				
thrust::reduce 









Definition at line 256 of file particleSystem_cuda.cu.
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				code



  









  
boost_rng.hpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00008]    8 #pragma once

[bookmark: l00009]    9 #ifndef BOOST_RNG_H

[bookmark: l00010]   10 #define BOOST_RNG_H

[bookmark: l00011]   11 

[bookmark: l00012]   12 #include <boost/random.hpp>

[bookmark: l00013]   13 

[bookmark: l00020]   20 class BoostRNG {

[bookmark: l00021]   21 private:

[bookmark: l00022]   22         uint seed; 

[bookmark: l00023]   23         boost::mt19937 rng; 

[bookmark: l00024]   24         boost::normal_distribution<float> dist_normal; 

[bookmark: l00025]   25         boost::uniform_real<float> dist_uniform; 

[bookmark: l00026]   26 

[bookmark: l00032]   32         boost::variate_generator<boost::mt19937&, boost::normal_distribution<float> > rand_normal;

[bookmark: l00039]   39         boost::variate_generator<boost::mt19937&, boost::uniform_real<float> > rand_uniform;

[bookmark: l00040]   40 public:

[bookmark: l00048]   48         BoostRNG(uint _seed);

[bookmark: l00054]   54         float uniform();

[bookmark: l00060]   60         float normal();

[bookmark: l00064]   64         uint getSeed();

[bookmark: l00065]   65 };

[bookmark: l00066]   66         

[bookmark: l00067]   67 #endif

BoostRNG::normal
float normal()
Returns a number from a normal distribution. 
Definition: boost_rng.cpp:19


BoostRNG::dist_uniform
boost::uniform_real< float > dist_uniform
the uniform real distribution class from boost 
Definition: boost_rng.hpp:25


BoostRNG::getSeed
uint getSeed()
Returns the seed of the rng. 
Definition: boost_rng.cpp:27


BoostRNG::BoostRNG
BoostRNG(uint _seed)
Constructor, initializes the BoostRNG class. 
Definition: boost_rng.cpp:10


BoostRNG
class that provides random number generator. 
Definition: boost_rng.hpp:20


BoostRNG::rand_normal
boost::variate_generator< boost::mt19937 &, boost::normal_distribution< float > > rand_normal
an instance of the variate generator class from boost, the template parameters specify that a referen...
Definition: boost_rng.hpp:32


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


BoostRNG::seed
uint seed
seed for the random number generator 
Definition: boost_rng.hpp:22


BoostRNG::uniform
float uniform()
Returns a number from a uniform distribution. 
Definition: boost_rng.cpp:23


BoostRNG::rand_uniform
boost::variate_generator< boost::mt19937 &, boost::uniform_real< float > > rand_uniform
an instance of the variate generator class from boost, the template parameters specify that a referen...
Definition: boost_rng.hpp:39


BoostRNG::dist_normal
boost::normal_distribution< float > dist_normal
the normal distribution class from boost 
Definition: boost_rng.hpp:24


BoostRNG::rng
boost::mt19937 rng
the Mersenne twister engine class from boost 
Definition: boost_rng.hpp:23
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				shortrange-md



  









  
shortrange-md Directory Reference
  





				[bookmark: files]
Files








				file  				boost_rng.cpp [code]




				 				Implementation for the BoostRNG class. 





				 




				file  				boost_rng.hpp [code]




				 				Interface for the BoostRNG class. 





				 




				file  				error_analysis.cpp [code]




				 				Implementation for the ErrorAnalysis class. 





				 




				file  				error_analysis.hpp [code]




				 				Interface for the ErrorAnalysis class. 





				 




				file  				particles.cpp [code]




				 				The main program. 





				 




				file  				particles_kernel.cuh [code]




				 				Definition of the struct SimParams that goes to constant memory. 





				 




				file  				particles_kernel_impl.cuh [code]




				 				Cuda function and functor definitions. 





				 




				file  				particleSystem.cpp [code]




				 				Implementation of the ParticleSystem class. 





				 




				file  				particleSystem.cuh [code]




				 				Extern declaration of function in particleSystem_cuda.cu so that they can be called from the ParticleSystem class. 





				 




				file  				particleSystem.h [code]




				 				Interface for the ParticleSystem class. 





				 




				file  				particleSystem_cuda.cu [code]




				 				C wrappers around CUDA functions so they can be called from particleSystem.cpp. 
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				code



  









  
error_analysis.hpp
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 #pragma once

[bookmark: l00008]    8 #ifndef ERROR_ANALYSIS_H

[bookmark: l00009]    9 #define ERROR_ANALYSIS_H

[bookmark: l00010]   10 

[bookmark: l00011]   11 #include <boost/accumulators/accumulators.hpp>

[bookmark: l00012]   12 #include <boost/accumulators/statistics/stats.hpp>

[bookmark: l00013]   13 #include <boost/accumulators/statistics/mean.hpp>

[bookmark: l00014]   14 #include <boost/accumulators/statistics/variance.hpp>

[bookmark: l00015]   15 #include <vector>

[bookmark: l00016]   16 

[bookmark: l00017]   17 

[bookmark: l00023]   23 class ErrorAnalysis {

[bookmark: l00024]   24 private:

[bookmark: l00025]   25         bool done; 

[bookmark: l00026]   26         int nrSamples; 

[bookmark: l00027]   27         int nrBins; 

[bookmark: l00028]   28         int samplesPerBin; 

[bookmark: l00029]   29         int count; 

[bookmark: l00030]   30         std::vector<double> bins; 

[bookmark: l00031]   31 

[bookmark: l00036]   36         boost::accumulators::accumulator_set< double, boost::accumulators::features< boost::accumulators::tag::mean, boost::accumulators::tag::variance > > acc;

[bookmark: l00037]   37         void process();

[bookmark: l00038]   38 public:

[bookmark: l00039]   39         ErrorAnalysis(int _nrSamples, int _nrBins = 10);

[bookmark: l00040]   40         void push(double value);

[bookmark: l00041]   41         double mean();

[bookmark: l00042]   42         double variance();

[bookmark: l00043]   43         double error();

[bookmark: l00044]   44 };

[bookmark: l00045]   45         

[bookmark: l00046]   46 #endif

ErrorAnalysis::ErrorAnalysis
ErrorAnalysis(int _nrSamples, int _nrBins=10)
Constructor. 
Definition: error_analysis.cpp:20


ErrorAnalysis::variance
double variance()
Returns the unbiased estimator of the variance. 
Definition: error_analysis.cpp:86


ErrorAnalysis::push
void push(double value)
Pushes a value to the correct bin. 
Definition: error_analysis.cpp:54


ErrorAnalysis::acc
boost::accumulators::accumulator_set< double, boost::accumulators::features< boost::accumulators::tag::mean, boost::accumulators::tag::variance > > acc
The boost accumulator set. 
Definition: error_analysis.hpp:36


ErrorAnalysis::process
void process()
Processes the data. 
Definition: error_analysis.cpp:40


ErrorAnalysis::nrSamples
int nrSamples
total number of samples 
Definition: error_analysis.hpp:26


ErrorAnalysis::error
double error()
Returns the standard error of the mean using the unbiased estimator of the variance. 
Definition: error_analysis.cpp:106


ErrorAnalysis::done
bool done
set to true if all samples are added and processed 
Definition: error_analysis.hpp:25


ErrorAnalysis
class for determining mean and error for a observable. 
Definition: error_analysis.hpp:23


ErrorAnalysis::count
int count
counter for number of samples already pushed 
Definition: error_analysis.hpp:29


ErrorAnalysis::bins
std::vector< double > bins
vector of doubles to store the sum of the bins 
Definition: error_analysis.hpp:30


ErrorAnalysis::nrBins
int nrBins
number of bins to divide the samples over 
Definition: error_analysis.hpp:27


ErrorAnalysis::samplesPerBin
int samplesPerBin
number of samples per bin 
Definition: error_analysis.hpp:28


ErrorAnalysis::mean
double mean()
Returns the mean. 
Definition: error_analysis.cpp:67
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EventTimer Member List
  





This is the complete list of members for EventTimer, including all inherited members.





