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ABSTRACT

KEYWORDS

Zhang’s Parton Cascade (ZPC) is an essential
module in A Multi-Phase Transport (AMPT) model,
which applies Monte-Carlo methods for simulating
ultra-relativistic heavy-ion collisions. Our ultimate
goal is to accelerate ZPC, and we start with the
acceleration of the detection of two-parton
collisions in the cascade. In this work, using CUDA
C, we parallelized and then tested the code for the
detection of the first two-parton collision in the
ZPC-based simulation of parton cascade. We
compared results from the parallelized code and the
serial code programmed in C. The comparison has
shown for the first time that a significant speedup
can be achieved by utilizing GPU as a co-processor
for the detection of the first two-parton collision in
the ZPC-based simulation of parton cascade in
heavy-ion collisions of Pb - Pb at sqrt(sNN)=2.76
TeV, which is the top colliding energy for heavyion collisions at the Large Hadron Collider (LHC).
The parallelized code is readily available per
request, and will be integrated into GPU-based
simulation of parton cascade in the near future. This
study clearly indicates that ZPC may be accelerated
and so is the event generation of Monte-Carlo
events for heavy-ion collisions at the LHC.

GPU, CUDA, Simulation, Parton cascade, Heavyion collision.
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1 INTRODUCTION
Monte-Carlo simulation plays an important role
in the study of ultra-relativistic heavy-ion
collisions [1-4]. While event generation based
on Monte-Carlo model helps to reveal and
understand the physical mechanisms of the
observed phenomena in heavy-ion collisions,
generating the required huge amount of events
is usually compute-intensive. In recent years,
many compute-intensive applications in areas
such as signal processing [5], molecular
dynamics [6] and computational fluid dynamics
(CFD) [7] have gained significant speedup by
using GPU. Naturally, one would expect to
explore ways of accelerating event generation
by employing GPUs. A highly cited MonteCarlo event generator is AMPT [1], the version
with string-melting. Written in FORTRAN, it
consists of three modules: HIJING [2], ZPC [3]
and ART [4]. These modules run serially one
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after the other on CPU. ZPC simulates parton
cascade for a system of partons, which are from
HIJING after string-melting. The input for ZPC
mainly includes the space-time and momentumenergy information for all of the partons.
Because the simulation of the parton cascade
involves detection of two-body collisions
among parton-pairs out of tens of thousands of
partons in the case of heavy-ion collisions at the
LHC energy, it is non-trivial [8]. Therefore it is
important to explore an algorithm of speedup
by using GPU for simulating the parton cascade,
in order to speed up Monte Carlo event
generation in high energy heavy-ion collisions.
In this paper, we give in Section 2 an outline of
parton cascade and two-parton collision, then in
Section 3 the computing environment is briefly
introduced; after presenting algorithm, its
implementation and results in the 4th Section
we give summary and conclusions in section 5.
2 TWO-PARTON COLLISION AND
PARTON CASCADE
Parton cascade is a successive two-parton
collision in a system of partons. The partons,
formed in the initial stage of ultra-relativistic
heavy-ion collisions through a string-melting
mechanism as implemented in AMPT, will
experience two-body collisions according to the
perturbative quantum chromodynamics [9] and
certain geometrical conditions. As in ZPC, in
the simulation of parton cascade in a heavy-ion
collision event, the first step is to detect the
earliest collision among many possible twoparton collisions (collision detection), then
simulate the collision and thereby update the
momentum-energy and space-time information
for the involved two partons. As in ZPC, the
rest of the simulation of the parton cascade is to
repeat the above two steps until no two-parton
collision is detected to happen earlier than a
preset physical time threshold. For more details,
interested readers are referred to Ref. [3]. One
may note that the detection of the first twoparton collision involves the computation of the
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collision time for all of the possible colliding
pairs and the detection of the following
successive collision involves only the recalculation of the collision time for all the pairs
including one of the most recently collided two
partons. Therefore it is worthwhile to pay
special attention to the detection of the first
two-parton collision in the simulation of the
parton cascade.
3 BRIEF INTRODUCTIONS ABOUT THE
COMPUTING ENVIRONMENT
The computing environment for this study is
provided by the facilities Deepcomp 7000,
which is hosted at the Supercomputing Center
of the Chinese Academy of Sciences. More
specifically, we used a CPU that is Intel Xeon
E5410 @ 2.33GHz, and a GPU that is NVIDIA
C1060 Tesla T10; CUDA3.2 [10] and
g++/gcc/gfortran-4.1.2 [11] are the main
development tools; Red Hat 4.1.2-44 Linux
2.6.18-128.el5 for x86_64 is the operating
system we used.
4 ALGORITHM AND RESULTS
The algorithm is formulated as follows. First of
all, let program loop over all the 0.5(N-1)N
parton pairs for the N-parton system obtained
by running AMPT after string-melting. If a
pair collides according to the physical and
geometrical collision criteria defined in ZPC,
then the collision time is calculated and
recorded for this pair. What follows is the
calculation of the smallest collision time among
all of the colliding pair. The first collision is
detected to happen between the pair of partons
that collide at the smallest collision time.
Here we briefly introduce the implementation
of the aforementioned algorithm for GPU by
using CUDA C [10,12]. We launch the CUDA
kernel with the block size set to be 128,
according to the calculation using CUDA
Occupancy Calculator [9]. Each thread in a
13
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block first computes the possible collision time
of one parton with its partners and then saves
the smallest collision time for the parton in
shared memory. After synchronization by
invoking, the smallest collision time for each of
the 128 partons within the same block is read
out from the shared memory and the smallest
collision time among the 128 smallest, is
calculated, then together with the indices of this
colliding pair of partons are stored into the
corresponding positions of three arrays
allocated on the global memory. Now it is the
instant for the CUDA kernel to exit. Next, when
all the blocks of threads have finished their
jobs, we copy the above three arrays back to
host to do further reduction on CPU for better
performance since the block number is a few
hundreds and relatively small. Finally the task
of detecting the first two-parton collision is
terminated through this stage of reduction,
which reads the three arrays and gets us the
wanted information for the first collision:
indices of the two partons and the time at which
the first collision happens.
Additionally, we have also implemented the
algorithm for collision detection in C for CPU.
Running the two implementations, one can get
the same collision time and the same indices for
the colliding two partons for the first twoparton collision in the parton cascade, the same
as the original ZPC outputs. Therefore the two
implementations are both correct.
In Table.1, we tabulated the time both CPU and
GPU used for detecting the first two-parton
collision in parton cascade for parton system
consisting of N partons. With a specific value
of N, each of the parton systems is formed in a
collision of Pb + Pb at sqrt(sNN) =2.76 TeV
with a specific impact parameter b, which is in
the range of 0 to 10 fm. It can be seen that the
speedup using GPU relative to using CPU is
over 60. When obtaining the N-parton systems,
we ran AMPT with the random number for
HIJING set as 53153511. Additionally, both
ISBN: 978-1-941968-02-4 ©2014 SDIWC