  				elapsed()				EventTimer				inline




  				EventTimer()				EventTimer				inline




  				mStart				EventTimer				private




  				mStop				EventTimer				private




  				mStopped				EventTimer				private




  				start(cudaStream_t s=0)				EventTimer				inline




  				stop(cudaStream_t s=0)				EventTimer				inline




  				~EventTimer()				EventTimer				inline
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(function(bb,L){var av=bb.document,bu=bb.navigator,bl=bb.location;var b=(function(){var bF=function(b0,b1){return new bF.fn.init(b0,b1,bD)},bU=bb.jQuery,bH=bb.$,bD,bY=/^(?:[^#<]*(<[\w\W]+>)[^>]*$|#([\w\-]*)$)/,bM=/\S/,bI=/^\s+/,bE=/\s+$/,bA=/^<(\w+)\s*\/?>(?:<\/\1>)?$/,bN=/^[\],:{}\s]*$/,bW=/\\(?:["\\\/bfnrt]|u[0-9a-fA-F]{4})/g,bP=/"[^"\\\n\r]*"|true|false|null|-?\d+(?:\.\d*)?(?:[eE][+\-]?\d+)?/g,bJ=/(?:^|:|,)(?:\s*\[)+/g,by=/(webkit)[ \/]([\w.]+)/,bR=/(opera)(?:.*version)?[ \/]([\w.]+)/,bQ=/(msie) ([\w.]+)/,bS=/(mozilla)(?:.*? rv:([\w.]+))?/,bB=/-([a-z]|[0-9])/ig,bZ=/^-ms-/,bT=function(b0,b1){return(b1+"").toUpperCase()},bX=bu.userAgent,bV,bC,e,bL=Object.prototype.toString,bG=Object.prototype.hasOwnProperty,bz=Array.prototype.push,bK=Array.prototype.slice,bO=String.prototype.trim,bv=Array.prototype.indexOf,bx={};bF.fn=bF.prototype={constructor:bF,init:function(b0,b4,b3){var b2,b5,b1,b6;if(!b0){return this}if(b0.nodeType){this.context=this[0]=b0;this.length=1;return this}if(b0==="body"&&!b4&&av.body){this.context=av;this[0]=av.body;this.selector=b0;this.length=1;return this}if(typeof b0==="string"){if(b0.charAt(0)==="<"&&b0.charAt(b0.length-1)===">"&&b0.length>=3){b2=[null,b0,null]}else{b2=bY.exec(b0)}if(b2&&(b2[1]||!b4)){if(b2[1]){b4=b4 instanceof bF?b4[0]:b4;b6=(b4?b4.ownerDocument||b4:av);b1=bA.exec(b0);if(b1){if(bF.isPlainObject(b4)){b0=[av.createElement(b1[1])];bF.fn.attr.call(b0,b4,true)}else{b0=[b6.createElement(b1[1])]}}else{b1=bF.buildFragment([b2[1]],[b6]);b0=(b1.cacheable?bF.clone(b1.fragment):b1.fragment).childNodes}return bF.merge(this,b0)}else{b5=av.getElementById(b2[2]);if(b5&&b5.parentNode){if(b5.id!==b2[2]){return b3.find(b0)}this.length=1;this[0]=b5}this.context=av;this.selector=b0;return this}}else{if(!b4||b4.jquery){return(b4||b3).find(b0)}else{return this.constructor(b4).find(b0)}}}else{if(bF.isFunction(b0)){return b3.ready(b0)}}if(b0.selector!==L){this.selector=b0.selector;this.context=b0.context}return bF.makeArray(b0,this)},selector:"",jquery:"1.7.1",length:0,size:function(){return this.length},toArray:function(){return bK.call(this,0)},get:function(b0){return b0==null?this.toArray():(b0<0?this[this.length+b0]:this[b0])},pushStack:function(b1,b3,b0){var b2=this.constructor();if(bF.isArray(b1)){bz.apply(b2,b1)}else{bF.merge(b2,b1)}b2.prevObject=this;b2.context=this.context;if(b3==="find"){b2.selector=this.selector+(this.selector?" ":"")+b0}else{if(b3){b2.selector=this.selector+"."+b3+"("+b0+")"}}return b2},each:function(b1,b0){return bF.each(this,b1,b0)},ready:function(b0){bF.bindReady();bC.add(b0);return this},eq:function(b0){b0=+b0;return b0===-1?this.slice(b0):this.slice(b0,b0+1)},first:function(){return this.eq(0)},last:function(){return this.eq(-1)},slice:function(){return this.pushStack(bK.apply(this,arguments),"slice",bK.call(arguments).join(","))},map:function(b0){return this.pushStack(bF.map(this,function(b2,b1){return b0.call(b2,b1,b2)}))},end:function(){return this.prevObject||this.constructor(null)},push:bz,sort:[].sort,splice:[].splice};bF.fn.init.prototype=bF.fn;bF.extend=bF.fn.extend=function(){var b9,b2,b0,b1,b6,b7,b5=arguments[0]||{},b4=1,b3=arguments.length,b8=false;if(typeof b5==="boolean"){b8=b5;b5=arguments[1]||{};b4=2}if(typeof b5!=="object"&&!bF.isFunction(b5)){b5={}}if(b3===b4){b5=this;--b4}for(;b4<b3;b4++){if((b9=arguments[b4])!=null){for(b2 in b9){b0=b5[b2];b1=b9[b2];if(b5===b1){continue}if(b8&&b1&&(bF.isPlainObject(b1)||(b6=bF.isArray(b1)))){if(b6){b6=false;b7=b0&&bF.isArray(b0)?b0:[]}else{b7=b0&&bF.isPlainObject(b0)?b0:{}}b5[b2]=bF.extend(b8,b7,b1)}else{if(b1!==L){b5[b2]=b1}}}}}return b5};bF.extend({noConflict:function(b0){if(bb.$===bF){bb.$=bH}if(b0&&bb.jQuery===bF){bb.jQuery=bU}return bF},isReady:false,readyWait:1,holdReady:function(b0){if(b0){bF.readyWait++}else{bF.ready(true)}},ready:function(b0){if((b0===true&&!--bF.readyWait)||(b0!==true&&!bF.isReady)){if(!av.body){return setTimeout(bF.ready,1)}bF.isReady=true;if(b0!==true&&--bF.readyWait>0){return}bC.fireWith(av,[bF]);if(bF.fn.trigger){bF(av).trigger("ready").off("ready")}}},bindReady:function(){if(bC){return}bC=bF.Callbacks("once memory");if(av.readyState==="complete"){return setTimeout(bF.ready,1)}if(av.addEventListener){av.addEventListener("DOMContentLoaded",e,false);bb.addEventListener("load",bF.ready,false)}else{if(av.attachEvent){av.attachEvent("onreadystatechange",e);bb.attachEvent("onload",bF.ready);var b0=false;try{b0=bb.frameElement==null}catch(b1){}if(av.documentElement.doScroll&&b0){bw()}}}},isFunction:function(b0){return bF.type(b0)==="function"},isArray:Array.isArray||function(b0){return bF.type(b0)==="array"},isWindow:function(b0){return b0&&typeof b0==="object"&&"setInterval" in b0},isNumeric:function(b0){return !isNaN(parseFloat(b0))&&isFinite(b0)},type:function(b0){return b0==null?String(b0):bx[bL.call(b0)]||"object"},isPlainObject:function(b2){if(!b2||bF.type(b2)!=="object"||b2.nodeType||bF.isWindow(b2)){return false}try{if(b2.constructor&&!bG.call(b2,"constructor")&&!bG.call(b2.constructor.prototype,"isPrototypeOf")){return false}}catch(b1){return false}var b0;for(b0 in b2){}return b0===L||bG.call(b2,b0)},isEmptyObject:function(b1){for(var b0 in b1){return false}return true},error:function(b0){throw new Error(b0)},parseJSON:function(b0){if(typeof b0!=="string"||!b0){return null}b0=bF.trim(b0);if(bb.JSON&&bb.JSON.parse){return bb.JSON.parse(b0)}if(bN.test(b0.replace(bW,"@").replace(bP,"]").replace(bJ,""))){return(new Function("return "+b0))()}bF.error("Invalid JSON: "+b0)},parseXML:function(b2){var b0,b1;try{if(bb.DOMParser){b1=new DOMParser();b0=b1.parseFromString(b2,"text/xml")}else{b0=new ActiveXObject("Microsoft.XMLDOM");b0.async="false";b0.loadXML(b2)}}catch(b3){b0=L}if(!b0||!b0.documentElement||b0.getElementsByTagName("parsererror").length){bF.error("Invalid XML: "+b2)}return b0},noop:function(){},globalEval:function(b0){if(b0&&bM.test(b0)){(bb.execScript||function(b1){bb["eval"].call(bb,b1)})(b0)}},camelCase:function(b0){return b0.replace(bZ,"ms-").replace(bB,bT)},nodeName:function(b1,b0){return b1.nodeName&&b1.nodeName.toUpperCase()===b0.toUpperCase()},each:function(b3,b6,b2){var b1,b4=0,b5=b3.length,b0=b5===L||bF.isFunction(b3);if(b2){if(b0){for(b1 in b3){if(b6.apply(b3[b1],b2)===false){break}}}else{for(;b4<b5;){if(b6.apply(b3[b4++],b2)===false){break}}}}else{if(b0){for(b1 in b3){if(b6.call(b3[b1],b1,b3[b1])===false){break}}}else{for(;b4<b5;){if(b6.call(b3[b4],b4,b3[b4++])===false){break}}}}return b3},trim:bO?function(b0){return b0==null?"":bO.call(b0)}:function(b0){return b0==null?"":b0.toString().replace(bI,"").replace(bE,"")},makeArray:function(b3,b1){var b0=b1||[];if(b3!=null){var b2=bF.type(b3);if(b3.length==null||b2==="string"||b2==="function"||b2==="regexp"||bF.isWindow(b3)){bz.call(b0,b3)}else{bF.merge(b0,b3)}}return b0},inArray:function(b2,b3,b1){var b0;if(b3){if(bv){return bv.call(b3,b2,b1)}b0=b3.length;b1=b1?b1<0?Math.max(0,b0+b1):b1:0;for(;b1<b0;b1++){if(b1 in b3&&b3[b1]===b2){return b1}}}return -1},merge:function(b4,b2){var b3=b4.length,b1=0;if(typeof b2.length==="number"){for(var b0=b2.length;b1<b0;b1++){b4[b3++]=b2[b1]}}else{while(b2[b1]!==L){b4[b3++]=b2[b1++]}}b4.length=b3;return b4},grep:function(b1,b6,b0){var b2=[],b5;b0=!!b0;for(var b3=0,b4=b1.length;b3<b4;b3++){b5=!!b6(b1[b3],b3);if(b0!==b5){b2.push(b1[b3])}}return b2},map:function(b0,b7,b8){var b5,b6,b4=[],b2=0,b1=b0.length,b3=b0 instanceof bF||b1!==L&&typeof b1==="number"&&((b1>0&&b0[0]&&b0[b1-1])||b1===0||bF.isArray(b0));if(b3){for(;b2<b1;b2++){b5=b7(b0[b2],b2,b8);if(b5!=null){b4[b4.length]=b5}}}else{for(b6 in b0){b5=b7(b0[b6],b6,b8);if(b5!=null){b4[b4.length]=b5}}}return b4.concat.apply([],b4)},guid:1,proxy:function(b4,b3){if(typeof b3==="string"){var b2=b4[b3];b3=b4;b4=b2}if(!bF.isFunction(b4)){return L}var b0=bK.call(arguments,2),b1=function(){return b4.apply(b3,b0.concat(bK.call(arguments)))};b1.guid=b4.guid=b4.guid||b1.guid||bF.guid++;return b1},access:function(b0,b8,b6,b2,b5,b7){var b1=b0.length;if(typeof b8==="object"){for(var b3 in b8){bF.access(b0,b3,b8[b3],b2,b5,b6)}return b0}if(b6!==L){b2=!b7&&b2&&bF.isFunction(b6);for(var b4=0;b4<b1;b4++){b5(b0[b4],b8,b2?b6.call(b0[b4],b4,b5(b0[b4],b8)):b6,b7)}return b0}return b1?b5(b0[0],b8):L},now:function(){return(new Date()).getTime()},uaMatch:function(b1){b1=b1.toLowerCase();var b0=by.exec(b1)||bR.exec(b1)||bQ.exec(b1)||b1.indexOf("compatible")<0&&bS.exec(b1)||[];return{browser:b0[1]||"",version:b0[2]||"0"}},sub:function(){function b0(b3,b4){return new b0.fn.init(b3,b4)}bF.extend(true,b0,this);b0.superclass=this;b0.fn=b0.prototype=this();b0.fn.constructor=b0;b0.sub=this.sub;b0.fn.init=function b2(b3,b4){if(b4&&b4 instanceof bF&&!(b4 instanceof b0)){b4=b0(b4)}return bF.fn.init.call(this,b3,b4,b1)};b0.fn.init.prototype=b0.fn;var b1=b0(av);return b0},browser:{}});bF.each("Boolean Number String Function Array Date RegExp Object".split(" "),function(b1,b0){bx["[object "+b0+"]"]=b0.toLowerCase()});bV=bF.uaMatch(bX);if(bV.browser){bF.browser[bV.browser]=true;bF.browser.version=bV.version}if(bF.browser.webkit){bF.browser.safari=true}if(bM.test("\xA0")){bI=/^[\s\xA0]+/;bE=/[\s\xA0]+$/}bD=bF(av);if(av.addEventListener){e=function(){av.removeEventListener("DOMContentLoaded",e,false);bF.ready()}}else{if(av.attachEvent){e=function(){if(av.readyState==="complete"){av.detachEvent("onreadystatechange",e);bF.ready()}}}}function bw(){if(bF.isReady){return}try{av.documentElement.doScroll("left")}catch(b0){setTimeout(bw,1);return}bF.ready()}return bF})();var a2={};function X(e){var bv=a2[e]={},bw,bx;e=e.split(/\s+/);for(bw=0,bx=e.length;bw<bx;bw++){bv[e[bw]]=true}return bv}b.Callbacks=function(bw){bw=bw?(a2[bw]||X(bw)):{};var bB=[],bC=[],bx,by,bv,bz,bA,bE=function(bF){var bG,bJ,bI,bH,bK;for(bG=0,bJ=bF.length;bG<bJ;bG++){bI=bF[bG];bH=b.type(bI);if(bH==="array"){bE(bI)}else{if(bH==="function"){if(!bw.unique||!bD.has(bI)){bB.push(bI)}}}}},e=function(bG,bF){bF=bF||[];bx=!bw.memory||[bG,bF];by=true;bA=bv||0;bv=0;bz=bB.length;for(;bB&&bA<bz;bA++){if(bB[bA].apply(bG,bF)===false&&bw.stopOnFalse){bx=true;break}}by=false;if(bB){if(!bw.once){if(bC&&bC.length){bx=bC.shift();bD.fireWith(bx[0],bx[1])}}else{if(bx===true){bD.disable()}else{bB=[]}}}},bD={add:function(){if(bB){var bF=bB.length;bE(arguments);if(by){bz=bB.length}else{if(bx&&bx!==true){bv=bF;e(bx[0],bx[1])}}}return this},remove:function(){if(bB){var bF=arguments,bH=0,bI=bF.length;for(;bH<bI;bH++){for(var bG=0;bG<bB.length;bG++){if(bF[bH]===bB[bG]){if(by){if(bG<=bz){bz--;if(bG<=bA){bA--}}}bB.splice(bG--,1);if(bw.unique){break}}}}}return this},has:function(bG){if(bB){var bF=0,bH=bB.length;for(;bF<bH;bF++){if(bG===bB[bF]){return true}}}return false},empty:function(){bB=[];return this},disable:function(){bB=bC=bx=L;return this},disabled:function(){return !bB},lock:function(){bC=L;if(!bx||bx===true){bD.disable()}return this},locked:function(){return !bC},fireWith:function(bG,bF){if(bC){if(by){if(!bw.once){bC.push([bG,bF])}}else{if(!(bw.once&&bx)){e(bG,bF)}}}return this},fire:function(){bD.fireWith(this,arguments);return this},fired:function(){return !!bx}};return bD};var aJ=[].slice;b.extend({Deferred:function(by){var bx=b.Callbacks("once memory"),bw=b.Callbacks("once memory"),bv=b.Callbacks("memory"),e="pending",bA={resolve:bx,reject:bw,notify:bv},bC={done:bx.add,fail:bw.add,progress:bv.add,state:function(){return e},isResolved:bx.fired,isRejected:bw.fired,then:function(bE,bD,bF){bB.done(bE).fail(bD).progress(bF);return this},always:function(){bB.done.apply(bB,arguments).fail.apply(bB,arguments);return this},pipe:function(bF,bE,bD){return b.Deferred(function(bG){b.each({done:[bF,"resolve"],fail:[bE,"reject"],progress:[bD,"notify"]},function(bI,bL){var bH=bL[0],bK=bL[1],bJ;if(b.isFunction(bH)){bB[bI](function(){bJ=bH.apply(this,arguments);if(bJ&&b.isFunction(bJ.promise)){bJ.promise().then(bG.resolve,bG.reject,bG.notify)}else{bG[bK+"With"](this===bB?bG:this,[bJ])}})}else{bB[bI](bG[bK])}})}).promise()},promise:function(bE){if(bE==null){bE=bC}else{for(var bD in bC){bE[bD]=bC[bD]}}return bE}},bB=bC.promise({}),bz;for(bz in bA){bB[bz]=bA[bz].fire;bB[bz+"With"]=bA[bz].fireWith}bB.done(function(){e="resolved"},bw.disable,bv.lock).fail(function(){e="rejected"},bx.disable,bv.lock);if(by){by.call(bB,bB)}return bB},when:function(bA){var bx=aJ.call(arguments,0),bv=0,e=bx.length,bB=new Array(e),bw=e,by=e,bC=e<=1&&bA&&b.isFunction(bA.promise)?bA:b.Deferred(),bE=bC.promise();function bD(bF){return function(bG){bx[bF]=arguments.length>1?aJ.call(arguments,0):bG;if(!(--bw)){bC.resolveWith(bC,bx)}}}function bz(bF){return function(bG){bB[bF]=arguments.length>1?aJ.call(arguments,0):bG;bC.notifyWith(bE,bB)}}if(e>1){for(;bv<e;bv++){if(bx[bv]&&bx[bv].promise&&b.isFunction(bx[bv].promise)){bx[bv].promise().then(bD(bv),bC.reject,bz(bv))
}else{--bw}}if(!bw){bC.resolveWith(bC,bx)}}else{if(bC!==bA){bC.resolveWith(bC,e?[bA]:[])}}return bE}});b.support=(function(){var bJ,bI,bF,bG,bx,bE,bA,bD,bz,bK,bB,by,bw,bv=av.createElement("div"),bH=av.documentElement;bv.setAttribute("className","t");bv.innerHTML="   <link/><table></table><a href='/a' style='top:1px;float:left;opacity:.55;'>a</a><input type='checkbox'/>";bI=bv.getElementsByTagName("*");bF=bv.getElementsByTagName("a")[0];if(!bI||!bI.length||!bF){return{}}bG=av.createElement("select");bx=bG.appendChild(av.createElement("option"));bE=bv.getElementsByTagName("input")[0];bJ={leadingWhitespace:(bv.firstChild.nodeType===3),tbody:!bv.getElementsByTagName("tbody").length,htmlSerialize:!!bv.getElementsByTagName("link").length,style:/top/.test(bF.getAttribute("style")),hrefNormalized:(bF.getAttribute("href")==="/a"),opacity:/^0.55/.test(bF.style.opacity),cssFloat:!!bF.style.cssFloat,checkOn:(bE.value==="on"),optSelected:bx.selected,getSetAttribute:bv.className!=="t",enctype:!!av.createElement("form").enctype,html5Clone:av.createElement("nav").cloneNode(true).outerHTML!=="<:nav></:nav>",submitBubbles:true,changeBubbles:true,focusinBubbles:false,deleteExpando:true,noCloneEvent:true,inlineBlockNeedsLayout:false,shrinkWrapBlocks:false,reliableMarginRight:true};bE.checked=true;bJ.noCloneChecked=bE.cloneNode(true).checked;bG.disabled=true;bJ.optDisabled=!bx.disabled;try{delete bv.test}catch(bC){bJ.deleteExpando=false}if(!bv.addEventListener&&bv.attachEvent&&bv.fireEvent){bv.attachEvent("onclick",function(){bJ.noCloneEvent=false});bv.cloneNode(true).fireEvent("onclick")}bE=av.createElement("input");bE.value="t";bE.setAttribute("type","radio");bJ.radioValue=bE.value==="t";bE.setAttribute("checked","checked");bv.appendChild(bE);bD=av.createDocumentFragment();bD.appendChild(bv.lastChild);bJ.checkClone=bD.cloneNode(true).cloneNode(true).lastChild.checked;bJ.appendChecked=bE.checked;bD.removeChild(bE);bD.appendChild(bv);bv.innerHTML="";if(bb.getComputedStyle){bA=av.createElement("div");bA.style.width="0";bA.style.marginRight="0";bv.style.width="2px";bv.appendChild(bA);bJ.reliableMarginRight=(parseInt((bb.getComputedStyle(bA,null)||{marginRight:0}).marginRight,10)||0)===0}if(bv.attachEvent){for(by in {submit:1,change:1,focusin:1}){bB="on"+by;bw=(bB in bv);if(!bw){bv.setAttribute(bB,"return;");bw=(typeof bv[bB]==="function")}bJ[by+"Bubbles"]=bw}}bD.removeChild(bv);bD=bG=bx=bA=bv=bE=null;b(function(){var bM,bU,bV,bT,bN,bO,bL,bS,bR,e,bP,bQ=av.getElementsByTagName("body")[0];if(!bQ){return}bL=1;bS="position:absolute;top:0;left:0;width:1px;height:1px;margin:0;";bR="visibility:hidden;border:0;";e="style='"+bS+"border:5px solid #000;padding:0;'";bP="<div "+e+"><div></div></div><table "+e+" cellpadding='0' cellspacing='0'><tr><td></td></tr></table>";bM=av.createElement("div");bM.style.cssText=bR+"width:0;height:0;position:static;top:0;margin-top:"+bL+"px";bQ.insertBefore(bM,bQ.firstChild);bv=av.createElement("div");bM.appendChild(bv);bv.innerHTML="<table><tr><td style='padding:0;border:0;display:none'></td><td>t</td></tr></table>";bz=bv.getElementsByTagName("td");bw=(bz[0].offsetHeight===0);bz[0].style.display="";bz[1].style.display="none";bJ.reliableHiddenOffsets=bw&&(bz[0].offsetHeight===0);bv.innerHTML="";bv.style.width=bv.style.paddingLeft="1px";b.boxModel=bJ.boxModel=bv.offsetWidth===2;if(typeof bv.style.zoom!=="undefined"){bv.style.display="inline";bv.style.zoom=1;bJ.inlineBlockNeedsLayout=(bv.offsetWidth===2);bv.style.display="";bv.innerHTML="<div style='width:4px;'></div>";bJ.shrinkWrapBlocks=(bv.offsetWidth!==2)}bv.style.cssText=bS+bR;bv.innerHTML=bP;bU=bv.firstChild;bV=bU.firstChild;bN=bU.nextSibling.firstChild.firstChild;bO={doesNotAddBorder:(bV.offsetTop!==5),doesAddBorderForTableAndCells:(bN.offsetTop===5)};bV.style.position="fixed";bV.style.top="20px";bO.fixedPosition=(bV.offsetTop===20||bV.offsetTop===15);bV.style.position=bV.style.top="";bU.style.overflow="hidden";bU.style.position="relative";bO.subtractsBorderForOverflowNotVisible=(bV.offsetTop===-5);bO.doesNotIncludeMarginInBodyOffset=(bQ.offsetTop!==bL);bQ.removeChild(bM);bv=bM=null;b.extend(bJ,bO)});return bJ})();var aS=/^(?:\{.*\}|\[.*\])$/,aA=/([A-Z])/g;b.extend({cache:{},uuid:0,expando:"jQuery"+(b.fn.jquery+Math.random()).replace(/\D/g,""),noData:{embed:true,object:"clsid:D27CDB6E-AE6D-11cf-96B8-444553540000",applet:true},hasData:function(e){e=e.nodeType?b.cache[e[b.expando]]:e[b.expando];return !!e&&!S(e)},data:function(bx,bv,bz,by){if(!b.acceptData(bx)){return}var bG,bA,bD,bE=b.expando,bC=typeof bv==="string",bF=bx.nodeType,e=bF?b.cache:bx,bw=bF?bx[bE]:bx[bE]&&bE,bB=bv==="events";if((!bw||!e[bw]||(!bB&&!by&&!e[bw].data))&&bC&&bz===L){return}if(!bw){if(bF){bx[bE]=bw=++b.uuid}else{bw=bE}}if(!e[bw]){e[bw]={};if(!bF){e[bw].toJSON=b.noop}}if(typeof bv==="object"||typeof bv==="function"){if(by){e[bw]=b.extend(e[bw],bv)}else{e[bw].data=b.extend(e[bw].data,bv)}}bG=bA=e[bw];if(!by){if(!bA.data){bA.data={}}bA=bA.data}if(bz!==L){bA[b.camelCase(bv)]=bz}if(bB&&!bA[bv]){return bG.events}if(bC){bD=bA[bv];if(bD==null){bD=bA[b.camelCase(bv)]}}else{bD=bA}return bD},removeData:function(bx,bv,by){if(!b.acceptData(bx)){return}var bB,bA,bz,bC=b.expando,bD=bx.nodeType,e=bD?b.cache:bx,bw=bD?bx[bC]:bC;if(!e[bw]){return}if(bv){bB=by?e[bw]:e[bw].data;if(bB){if(!b.isArray(bv)){if(bv in bB){bv=[bv]}else{bv=b.camelCase(bv);if(bv in bB){bv=[bv]}else{bv=bv.split(" ")}}}for(bA=0,bz=bv.length;bA<bz;bA++){delete bB[bv[bA]]}if(!(by?S:b.isEmptyObject)(bB)){return}}}if(!by){delete e[bw].data;if(!S(e[bw])){return}}if(b.support.deleteExpando||!e.setInterval){delete e[bw]}else{e[bw]=null}if(bD){if(b.support.deleteExpando){delete bx[bC]}else{if(bx.removeAttribute){bx.removeAttribute(bC)}else{bx[bC]=null}}}},_data:function(bv,e,bw){return b.data(bv,e,bw,true)},acceptData:function(bv){if(bv.nodeName){var e=b.noData[bv.nodeName.toLowerCase()];if(e){return !(e===true||bv.getAttribute("classid")!==e)}}return true}});b.fn.extend({data:function(by,bA){var bB,e,bw,bz=null;if(typeof by==="undefined"){if(this.length){bz=b.data(this[0]);if(this[0].nodeType===1&&!b._data(this[0],"parsedAttrs")){e=this[0].attributes;for(var bx=0,bv=e.length;bx<bv;bx++){bw=e[bx].name;if(bw.indexOf("data-")===0){bw=b.camelCase(bw.substring(5));a5(this[0],bw,bz[bw])}}b._data(this[0],"parsedAttrs",true)}}return bz}else{if(typeof by==="object"){return this.each(function(){b.data(this,by)})}}bB=by.split(".");bB[1]=bB[1]?"."+bB[1]:"";if(bA===L){bz=this.triggerHandler("getData"+bB[1]+"!",[bB[0]]);if(bz===L&&this.length){bz=b.data(this[0],by);bz=a5(this[0],by,bz)}return bz===L&&bB[1]?this.data(bB[0]):bz}else{return this.each(function(){var bC=b(this),bD=[bB[0],bA];bC.triggerHandler("setData"+bB[1]+"!",bD);b.data(this,by,bA);bC.triggerHandler("changeData"+bB[1]+"!",bD)})}},removeData:function(e){return this.each(function(){b.removeData(this,e)})}});function a5(bx,bw,by){if(by===L&&bx.nodeType===1){var bv="data-"+bw.replace(aA,"-$1").toLowerCase();by=bx.getAttribute(bv);if(typeof by==="string"){try{by=by==="true"?true:by==="false"?false:by==="null"?null:b.isNumeric(by)?parseFloat(by):aS.test(by)?b.parseJSON(by):by}catch(bz){}b.data(bx,bw,by)}else{by=L}}return by}function S(bv){for(var e in bv){if(e==="data"&&b.isEmptyObject(bv[e])){continue}if(e!=="toJSON"){return false}}return true}function bi(by,bx,bA){var bw=bx+"defer",bv=bx+"queue",e=bx+"mark",bz=b._data(by,bw);if(bz&&(bA==="queue"||!b._data(by,bv))&&(bA==="mark"||!b._data(by,e))){setTimeout(function(){if(!b._data(by,bv)&&!b._data(by,e)){b.removeData(by,bw,true);bz.fire()}},0)}}b.extend({_mark:function(bv,e){if(bv){e=(e||"fx")+"mark";b._data(bv,e,(b._data(bv,e)||0)+1)}},_unmark:function(by,bx,bv){if(by!==true){bv=bx;bx=by;by=false}if(bx){bv=bv||"fx";var e=bv+"mark",bw=by?0:((b._data(bx,e)||1)-1);if(bw){b._data(bx,e,bw)}else{b.removeData(bx,e,true);bi(bx,bv,"mark")}}},queue:function(bv,e,bx){var bw;if(bv){e=(e||"fx")+"queue";bw=b._data(bv,e);if(bx){if(!bw||b.isArray(bx)){bw=b._data(bv,e,b.makeArray(bx))}else{bw.push(bx)}}return bw||[]}},dequeue:function(by,bx){bx=bx||"fx";var bv=b.queue(by,bx),bw=bv.shift(),e={};if(bw==="inprogress"){bw=bv.shift()}if(bw){if(bx==="fx"){bv.unshift("inprogress")}b._data(by,bx+".run",e);bw.call(by,function(){b.dequeue(by,bx)},e)}if(!bv.length){b.removeData(by,bx+"queue "+bx+".run",true);bi(by,bx,"queue")}}});b.fn.extend({queue:function(e,bv){if(typeof e!=="string"){bv=e;e="fx"}if(bv===L){return b.queue(this[0],e)}return this.each(function(){var bw=b.queue(this,e,bv);if(e==="fx"&&bw[0]!=="inprogress"){b.dequeue(this,e)}})},dequeue:function(e){return this.each(function(){b.dequeue(this,e)})},delay:function(bv,e){bv=b.fx?b.fx.speeds[bv]||bv:bv;e=e||"fx";return this.queue(e,function(bx,bw){var by=setTimeout(bx,bv);bw.stop=function(){clearTimeout(by)}})},clearQueue:function(e){return this.queue(e||"fx",[])},promise:function(bD,bw){if(typeof bD!=="string"){bw=bD;bD=L}bD=bD||"fx";var e=b.Deferred(),bv=this,by=bv.length,bB=1,bz=bD+"defer",bA=bD+"queue",bC=bD+"mark",bx;function bE(){if(!(--bB)){e.resolveWith(bv,[bv])}}while(by--){if((bx=b.data(bv[by],bz,L,true)||(b.data(bv[by],bA,L,true)||b.data(bv[by],bC,L,true))&&b.data(bv[by],bz,b.Callbacks("once memory"),true))){bB++;bx.add(bE)}}bE();return e.promise()}});var aP=/[\n\t\r]/g,af=/\s+/,aU=/\r/g,g=/^(?:button|input)$/i,D=/^(?:button|input|object|select|textarea)$/i,l=/^a(?:rea)?$/i,ao=/^(?:autofocus|autoplay|async|checked|controls|defer|disabled|hidden|loop|multiple|open|readonly|required|scoped|selected)$/i,F=b.support.getSetAttribute,be,aY,aF;b.fn.extend({attr:function(e,bv){return b.access(this,e,bv,true,b.attr)},removeAttr:function(e){return this.each(function(){b.removeAttr(this,e)})},prop:function(e,bv){return b.access(this,e,bv,true,b.prop)},removeProp:function(e){e=b.propFix[e]||e;return this.each(function(){try{this[e]=L;delete this[e]}catch(bv){}})},addClass:function(by){var bA,bw,bv,bx,bz,bB,e;if(b.isFunction(by)){return this.each(function(bC){b(this).addClass(by.call(this,bC,this.className))})}if(by&&typeof by==="string"){bA=by.split(af);for(bw=0,bv=this.length;bw<bv;bw++){bx=this[bw];if(bx.nodeType===1){if(!bx.className&&bA.length===1){bx.className=by}else{bz=" "+bx.className+" ";for(bB=0,e=bA.length;bB<e;bB++){if(!~bz.indexOf(" "+bA[bB]+" ")){bz+=bA[bB]+" "}}bx.className=b.trim(bz)}}}}return this},removeClass:function(bz){var bA,bw,bv,by,bx,bB,e;if(b.isFunction(bz)){return this.each(function(bC){b(this).removeClass(bz.call(this,bC,this.className))})}if((bz&&typeof bz==="string")||bz===L){bA=(bz||"").split(af);for(bw=0,bv=this.length;bw<bv;bw++){by=this[bw];if(by.nodeType===1&&by.className){if(bz){bx=(" "+by.className+" ").replace(aP," ");for(bB=0,e=bA.length;bB<e;bB++){bx=bx.replace(" "+bA[bB]+" "," ")}by.className=b.trim(bx)}else{by.className=""}}}}return this},toggleClass:function(bx,bv){var bw=typeof bx,e=typeof bv==="boolean";if(b.isFunction(bx)){return this.each(function(by){b(this).toggleClass(bx.call(this,by,this.className,bv),bv)})}return this.each(function(){if(bw==="string"){var bA,bz=0,by=b(this),bB=bv,bC=bx.split(af);while((bA=bC[bz++])){bB=e?bB:!by.hasClass(bA);by[bB?"addClass":"removeClass"](bA)}}else{if(bw==="undefined"||bw==="boolean"){if(this.className){b._data(this,"__className__",this.className)}this.className=this.className||bx===false?"":b._data(this,"__className__")||""}}})},hasClass:function(e){var bx=" "+e+" ",bw=0,bv=this.length;for(;bw<bv;bw++){if(this[bw].nodeType===1&&(" "+this[bw].className+" ").replace(aP," ").indexOf(bx)>-1){return true}}return false},val:function(bx){var e,bv,by,bw=this[0];if(!arguments.length){if(bw){e=b.valHooks[bw.nodeName.toLowerCase()]||b.valHooks[bw.type];if(e&&"get" in e&&(bv=e.get(bw,"value"))!==L){return bv}bv=bw.value;return typeof bv==="string"?bv.replace(aU,""):bv==null?"":bv}return}by=b.isFunction(bx);return this.each(function(bA){var bz=b(this),bB;if(this.nodeType!==1){return}if(by){bB=bx.call(this,bA,bz.val())}else{bB=bx}if(bB==null){bB=""}else{if(typeof bB==="number"){bB+=""}else{if(b.isArray(bB)){bB=b.map(bB,function(bC){return bC==null?"":bC+""})}}}e=b.valHooks[this.nodeName.toLowerCase()]||b.valHooks[this.type];if(!e||!("set" in e)||e.set(this,bB,"value")===L){this.value=bB}})}});b.extend({valHooks:{option:{get:function(e){var bv=e.attributes.value;return !bv||bv.specified?e.value:e.text}},select:{get:function(e){var bA,bv,bz,bx,by=e.selectedIndex,bB=[],bC=e.options,bw=e.type==="select-one";if(by<0){return null}bv=bw?by:0;bz=bw?by+1:bC.length;for(;bv<bz;bv++){bx=bC[bv];if(bx.selected&&(b.support.optDisabled?!bx.disabled:bx.getAttribute("disabled")===null)&&(!bx.parentNode.disabled||!b.nodeName(bx.parentNode,"optgroup"))){bA=b(bx).val();if(bw){return bA}bB.push(bA)}}if(bw&&!bB.length&&bC.length){return b(bC[by]).val()}return bB},set:function(bv,bw){var e=b.makeArray(bw);b(bv).find("option").each(function(){this.selected=b.inArray(b(this).val(),e)>=0});if(!e.length){bv.selectedIndex=-1}return e}}},attrFn:{val:true,css:true,html:true,text:true,data:true,width:true,height:true,offset:true},attr:function(bA,bx,bB,bz){var bw,e,by,bv=bA.nodeType;
if(!bA||bv===3||bv===8||bv===2){return}if(bz&&bx in b.attrFn){return b(bA)[bx](bB)}if(typeof bA.getAttribute==="undefined"){return b.prop(bA,bx,bB)}by=bv!==1||!b.isXMLDoc(bA);if(by){bx=bx.toLowerCase();e=b.attrHooks[bx]||(ao.test(bx)?aY:be)}if(bB!==L){if(bB===null){b.removeAttr(bA,bx);return}else{if(e&&"set" in e&&by&&(bw=e.set(bA,bB,bx))!==L){return bw}else{bA.setAttribute(bx,""+bB);return bB}}}else{if(e&&"get" in e&&by&&(bw=e.get(bA,bx))!==null){return bw}else{bw=bA.getAttribute(bx);return bw===null?L:bw}}},removeAttr:function(bx,bz){var by,bA,bv,e,bw=0;if(bz&&bx.nodeType===1){bA=bz.toLowerCase().split(af);e=bA.length;for(;bw<e;bw++){bv=bA[bw];if(bv){by=b.propFix[bv]||bv;b.attr(bx,bv,"");bx.removeAttribute(F?bv:by);if(ao.test(bv)&&by in bx){bx[by]=false}}}}},attrHooks:{type:{set:function(e,bv){if(g.test(e.nodeName)&&e.parentNode){b.error("type property can't be changed")}else{if(!b.support.radioValue&&bv==="radio"&&b.nodeName(e,"input")){var bw=e.value;e.setAttribute("type",bv);if(bw){e.value=bw}return bv}}}},value:{get:function(bv,e){if(be&&b.nodeName(bv,"button")){return be.get(bv,e)}return e in bv?bv.value:null},set:function(bv,bw,e){if(be&&b.nodeName(bv,"button")){return be.set(bv,bw,e)}bv.value=bw}}},propFix:{tabindex:"tabIndex",readonly:"readOnly","for":"htmlFor","class":"className",maxlength:"maxLength",cellspacing:"cellSpacing",cellpadding:"cellPadding",rowspan:"rowSpan",colspan:"colSpan",usemap:"useMap",frameborder:"frameBorder",contenteditable:"contentEditable"},prop:function(bz,bx,bA){var bw,e,by,bv=bz.nodeType;if(!bz||bv===3||bv===8||bv===2){return}by=bv!==1||!b.isXMLDoc(bz);if(by){bx=b.propFix[bx]||bx;e=b.propHooks[bx]}if(bA!==L){if(e&&"set" in e&&(bw=e.set(bz,bA,bx))!==L){return bw}else{return(bz[bx]=bA)}}else{if(e&&"get" in e&&(bw=e.get(bz,bx))!==null){return bw}else{return bz[bx]}}},propHooks:{tabIndex:{get:function(bv){var e=bv.getAttributeNode("tabindex");return e&&e.specified?parseInt(e.value,10):D.test(bv.nodeName)||l.test(bv.nodeName)&&bv.href?0:L}}}});b.attrHooks.tabindex=b.propHooks.tabIndex;aY={get:function(bv,e){var bx,bw=b.prop(bv,e);return bw===true||typeof bw!=="boolean"&&(bx=bv.getAttributeNode(e))&&bx.nodeValue!==false?e.toLowerCase():L},set:function(bv,bx,e){var bw;if(bx===false){b.removeAttr(bv,e)}else{bw=b.propFix[e]||e;if(bw in bv){bv[bw]=true}bv.setAttribute(e,e.toLowerCase())}return e}};if(!F){aF={name:true,id:true};be=b.valHooks.button={get:function(bw,bv){var e;e=bw.getAttributeNode(bv);return e&&(aF[bv]?e.nodeValue!=="":e.specified)?e.nodeValue:L},set:function(bw,bx,bv){var e=bw.getAttributeNode(bv);if(!e){e=av.createAttribute(bv);bw.setAttributeNode(e)}return(e.nodeValue=bx+"")}};b.attrHooks.tabindex.set=be.set;b.each(["width","height"],function(bv,e){b.attrHooks[e]=b.extend(b.attrHooks[e],{set:function(bw,bx){if(bx===""){bw.setAttribute(e,"auto");return bx}}})});b.attrHooks.contenteditable={get:be.get,set:function(bv,bw,e){if(bw===""){bw="false"}be.set(bv,bw,e)}}}if(!b.support.hrefNormalized){b.each(["href","src","width","height"],function(bv,e){b.attrHooks[e]=b.extend(b.attrHooks[e],{get:function(bx){var bw=bx.getAttribute(e,2);return bw===null?L:bw}})})}if(!b.support.style){b.attrHooks.style={get:function(e){return e.style.cssText.toLowerCase()||L},set:function(e,bv){return(e.style.cssText=""+bv)}}}if(!b.support.optSelected){b.propHooks.selected=b.extend(b.propHooks.selected,{get:function(bv){var e=bv.parentNode;if(e){e.selectedIndex;if(e.parentNode){e.parentNode.selectedIndex}}return null}})}if(!b.support.enctype){b.propFix.enctype="encoding"}if(!b.support.checkOn){b.each(["radio","checkbox"],function(){b.valHooks[this]={get:function(e){return e.getAttribute("value")===null?"on":e.value}}})}b.each(["radio","checkbox"],function(){b.valHooks[this]=b.extend(b.valHooks[this],{set:function(e,bv){if(b.isArray(bv)){return(e.checked=b.inArray(b(e).val(),bv)>=0)}}})});var bd=/^(?:textarea|input|select)$/i,n=/^([^\.]*)?(?:\.(.+))?$/,J=/\bhover(\.\S+)?\b/,aO=/^key/,bf=/^(?:mouse|contextmenu)|click/,T=/^(?:focusinfocus|focusoutblur)$/,U=/^(\w*)(?:#([\w\-]+))?(?:\.([\w\-]+))?$/,Y=function(e){var bv=U.exec(e);if(bv){bv[1]=(bv[1]||"").toLowerCase();bv[3]=bv[3]&&new RegExp("(?:^|\\s)"+bv[3]+"(?:\\s|$)")}return bv},j=function(bw,e){var bv=bw.attributes||{};return((!e[1]||bw.nodeName.toLowerCase()===e[1])&&(!e[2]||(bv.id||{}).value===e[2])&&(!e[3]||e[3].test((bv["class"]||{}).value)))},bt=function(e){return b.event.special.hover?e:e.replace(J,"mouseenter$1 mouseleave$1")};b.event={add:function(bx,bC,bJ,bA,by){var bD,bB,bK,bI,bH,bF,e,bG,bv,bz,bw,bE;if(bx.nodeType===3||bx.nodeType===8||!bC||!bJ||!(bD=b._data(bx))){return}if(bJ.handler){bv=bJ;bJ=bv.handler}if(!bJ.guid){bJ.guid=b.guid++}bK=bD.events;if(!bK){bD.events=bK={}}bB=bD.handle;if(!bB){bD.handle=bB=function(bL){return typeof b!=="undefined"&&(!bL||b.event.triggered!==bL.type)?b.event.dispatch.apply(bB.elem,arguments):L};bB.elem=bx}bC=b.trim(bt(bC)).split(" ");for(bI=0;bI<bC.length;bI++){bH=n.exec(bC[bI])||[];bF=bH[1];e=(bH[2]||"").split(".").sort();bE=b.event.special[bF]||{};bF=(by?bE.delegateType:bE.bindType)||bF;bE=b.event.special[bF]||{};bG=b.extend({type:bF,origType:bH[1],data:bA,handler:bJ,guid:bJ.guid,selector:by,quick:Y(by),namespace:e.join(".")},bv);bw=bK[bF];if(!bw){bw=bK[bF]=[];bw.delegateCount=0;if(!bE.setup||bE.setup.call(bx,bA,e,bB)===false){if(bx.addEventListener){bx.addEventListener(bF,bB,false)}else{if(bx.attachEvent){bx.attachEvent("on"+bF,bB)}}}}if(bE.add){bE.add.call(bx,bG);if(!bG.handler.guid){bG.handler.guid=bJ.guid}}if(by){bw.splice(bw.delegateCount++,0,bG)}else{bw.push(bG)}b.event.global[bF]=true}bx=null},global:{},remove:function(bJ,bE,bv,bH,bB){var bI=b.hasData(bJ)&&b._data(bJ),bF,bx,bz,bL,bC,bA,bG,bw,by,bK,bD,e;if(!bI||!(bw=bI.events)){return}bE=b.trim(bt(bE||"")).split(" ");for(bF=0;bF<bE.length;bF++){bx=n.exec(bE[bF])||[];bz=bL=bx[1];bC=bx[2];if(!bz){for(bz in bw){b.event.remove(bJ,bz+bE[bF],bv,bH,true)}continue}by=b.event.special[bz]||{};bz=(bH?by.delegateType:by.bindType)||bz;bD=bw[bz]||[];bA=bD.length;bC=bC?new RegExp("(^|\\.)"+bC.split(".").sort().join("\\.(?:.*\\.)?")+"(\\.|$)"):null;for(bG=0;bG<bD.length;bG++){e=bD[bG];if((bB||bL===e.origType)&&(!bv||bv.guid===e.guid)&&(!bC||bC.test(e.namespace))&&(!bH||bH===e.selector||bH==="**"&&e.selector)){bD.splice(bG--,1);if(e.selector){bD.delegateCount--}if(by.remove){by.remove.call(bJ,e)}}}if(bD.length===0&&bA!==bD.length){if(!by.teardown||by.teardown.call(bJ,bC)===false){b.removeEvent(bJ,bz,bI.handle)}delete bw[bz]}}if(b.isEmptyObject(bw)){bK=bI.handle;if(bK){bK.elem=null}b.removeData(bJ,["events","handle"],true)}},customEvent:{getData:true,setData:true,changeData:true},trigger:function(bv,bD,bA,bJ){if(bA&&(bA.nodeType===3||bA.nodeType===8)){return}var bG=bv.type||bv,bx=[],e,bw,bC,bH,bz,by,bF,bE,bB,bI;if(T.test(bG+b.event.triggered)){return}if(bG.indexOf("!")>=0){bG=bG.slice(0,-1);bw=true}if(bG.indexOf(".")>=0){bx=bG.split(".");bG=bx.shift();bx.sort()}if((!bA||b.event.customEvent[bG])&&!b.event.global[bG]){return}bv=typeof bv==="object"?bv[b.expando]?bv:new b.Event(bG,bv):new b.Event(bG);bv.type=bG;bv.isTrigger=true;bv.exclusive=bw;bv.namespace=bx.join(".");bv.namespace_re=bv.namespace?new RegExp("(^|\\.)"+bx.join("\\.(?:.*\\.)?")+"(\\.|$)"):null;by=bG.indexOf(":")<0?"on"+bG:"";if(!bA){e=b.cache;for(bC in e){if(e[bC].events&&e[bC].events[bG]){b.event.trigger(bv,bD,e[bC].handle.elem,true)}}return}bv.result=L;if(!bv.target){bv.target=bA}bD=bD!=null?b.makeArray(bD):[];bD.unshift(bv);bF=b.event.special[bG]||{};if(bF.trigger&&bF.trigger.apply(bA,bD)===false){return}bB=[[bA,bF.bindType||bG]];if(!bJ&&!bF.noBubble&&!b.isWindow(bA)){bI=bF.delegateType||bG;bH=T.test(bI+bG)?bA:bA.parentNode;bz=null;for(;bH;bH=bH.parentNode){bB.push([bH,bI]);bz=bH}if(bz&&bz===bA.ownerDocument){bB.push([bz.defaultView||bz.parentWindow||bb,bI])}}for(bC=0;bC<bB.length&&!bv.isPropagationStopped();bC++){bH=bB[bC][0];bv.type=bB[bC][1];bE=(b._data(bH,"events")||{})[bv.type]&&b._data(bH,"handle");if(bE){bE.apply(bH,bD)}bE=by&&bH[by];if(bE&&b.acceptData(bH)&&bE.apply(bH,bD)===false){bv.preventDefault()}}bv.type=bG;if(!bJ&&!bv.isDefaultPrevented()){if((!bF._default||bF._default.apply(bA.ownerDocument,bD)===false)&&!(bG==="click"&&b.nodeName(bA,"a"))&&b.acceptData(bA)){if(by&&bA[bG]&&((bG!=="focus"&&bG!=="blur")||bv.target.offsetWidth!==0)&&!b.isWindow(bA)){bz=bA[by];if(bz){bA[by]=null}b.event.triggered=bG;bA[bG]();b.event.triggered=L;if(bz){bA[by]=bz}}}}return bv.result},dispatch:function(e){e=b.event.fix(e||bb.event);var bz=((b._data(this,"events")||{})[e.type]||[]),bA=bz.delegateCount,bG=[].slice.call(arguments,0),by=!e.exclusive&&!e.namespace,bH=[],bC,bB,bK,bx,bF,bE,bv,bD,bI,bw,bJ;bG[0]=e;e.delegateTarget=this;if(bA&&!e.target.disabled&&!(e.button&&e.type==="click")){bx=b(this);bx.context=this.ownerDocument||this;for(bK=e.target;bK!=this;bK=bK.parentNode||this){bE={};bD=[];bx[0]=bK;for(bC=0;bC<bA;bC++){bI=bz[bC];bw=bI.selector;if(bE[bw]===L){bE[bw]=(bI.quick?j(bK,bI.quick):bx.is(bw))}if(bE[bw]){bD.push(bI)}}if(bD.length){bH.push({elem:bK,matches:bD})}}}if(bz.length>bA){bH.push({elem:this,matches:bz.slice(bA)})}for(bC=0;bC<bH.length&&!e.isPropagationStopped();bC++){bv=bH[bC];e.currentTarget=bv.elem;for(bB=0;bB<bv.matches.length&&!e.isImmediatePropagationStopped();bB++){bI=bv.matches[bB];if(by||(!e.namespace&&!bI.namespace)||e.namespace_re&&e.namespace_re.test(bI.namespace)){e.data=bI.data;e.handleObj=bI;bF=((b.event.special[bI.origType]||{}).handle||bI.handler).apply(bv.elem,bG);if(bF!==L){e.result=bF;if(bF===false){e.preventDefault();e.stopPropagation()}}}}}return e.result},props:"attrChange attrName relatedNode srcElement altKey bubbles cancelable ctrlKey currentTarget eventPhase metaKey relatedTarget shiftKey target timeStamp view which".split(" "),fixHooks:{},keyHooks:{props:"char charCode key keyCode".split(" "),filter:function(bv,e){if(bv.which==null){bv.which=e.charCode!=null?e.charCode:e.keyCode}return bv}},mouseHooks:{props:"button buttons clientX clientY fromElement offsetX offsetY pageX pageY screenX screenY toElement".split(" "),filter:function(bx,bw){var by,bz,e,bv=bw.button,bA=bw.fromElement;if(bx.pageX==null&&bw.clientX!=null){by=bx.target.ownerDocument||av;bz=by.documentElement;e=by.body;bx.pageX=bw.clientX+(bz&&bz.scrollLeft||e&&e.scrollLeft||0)-(bz&&bz.clientLeft||e&&e.clientLeft||0);bx.pageY=bw.clientY+(bz&&bz.scrollTop||e&&e.scrollTop||0)-(bz&&bz.clientTop||e&&e.clientTop||0)}if(!bx.relatedTarget&&bA){bx.relatedTarget=bA===bx.target?bw.toElement:bA}if(!bx.which&&bv!==L){bx.which=(bv&1?1:(bv&2?3:(bv&4?2:0)))}return bx}},fix:function(bw){if(bw[b.expando]){return bw}var bv,bz,e=bw,bx=b.event.fixHooks[bw.type]||{},by=bx.props?this.props.concat(bx.props):this.props;bw=b.Event(e);for(bv=by.length;bv;){bz=by[--bv];bw[bz]=e[bz]}if(!bw.target){bw.target=e.srcElement||av}if(bw.target.nodeType===3){bw.target=bw.target.parentNode}if(bw.metaKey===L){bw.metaKey=bw.ctrlKey}return bx.filter?bx.filter(bw,e):bw},special:{ready:{setup:b.bindReady},load:{noBubble:true},focus:{delegateType:"focusin"},blur:{delegateType:"focusout"},beforeunload:{setup:function(bw,bv,e){if(b.isWindow(this)){this.onbeforeunload=e}},teardown:function(bv,e){if(this.onbeforeunload===e){this.onbeforeunload=null}}}},simulate:function(bw,by,bx,bv){var bz=b.extend(new b.Event(),bx,{type:bw,isSimulated:true,originalEvent:{}});if(bv){b.event.trigger(bz,null,by)}else{b.event.dispatch.call(by,bz)}if(bz.isDefaultPrevented()){bx.preventDefault()}}};b.event.handle=b.event.dispatch;b.removeEvent=av.removeEventListener?function(bv,e,bw){if(bv.removeEventListener){bv.removeEventListener(e,bw,false)}}:function(bv,e,bw){if(bv.detachEvent){bv.detachEvent("on"+e,bw)}};b.Event=function(bv,e){if(!(this instanceof b.Event)){return new b.Event(bv,e)}if(bv&&bv.type){this.originalEvent=bv;this.type=bv.type;this.isDefaultPrevented=(bv.defaultPrevented||bv.returnValue===false||bv.getPreventDefault&&bv.getPreventDefault())?i:bk}else{this.type=bv}if(e){b.extend(this,e)}this.timeStamp=bv&&bv.timeStamp||b.now();this[b.expando]=true};function bk(){return false}function i(){return true}b.Event.prototype={preventDefault:function(){this.isDefaultPrevented=i;var bv=this.originalEvent;if(!bv){return}if(bv.preventDefault){bv.preventDefault()}else{bv.returnValue=false}},stopPropagation:function(){this.isPropagationStopped=i;var bv=this.originalEvent;if(!bv){return}if(bv.stopPropagation){bv.stopPropagation()}bv.cancelBubble=true},stopImmediatePropagation:function(){this.isImmediatePropagationStopped=i;this.stopPropagation()},isDefaultPrevented:bk,isPropagationStopped:bk,isImmediatePropagationStopped:bk};b.each({mouseenter:"mouseover",mouseleave:"mouseout"},function(bv,e){b.event.special[bv]={delegateType:e,bindType:e,handle:function(bz){var bB=this,bA=bz.relatedTarget,by=bz.handleObj,bw=by.selector,bx;if(!bA||(bA!==bB&&!b.contains(bB,bA))){bz.type=by.origType;bx=by.handler.apply(this,arguments);bz.type=e}return bx}}});if(!b.support.submitBubbles){b.event.special.submit={setup:function(){if(b.nodeName(this,"form")){return false
}b.event.add(this,"click._submit keypress._submit",function(bx){var bw=bx.target,bv=b.nodeName(bw,"input")||b.nodeName(bw,"button")?bw.form:L;if(bv&&!bv._submit_attached){b.event.add(bv,"submit._submit",function(e){if(this.parentNode&&!e.isTrigger){b.event.simulate("submit",this.parentNode,e,true)}});bv._submit_attached=true}})},teardown:function(){if(b.nodeName(this,"form")){return false}b.event.remove(this,"._submit")}}}if(!b.support.changeBubbles){b.event.special.change={setup:function(){if(bd.test(this.nodeName)){if(this.type==="checkbox"||this.type==="radio"){b.event.add(this,"propertychange._change",function(e){if(e.originalEvent.propertyName==="checked"){this._just_changed=true}});b.event.add(this,"click._change",function(e){if(this._just_changed&&!e.isTrigger){this._just_changed=false;b.event.simulate("change",this,e,true)}})}return false}b.event.add(this,"beforeactivate._change",function(bw){var bv=bw.target;if(bd.test(bv.nodeName)&&!bv._change_attached){b.event.add(bv,"change._change",function(e){if(this.parentNode&&!e.isSimulated&&!e.isTrigger){b.event.simulate("change",this.parentNode,e,true)}});bv._change_attached=true}})},handle:function(bv){var e=bv.target;if(this!==e||bv.isSimulated||bv.isTrigger||(e.type!=="radio"&&e.type!=="checkbox")){return bv.handleObj.handler.apply(this,arguments)}},teardown:function(){b.event.remove(this,"._change");return bd.test(this.nodeName)}}}if(!b.support.focusinBubbles){b.each({focus:"focusin",blur:"focusout"},function(bx,e){var bv=0,bw=function(by){b.event.simulate(e,by.target,b.event.fix(by),true)};b.event.special[e]={setup:function(){if(bv++===0){av.addEventListener(bx,bw,true)}},teardown:function(){if(--bv===0){av.removeEventListener(bx,bw,true)}}}})}b.fn.extend({on:function(bw,e,bz,by,bv){var bA,bx;if(typeof bw==="object"){if(typeof e!=="string"){bz=e;e=L}for(bx in bw){this.on(bx,e,bz,bw[bx],bv)}return this}if(bz==null&&by==null){by=e;bz=e=L}else{if(by==null){if(typeof e==="string"){by=bz;bz=L}else{by=bz;bz=e;e=L}}}if(by===false){by=bk}else{if(!by){return this}}if(bv===1){bA=by;by=function(bB){b().off(bB);return bA.apply(this,arguments)};by.guid=bA.guid||(bA.guid=b.guid++)}return this.each(function(){b.event.add(this,bw,by,bz,e)})},one:function(bv,e,bx,bw){return this.on.call(this,bv,e,bx,bw,1)},off:function(bw,e,by){if(bw&&bw.preventDefault&&bw.handleObj){var bv=bw.handleObj;b(bw.delegateTarget).off(bv.namespace?bv.type+"."+bv.namespace:bv.type,bv.selector,bv.handler);return this}if(typeof bw==="object"){for(var bx in bw){this.off(bx,e,bw[bx])}return this}if(e===false||typeof e==="function"){by=e;e=L}if(by===false){by=bk}return this.each(function(){b.event.remove(this,bw,by,e)})},bind:function(e,bw,bv){return this.on(e,null,bw,bv)},unbind:function(e,bv){return this.off(e,null,bv)},live:function(e,bw,bv){b(this.context).on(e,this.selector,bw,bv);return this},die:function(e,bv){b(this.context).off(e,this.selector||"**",bv);return this},delegate:function(e,bv,bx,bw){return this.on(bv,e,bx,bw)},undelegate:function(e,bv,bw){return arguments.length==1?this.off(e,"**"):this.off(bv,e,bw)},trigger:function(e,bv){return this.each(function(){b.event.trigger(e,bv,this)})},triggerHandler:function(e,bv){if(this[0]){return b.event.trigger(e,bv,this[0],true)}},toggle:function(bx){var bv=arguments,e=bx.guid||b.guid++,bw=0,by=function(bz){var bA=(b._data(this,"lastToggle"+bx.guid)||0)%bw;b._data(this,"lastToggle"+bx.guid,bA+1);bz.preventDefault();return bv[bA].apply(this,arguments)||false};by.guid=e;while(bw<bv.length){bv[bw++].guid=e}return this.click(by)},hover:function(e,bv){return this.mouseenter(e).mouseleave(bv||e)}});b.each(("blur focus focusin focusout load resize scroll unload click dblclick mousedown mouseup mousemove mouseover mouseout mouseenter mouseleave change select submit keydown keypress keyup error contextmenu").split(" "),function(bv,e){b.fn[e]=function(bx,bw){if(bw==null){bw=bx;bx=null}return arguments.length>0?this.on(e,null,bx,bw):this.trigger(e)};if(b.attrFn){b.attrFn[e]=true}if(aO.test(e)){b.event.fixHooks[e]=b.event.keyHooks}if(bf.test(e)){b.event.fixHooks[e]=b.event.mouseHooks}});
/*!
 * Sizzle CSS Selector Engine
 *  Copyright 2011, The Dojo Foundation
 *  Released under the MIT, BSD, and GPL Licenses.
 *  More information: http://sizzlejs.com/
 */
(function(){var bH=/((?:\((?:\([^()]+\)|[^()]+)+\)|\[(?:\[[^\[\]]*\]|['"][^'"]*['"]|[^\[\]'"]+)+\]|\\.|[^ >+~,(\[\\]+)+|[>+~])(\s*,\s*)?((?:.|\r|\n)*)/g,bC="sizcache"+(Math.random()+"").replace(".",""),bI=0,bL=Object.prototype.toString,bB=false,bA=true,bK=/\\/g,bO=/\r\n/g,bQ=/\W/;[0,0].sort(function(){bA=false;return 0});var by=function(bV,e,bY,bZ){bY=bY||[];e=e||av;var b1=e;if(e.nodeType!==1&&e.nodeType!==9){return[]}if(!bV||typeof bV!=="string"){return bY}var bS,b3,b6,bR,b2,b5,b4,bX,bU=true,bT=by.isXML(e),bW=[],b0=bV;do{bH.exec("");bS=bH.exec(b0);if(bS){b0=bS[3];bW.push(bS[1]);if(bS[2]){bR=bS[3];break}}}while(bS);if(bW.length>1&&bD.exec(bV)){if(bW.length===2&&bE.relative[bW[0]]){b3=bM(bW[0]+bW[1],e,bZ)}else{b3=bE.relative[bW[0]]?[e]:by(bW.shift(),e);while(bW.length){bV=bW.shift();if(bE.relative[bV]){bV+=bW.shift()}b3=bM(bV,b3,bZ)}}}else{if(!bZ&&bW.length>1&&e.nodeType===9&&!bT&&bE.match.ID.test(bW[0])&&!bE.match.ID.test(bW[bW.length-1])){b2=by.find(bW.shift(),e,bT);e=b2.expr?by.filter(b2.expr,b2.set)[0]:b2.set[0]}if(e){b2=bZ?{expr:bW.pop(),set:bF(bZ)}:by.find(bW.pop(),bW.length===1&&(bW[0]==="~"||bW[0]==="+")&&e.parentNode?e.parentNode:e,bT);b3=b2.expr?by.filter(b2.expr,b2.set):b2.set;if(bW.length>0){b6=bF(b3)}else{bU=false}while(bW.length){b5=bW.pop();b4=b5;if(!bE.relative[b5]){b5=""}else{b4=bW.pop()}if(b4==null){b4=e}bE.relative[b5](b6,b4,bT)}}else{b6=bW=[]}}if(!b6){b6=b3}if(!b6){by.error(b5||bV)}if(bL.call(b6)==="[object Array]"){if(!bU){bY.push.apply(bY,b6)}else{if(e&&e.nodeType===1){for(bX=0;b6[bX]!=null;bX++){if(b6[bX]&&(b6[bX]===true||b6[bX].nodeType===1&&by.contains(e,b6[bX]))){bY.push(b3[bX])}}}else{for(bX=0;b6[bX]!=null;bX++){if(b6[bX]&&b6[bX].nodeType===1){bY.push(b3[bX])}}}}}else{bF(b6,bY)}if(bR){by(bR,b1,bY,bZ);by.uniqueSort(bY)}return bY};by.uniqueSort=function(bR){if(bJ){bB=bA;bR.sort(bJ);if(bB){for(var e=1;e<bR.length;e++){if(bR[e]===bR[e-1]){bR.splice(e--,1)}}}}return bR};by.matches=function(e,bR){return by(e,null,null,bR)};by.matchesSelector=function(e,bR){return by(bR,null,null,[e]).length>0};by.find=function(bX,e,bY){var bW,bS,bU,bT,bV,bR;if(!bX){return[]}for(bS=0,bU=bE.order.length;bS<bU;bS++){bV=bE.order[bS];if((bT=bE.leftMatch[bV].exec(bX))){bR=bT[1];bT.splice(1,1);if(bR.substr(bR.length-1)!=="\\"){bT[1]=(bT[1]||"").replace(bK,"");bW=bE.find[bV](bT,e,bY);if(bW!=null){bX=bX.replace(bE.match[bV],"");break}}}}if(!bW){bW=typeof e.getElementsByTagName!=="undefined"?e.getElementsByTagName("*"):[]}return{set:bW,expr:bX}};by.filter=function(b1,b0,b4,bU){var bW,e,bZ,b6,b3,bR,bT,bV,b2,bS=b1,b5=[],bY=b0,bX=b0&&b0[0]&&by.isXML(b0[0]);while(b1&&b0.length){for(bZ in bE.filter){if((bW=bE.leftMatch[bZ].exec(b1))!=null&&bW[2]){bR=bE.filter[bZ];bT=bW[1];e=false;bW.splice(1,1);if(bT.substr(bT.length-1)==="\\"){continue}if(bY===b5){b5=[]}if(bE.preFilter[bZ]){bW=bE.preFilter[bZ](bW,bY,b4,b5,bU,bX);if(!bW){e=b6=true}else{if(bW===true){continue}}}if(bW){for(bV=0;(b3=bY[bV])!=null;bV++){if(b3){b6=bR(b3,bW,bV,bY);b2=bU^b6;if(b4&&b6!=null){if(b2){e=true}else{bY[bV]=false}}else{if(b2){b5.push(b3);e=true}}}}}if(b6!==L){if(!b4){bY=b5}b1=b1.replace(bE.match[bZ],"");if(!e){return[]}break}}}if(b1===bS){if(e==null){by.error(b1)}else{break}}bS=b1}return bY};by.error=function(e){throw new Error("Syntax error, unrecognized expression: "+e)};var bw=by.getText=function(bU){var bS,bT,e=bU.nodeType,bR="";if(e){if(e===1||e===9){if(typeof bU.textContent==="string"){return bU.textContent}else{if(typeof bU.innerText==="string"){return bU.innerText.replace(bO,"")}else{for(bU=bU.firstChild;bU;bU=bU.nextSibling){bR+=bw(bU)}}}}else{if(e===3||e===4){return bU.nodeValue}}}else{for(bS=0;(bT=bU[bS]);bS++){if(bT.nodeType!==8){bR+=bw(bT)}}}return bR};var bE=by.selectors={order:["ID","NAME","TAG"],match:{ID:/#((?:[\w\u00c0-\uFFFF\-]|\\.)+)/,CLASS:/\.((?:[\w\u00c0-\uFFFF\-]|\\.)+)/,NAME:/\[name=['"]*((?:[\w\u00c0-\uFFFF\-]|\\.)+)['"]*\]/,ATTR:/\[\s*((?:[\w\u00c0-\uFFFF\-]|\\.)+)\s*(?:(\S?=)\s*(?:(['"])(.*?)\3|(#?(?:[\w\u00c0-\uFFFF\-]|\\.)*)|)|)\s*\]/,TAG:/^((?:[\w\u00c0-\uFFFF\*\-]|\\.)+)/,CHILD:/:(only|nth|last|first)-child(?:\(\s*(even|odd|(?:[+\-]?\d+|(?:[+\-]?\d*)?n\s*(?:[+\-]\s*\d+)?))\s*\))?/,POS:/:(nth|eq|gt|lt|first|last|even|odd)(?:\((\d*)\))?(?=[^\-]|$)/,PSEUDO:/:((?:[\w\u00c0-\uFFFF\-]|\\.)+)(?:\((['"]?)((?:\([^\)]+\)|[^\(\)]*)+)\2\))?/},leftMatch:{},attrMap:{"class":"className","for":"htmlFor"},attrHandle:{href:function(e){return e.getAttribute("href")},type:function(e){return e.getAttribute("type")}},relative:{"+":function(bW,bR){var bT=typeof bR==="string",bV=bT&&!bQ.test(bR),bX=bT&&!bV;if(bV){bR=bR.toLowerCase()}for(var bS=0,e=bW.length,bU;bS<e;bS++){if((bU=bW[bS])){while((bU=bU.previousSibling)&&bU.nodeType!==1){}bW[bS]=bX||bU&&bU.nodeName.toLowerCase()===bR?bU||false:bU===bR}}if(bX){by.filter(bR,bW,true)}},">":function(bW,bR){var bV,bU=typeof bR==="string",bS=0,e=bW.length;if(bU&&!bQ.test(bR)){bR=bR.toLowerCase();for(;bS<e;bS++){bV=bW[bS];if(bV){var bT=bV.parentNode;bW[bS]=bT.nodeName.toLowerCase()===bR?bT:false}}}else{for(;bS<e;bS++){bV=bW[bS];if(bV){bW[bS]=bU?bV.parentNode:bV.parentNode===bR}}if(bU){by.filter(bR,bW,true)}}},"":function(bT,bR,bV){var bU,bS=bI++,e=bN;if(typeof bR==="string"&&!bQ.test(bR)){bR=bR.toLowerCase();bU=bR;e=bv}e("parentNode",bR,bS,bT,bU,bV)},"~":function(bT,bR,bV){var bU,bS=bI++,e=bN;if(typeof bR==="string"&&!bQ.test(bR)){bR=bR.toLowerCase();bU=bR;e=bv}e("previousSibling",bR,bS,bT,bU,bV)}},find:{ID:function(bR,bS,bT){if(typeof bS.getElementById!=="undefined"&&!bT){var e=bS.getElementById(bR[1]);return e&&e.parentNode?[e]:[]}},NAME:function(bS,bV){if(typeof bV.getElementsByName!=="undefined"){var bR=[],bU=bV.getElementsByName(bS[1]);for(var bT=0,e=bU.length;bT<e;bT++){if(bU[bT].getAttribute("name")===bS[1]){bR.push(bU[bT])}}return bR.length===0?null:bR}},TAG:function(e,bR){if(typeof bR.getElementsByTagName!=="undefined"){return bR.getElementsByTagName(e[1])}}},preFilter:{CLASS:function(bT,bR,bS,e,bW,bX){bT=" "+bT[1].replace(bK,"")+" ";if(bX){return bT}for(var bU=0,bV;(bV=bR[bU])!=null;bU++){if(bV){if(bW^(bV.className&&(" "+bV.className+" ").replace(/[\t\n\r]/g," ").indexOf(bT)>=0)){if(!bS){e.push(bV)}}else{if(bS){bR[bU]=false}}}}return false},ID:function(e){return e[1].replace(bK,"")},TAG:function(bR,e){return bR[1].replace(bK,"").toLowerCase()},CHILD:function(e){if(e[1]==="nth"){if(!e[2]){by.error(e[0])}e[2]=e[2].replace(/^\+|\s*/g,"");var bR=/(-?)(\d*)(?:n([+\-]?\d*))?/.exec(e[2]==="even"&&"2n"||e[2]==="odd"&&"2n+1"||!/\D/.test(e[2])&&"0n+"+e[2]||e[2]);e[2]=(bR[1]+(bR[2]||1))-0;e[3]=bR[3]-0}else{if(e[2]){by.error(e[0])}}e[0]=bI++;return e},ATTR:function(bU,bR,bS,e,bV,bW){var bT=bU[1]=bU[1].replace(bK,"");if(!bW&&bE.attrMap[bT]){bU[1]=bE.attrMap[bT]}bU[4]=(bU[4]||bU[5]||"").replace(bK,"");if(bU[2]==="~="){bU[4]=" "+bU[4]+" "}return bU},PSEUDO:function(bU,bR,bS,e,bV){if(bU[1]==="not"){if((bH.exec(bU[3])||"").length>1||/^\w/.test(bU[3])){bU[3]=by(bU[3],null,null,bR)}else{var bT=by.filter(bU[3],bR,bS,true^bV);if(!bS){e.push.apply(e,bT)}return false}}else{if(bE.match.POS.test(bU[0])||bE.match.CHILD.test(bU[0])){return true}}return bU},POS:function(e){e.unshift(true);return e}},filters:{enabled:function(e){return e.disabled===false&&e.type!=="hidden"},disabled:function(e){return e.disabled===true},checked:function(e){return e.checked===true},selected:function(e){if(e.parentNode){e.parentNode.selectedIndex}return e.selected===true},parent:function(e){return !!e.firstChild},empty:function(e){return !e.firstChild},has:function(bS,bR,e){return !!by(e[3],bS).length},header:function(e){return(/h\d/i).test(e.nodeName)},text:function(bS){var e=bS.getAttribute("type"),bR=bS.type;return bS.nodeName.toLowerCase()==="input"&&"text"===bR&&(e===bR||e===null)},radio:function(e){return e.nodeName.toLowerCase()==="input"&&"radio"===e.type},checkbox:function(e){return e.nodeName.toLowerCase()==="input"&&"checkbox"===e.type},file:function(e){return e.nodeName.toLowerCase()==="input"&&"file"===e.type},password:function(e){return e.nodeName.toLowerCase()==="input"&&"password"===e.type},submit:function(bR){var e=bR.nodeName.toLowerCase();return(e==="input"||e==="button")&&"submit"===bR.type},image:function(e){return e.nodeName.toLowerCase()==="input"&&"image"===e.type},reset:function(bR){var e=bR.nodeName.toLowerCase();return(e==="input"||e==="button")&&"reset"===bR.type},button:function(bR){var e=bR.nodeName.toLowerCase();return e==="input"&&"button"===bR.type||e==="button"},input:function(e){return(/input|select|textarea|button/i).test(e.nodeName)},focus:function(e){return e===e.ownerDocument.activeElement}},setFilters:{first:function(bR,e){return e===0},last:function(bS,bR,e,bT){return bR===bT.length-1},even:function(bR,e){return e%2===0},odd:function(bR,e){return e%2===1