t_cpu and t_gpu are from analysis of one parton
system formed in one Monte Carlo event of
heavy-ion collision, and are the average of 20
runs, respectively. The significant speedups
listed in Table.1 shows that it is promising to
accelerate real-time simulation of the parton
cascade in heavy-ion collisions at top LHC
energy by using GPU.
Table 1. The time used for the detection of the first twoparton collision in simulating parton cascade in N-parton
systems formed in heavy-ion collisions of Pb + Pb at
sqrt(sNN)=2.76 TeV with impact parameter 0  b  10 fm,
and the speedups of using GPU against CPU.
N

b/fm

t_cpu /s

t_gpu/s

Speedup

45189

0

36.133

0.538

67

44837

1

35.392

0.544

65

43150

2

32.799

0.518

63

37082

3

24.079

0.353

68

30201

4

15.880

0.228

70

22248

7

8.619

0.116

74

10355

10

1.85

0.026

71

5 SUMMARY AND CONCLUSIONS
We have formulated an algorithm for the
detection of two-parton collision in the
simulation of parton cascade in ultra-relativistic
heavy-ion collisions, and then implemented the
algorithm in C and CUDA C, respectively.
Running each of the two implementations, C
code on CPU and CUDA C code on GPU, the
time used for detecting the first two-parton
collision was calculated for each of the parton
systems formed in heavy-ion collisions of Pb +
Pb at sqrt(sNN)=2.76 TeV with impact
parameter ranging from 0 to 10 fm. Then we
compared the results from running the C code
14
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on CPU with those from running the CUDA C
code using GPU as a co-processor. The
comparison demonstrated that speedups over 60
can be achieved for detecting the first twoparton collision by employing GPU. The
significant speedups imply that ZPC[2] can be
accelerated if modified to make good use of
GPU, therefore one may expect that the event
generation for ultra-relativistic heavy-ion
collisions at the top LHC energy can be
accelerated if using AMPT[1] with the ZPC
replaced by a GPU-based parton cascade.
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