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}}}}})}var Q={},a8,m,aB=/^(?:toggle|show|hide)$/,aT=/^([+\-]=)?([\d+.\-]+)([a-z%]*)$/i,a3,aH=[["height","marginTop","marginBottom","paddingTop","paddingBottom"],["width","marginLeft","marginRight","paddingLeft","paddingRight"],["opacity"]],a4;b.fn.extend({show:function(bx,bA,bz){var bw,by;if(bx||bx===0){return this.animate(a0("show",3),bx,bA,bz)}else{for(var bv=0,e=this.length;bv<e;bv++){bw=this[bv];if(bw.style){by=bw.style.display;if(!b._data(bw,"olddisplay")&&by==="none"){by=bw.style.display=""}if(by===""&&b.css(bw,"display")==="none"){b._data(bw,"olddisplay",x(bw.nodeName))}}}for(bv=0;bv<e;bv++){bw=this[bv];if(bw.style){by=bw.style.display;if(by===""||by==="none"){bw.style.display=b._data(bw,"olddisplay")||""}}}return this}},hide:function(bx,bA,bz){if(bx||bx===0){return this.animate(a0("hide",3),bx,bA,bz)}else{var bw,by,bv=0,e=this.length;for(;bv<e;bv++){bw=this[bv];if(bw.style){by=b.css(bw,"display");if(by!=="none"&&!b._data(bw,"olddisplay")){b._data(bw,"olddisplay",by)}}}for(bv=0;bv<e;bv++){if(this[bv].style){this[bv].style.display="none"}}return this}},_toggle:b.fn.toggle,toggle:function(bw,bv,bx){var e=typeof bw==="boolean";if(b.isFunction(bw)&&b.isFunction(bv)){this._toggle.apply(this,arguments)}else{if(bw==null||e){this.each(function(){var by=e?bw:b(this).is(":hidden");b(this)[by?"show":"hide"]()})}else{this.animate(a0("toggle",3),bw,bv,bx)}}return this},fadeTo:function(e,bx,bw,bv){return this.filter(":hidden").css("opacity",0).show().end().animate({opacity:bx},e,bw,bv)},animate:function(bz,bw,by,bx){var e=b.speed(bw,by,bx);if(b.isEmptyObject(bz)){return this.each(e.complete,[false])}bz=b.extend({},bz);function bv(){if(e.queue===false){b._mark(this)}var bE=b.extend({},e),bK=this.nodeType===1,bI=bK&&b(this).is(":hidden"),bB,bF,bD,bJ,bH,bC,bG,bL,bA;bE.animatedProperties={};for(bD in bz){bB=b.camelCase(bD);if(bD!==bB){bz[bB]=bz[bD];delete bz[bD]}bF=bz[bB];if(b.isArray(bF)){bE.animatedProperties[bB]=bF[1];bF=bz[bB]=bF[0]}else{bE.animatedProperties[bB]=bE.specialEasing&&bE.specialEasing[bB]||bE.easing||"swing"}if(bF==="hide"&&bI||bF==="show"&&!bI){return bE.complete.call(this)}if(bK&&(bB==="height"||bB==="width")){bE.overflow=[this.style.overflow,this.style.overflowX,this.style.overflowY];if(b.css(this,"display")==="inline"&&b.css(this,"float")==="none"){if(!b.support.inlineBlockNeedsLayout||x(this.nodeName)==="inline"){this.style.display="inline-block"}else{this.style.zoom=1}}}}if(bE.overflow!=null){this.style.overflow="hidden"}for(bD in bz){bJ=new b.fx(this,bE,bD);bF=bz[bD];if(aB.test(bF)){bA=b._data(this,"toggle"+bD)||(bF==="toggle"?bI?"show":"hide":0);if(bA){b._data(this,"toggle"+bD,bA==="show"?"hide":"show");bJ[bA]()}else{bJ[bF]()}}else{bH=aT.exec(bF);bC=bJ.cur();if(bH){bG=parseFloat(bH[2]);bL=bH[3]||(b.cssNumber[bD]?"":"px");if(bL!=="px"){b.style(this,bD,(bG||1)+bL);bC=((bG||1)/bJ.cur())*bC;b.style(this,bD,bC+bL)}if(bH[1]){bG=((bH[1]==="-="?-1:1)*bG)+bC}bJ.custom(bC,bG,bL)}else{bJ.custom(bC,bF,"")}}}return true}return e.queue===false?this.each(bv):this.queue(e.queue,bv)},stop:function(bw,bv,e){if(typeof bw!=="string"){e=bv;bv=bw;bw=L}if(bv&&bw!==false){this.queue(bw||"fx",[])}return this.each(function(){var bx,by=false,bA=b.timers,bz=b._data(this);if(!e){b._unmark(true,this)}function bB(bE,bF,bD){var bC=bF[bD];b.removeData(bE,bD,true);bC.stop(e)}if(bw==null){for(bx in bz){if(bz[bx]&&bz[bx].stop&&bx.indexOf(".run")===bx.length-4){bB(this,bz,bx)}}}else{if(bz[bx=bw+".run"]&&bz[bx].stop){bB(this,bz,bx)}}for(bx=bA.length;bx--;){if(bA[bx].elem===this&&(bw==null||bA[bx].queue===bw)){if(e){bA[bx](true)}else{bA[bx].saveState()}by=true;bA.splice(bx,1)}}if(!(e&&by)){b.dequeue(this,bw)}})}});function bh(){setTimeout(at,0);return(a4=b.now())}function at(){a4=L}function a0(bv,e){var bw={};b.each(aH.concat.apply([],aH.slice(0,e)),function(){bw[this]=bv});return bw}b.each({slideDown:a0("show",1),slideUp:a0("hide",1),slideToggle:a0("toggle",1),fadeIn:{opacity:"show"},fadeOut:{opacity:"hide"},fadeToggle:{opacity:"toggle"}},function(e,bv){b.fn[e]=function(bw,by,bx){return this.animate(bv,bw,by,bx)}});b.extend({speed:function(bw,bx,bv){var e=bw&&typeof bw==="object"?b.extend({},bw):{complete:bv||!bv&&bx||b.isFunction(bw)&&bw,duration:bw,easing:bv&&bx||bx&&!b.isFunction(bx)&&bx};e.duration=b.fx.off?0:typeof e.duration==="number"?e.duration:e.duration in b.fx.speeds?b.fx.speeds[e.duration]:b.fx.speeds._default;if(e.queue==null||e.queue===true){e.queue="fx"}e.old=e.complete;e.complete=function(by){if(b.isFunction(e.old)){e.old.call(this)}if(e.queue){b.dequeue(this,e.queue)}else{if(by!==false){b._unmark(this)}}};return e},easing:{linear:function(bw,bx,e,bv){return e+bv*bw},swing:function(bw,bx,e,bv){return((-Math.cos(bw*Math.PI)/2)+0.5)*bv+e}},timers:[],fx:function(bv,e,bw){this.options=e;this.elem=bv;this.prop=bw;e.orig=e.orig||{}}});b.fx.prototype={update:function(){if(this.options.step){this.options.step.call(this.elem,this.now,this)}(b.fx.step[this.prop]||b.fx.step._default)(this)},cur:function(){if(this.elem[this.prop]!=null&&(!this.elem.style||this.elem.style[this.prop]==null)){return this.elem[this.prop]}var e,bv=b.css(this.elem,this.prop);return isNaN(e=parseFloat(bv))?!bv||bv==="auto"?0:bv:e},custom:function(bz,by,bx){var e=this,bw=b.fx;this.startTime=a4||bh();this.end=by;this.now=this.start=bz;this.pos=this.state=0;this.unit=bx||this.unit||(b.cssNumber[this.prop]?"":"px");function bv(bA){return e.step(bA)}bv.queue=this.options.queue;bv.elem=this.elem;bv.saveState=function(){if(e.options.hide&&b._data(e.elem,"fxshow"+e.prop)===L){b._data(e.elem,"fxshow"+e.prop,e.start)}};if(bv()&&b.timers.push(bv)&&!a3){a3=setInterval(bw.tick,bw.interval)}},show:function(){var e=b._data(this.elem,"fxshow"+this.prop);this.options.orig[this.prop]=e||b.style(this.elem,this.prop);this.options.show=true;if(e!==L){this.custom(this.cur(),e)}else{this.custom(this.prop==="width"||this.prop==="height"?1:0,this.cur())}b(this.elem).show()},hide:function(){this.options.orig[this.prop]=b._data(this.elem,"fxshow"+this.prop)||b.style(this.elem,this.prop);this.options.hide=true;this.custom(this.cur(),0)},step:function(by){var bA,bB,bv,bx=a4||bh(),e=true,bz=this.elem,bw=this.options;if(by||bx>=bw.duration+this.startTime){this.now=this.end;this.pos=this.state=1;this.update();bw.animatedProperties[this.prop]=true;for(bA in bw.animatedProperties){if(bw.animatedProperties[bA]!==true){e=false}}if(e){if(bw.overflow!=null&&!b.support.shrinkWrapBlocks){b.each(["","X","Y"],function(bC,bD){bz.style["overflow"+bD]=bw.overflow[bC]})}if(bw.hide){b(bz).hide()}if(bw.hide||bw.show){for(bA in bw.animatedProperties){b.style(bz,bA,bw.orig[bA]);b.removeData(bz,"fxshow"+bA,true);b.removeData(bz,"toggle"+bA,true)}}bv=bw.complete;if(bv){bw.complete=false;bv.call(bz)}}return false}else{if(bw.duration==Infinity){this.now=bx}else{bB=bx-this.startTime;this.state=bB/bw.duration;this.pos=b.easing[bw.animatedProperties[this.prop]](this.state,bB,0,1,bw.duration);this.now=this.start+((this.end-this.start)*this.pos)}this.update()}return true}};b.extend(b.fx,{tick:function(){var bw,bv=b.timers,e=0;for(;e<bv.length;e++){bw=bv[e];if(!bw()&&bv[e]===bw){bv.splice(e--,1)}}if(!bv.length){b.fx.stop()}},interval:13,stop:function(){clearInterval(a3);a3=null},speeds:{slow:600,fast:200,_default:400},step:{opacity:function(e){b.style(e.elem,"opacity",e.now)},_default:function(e){if(e.elem.style&&e.elem.style[e.prop]!=null){e.elem.style[e.prop]=e.now+e.unit}else{e.elem[e.prop]=e.now}}}});b.each(["width","height"],function(e,bv){b.fx.step[bv]=function(bw){b.style(bw.elem,bv,Math.max(0,bw.now)+bw.unit)}});if(b.expr&&b.expr.filters){b.expr.filters.animated=function(e){return b.grep(b.timers,function(bv){return e===bv.elem}).length}}function x(bx){if(!Q[bx]){var e=av.body,bv=b("<"+bx+">").appendTo(e),bw=bv.css("display");bv.remove();if(bw==="none"||bw===""){if(!a8){a8=av.createElement("iframe");a8.frameBorder=a8.width=a8.height=0}e.appendChild(a8);if(!m||!a8.createElement){m=(a8.contentWindow||a8.contentDocument).document;m.write((av.compatMode==="CSS1Compat"?"<!doctype html>":"")+"<html><body>");m.close()}bv=m.createElement(bx);m.body.appendChild(bv);bw=b.css(bv,"display");e.removeChild(a8)}Q[bx]=bw}return Q[bx]}var V=/^t(?:able|d|h)$/i,ad=/^(?:body|html)$/i;if("getBoundingClientRect" in av.documentElement){b.fn.offset=function(bI){var by=this[0],bB;if(bI){return this.each(function(e){b.offset.setOffset(this,bI,e)})}if(!by||!by.ownerDocument){return null}if(by===by.ownerDocument.body){return b.offset.bodyOffset(by)}try{bB=by.getBoundingClientRect()}catch(bF){}var bH=by.ownerDocument,bw=bH.documentElement;if(!bB||!b.contains(bw,by)){return bB?{top:bB.top,left:bB.left}:{top:0,left:0}}var bC=bH.body,bD=aK(bH),bA=bw.clientTop||bC.clientTop||0,bE=bw.clientLeft||bC.clientLeft||0,bv=bD.pageYOffset||b.support.boxModel&&bw.scrollTop||bC.scrollTop,bz=bD.pageXOffset||b.support.boxModel&&bw.scrollLeft||bC.scrollLeft,bG=bB.top+bv-bA,bx=bB.left+bz-bE;return{top:bG,left:bx}}}else{b.fn.offset=function(bF){var bz=this[0];if(bF){return this.each(function(bG){b.offset.setOffset(this,bF,bG)})}if(!bz||!bz.ownerDocument){return null}if(bz===bz.ownerDocument.body){return b.offset.bodyOffset(bz)}var bC,bw=bz.offsetParent,bv=bz,bE=bz.ownerDocument,bx=bE.documentElement,bA=bE.body,bB=bE.defaultView,e=bB?bB.getComputedStyle(bz,null):bz.currentStyle,bD=bz.offsetTop,by=bz.offsetLeft;while((bz=bz.parentNode)&&bz!==bA&&bz!==bx){if(b.support.fixedPosition&&e.position==="fixed"){break}bC=bB?bB.getComputedStyle(bz,null):bz.currentStyle;bD-=bz.scrollTop;by-=bz.scrollLeft;if(bz===bw){bD+=bz.offsetTop;by+=bz.offsetLeft;if(b.support.doesNotAddBorder&&!(b.support.doesAddBorderForTableAndCells&&V.test(bz.nodeName))){bD+=parseFloat(bC.borderTopWidth)||0;by+=parseFloat(bC.borderLeftWidth)||0}bv=bw;bw=bz.offsetParent}if(b.support.subtractsBorderForOverflowNotVisible&&bC.overflow!=="visible"){bD+=parseFloat(bC.borderTopWidth)||0;by+=parseFloat(bC.borderLeftWidth)||0}e=bC}if(e.position==="relative"||e.position==="static"){bD+=bA.offsetTop;by+=bA.offsetLeft}if(b.support.fixedPosition&&e.position==="fixed"){bD+=Math.max(bx.scrollTop,bA.scrollTop);by+=Math.max(bx.scrollLeft,bA.scrollLeft)}return{top:bD,left:by}}}b.offset={bodyOffset:function(e){var bw=e.offsetTop,bv=e.offsetLeft;if(b.support.doesNotIncludeMarginInBodyOffset){bw+=parseFloat(b.css(e,"marginTop"))||0;bv+=parseFloat(b.css(e,"marginLeft"))||0}return{top:bw,left:bv}},setOffset:function(bx,bG,bA){var bB=b.css(bx,"position");if(bB==="static"){bx.style.position="relative"}var bz=b(bx),bv=bz.offset(),e=b.css(bx,"top"),bE=b.css(bx,"left"),bF=(bB==="absolute"||bB==="fixed")&&b.inArray("auto",[e,bE])>-1,bD={},bC={},bw,by;if(bF){bC=bz.position();bw=bC.top;by=bC.left}else{bw=parseFloat(e)||0;by=parseFloat(bE)||0}if(b.isFunction(bG)){bG=bG.call(bx,bA,bv)}if(bG.top!=null){bD.top=(bG.top-bv.top)+bw}if(bG.left!=null){bD.left=(bG.left-bv.left)+by}if("using" in bG){bG.using.call(bx,bD)}else{bz.css(bD)}}};b.fn.extend({position:function(){if(!this[0]){return null}var bw=this[0],bv=this.offsetParent(),bx=this.offset(),e=ad.test(bv[0].nodeName)?{top:0,left:0}:bv.offset();bx.top-=parseFloat(b.css(bw,"marginTop"))||0;bx.left-=parseFloat(b.css(bw,"marginLeft"))||0;e.top+=parseFloat(b.css(bv[0],"borderTopWidth"))||0;e.left+=parseFloat(b.css(bv[0],"borderLeftWidth"))||0;return{top:bx.top-e.top,left:bx.left-e.left}},offsetParent:function(){return this.map(function(){var e=this.offsetParent||av.body;while(e&&(!ad.test(e.nodeName)&&b.css(e,"position")==="static")){e=e.offsetParent}return e})}});b.each(["Left","Top"],function(bv,e){var bw="scroll"+e;b.fn[bw]=function(bz){var bx,by;if(bz===L){bx=this[0];if(!bx){return null}by=aK(bx);return by?("pageXOffset" in by)?by[bv?"pageYOffset":"pageXOffset"]:b.support.boxModel&&by.document.documentElement[bw]||by.document.body[bw]:bx[bw]}return this.each(function(){by=aK(this);if(by){by.scrollTo(!bv?bz:b(by).scrollLeft(),bv?bz:b(by).scrollTop())}else{this[bw]=bz}})}});function aK(e){return b.isWindow(e)?e:e.nodeType===9?e.defaultView||e.parentWindow:false}b.each(["Height","Width"],function(bv,e){var bw=e.toLowerCase();b.fn["inner"+e]=function(){var bx=this[0];return bx?bx.style?parseFloat(b.css(bx,bw,"padding")):this[bw]():null};b.fn["outer"+e]=function(by){var bx=this[0];return bx?bx.style?parseFloat(b.css(bx,bw,by?"margin":"border")):this[bw]():null};b.fn[bw]=function(bz){var bA=this[0];if(!bA){return bz==null?null:this}if(b.isFunction(bz)){return this.each(function(bE){var bD=b(this);bD[bw](bz.call(this,bE,bD[bw]()))})}if(b.isWindow(bA)){var bB=bA.document.documentElement["client"+e],bx=bA.document.body;return bA.document.compatMode==="CSS1Compat"&&bB||bx&&bx["client"+e]||bB}else{if(bA.nodeType===9){return Math.max(bA.documentElement["client"+e],bA.body["scroll"+e],bA.documentElement["scroll"+e],bA.body["offset"+e],bA.documentElement["offset"+e])}else{if(bz===L){var bC=b.css(bA,bw),by=parseFloat(bC);return b.isNumeric(by)?by:bC}else{return this.css(bw,typeof bz==="string"?bz:bz+"px")}}}}});bb.jQuery=bb.$=b;if(typeof define==="function"&&define.amd&&define.amd.jQuery){define("jquery",[],function(){return b
})}})(window);
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(function(a){if(typeof define==="function"&&define.amd){define(["jquery"],a)}else{a(jQuery)}}(function(k){var A=k(document),s=k(window),w=k("body");var n="displayController",e="hasActiveHover",d="forcedOpen",u="hasMouseMove",f="mouseOnToPopup",g="originalTitle",y="powertip",o="powertipjq",l="powertiptarget",E=180/Math.PI;var c={isTipOpen:false,isFixedTipOpen:false,isClosing:false,tipOpenImminent:false,activeHover:null,currentX:0,currentY:0,previousX:0,previousY:0,desyncTimeout:null,mouseTrackingActive:false,delayInProgress:false,windowWidth:0,windowHeight:0,scrollTop:0,scrollLeft:0};var p={none:0,top:1,bottom:2,left:4,right:8};k.fn.powerTip=function(F,N){if(!this.length){return this}if(k.type(F)==="string"&&k.powerTip[F]){return k.powerTip[F].call(this,this,N)}var O=k.extend({},k.fn.powerTip.defaults,F),G=new x(O);h();this.each(function M(){var R=k(this),Q=R.data(y),P=R.data(o),T=R.data(l),S;if(R.data(n)){k.powerTip.destroy(R)}S=R.attr("title");if(!Q&&!T&&!P&&S){R.data(y,S);R.data(g,S);R.removeAttr("title")}R.data(n,new t(R,O,G))});if(!O.manual){this.on({"mouseenter.powertip":function J(P){k.powerTip.show(this,P)},"mouseleave.powertip":function L(){k.powerTip.hide(this)},"focus.powertip":function K(){k.powerTip.show(this)},"blur.powertip":function H(){k.powerTip.hide(this,true)},"keydown.powertip":function I(P){if(P.keyCode===27){k.powerTip.hide(this,true)}}})}return this};k.fn.powerTip.defaults={fadeInTime:200,fadeOutTime:100,followMouse:false,popupId:"powerTip",intentSensitivity:7,intentPollInterval:100,closeDelay:100,placement:"n",smartPlacement:false,offset:10,mouseOnToPopup:false,manual:false};k.fn.powerTip.smartPlacementLists={n:["n","ne","nw","s"],e:["e","ne","se","w","nw","sw","n","s","e"],s:["s","se","sw","n"],w:["w","nw","sw","e","ne","se","n","s","w"],nw:["nw","w","sw","n","s","se","nw"],ne:["ne","e","se","n","s","sw","ne"],sw:["sw","w","nw","s","n","ne","sw"],se:["se","e","ne","s","n","nw","se"],"nw-alt":["nw-alt","n","ne-alt","sw-alt","s","se-alt","w","e"],"ne-alt":["ne-alt","n","nw-alt","se-alt","s","sw-alt","e","w"],"sw-alt":["sw-alt","s","se-alt","nw-alt","n","ne-alt","w","e"],"se-alt":["se-alt","s","sw-alt","ne-alt","n","nw-alt","e","w"]};k.powerTip={show:function z(F,G){if(G){i(G);c.previousX=G.pageX;c.previousY=G.pageY;k(F).data(n).show()}else{k(F).first().data(n).show(true,true)}return F},reposition:function r(F){k(F).first().data(n).resetPosition();return F},hide:function D(G,F){if(G){k(G).first().data(n).hide(F)}else{if(c.activeHover){c.activeHover.data(n).hide(true)}}return G},destroy:function C(G){k(G).off(".powertip").each(function F(){var I=k(this),H=[g,n,e,d];if(I.data(g)){I.attr("title",I.data(g));H.push(y)}I.removeData(H)});return G}};k.powerTip.showTip=k.powerTip.show;k.powerTip.closeTip=k.powerTip.hide;function b(){var F=this;F.top="auto";F.left="auto";F.right="auto";F.bottom="auto";F.set=function(H,G){if(k.isNumeric(G)){F[H]=Math.round(G)}}}function t(K,N,F){var J=null;function L(P,Q){M();if(!K.data(e)){if(!P){c.tipOpenImminent=true;J=setTimeout(function O(){J=null;I()},N.intentPollInterval)}else{if(Q){K.data(d,true)}F.showTip(K)}}}function G(P){M();c.tipOpenImminent=false;if(K.data(e)){K.data(d,false);if(!P){c.delayInProgress=true;J=setTimeout(function O(){J=null;F.hideTip(K);c.delayInProgress=false},N.closeDelay)}else{F.hideTip(K)}}}function I(){var Q=Math.abs(c.previousX-c.currentX),O=Math.abs(c.previousY-c.currentY),P=Q+O;if(P<N.intentSensitivity){F.showTip(K)}else{c.previousX=c.currentX;c.previousY=c.currentY;L()}}function M(){J=clearTimeout(J);c.delayInProgress=false}function H(){F.resetPosition(K)}this.show=L;this.hide=G;this.cancel=M;this.resetPosition=H}function j(){function G(M,L,J,O,P){var K=L.split("-")[0],N=new b(),I;if(q(M)){I=H(M,K)}else{I=F(M,K)}switch(L){case"n":N.set("left",I.left-(J/2));N.set("bottom",c.windowHeight-I.top+P);break;case"e":N.set("left",I.left+P);N.set("top",I.top-(O/2));break;case"s":N.set("left",I.left-(J/2));N.set("top",I.top+P);break;case"w":N.set("top",I.top-(O/2));N.set("right",c.windowWidth-I.left+P);break;case"nw":N.set("bottom",c.windowHeight-I.top+P);N.set("right",c.windowWidth-I.left-20);break;case"nw-alt":N.set("left",I.left);N.set("bottom",c.windowHeight-I.top+P);break;case"ne":N.set("left",I.left-20);N.set("bottom",c.windowHeight-I.top+P);break;case"ne-alt":N.set("bottom",c.windowHeight-I.top+P);N.set("right",c.windowWidth-I.left);break;case"sw":N.set("top",I.top+P);N.set("right",c.windowWidth-I.left-20);break;case"sw-alt":N.set("left",I.left);N.set("top",I.top+P);break;case"se":N.set("left",I.left-20);N.set("top",I.top+P);break;case"se-alt":N.set("top",I.top+P);N.set("right",c.windowWidth-I.left);break}return N}function F(K,J){var O=K.offset(),N=K.outerWidth(),I=K.outerHeight(),M,L;switch(J){case"n":M=O.left+N/2;L=O.top;break;case"e":M=O.left+N;L=O.top+I/2;break;case"s":M=O.left+N/2;L=O.top+I;break;case"w":M=O.left;L=O.top+I/2;break;case"nw":M=O.left;L=O.top;break;case"ne":M=O.left+N;L=O.top;break;case"sw":M=O.left;L=O.top+I;break;case"se":M=O.left+N;L=O.top+I;break}return{top:L,left:M}}function H(O,K){var S=O.closest("svg")[0],N=O[0],W=S.createSVGPoint(),L=N.getBBox(),V=N.getScreenCTM(),M=L.width/2,Q=L.height/2,P=[],I=["nw","n","ne","e","se","s","sw","w"],U,X,R,T;function J(){P.push(W.matrixTransform(V))}W.x=L.x;W.y=L.y;J();W.x+=M;J();W.x+=M;J();W.y+=Q;J();W.y+=Q;J();W.x-=M;J();W.x-=M;J();W.y-=Q;J();if(P[0].y!==P[1].y||P[0].x!==P[7].x){X=Math.atan2(V.b,V.a)*E;R=Math.ceil(((X%360)-22.5)/45);if(R<1){R+=8}while(R--){I.push(I.shift())}}for(T=0;T<P.length;T++){if(I[T]===K){U=P[T];break}}return{top:U.y+c.scrollTop,left:U.x+c.scrollLeft}}this.compute=G}function x(Q){var P=new j(),O=k("#"+Q.popupId);if(O.length===0){O=k("<div/>",{id:Q.popupId});if(w.length===0){w=k("body")}w.append(O)}if(Q.followMouse){if(!O.data(u)){A.on("mousemove",M);s.on("scroll",M);O.data(u,true)}}if(Q.mouseOnToPopup){O.on({mouseenter:function L(){if(O.data(f)){if(c.activeHover){c.activeHover.data(n).cancel()}}},mouseleave:function N(){if(c.activeHover){c.activeHover.data(n).hide()}}})}function I(S){S.data(e,true);O.queue(function R(T){H(S);T()})}function H(S){var U;if(!S.data(e)){return}if(c.isTipOpen){if(!c.isClosing){K(c.activeHover)}O.delay(100).queue(function R(V){H(S);V()});return}S.trigger("powerTipPreRender");U=B(S);if(U){O.empty().append(U)}else{return}S.trigger("powerTipRender");c.activeHover=S;c.isTipOpen=true;O.data(f,Q.mouseOnToPopup);if(!Q.followMouse){G(S);c.isFixedTipOpen=true}else{M()}O.fadeIn(Q.fadeInTime,function T(){if(!c.desyncTimeout){c.desyncTimeout=setInterval(J,500)}S.trigger("powerTipOpen")})}function K(R){c.isClosing=true;c.activeHover=null;c.isTipOpen=false;c.desyncTimeout=clearInterval(c.desyncTimeout);R.data(e,false);R.data(d,false);O.fadeOut(Q.fadeOutTime,function S(){var T=new b();c.isClosing=false;c.isFixedTipOpen=false;O.removeClass();T.set("top",c.currentY+Q.offset);T.set("left",c.currentX+Q.offset);O.css(T);R.trigger("powerTipClose")})}function M(){if(!c.isFixedTipOpen&&(c.isTipOpen||(c.tipOpenImminent&&O.data(u)))){var R=O.outerWidth(),V=O.outerHeight(),U=new b(),S,T;U.set("top",c.currentY+Q.offset);U.set("left",c.currentX+Q.offset);S=m(U,R,V);if(S!==p.none){T=a(S);if(T===1){if(S===p.right){U.set("left",c.windowWidth-R)}else{if(S===p.bottom){U.set("top",c.scrollTop+c.windowHeight-V)}}}else{U.set("left",c.currentX-R-Q.offset);U.set("top",c.currentY-V-Q.offset)}}O.css(U)}}function G(S){var R,T;if(Q.smartPlacement){R=k.fn.powerTip.smartPlacementLists[Q.placement];k.each(R,function(U,W){var V=m(F(S,W),O.outerWidth(),O.outerHeight());T=W;if(V===p.none){return false}})}else{F(S,Q.placement);T=Q.placement}O.addClass(T)}function F(U,T){var R=0,S,W,V=new b();V.set("top",0);V.set("left",0);O.css(V);do{S=O.outerWidth();W=O.outerHeight();V=P.compute(U,T,S,W,Q.offset);O.css(V)}while(++R<=5&&(S!==O.outerWidth()||W!==O.outerHeight()));return V}function J(){var R=false;if(c.isTipOpen&&!c.isClosing&&!c.delayInProgress){if(c.activeHover.data(e)===false||c.activeHover.is(":disabled")){R=true}else{if(!v(c.activeHover)&&!c.activeHover.is(":focus")&&!c.activeHover.data(d)){if(O.data(f)){if(!v(O)){R=true}}else{R=true}}}if(R){K(c.activeHover)}}}this.showTip=I;this.hideTip=K;this.resetPosition=G}function q(F){return window.SVGElement&&F[0] instanceof SVGElement}function h(){if(!c.mouseTrackingActive){c.mouseTrackingActive=true;k(function H(){c.scrollLeft=s.scrollLeft();c.scrollTop=s.scrollTop();c.windowWidth=s.width();c.windowHeight=s.height()});A.on("mousemove",i);s.on({resize:function G(){c.windowWidth=s.width();c.windowHeight=s.height()},scroll:function F(){var I=s.scrollLeft(),J=s.scrollTop();if(I!==c.scrollLeft){c.currentX+=I-c.scrollLeft;c.scrollLeft=I}if(J!==c.scrollTop){c.currentY+=J-c.scrollTop;c.scrollTop=J}}})}}function i(F){c.currentX=F.pageX;c.currentY=F.pageY}function v(F){var H=F.offset(),J=F[0].getBoundingClientRect(),I=J.right-J.left,G=J.bottom-J.top;return c.currentX>=H.left&&c.currentX<=H.left+I&&c.currentY>=H.top&&c.currentY<=H.top+G}function B(I){var G=I.data(y),F=I.data(o),K=I.data(l),H,J;if(G){if(k.isFunction(G)){G=G.call(I[0])}J=G}else{if(F){if(k.isFunction(F)){F=F.call(I[0])}if(F.length>0){J=F.clone(true,true)}}else{if(K){H=k("#"+K);if(H.length>0){J=H.html()}}}}return J}function m(M,L,K){var G=c.scrollTop,J=c.scrollLeft,I=G+c.windowHeight,F=J+c.windowWidth,H=p.none;if(M.top<G||Math.abs(M.bottom-c.windowHeight)-K<G){H|=p.top}if(M.top+K>I||Math.abs(M.bottom-c.windowHeight)>I){H|=p.bottom}if(M.left<J||M.right+L>F){H|=p.left}if(M.left+L>F||M.right<J){H|=p.right}return H}function a(G){var F=0;while(G){G&=G-1;F++}return F}}));
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particles_kernel.cuh
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 #pragma once

[bookmark: l00008]    8 #ifndef PARTICLES_KERNEL_H

[bookmark: l00009]    9 #define PARTICLES_KERNEL_H

[bookmark: l00010]   10 

[bookmark: l00011]   11 #include "vector_types.h"

[bookmark: l00013]   13 typedef unsigned int uint;

[bookmark: l00014]   14 

[bookmark: l00019]   19 struct SimParams

[bookmark: l00020]   20 {

[bookmark: l00021]   21         float3 worldOrigin; 

[bookmark: l00022]   22         float3 boxSize; 

[bookmark: l00023]   23         uint numCells; 

[bookmark: l00024]   24         uint3 gridSize; 

[bookmark: l00025]   25         float3 cellSize; 

[bookmark: l00026]   26         float temperature; 

[bookmark: l00027]   27         float cutoff; 

[bookmark: l00028]   28         float potentialCorrection; 

[bookmark: l00029]   29 };

[bookmark: l00030]   30 

[bookmark: l00031]   31 #endif

SimParams::gridSize
uint3 gridSize
size of the grid 
Definition: particles_kernel.cuh:24


SimParams::numCells
uint numCells
number of cells 
Definition: particles_kernel.cuh:23


SimParams::temperature
float temperature
temperature in the system 
Definition: particles_kernel.cuh:26


SimParams::boxSize
float3 boxSize
size of the simulation box 
Definition: particles_kernel.cuh:22


SimParams::potentialCorrection
float potentialCorrection
potential correction for the shift in potential 
Definition: particles_kernel.cuh:28


SimParams::cellSize
float3 cellSize
size of the cells 
Definition: particles_kernel.cuh:25


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


SimParams::cutoff
float cutoff
cutoff radius potential 
Definition: particles_kernel.cuh:27


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


SimParams::worldOrigin
float3 worldOrigin
origin of the coordinate system 
Definition: particles_kernel.cuh:21
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Classes |
Macros  

  
boost_rng.hpp File Reference
  





Interface for the BoostRNG class.  
More...




#include <boost/random.hpp>



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				class  				BoostRNG




				 				class that provides random number generator.  More...





				 









[bookmark: details]Detailed Description




Interface for the BoostRNG class. 




A random number generator that uses the mersenne twister from the boost libraries 




				See Also



				BoostRNG 




				
boost_rng.cpp 









Definition in file boost_rng.hpp.










Generated on Thu Sep 12 2013 07:21:12 for Molecular simulations using CUDA by  
[image: doxygen]
 1.8.4











html/form_6.png


v = v0.5aAt











html/particleSystem__cuda_8cu.html






 
 
  				
   Molecular simulations using CUDA
   

   Code Documentation

  
 




 










  
    
      				Main Page




      				Related Pages




      				Classes




      				Files




      				
        
        
          [image: ]
          
          
            [image: ]
          
        

      




    




  

  
    
      				File List




      				File Members




    




  



 All Classes Files Functions Variables Typedefs Enumerations Enumerator Macros Pages










  
				code



  









  
Functions  

  
particleSystem_cuda.cu File Reference
  





C wrappers around CUDA functions so they can be called from particleSystem.cpp.  
More...




#include <cstdlib>

#include <cstdio>

#include <string.h>

#include <thrust/device_ptr.h>

#include <thrust/for_each.h>

#include <thrust/iterator/zip_iterator.h>

#include <thrust/iterator/constant_iterator.h>

#include <thrust/sort.h>

#include "particles_kernel_impl.cuh"

#include "../cuda_helper/select_device.h"



Go to the source code of this file.





				[bookmark: func-members]
Functions








				
uint 				iDivUp (uint a, uint b)




				 				Does integer division but rounds up insteads of down. 





				 




				void 				computeGridSize (uint n, uint blockSize, uint &numBlocks, uint &numThreads)




				 				Computes launch configuration based on blockSize and number of particles.  More...





				 




				Wrappers around CUDA helper utils.





				Since the CUDA helper utils (cutil) are not a part of the SDK, these functions are copied to files in the cuda_helper directory. 










				void 				cudaInit (int cmdArgDevice)




				 				Initialize cuda environment.  More...





				 




				bool 				checkDeviceCapabilities (int major, int minor)




				 				Checks if device has the given compute capability.  More...





				 




				Wrappers around the CUDA Runtime (cudart) API.





				Documentation for the API (version 4.2) is here. 










				void 				allocateDeviceArray (void **devPtr, int size)




				 				Allocates device memory.  More...





				 




				void 				freeDeviceArray (void *devPtr)




				 				Frees device memory.  More...





				 




				void 				copyArrayToDevice (void *device, const void *host, int offset, int size)




				 				Copy arrays from host to device.  More...





				 




				void 				backupArrayDevice (void *dest, const void *source, int size)




				 				Copy arrays from device to device.  More...





				 




				void 				copyArrayFromDevice (void *host, const void *device, int size)




				 				Copy arrays to host from device.  More...





				 




				void 				deviceSync ()




				 				Synchronize device.  More...





				 




				void 				setParameters (SimParams *hostParams)




				 				copies parameters to constant memory Wrapper around cudaMemcpyToSymbol.  More...





				 




				Wrappers around thrust functions





				Documentation for thrust is here. 










				void 				integrateSystem1 (float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles)




				 				First Velocity Verlet integration step.  More...





				 




				void 				integrateSystem2 (float *vel, float *acc, float *kin, float deltaTime, uint numParticles)




				 				Second Velocity Verlet integration step.  More...





				 




				void 				sortParticles (uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles)




				 				Sorts the particles based on hash.  More...





				 




				float 				thrustReduce (float *array, uint length)




				 				Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then uses thrust::reduce to sum the values.  More...





				 




				void 				scaleArray (float *array, float scalefactor, uint length)




				 				scales the array with the given scalefactor.  More...





				 




				Wrappers around CUDA kernels





				Kernels are defined in particles_kernel_impl.cuh 










				void 				calcHash (uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)




				 				Calculate grid hash for all particles.  More...





				 




				void 				reorderDataAndFindCellStart (uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells)




				 				Reorder particle data into sorted order and determine first and last particle for each cell.  More...





				 




				void 				accelerateNBody (float *pos, float *acc, float *virial, uint numParticles)




				 				Compute the acceleration by using the nbody approach.  More...





				 




				void 				accelerateCelllists (float *acc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Compute the acceleration by using celllists.  More...





				 




				void 				potentialCelllists (float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)




				 				Compute the potential energy by using celllists.  More...





				 









[bookmark: details]Detailed Description




C wrappers around CUDA functions so they can be called from particleSystem.cpp. 




Declared extern in particleSystem.cuh. Many functions are enclosed by a myCudaSafeCall to enable error checking 




				See Also



				particleSystem.cuh 




				
myCudaSafeCall 









Definition in file particleSystem_cuda.cu.





Function Documentation







      
        
          				void accelerateCelllists 
          				(
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the acceleration by using celllists. 




Wrapper around kernel calculate_forces_celllist. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				acc				array to store accelerations of particles 




    				[out]				virial				array to store virial contributions of particles 




    				[in]				sortedPos				array with sorted positions of particles 




    				[in]				gridParticleIndex				indices of the particles in sorted order 




    				[in]				cellStart				array with starting particles of cells 




    				[in]				cellEnd				array with ending particles of cells 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_forces_celllist 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 402 of file particleSystem_cuda.cu.












      
        
          				void accelerateNBody 
          				(
          				float * 
          				pos, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				virial, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the acceleration by using the nbody approach. 




Wrapper around kernel calculate_forces_nbody. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[in]				pos				array with positions of particles 




    				[out]				acc				array to store accelerations of particles 




    				[out]				virial				array to store virial contributions of particles 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_forces_nbody 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 375 of file particleSystem_cuda.cu.












      
        
          				void allocateDeviceArray 
          				(
          				void ** 
          				devPtr, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Allocates device memory. 




Wrapper around cudaMalloc 




				See Also



				cudaMalloc 









Definition at line 64 of file particleSystem_cuda.cu.












      
        
          				void backupArrayDevice 
          				(
          				void * 
          				dest, 
        




        
          				
          				
          				const void * 
          				source, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays from device to device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 96 of file particleSystem_cuda.cu.












      
        
          				void calcHash 
          				(
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float * 
          				pos, 
        




        
          				
          				
          				int 
          				numParticles 
        




        
          				
          				)
          								
        




      







Calculate grid hash for all particles. 




Wrapper around calcHashD First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Parameters



				
  
    				[out]				gridParticleHash				array to store the particle hashes 




    				[out]				gridParticleIndex				array to store the particle indices 




    				[in]				pos				array containing positions of particles 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calcHashD 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block









Definition at line 312 of file particleSystem_cuda.cu.












      
        
          				bool checkDeviceCapabilities 
          				(
          				int 
          				major, 
        




        
          				
          				
          				int 
          				minor 
        




        
          				
          				)
          								
        




      







Checks if device has the given compute capability. 




Runs checkCudaCapabilities. 




				Parameters



				
  
    				[in]				major				major compute capability 




    				[in]				minor				minor compute capability 




  




  









				Returns



				true if device supports desired capability, false otherwise 









Definition at line 49 of file particleSystem_cuda.cu.












      
        
          				void computeGridSize 
          				(
          				uint 
          				n, 
        




        
          				
          				
          				uint 
          				blockSize, 
        




        
          				
          				
          				uint & 
          				numBlocks, 
        




        
          				
          				
          				uint & 
          				numThreads 
        




        
          				
          				)
          								
        




      







Computes launch configuration based on blockSize and number of particles. 




				Parameters



				
  
    				[in]				n				number of particles 




    				[in]				blockSize				optimal (user defined) number of threads per block 




    				[out]				numBlocks				number of blocks ( iDivUp(n, numThreads)) 




    				[out]				numThreads				number of threads per block ( min(blockSize, n)) 




  




  










Definition at line 151 of file particleSystem_cuda.cu.












      
        
          				void copyArrayFromDevice 
          				(
          				void * 
          				host, 
        




        
          				
          				
          				const void * 
          				device, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays to host from device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 105 of file particleSystem_cuda.cu.












      
        
          				void copyArrayToDevice 
          				(
          				void * 
          				device, 
        




        
          				
          				
          				const void * 
          				host, 
        




        
          				
          				
          				int 
          				offset, 
        




        
          				
          				
          				int 
          				size 
        




        
          				
          				)
          								
        




      







Copy arrays from host to device. 




Wrapper around cudaMemcpy 




				See Also



				cudaMemcpy 









Definition at line 86 of file particleSystem_cuda.cu.












      
        
          				void cudaInit 
          				(
          				int 
          				cmdArgDevice				)
          				
        




      







Initialize cuda environment. 




Calls findCudaDevice. 




				Parameters



				
  
    				[in]				cmdArgDevice				desired CUDA device, -1 if not specified 




  




  









				See Also



				findCudaDevice 









Definition at line 37 of file particleSystem_cuda.cu.












      
        
          				void deviceSync 
          				(
          								)
          				
        




      







Synchronize device. 




Wrapper around cudaDeviceSynchronize 




				See Also



				cudaDeviceSynchronize 









Definition at line 116 of file particleSystem_cuda.cu.












      
        
          				void freeDeviceArray 
          				(
          				void * 
          				devPtr				)
          				
        




      







Frees device memory. 




Wrapper around cudaFree 




				See Also



				cudaFree 









Definition at line 75 of file particleSystem_cuda.cu.












      
        
          				void integrateSystem1 
          				(
          				float * 
          				pos, 
        




        
          				
          				
          				float * 
          				vel, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float 
          				deltaTime, 
        




        
          				
          				
          				float3 
          				boxSize, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







First Velocity Verlet integration step. 




Executes an instance of integrate1_functor, which does the actual integration step, on every particle.




This function does the following steps:





				creates an instance of integrate1_functor




				converts each raw pointer to thrust::device_ptr 




				zips together all the thrust::device_ptr into tuples using thrust::make_zip_iterator. Every tuple contains the position, velocity and acceleration of one particle.




				for every tuple call integrate1_op, this is done using thrust::for_each, which makes it run in parallel on the gpu









				Parameters



				
  
    				[in,out]				pos				array with positions of particles 




    				[in,out]				vel				array with velocities of particles 




    				[in]				acc				array with accelerations of particles 




    				[in]				deltaTime				time step 




    				[in]				boxSize				size of the simulation box 




    				[in]				numParticles				number of particles 




  




  









				See Also



				integrate1_functor 




				
thrust::device_ptr 




				
thrust::for_each 




				
thrust::zip_iterator 









Definition at line 184 of file particleSystem_cuda.cu.












      
        
          				void integrateSystem2 
          				(
          				float * 
          				vel, 
        




        
          				
          				
          				float * 
          				acc, 
        




        
          				
          				
          				float * 
          				kin, 
        




        
          				
          				
          				float 
          				deltaTime, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Second Velocity Verlet integration step. 




Works similar to integrateSystem1, only uses integrate2_functor and computes kinetic energy. Is executed after the acceleration is computed 




				Parameters



				
  
    				[in,out]				vel				array with velocities of particles 




    				[in]				acc				array with accelerations of particles 




    				[out]				kin				array to store the kinetic energy contributions 




    				[in]				deltaTime				time step 




    				[in]				numParticles				number of particles 




  




  









				See Also



				integrateSystem1 




				
integrate2_functor 









Definition at line 216 of file particleSystem_cuda.cu.












      
        
          				void potentialCelllists 
          				(
          				float * 
          				potentialEnergy, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Compute the potential energy by using celllists. 




Wrapper around kernel calculate_potential_celllist. First determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				potentialEnergy				the potential energy 




    				[in]				sortedPos				array with sorted positions of particles 




    				[in]				gridParticleIndex				indices of the particles in sorted order 




    				[in]				cellStart				array with starting particles of cells 




    				[in]				cellEnd				array with ending particles of cells 




    				[in]				numParticles				number of particles 




  




  









				See Also



				computeGridSize 




				
calculate_potential_celllist 




				
myCudaCheckError 








				Todo:



				determine optimal threads per block 









Definition at line 430 of file particleSystem_cuda.cu.












      
        
          				void reorderDataAndFindCellStart 
          				(
          				uint * 
          				cellStart, 
        




        
          				
          				
          				uint * 
          				cellEnd, 
        




        
          				
          				
          				float * 
          				sortedPos, 
        




        
          				
          				
          				uint * 
          				gridParticleHash, 
        




        
          				
          				
          				uint * 
          				gridParticleIndex, 
        




        
          				
          				
          				float * 
          				oldPos, 
        




        
          				
          				
          				uint 
          				numParticles, 
        




        
          				
          				
          				uint 
          				numCells 
        




        
          				
          				)
          								
        




      







Reorder particle data into sorted order and determine first and last particle for each cell. 




Wrapper around reorderDataAndFindCellStartD First sets all cells to empty, then determine optimal launch configuration using computeGridSize, then launches the kernel, then checks for errors in kernel execution. 




				Note



				the shared memory size (3rd argument in <<< ... >>> ) is defined in the kernel. 








				Parameters



				
  
    				[out]				cellStart				array with start of each cell 




    				[out]				cellEnd				array with end of each cell 




    				[out]				sortedPos				sorted positions 




    				[in]				gridParticleHash				sorted grid hashes 




    				[in]				gridParticleIndex				sorted particle indices 




    				[in]				oldPos				unsorted particle positions 




    				[in]				numParticles				number of particles 




    				[in]				numCells				number of cells 




  




  










Definition at line 339 of file particleSystem_cuda.cu.












      
        
          				void scaleArray 
          				(
          				float * 
          				array, 
        




        
          				
          				
          				float 
          				scalefactor, 
        




        
          				
          				
          				uint 
          				length 
        




        
          				
          				)
          								
        




      







scales the array with the given scalefactor. 




Executes thrust::transform on the array, the functor  thrust::multiplies<T>()  is used to multiply the values with the scaling factor. 




				Note



				The use of thrust::constant_iterator in thrust::transform saves both bandwith and memory capacity sinds it represents an array of size numParticles, but is not explicitly stored. 








				Parameters



				
  
    				[in,out]				array				array with the values to be scaled 




    				[in]				scalefactor				scaling factor for the array 




    				[in]				length				length of the array 




  




  









				See Also



				thrust::transform 




				
thrust::constant_iterator 




				
thrust::multiplies 









Definition at line 274 of file particleSystem_cuda.cu.












      
        
          				void setParameters 
          				(
          				SimParams * 
          				hostParams				)
          				
        




      







copies parameters to constant memory Wrapper around cudaMemcpyToSymbol. 




Uses globally declared params. 




				See Also



				cudaMemcpyToSymbol 









Definition at line 127 of file particleSystem_cuda.cu.












      
        
          				void sortParticles 
          				(
          				uint * 
          				dGridParticleHash, 
        




        
          				
          				
          				uint * 
          				dGridParticleIndex, 
        




        
          				
          				
          				uint 
          				numParticles 
        




        
          				
          				)
          								
        




      







Sorts the particles based on hash. 




Does not do the actual reordering, thrust::sort_by_key stores the permutation which is then used for the actual reordering. The reordering is done by reorderDataAndFindCellStart 




				Parameters



				
  
    				[in]				dGridParticleHash				the hashes of the particles 




    				[out]				dGridParticleIndex				the permutation that will put the particles in sorted order 




    				[in]				numParticles				number of Particles 




  




  









				See Also



				thrust::sort_by_key 




				
reorderDataAndFindCellStart 









Definition at line 241 of file particleSystem_cuda.cu.












      
        
          				float thrustReduce 
          				(
          				float * 
          				array, 
        




        
          				
          				
          				uint 
          				length 
        




        
          				
          				)
          								
        




      







Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then uses thrust::reduce to sum the values. 




				Parameters



				
  
    				[in]				array				the array with values to be reduced 




    				[in]				length				length of the array, usually equal to the number of particles 




  




  









				Returns



				the sum of the values in array 








				See Also



				thrust::device_ptr 




				
thrust::reduce 









Definition at line 256 of file particleSystem_cuda.cu.
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Here is a list of all documented files with brief descriptions:

[detail level 12]

				[image: o][image: -]code				CUDA code for Molecular Simulations 




				[image: |][image: o][image: *]boost_rng.cpp				Implementation for the BoostRNG class 




				[image: |][image: o][image: *]boost_rng.hpp				Interface for the BoostRNG class 




				[image: |][image: o][image: *]error_analysis.cpp				Implementation for the ErrorAnalysis class 




				[image: |][image: o][image: *]error_analysis.hpp				Interface for the ErrorAnalysis class 




				[image: |][image: o][image: *]particles.cpp				The main program 




				[image: |][image: o][image: *]particles_kernel.cuh				Definition of the struct SimParams that goes to constant memory 




				[image: |][image: o][image: *]particles_kernel_impl.cuh				Cuda function and functor definitions 




				[image: |][image: o][image: *]particleSystem.cpp				Implementation of the ParticleSystem class 




				[image: |][image: o][image: *]particleSystem.cuh				Extern declaration of function in particleSystem_cuda.cu so that they can be called from the ParticleSystem class 




				[image: |][image: o][image: *]particleSystem.h				Interface for the ParticleSystem class 




				[image: |][image: \][image: *]particleSystem_cuda.cu				C wrappers around CUDA functions so they can be called from particleSystem.cpp 




				[image: \][image: -]cuda_helper				Helper functions for CUDA programs 




				[image:  ][image: o][image: *]cuda_errorcheck.cuh				Implements functions to check for errors with kernel invocation 




				[image:  ][image: o][image: *]cuda_timer.cuh				Implements the EventTimer class 




				[image:  ][image: \][image: *]select_device.h				Functions to select device 
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select_device.h
  




Go to the documentation of this file.[bookmark: l00001]    1 #pragma once

[bookmark: l00002]    2 #ifndef SELECT_DEVICE_H

[bookmark: l00003]    3 #define SELECT_DEVICE_H

[bookmark: l00004]    4 

[bookmark: l00005]    5 #include<stdlib.h>

[bookmark: l00006]    6 #include<stdio.h>

[bookmark: l00007]    7 #include<string.h>

[bookmark: l00008]    8 

[bookmark: l00009]    9 #include "cuda_errorcheck.cuh"

[bookmark: l00010]   10 

[bookmark: l00015]   15 #ifndef MAX

[bookmark: l00016]   16 

[bookmark: l00020]   20 #define MAX(a,b) \

[bookmark: l00021]   21        ({ __typeof__ (a) _a = (a); \

[bookmark: l00022]   22            __typeof__ (b) _b = (b); \

[bookmark: l00023]   23          _a > _b ? _a : _b; })

[bookmark: l00024]   24 #endif

[bookmark: l00025]   25 

[bookmark: l00034]   34 inline int _ConvertSMVer2Cores(int major, int minor)

[bookmark: l00035]   35 {

[bookmark: l00036]   36     // Defines for GPU Architecture types (using the SM version to determine the # of cores per SM

[bookmark: l00037]   37     typedef struct

[bookmark: l00038]   38     {

[bookmark: l00039]   39         int SM; // 0xMm (hexidecimal notation), M = SM Major version, and m = SM minor version

[bookmark: l00040]   40         int Cores;

[bookmark: l00041]   41     } sSMtoCores;

[bookmark: l00042]   42 

[bookmark: l00043]   43     sSMtoCores nGpuArchCoresPerSM[] =

[bookmark: l00044]   44     {

[bookmark: l00045]   45         { 0x10,  8 }, // Tesla Generation (SM 1.0) G80 class

[bookmark: l00046]   46         { 0x11,  8 }, // Tesla Generation (SM 1.1) G8x class

[bookmark: l00047]   47         { 0x12,  8 }, // Tesla Generation (SM 1.2) G9x class

[bookmark: l00048]   48         { 0x13,  8 }, // Tesla Generation (SM 1.3) GT200 class

[bookmark: l00049]   49         { 0x20, 32 }, // Fermi Generation (SM 2.0) GF100 class

[bookmark: l00050]   50         { 0x21, 48 }, // Fermi Generation (SM 2.1) GF10x class

[bookmark: l00051]   51         { 0x30, 192}, // Kepler Generation (SM 3.0) GK10x class

[bookmark: l00052]   52         { 0x35, 192}, // Kepler Generation (SM 3.5) GK11x class

[bookmark: l00053]   53         {   -1, -1 }

[bookmark: l00054]   54     };

[bookmark: l00055]   55 

[bookmark: l00056]   56     int index = 0;

[bookmark: l00057]   57 

[bookmark: l00058]   58     while (nGpuArchCoresPerSM[index].SM != -1)

[bookmark: l00059]   59     {

[bookmark: l00060]   60         if (nGpuArchCoresPerSM[index].SM == ((major << 4) + minor))

[bookmark: l00061]   61         {

[bookmark: l00062]   62             return nGpuArchCoresPerSM[index].Cores;

[bookmark: l00063]   63         }

[bookmark: l00064]   64 

[bookmark: l00065]   65         index++;

[bookmark: l00066]   66     }

[bookmark: l00067]   67 

[bookmark: l00068]   68     // If we don't find the values, we default use the previous one to run properly

[bookmark: l00069]   69     printf("MapSMtoCores for SM %d.%d is undefined.  Default to use %d Cores/SM\n", major, minor, nGpuArchCoresPerSM[7].Cores);

[bookmark: l00070]   70     return nGpuArchCoresPerSM[7].Cores;

[bookmark: l00071]   71 }

[bookmark: l00072]   72 

[bookmark: l00080]   80 inline int gpuDeviceInit(int devID)

[bookmark: l00081]   81 {

[bookmark: l00082]   82 

[bookmark: l00083]   83     cudaDeviceProp deviceProp;

[bookmark: l00084]   84     myCudaSafeCall(cudaGetDeviceProperties(&deviceProp, devID));

[bookmark: l00085]   85 

[bookmark: l00086]   86     if (deviceProp.computeMode == cudaComputeModeProhibited)

[bookmark: l00087]   87     {

[bookmark: l00088]   88         fprintf(stderr, "Error: device is running in <Compute Mode Prohibited>, no threads can use ::cudaSetDevice().\n");

[bookmark: l00089]   89         return -1;

[bookmark: l00090]   90     }

[bookmark: l00091]   91 

[bookmark: l00092]   92     if (deviceProp.major < 1)

[bookmark: l00093]   93     {

[bookmark: l00094]   94         fprintf(stderr, "gpuDeviceInit(): GPU device does not support CUDA.\n");

[bookmark: l00095]   95         exit(EXIT_FAILURE);

[bookmark: l00096]   96     }

[bookmark: l00097]   97 

[bookmark: l00098]   98     myCudaSafeCall(cudaSetDevice(devID));

[bookmark: l00099]   99     printf("gpuDeviceInit() CUDA Device [%d]: \"%s\n", devID, deviceProp.name);

[bookmark: l00100]  100 

[bookmark: l00101]  101     return devID;

[bookmark: l00102]  102 }

[bookmark: l00103]  103 

[bookmark: l00114]  114 inline int gpuGetMaxGflopsDeviceId()

[bookmark: l00115]  115 {

[bookmark: l00116]  116     int current_device     = 0, sm_per_multiproc  = 0;

[bookmark: l00117]  117     int max_compute_perf   = 0, max_perf_device   = -1;

[bookmark: l00118]  118     int device_count       = 0, best_SM_arch      = 0;

[bookmark: l00119]  119     cudaDeviceProp deviceProp;

[bookmark: l00120]  120     cudaGetDeviceCount(&device_count);

[bookmark: l00121]  121 

[bookmark: l00122]  122     // Find the best major SM Architecture GPU device

[bookmark: l00123]  123     while (current_device < device_count)

[bookmark: l00124]  124     {

[bookmark: l00125]  125         cudaGetDeviceProperties(&deviceProp, current_device);

[bookmark: l00126]  126 

[bookmark: l00127]  127         // If this GPU is not running on Compute Mode prohibited, then we can add it to the list

[bookmark: l00128]  128         if (deviceProp.computeMode != cudaComputeModeProhibited)

[bookmark: l00129]  129         {

[bookmark: l00130]  130             if (deviceProp.major > 0 && deviceProp.major < 9999)

[bookmark: l00131]  131             {

[bookmark: l00132]  132                 best_SM_arch = MAX(best_SM_arch, deviceProp.major);

[bookmark: l00133]  133             }

[bookmark: l00134]  134         }

[bookmark: l00135]  135 

[bookmark: l00136]  136         current_device++;

[bookmark: l00137]  137     }

[bookmark: l00138]  138 

[bookmark: l00139]  139     // Find the best CUDA capable GPU device

[bookmark: l00140]  140     current_device = 0;

[bookmark: l00141]  141 

[bookmark: l00142]  142     while (current_device < device_count)

[bookmark: l00143]  143     {

[bookmark: l00144]  144         cudaGetDeviceProperties(&deviceProp, current_device);

[bookmark: l00145]  145 

[bookmark: l00146]  146         // If this GPU is not running on Compute Mode prohibited, then we can add it to the list

[bookmark: l00147]  147         if (deviceProp.computeMode != cudaComputeModeProhibited)

[bookmark: l00148]  148         {

[bookmark: l00149]  149             if (deviceProp.major == 9999 && deviceProp.minor == 9999)

[bookmark: l00150]  150             {

[bookmark: l00151]  151                 sm_per_multiproc = 1;

[bookmark: l00152]  152             }

[bookmark: l00153]  153             else

[bookmark: l00154]  154             {

[bookmark: l00155]  155                 sm_per_multiproc = _ConvertSMVer2Cores(deviceProp.major, deviceProp.minor);

[bookmark: l00156]  156             }

[bookmark: l00157]  157 

[bookmark: l00158]  158             int compute_perf  = deviceProp.multiProcessorCount * sm_per_multiproc * deviceProp.clockRate;

[bookmark: l00159]  159 

[bookmark: l00160]  160             if (compute_perf  > max_compute_perf)

[bookmark: l00161]  161             {

[bookmark: l00162]  162                 // If we find GPU with SM major > 2, search only these

[bookmark: l00163]  163                 if (best_SM_arch > 2)

[bookmark: l00164]  164                 {

[bookmark: l00165]  165                     // If our device==dest_SM_arch, choose this, or else pass

[bookmark: l00166]  166                     if (deviceProp.major == best_SM_arch)

[bookmark: l00167]  167                     {

[bookmark: l00168]  168                         max_compute_perf  = compute_perf;

[bookmark: l00169]  169                         max_perf_device   = current_device;

[bookmark: l00170]  170                     }

[bookmark: l00171]  171                 }

[bookmark: l00172]  172                 else

[bookmark: l00173]  173                 {

[bookmark: l00174]  174                     max_compute_perf  = compute_perf;

[bookmark: l00175]  175                     max_perf_device   = current_device;

[bookmark: l00176]  176                 }

[bookmark: l00177]  177             }

[bookmark: l00178]  178         }

[bookmark: l00179]  179 

[bookmark: l00180]  180         ++current_device;

[bookmark: l00181]  181     }

[bookmark: l00182]  182 

[bookmark: l00183]  183     return max_perf_device;

[bookmark: l00184]  184 }

[bookmark: l00185]  185 

[bookmark: l00186]  186 

[bookmark: l00196]  196 inline int findCudaDevice(int CmdArgDevice)

[bookmark: l00197]  197 {

[bookmark: l00198]  198     int devID = CmdArgDevice; 

[bookmark: l00199]  199 

[bookmark: l00200]  200     int deviceCount;

[bookmark: l00201]  201     myCudaSafeCall(cudaGetDeviceCount(&deviceCount));

[bookmark: l00202]  202 

[bookmark: l00203]  203     if (deviceCount == 0)

[bookmark: l00204]  204     {

[bookmark: l00205]  205         fprintf(stderr, "findCudaDevice() CUDA error: no devices supporting CUDA.\n");

[bookmark: l00206]  206         exit(EXIT_FAILURE);

[bookmark: l00207]  207     }

[bookmark: l00208]  208 

[bookmark: l00209]  209     if (devID > deviceCount-1)

[bookmark: l00210]  210     {

[bookmark: l00211]  211         fprintf(stderr, "findCudaDevice() CUDA error: %d CUDA capable GPU device(s) detected.\n", deviceCount);

[bookmark: l00212]  212         fprintf(stderr, "device %d is not a valid GPU device.\n", devID);

[bookmark: l00213]  213         exit(EXIT_FAILURE);

[bookmark: l00214]  214     }

[bookmark: l00215]  215 

[bookmark: l00216]  216     // If the command-line has a device number specified, use it

[bookmark: l00217]  217     if (devID >= 0)

[bookmark: l00218]  218     {

[bookmark: l00219]  219             devID = gpuDeviceInit(devID);

[bookmark: l00220]  220             if (devID < 0) {

[bookmark: l00221]  221                 printf("exiting...\n");

[bookmark: l00222]  222                 exit(EXIT_FAILURE);

[bookmark: l00223]  223             }

[bookmark: l00224]  224     } else {

[bookmark: l00225]  225         // Otherwise pick the device with highest Gflops/s

[bookmark: l00226]  226         devID = gpuGetMaxGflopsDeviceId();

[bookmark: l00227]  227         myCudaSafeCall(cudaSetDevice(devID));

[bookmark: l00228]  228     }

[bookmark: l00229]  229 

[bookmark: l00230]  230     cudaDeviceProp deviceProp;

[bookmark: l00231]  231     myCudaSafeCall(cudaGetDeviceProperties(&deviceProp, devID));

[bookmark: l00232]  232     printf("GPU Device %d: \"%s\" with compute capability %d.%d\n", 

[bookmark: l00233]  233         devID, deviceProp.name, deviceProp.major, deviceProp.minor);

[bookmark: l00234]  234 

[bookmark: l00235]  235     return devID;

[bookmark: l00236]  236 }

[bookmark: l00237]  237 

[bookmark: l00247]  247 inline bool checkCudaCapabilities(int major_version, int minor_version)

[bookmark: l00248]  248 {

[bookmark: l00249]  249     cudaDeviceProp deviceProp;

[bookmark: l00250]  250     deviceProp.major = 0;

[bookmark: l00251]  251     deviceProp.minor = 0;

[bookmark: l00252]  252     int dev;

[bookmark: l00253]  253 

[bookmark: l00254]  254     myCudaSafeCall(cudaGetDevice(&dev));

[bookmark: l00255]  255     myCudaSafeCall(cudaGetDeviceProperties(&deviceProp, dev));

[bookmark: l00256]  256 

[bookmark: l00257]  257     if ((deviceProp.major > major_version) ||

[bookmark: l00258]  258         (deviceProp.major == major_version && deviceProp.minor >= minor_version))

[bookmark: l00259]  259     {

[bookmark: l00260]  260         printf("> Device %d: <%16s >, Compute SM %d.%d detected\n", dev, deviceProp.name, deviceProp.major, deviceProp.minor);

[bookmark: l00261]  261         return true;

[bookmark: l00262]  262     }

[bookmark: l00263]  263     else

[bookmark: l00264]  264     {

[bookmark: l00265]  265         printf("No GPU device was found that can support CUDA compute capability %d.%d.\n", major_version, minor_version);

[bookmark: l00266]  266         return false;

[bookmark: l00267]  267     }

[bookmark: l00268]  268 }

[bookmark: l00269]  269 #endif

gpuGetMaxGflopsDeviceId
int gpuGetMaxGflopsDeviceId()
Returns device ID of fastest device. 
Definition: select_device.h:114


myCudaSafeCall
#define myCudaSafeCall(err)
nice wrapper for __myCudaSafeCall 
Definition: cuda_errorcheck.cuh:21


gpuDeviceInit
int gpuDeviceInit(int devID)
Initializes the CUDA Device. 
Definition: select_device.h:80


MAX
#define MAX(a, b)
Returns the maximum of a and b. 
Definition: select_device.h:20


findCudaDevice
int findCudaDevice(int CmdArgDevice)
Finds CUDA device. 
Definition: select_device.h:196


_ConvertSMVer2Cores
int _ConvertSMVer2Cores(int major, int minor)
Converts CC into # of SP/cores per SM. 
Definition: select_device.h:34


cuda_errorcheck.cuh
Implements functions to check for errors with kernel invocation. 


checkCudaCapabilities
bool checkCudaCapabilities(int major_version, int minor_version)
Checks card for compute capability. 
Definition: select_device.h:247
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Classes |
Macros  

  
error_analysis.hpp File Reference
  





Interface for the ErrorAnalysis class.  
More...




#include <boost/accumulators/accumulators.hpp>

#include <boost/accumulators/statistics/stats.hpp>

#include <boost/accumulators/statistics/mean.hpp>

#include <boost/accumulators/statistics/variance.hpp>

#include <vector>



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				class  				ErrorAnalysis




				 				class for determining mean and error for a observable.  More...





				 









[bookmark: details]Detailed Description




Interface for the ErrorAnalysis class. 




				See Also



				ErrorAnalysis 




				
error_analysis.cpp 









Definition in file error_analysis.hpp.
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particleSystem.cuh
  




Go to the documentation of this file.[bookmark: l00001]    1 

[bookmark: l00007]    7 extern "C"

[bookmark: l00008]    8 {

[bookmark: l00009]    9     void cudaInit(int cmdArgDevice);

[bookmark: l00010]   10     void checkDeviceCapabilities(int major, int minor);

[bookmark: l00011]   11 

[bookmark: l00012]   12     void allocateDeviceArray(void **devPtr, int size);

[bookmark: l00013]   13     void freeDeviceArray(void *devPtr);

[bookmark: l00014]   14 

[bookmark: l00015]   15     void copyArrayFromDevice(void *host, const void *device, int size);

[bookmark: l00016]   16     void copyArrayToDevice(void *device, const void *host, int offset, int size);

[bookmark: l00017]   17     void backupArrayDevice(void *dest, const void *source, int size);

[bookmark: l00018]   18 

[bookmark: l00019]   19 

[bookmark: l00020]   20     void setParameters(SimParams *hostParams);

[bookmark: l00021]   21 

[bookmark: l00022]   22     void integrateSystem1(float *pos,

[bookmark: l00023]   23                          float *vel,

[bookmark: l00024]   24                          float *acc,

[bookmark: l00025]   25                          float deltaTime,

[bookmark: l00026]   26                         float3 boxSize,

[bookmark: l00027]   27                          uint numParticles);

[bookmark: l00028]   28 

[bookmark: l00029]   29         void accelerateNBody(float *pos, float *acc, float *virial, uint numParticles);

[bookmark: l00030]   30         void accelerateCelllists(float *newAcc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles);

[bookmark: l00031]   31         void potentialCelllists(float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles);

[bookmark: l00032]   32         

[bookmark: l00033]   33 

[bookmark: l00034]   34     void integrateSystem2(float *vel,

[bookmark: l00035]   35                          float *acc,

[bookmark: l00036]   36                          float *kin,

[bookmark: l00037]   37                          float deltaTime,

[bookmark: l00038]   38                          uint numParticles);

[bookmark: l00039]   39 

[bookmark: l00040]   40     void calcHash(uint  *gridParticleHash,

[bookmark: l00041]   41                   uint  *gridParticleIndex,

[bookmark: l00042]   42                   float *pos,

[bookmark: l00043]   43                   int    numParticles);

[bookmark: l00044]   44 

[bookmark: l00045]   45     void reorderDataAndFindCellStart(uint  *cellStart,

[bookmark: l00046]   46                                      uint  *cellEnd,

[bookmark: l00047]   47                                      float *sortedPos,

[bookmark: l00048]   48                                      uint  *gridParticleHash,

[bookmark: l00049]   49                                      uint  *gridParticleIndex,

[bookmark: l00050]   50                                      float *oldPos,

[bookmark: l00051]   51                                      uint   numParticles,

[bookmark: l00052]   52                                      uint   numCells);

[bookmark: l00053]   53 

[bookmark: l00054]   54     void sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles);

[bookmark: l00055]   55 

[bookmark: l00056]   56         float thrustReduce(float *array, uint numParticles);

[bookmark: l00057]   57 

[bookmark: l00058]   58         void scaleArray(float *array, float scalefactor, uint length);

[bookmark: l00059]   59 

[bookmark: l00060]   60 }

thrustReduce
float thrustReduce(float *array, uint numParticles)
Reduces an array by using adding the values First converts the raw pointer to thrust::device_ptr then...
Definition: particleSystem_cuda.cu:256


integrateSystem1
void integrateSystem1(float *pos, float *vel, float *acc, float deltaTime, float3 boxSize, uint numParticles)
First Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:184


sortParticles
void sortParticles(uint *dGridParticleHash, uint *dGridParticleIndex, uint numParticles)
Sorts the particles based on hash. 
Definition: particleSystem_cuda.cu:241


setParameters
void setParameters(SimParams *hostParams)
copies parameters to constant memory Wrapper around cudaMemcpyToSymbol. 
Definition: particleSystem_cuda.cu:127


accelerateCelllists
void accelerateCelllists(float *newAcc, float *virial, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the acceleration by using celllists. 
Definition: particleSystem_cuda.cu:402


cudaInit
void cudaInit(int cmdArgDevice)
Initialize cuda environment. 
Definition: particleSystem_cuda.cu:37


allocateDeviceArray
void allocateDeviceArray(void **devPtr, int size)
Allocates device memory. 
Definition: particleSystem_cuda.cu:64


integrateSystem2
void integrateSystem2(float *vel, float *acc, float *kin, float deltaTime, uint numParticles)
Second Velocity Verlet integration step. 
Definition: particleSystem_cuda.cu:216


uint
unsigned int uint
Definition of uint as  unsigned int  
Definition: particles_kernel.cuh:13


backupArrayDevice
void backupArrayDevice(void *dest, const void *source, int size)
Copy arrays from device to device. 
Definition: particleSystem_cuda.cu:96


checkDeviceCapabilities
bool checkDeviceCapabilities(int major, int minor)
Checks if device has the given compute capability. 
Definition: particleSystem_cuda.cu:49


SimParams
Structure that stores the simulation parameter and goes in constant memory. 
Definition: particles_kernel.cuh:19


copyArrayFromDevice
void copyArrayFromDevice(void *host, const void *device, int size)
Copy arrays to host from device. 
Definition: particleSystem_cuda.cu:105


reorderDataAndFindCellStart
void reorderDataAndFindCellStart(uint *cellStart, uint *cellEnd, float *sortedPos, uint *gridParticleHash, uint *gridParticleIndex, float *oldPos, uint numParticles, uint numCells)
Reorder particle data into sorted order and determine first and last particle for each cell...
Definition: particleSystem_cuda.cu:339


potentialCelllists
void potentialCelllists(float *potentialEnergy, float *sortedPos, uint *gridParticleIndex, uint *cellStart, uint *cellEnd, uint numParticles)
Compute the potential energy by using celllists. 
Definition: particleSystem_cuda.cu:430


freeDeviceArray
void freeDeviceArray(void *devPtr)
Frees device memory. 
Definition: particleSystem_cuda.cu:75


calcHash
void calcHash(uint *gridParticleHash, uint *gridParticleIndex, float *pos, int numParticles)
Calculate grid hash for all particles. 
Definition: particleSystem_cuda.cu:312


copyArrayToDevice
void copyArrayToDevice(void *device, const void *host, int offset, int size)
Copy arrays from host to device. 
Definition: particleSystem_cuda.cu:86


scaleArray
void scaleArray(float *array, float scalefactor, uint length)
scales the array with the given scalefactor. 
Definition: particleSystem_cuda.cu:274


accelerateNBody
void accelerateNBody(float *pos, float *acc, float *virial, uint numParticles)
Compute the acceleration by using the nbody approach. 
Definition: particleSystem_cuda.cu:375








Generated on Thu Sep 12 2013 07:21:12 for Molecular simulations using CUDA by  
[image: doxygen]
 1.8.4











html/ftv2pnode.png













html/pages.html






 
 
  				
   Molecular simulations using CUDA
   

   Code Documentation

  
 




 










  
    
      				Main Page




      				Related Pages




      				Classes




      				Files




      				
        
        
          [image: ]
          
          
            [image: ]
          
        

      




    




  





 All Classes Files Functions Variables Typedefs Enumerations Enumerator Macros Pages










  
Related Pages
  




Here is a list of all related documentation pages:


				[image: \]Todo List				
















Generated on Thu Sep 12 2013 07:21:12 for Molecular simulations using CUDA by  
[image: doxygen]
 1.8.4











html/particles__kernel_8cuh.html






 
 
  				
   Molecular simulations using CUDA
   

   Code Documentation

  
 




 










  
    
      				Main Page




      				Related Pages




      				Classes




      				Files




      				
        
        
          [image: ]
          
          
            [image: ]
          
        

      




    




  

  
    
      				File List




      				File Members




    




  



 All Classes Files Functions Variables Typedefs Enumerations Enumerator Macros Pages










  
				code



  









  
Classes |
Macros |
Typedefs  
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Definition of the struct SimParams that goes to constant memory.  
More...




#include "vector_types.h"



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				struct  				SimParams




				 				Structure that stores the simulation parameter and goes in constant memory.  More...





				 









				[bookmark: typedef-members]
Typedefs








				
typedef unsigned int 				uint




				 				Definition of uint as  unsigned int  





				 









[bookmark: details]Detailed Description




Definition of the struct SimParams that goes to constant memory. 




				Todo:



				check if vector_types is necesarry 









Definition in file particles_kernel.cuh.
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Interface for the ParticleSystem class.  
More...




#include <vector_functions.h>

#include <string>

#include "particles_kernel.cuh"

#include "boost_rng.hpp"



Go to the source code of this file.





				[bookmark: nested-classes]
Classes








				class  				ParticleSystem




				 				Class that contains the particle system and methods to update it.  More...





				 









[bookmark: details]Detailed Description




Interface for the ParticleSystem class. 




				See Also



				ParticleSystem 




				
particleSystem.cpp 









Definition in file particleSystem.h.
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Class that contains the particle system and methods to update it.  
 More...





#include <particleSystem.h>





				[bookmark: pub-types]
Public Types








				enum  				ParticleConfig { CONFIG_RANDOM, 
CONFIG_GRID
 }




				 				enum for the initial particle placement  More...





				 




				enum  				ParticleArray { POSITION, 
VELOCITY, 
ACCELERATION
 }




				 				enum to select the right array  More...





				 




				enum  				SimulationMode { NBODY, 
CELLLIST
 }




				 				enum to set the simulation mode  More...





				 









				[bookmark: pub-methods]
Public Member Functions








				 				ParticleSystem (uint numParticles, uint3 gridSize, float3 boxSize, float temperature, std::string outdir, float cutoff)




				 				Constructor.  More...





				 




				
 				~ParticleSystem ()




				 				Destructor. 





				 




				void 				startMDSimulation (uint equilibration, uint iterations, SimulationMode mode, float deltaTime)




				 				The actual MD simulation.  More...





				 




				void 				startMCSimulationNVT (uint equilibration, uint iterations, SimulationMode mode, float deltaTime)




				 				The actual MC simulation.  More...





				 




				void 				startMCSimulationNPT (uint equilibration, uint equilibration2, uint iterations, SimulationMode mode, float deltaTime, float pressure, float dlnV)




				 				The actual MC simulation in NPT.  More...





				 




				void 				MDstep (SimulationMode mode, float deltaTime)




				 				Does one MD step.  More...





				 




				void 				resetPos (ParticleConfig config)




				 				Resets particle positions.  More...





				 




				void 				resetVel ()




				 				resets velocity.  More...





				 




				float * 				getArray (ParticleArray array)




				 				Copies array from the GPU to the CPU.  More...





				 




				void 				setArray (ParticleArray array, const float *data, int start, int count)




				 				Copies array from the CPU to the GPU.  More...





				 




				
int 				getNumParticles () const 




				 				returns the number of particles 





				 




				
void 				dumpGrid ()




				 				Dumps grid information to CPU and prints to screen. 





				 




				void 				dumpParticles (uint start, uint count)




				 				Dumps particle information to CPU and prints to screen.  More...





				 




				
void 				writeForGL ()




				 				Copies particle positions and prints them for use in franks opengl. 





				 




				
uint3 				getGridSize ()




				 				returns the grid size 





				 




				
float3 				getWorldOrigin ()




				 				returns the origin of the simulation box 





				 




				
float3 				getCellSize ()




				 				returns the cell size 





				 









				[bookmark: pro-methods]
Protected Member Functions








				void 				_initialize (uint numParticles)




				 				Initializes particle system.  More...





				 




				void 				_finalize ()




				 				frees CPU and GPU memory Called by the destructor ParticleSystem::~ParticleSystem().  More...





				 




				void 				initGrid (uint *size, float spacing)




				 				initializes position and velocity data Called from ParticleSystem::resetPos  More...





				 









				[bookmark: pro-attribs]
Protected Attributes








				
bool 				m_bInitialized




				 				bool to see if system is initialized 





				 




				
bool 				m_velscaling




				 				bool to switch velocity scaling in MD NVT 





				 




				
uint 				m_numParticles




				 				number of particles 





				 




				
BoostRNG 				m_rng




				 				boost random number generator 





				 




				CPU data for particles





				
float * 				m_hPos




				 				position 





				 




				
float * 				m_hVel




				 				velocity 





				 




				
float * 				m_hAcc




				 				acceleration 





				 




				GPU data for particles





				
float * 				m_dPos




				 				position 





				 




				
float * 				m_dSortedPos




				 				sorted positions 





				 




				
float * 				m_dVel




				 				velocity 





				 




				
float * 				m_dAcc




				 				acceleration 





				 




				
float * 				m_dKineticEnergy




				 				kinetic energy contributions 





				 




				
float * 				m_dPotentialEnergy




				 				potential energy contributions 





				 




				
float * 				m_dVirial




				 				virial contributions 





				 




				GPU grid Data (for sorting)





				
uint * 				m_dGridParticleHash




				 				grid hashes 





				 




				
uint * 				m_dGridParticleIndex




				 				grid indeces 





				 




				
uint * 				m_dCellStart




				 				starting particles for cells 





				 




				
uint * 				m_dCellEnd




				 				ending particles for cells 





				 




				CPU grid Data for dumping (error checking)





				
uint * 				m_hParticleHash




				 				grid hashes 





				 




				
uint * 				m_hCellStart




				 				starting particles for cells 





				 




				
uint * 				m_hCellEnd




				 				ending particles for cells 





				 




				Parameters





				
SimParams 				m_params




				 				cpu instance of SimParams, to be put in constant memory 





				 




				
uint3 				m_gridSize




				 				size of grid 





				 




				
float3 				m_boxSize




				 				size of simulation box 





				 




				
uint 				m_numGridCells




				 				number of cells in the grid 





				 




				
float 				m_temperature




				 				temperature of simulation 





				 




				
std::string 				m_outdir




				 				directory to write output to 





				 




				
float 				m_cutoff




				 				cutoff radius 





				 




				
float 				m_pressureCorrection




				 				correction for the pressure when using cutoff 





				 




				
float 				m_potentialEnergyCorrection




				 				correction (takes care of the shifted part in 'truncated and shifted) 





				 




				
float 				m_density




				 				number density of the system 





				 




				Variables





				
float 				m_instantTemperature




				 				instantenuous temperature 





				 




				
float 				m_virial




				 				virial of the system 





				 




				
float 				m_potentialEnergy




				 				potential energy of the system 





				 




				
float 				m_kineticEnergy




				 				kinetic energy of the system 





				 




				
float 				m_pressure




				 				temperature of the system 





				 









[bookmark: details]Detailed Description




Class that contains the particle system and methods to update it. 




Stores the current state of the particle system and defines the function that can update it 





Definition at line 21 of file particleSystem.h.





Member Enumeration Documentation







      
        
          				enum ParticleSystem::ParticleArray
        




      







enum to select the right array 





				Enumerator



				POSITION 				
select position array 









				VELOCITY 				
select velocity array 









				ACCELERATION 				
select acceleration array 















Definition at line 35 of file particleSystem.h.












      
        
          				enum ParticleSystem::ParticleConfig
        




      







enum for the initial particle placement 





				Enumerator



				CONFIG_RANDOM 				
particles are placed in the box randomly 









				CONFIG_GRID 				
particles are placed on a grid 















Definition at line 29 of file particleSystem.h.












      
        
          				enum ParticleSystem::SimulationMode
        




      







enum to set the simulation mode 





				Enumerator



				NBODY 				
use nbody approach 









				CELLLIST 				
use celllist approach 















Definition at line 42 of file particleSystem.h.









Constructor & Destructor Documentation







      
        
          				ParticleSystem::ParticleSystem 
          				(
          				uint 
          				numParticles, 
        




        
          				
          				
          				uint3 
          				gridSize, 
        




        
          				
          				
          				float3 
          				boxSize, 
        




        
          				
          				
          				float 
          				temperature, 
        




        
          				
          				
          				std::string 
          				outdir, 
        




        
          				
          				
          				float 
          				cutoff 
        




        
          				
          				)
          								
        




      







Constructor. 




				Warning



				only works for cubic box size 









Definition at line 41 of file particleSystem.cpp.









Member Function Documentation








  
  				
      
        
          				void ParticleSystem::_finalize 
          				(
          								)
          				
        




      




  
  				
protected  
  












frees CPU and GPU memory Called by the destructor ParticleSystem::~ParticleSystem(). 




				See Also



				ParticleSystem::~ParticleSystem(). 









Definition at line 148 of file particleSystem.cpp.













  
  				
      
        
          				void ParticleSystem::_initialize 
          				(
          				uint 
          				numParticles				)
          				
        




      




  
  				
protected  
  












Initializes particle system. 




Seeds random number generator, allocates memory for CPU and GPU arrays and copies ParticleSystem::m_params (instance of SimParams) to constant memory. Finally sets ParticleSystem::m_bInitialized to true 





Definition at line 98 of file particleSystem.cpp.












      
        
          				void ParticleSystem::dumpParticles 
          				(
          				uint 
          				start, 
        




        
          				
          				
          				uint 
          				count 
        




        
          				
          				)
          								
        




      







Dumps particle information to CPU and prints to screen. 




				Parameters



				
  
    				[in]				start				first particle to dump 




    				[in]				count				number of particles to dump 




  




  










Definition at line 912 of file particleSystem.cpp.












      
        
          				float * ParticleSystem::getArray 
          				(
          				ParticleArray 
          				array				)
          				
        




      







Copies array from the GPU to the CPU. 




				Parameters



				
  
    				[in]				array				which array to copy 




  




  









				Returns



				pointer to data on CPU 









Definition at line 961 of file particleSystem.cpp.













  
  				
      
        
          				void ParticleSystem::initGrid 
          				(
          				uint * 
          				size, 
        




        
          				
          				
          				float 
          				spacing 
        




        
          				
          				)
          								
        




      




  
  				
protected  
  












initializes position and velocity data Called from ParticleSystem::resetPos 




				Parameters



				
  
    				[in]				size				the size of the particle grid 




    				[in]				spacing				spacing between the particles 




  




  









				Warning



				cubic box/grid assumed 








				See Also



				ParticleSystem::resetPos 









Definition at line 1019 of file particleSystem.cpp.












      
        
          				void ParticleSystem::MDstep 
          				(
          				SimulationMode 
          				mode, 
        




        
          				
          				
          				float 
          				deltaTime 
        




        
          				
          				)
          								
        




      







Does one MD step. 




One MD step consists of the following:





				First Verlet Integration step integrateSystem1




				Compute Acceleration:
				If mode is NBODY, runs accelerateNBody




				If mode is CELLLIST, runs:
				calculate hash calcHash




				sort particles based on hash sortParticles




				reorder data into sorted order and determine cell begin and end reorderDataAndFindCellStart




				actual acceleration computation with accelerateCelllists
























				Second Verlet Integration step integrateSystem2




				Calculate virial thrustReduce




				Calculate kinetic energy thrustReduce




				Calculate pressure and apply correction




				Scale momenta using scaleArray









				Parameters



				
  
    				[in]				mode				nbody or celllist approach 




    				[in]				deltaTime				timestep 




  




  









				Todo:



				slim down for better performance in NPT MC (maybe remove timing code (but is already controlled by CUDA_TIME macro)) 









Definition at line 800 of file particleSystem.cpp.












      
        
          				void ParticleSystem::resetPos 
          				(
          				ParticleConfig 
          				config				)
          				
        




      







Resets particle positions. 




If config is CONFIG_GRID call ParticleSystem::initGrid. 




				Parameters



				
  
    				[in]				config				random or on a grid 




  




  









				See Also



				ParticleSystem::initGrid 




				
ParticleSystem::resetVel 








				Warning



				also resets velocity by calling ParticleSystem::resetVel 









Definition at line 1043 of file particleSystem.cpp.












      
        
          				void ParticleSystem::resetVel 
          				(
          								)
          				
        




      







resets velocity. 




Uses uniform random number generator, then sets velocity center of mass to zero and scales to the right temperature. 




				Todo:



				see if rescaling is necessary for large number of particles 








				Todo:



				see if kin energy can be done more efficiently 









Definition at line 1078 of file particleSystem.cpp.












      
        
          				void ParticleSystem::setArray 
          				(
          				ParticleArray 
          				array, 
        




        
          				
          				
          				const float * 
          				data, 
        




        
          				
          				
          				int 
          				start, 
        




        
          				
          				
          				int 
          				count 
        




        
          				
          				)
          								
        




      







Copies array from the CPU to the GPU. 




				Parameters



				
  
    				[in]				array				which array to copy 




    				[in]				data				pointer to data on CPU 




    				[in]				start				first particle to copy 




    				[in]				count				number of particles to copy 




  




  










Definition at line 994 of file particleSystem.cpp.












      
        
          				void ParticleSystem::startMCSimulationNPT 
          				(
          				uint 
          				equilibrationIter, 
        




        
          				
          				
          				uint 
          				equilibrationIter2, 
        




        
          				
          				
          				uint 
          				iterations, 
        




        
          				
          				
          				SimulationMode 
          				mode, 
        




        
          				
          				
          				float 
          				deltaTime, 
        




        
          				
          				
          				float 
          				pressure, 
        




        
          				
          				
          				float 
          				dlnV 
        




        
          				
          				)
          								
        




      







The actual MC simulation in NPT. 




				Parameters



				
  
    				[in]				equilibrationIter				number of equilibration cycles 




    				[in]				equilibrationIter2				number of equilibration cycles for subsequent pressures (compression) 




    				[in]				iterations				number of measurement cycles 




    				[in]				mode				simulation mode (nbody or celllists) 




    				[in]				deltaTime				timestep to be used in the discretization 




    				[in]				pressure				the desired pressure 




    				[in]				dlnV				log volume displacement to be used in trial volume moves 




  




  









				See Also



				ParticleSystem::MDstep 








				Todo:



				see if timestep can be included in SimParam 




include parameter to set number of output files 




add simulationmode 




see what needs to be done about timing code 













				Todo:



				make suitable for non-cubic boxes 








				Todo:



				find a way to do this more efficiently this step needs to be done because the sortedPosData is based on the old pos maybe scale the sortedposdata itself? 








				Todo:



				see if potential scaling can be used 









Definition at line 317 of file particleSystem.cpp.












      
        
          				void ParticleSystem::startMCSimulationNVT 
          				(
          				uint 
          				equilibrationIter, 
        




        
          				
          				
          				uint 
          				iterations, 
        




        
          				
          				
          				SimulationMode 
          				mode, 
        




        
          				
          				
          				float 
          				deltaTime 
        




        
          				
          				)
          								
        




      







The actual MC simulation. 




				Parameters



				
  
    				[in]				equilibrationIter				number of equilibration cycles 




    				[in]				iterations				number of measurement cycles 




    				[in]				mode				simulation mode (nbody or celllists) 




    				[in]				deltaTime				timestep to be used in the discretization 




  




  









				See Also



				ParticleSystem::MDstep 








				Todo:



				include parameter to set number of output files 




maybe make the acceleration a virtual function 




add simulationmode 













				Warning



				only does celllists 









Definition at line 187 of file particleSystem.cpp.












      
        
          				void ParticleSystem::startMDSimulation 
          				(
          				uint 
          				equilibrationIter, 
        




        
          				
          				
          				uint 
          				iterations, 
        




        
          				
          				
          				SimulationMode 
          				mode, 
        




        
          				
          				
          				float 
          				deltaTime 
        




        
          				
          				)
          								
        




      







The actual MD simulation. 




For every iteration calls ParticleSystem::MDstep. Before starting calculate initial acceleration. 




				Parameters



				
  
    				[in]				equilibrationIter				number of equilibration cycles 




    				[in]				iterations				number of measurement cycles 




    				[in]				mode				simulation mode (nbody or celllists) 




    				[in]				deltaTime				timestep to be used in the discretization 




  




  









				See Also



				ParticleSystem::MDstep 








				Todo:



				see if timestep can be included in SimParam 




remove temporary hack for timing 




include parameter to set number of output files 




maybe make the acceleration a virtual function 













				Todo:



				maybe move fileoutput to function? 









Definition at line 719 of file particleSystem.cpp.










The documentation for this class was generated from the following files:
				code/particleSystem.h




				code/particleSystem.cpp
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Here is a list of all documented class members with links to the class documentation for each member:


- _ -




				_boxSize
: integrate1_functor





				_dt
: integrate1_functor
, integrate2_functor





				_finalize()
: ParticleSystem





				_initialize()
: ParticleSystem












- a -




				acc
: ErrorAnalysis





				ACCELERATION
: ParticleSystem












- b -




				bins
: ErrorAnalysis





				BoostRNG()
: BoostRNG





				boxSize
: SimParams












- c -




				CELLLIST
: ParticleSystem





				cellSize
: SimParams





				CONFIG_GRID
: ParticleSystem





				CONFIG_RANDOM
: ParticleSystem





				count
: ErrorAnalysis





				cutoff
: SimParams












- d -




				dist_normal
: BoostRNG





				dist_uniform
: BoostRNG





				done
: ErrorAnalysis





				dumpGrid()
: ParticleSystem





				dumpParticles()
: ParticleSystem












- e -




				elapsed()
: EventTimer





				error()
: ErrorAnalysis





				ErrorAnalysis()
: ErrorAnalysis





				EventTimer()
: EventTimer












- g -




				getArray()
: ParticleSystem





				getCellSize()
: ParticleSystem





				getGridSize()
: ParticleSystem





				getNumParticles()
: ParticleSystem





				getSeed()
: BoostRNG





				getWorldOrigin()
: ParticleSystem





				gridSize
: SimParams












- i -




				initGrid()
: ParticleSystem





				integrate1_functor()
: integrate1_functor





				integrate2_functor()
: integrate2_functor












- m -




				m_bInitialized
: ParticleSystem





				m_boxSize
: ParticleSystem





				m_cutoff
: ParticleSystem





				m_dAcc
: ParticleSystem





				m_dCellEnd
: ParticleSystem





				m_dCellStart
: ParticleSystem





				m_density
: ParticleSystem





				m_dGridParticleHash
: ParticleSystem





				m_dGridParticleIndex
: ParticleSystem





				m_dKineticEnergy
: ParticleSystem





				m_dPos
: ParticleSystem





				m_dPotentialEnergy
: ParticleSystem





				m_dSortedPos
: ParticleSystem





				m_dVel
: ParticleSystem





				m_dVirial
: ParticleSystem





				m_gridSize
: ParticleSystem





				m_hAcc
: ParticleSystem





				m_hCellEnd
: ParticleSystem





				m_hCellStart
: ParticleSystem





				m_hParticleHash
: ParticleSystem





				m_hPos
: ParticleSystem





				m_hVel
: ParticleSystem





				m_instantTemperature
: ParticleSystem





				m_kineticEnergy
: ParticleSystem





				m_numGridCells
: ParticleSystem





				m_numParticles
: ParticleSystem





				m_outdir
: ParticleSystem





				m_params
: ParticleSystem





				m_potentialEnergy
: ParticleSystem





				m_potentialEnergyCorrection
: ParticleSystem





				m_pressure
: ParticleSystem





				m_pressureCorrection
: ParticleSystem





				m_rng
: ParticleSystem





				m_temperature
: ParticleSystem





				m_velscaling
: ParticleSystem





				m_virial
: ParticleSystem





				MDstep()
: ParticleSystem





				mean()
: ErrorAnalysis





				mStart
: EventTimer





				mStop
: EventTimer





				mStopped
: EventTimer












- n -




				NBODY
: ParticleSystem





				normal()
: BoostRNG





				nrBins
: ErrorAnalysis





				nrSamples
: ErrorAnalysis





				numCells
: SimParams












- o -




				operator()()
: integrate1_functor
, integrate2_functor












- p -




				ParticleArray
: ParticleSystem





				ParticleConfig
: ParticleSystem





				ParticleSystem()
: ParticleSystem





				POSITION
: ParticleSystem





				potentialCorrection
: SimParams





				process()
: ErrorAnalysis





				push()
: ErrorAnalysis












- r -




				rand_normal
: BoostRNG





				rand_uniform
: BoostRNG





				resetPos()
: ParticleSystem





				resetVel()
: ParticleSystem





				rng
: BoostRNG












- s -




				samplesPerBin
: ErrorAnalysis





				seed
: BoostRNG





				setArray()
: ParticleSystem





				SimulationMode
: ParticleSystem





				start()
: EventTimer





				startMCSimulationNPT()
: ParticleSystem





				startMCSimulationNVT()
: ParticleSystem





				startMDSimulation()
: ParticleSystem





				stop()
: EventTimer












- t -




				temperature
: SimParams












- u -




				uniform()
: BoostRNG












- v -




				variance()
: ErrorAnalysis





				VELOCITY
: ParticleSystem












- w -




				worldOrigin
: SimParams





				writeForGL()
: ParticleSystem












- ~ -




				~EventTimer()
: EventTimer





				~ParticleSystem()
: ParticleSystem
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Here is a list of all documented file members with links to the documentation:


- _ -




				__myCudaCheckError()
: cuda_errorcheck.cuh





				__myCudaSafeCall()
: cuda_errorcheck.cuh





				_ConvertSMVer2Cores()
: select_device.h












- a -




				accelerateCelllists()
: particleSystem.cuh
, particleSystem_cuda.cu





				accelerateNBody()
: particleSystem_cuda.cu
, particleSystem.cuh





				allocateDeviceArray()
: particleSystem_cuda.cu
, particleSystem.cuh












- b -




				backupArrayDevice()
: particleSystem.cuh
, particleSystem_cuda.cu












- c -




				calcGridHash()
: particles_kernel_impl.cuh





				calcGridPos()
: particles_kernel_impl.cuh





				calcHash()
: particleSystem_cuda.cu
, particleSystem.cuh





				calcHashD()
: particles_kernel_impl.cuh





				calculate_forces_celllist()
: particles_kernel_impl.cuh





				calculate_forces_nbody()
: particles_kernel_impl.cuh





				calculate_potential_celllist()
: particles_kernel_impl.cuh





				calculateForcesCell()
: particles_kernel_impl.cuh





				calculatePotentialCell()
: particles_kernel_impl.cuh





				checkCudaCapabilities()
: select_device.h





				checkDeviceCapabilities()
: particles.cpp
, particleSystem.cuh
, particleSystem_cuda.cu





				computeGridSize()
: particleSystem_cuda.cu





				copyArrayFromDevice()
: particleSystem.cuh
, particleSystem_cuda.cu





				copyArrayToDevice()
: particleSystem_cuda.cu
, particleSystem.cuh





				cudaInit()
: particleSystem.cuh
, particleSystem_cuda.cu
, particles.cpp












- d -




				deviceSync()
: particleSystem_cuda.cu












- f -




				findCudaDevice()
: select_device.h





				freeDeviceArray()
: particleSystem_cuda.cu
, particleSystem.cuh












- g -




				gpuDeviceInit()
: select_device.h





				gpuGetMaxGflopsDeviceId()
: select_device.h












- i -




				iDivUp()
: particleSystem_cuda.cu





				integrateSystem1()
: particleSystem.cuh
, particleSystem_cuda.cu





				integrateSystem2()
: particleSystem.cuh
, particleSystem_cuda.cu












- m -




				main()
: particles.cpp





				MAX
: select_device.h





				myCudaCheckError
: cuda_errorcheck.cuh





				myCudaSafeCall
: cuda_errorcheck.cuh












- p -




				params
: particles_kernel_impl.cuh





				PI_F
: particleSystem.cpp





				potentialCelllists()
: particleSystem_cuda.cu
, particleSystem.cuh





				ppInteraction()
: particles_kernel_impl.cuh





				ppPotential()
: particles_kernel_impl.cuh





				psystem
: particles.cpp












- r -




				reorderDataAndFindCellStart()
: particleSystem.cuh
, particleSystem_cuda.cu





				reorderDataAndFindCellStartD()
: particles_kernel_impl.cuh












- s -




				scaleArray()
: particleSystem.cuh
, particleSystem_cuda.cu





				setParameters()
: particleSystem_cuda.cu
, particleSystem.cuh





				sortParticles()
: particleSystem_cuda.cu
, particleSystem.cuh












- t -




				thrustReduce()
: particleSystem.cuh
, particleSystem_cuda.cu





				tile_calculation()
: particles_kernel_impl.cuh












- u -




				uint
: particles_kernel.cuh
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