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ABSTRACT

We are presenting a parallel GPU implementation of the
Traveling Salesman Problem (TSP) solver. Our method is
based on the iterative hill climbing algorithm first proposed
by O’Neil et al., but modified in order to solve large instances
of the problem. Our results show that GPU can be used to
find an approximate solution of a problem which size is up
to 6 thousand cities in a very efficient way achieving over
170 GFLOPS on a single TESLA C2050 card running thou-
sands of independent threads. Due to computation-oriented
architecture of GPUs, a more universal algorithm can be
obtained with relatively little performance degradation.

Categories and Subject Descriptors

1.2.8 [Artificial Intelligence]: Problem Solving, Control
Methods, and Search
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1. INTRODUCTION

The traveling salesman problem (TSP)[1][2] is one of the
most widely studied combinatorial optimization problem and
therefore it has become a testbed for new algorithms as it
is easy to compare results among the published works. It is
also very simple - for a given number of cities N, find the
shortest path that visits all N cities exactly once. Recently
the use of graphics processing units (GPUs) as general pur-
pose computing devices has risen significantly, accelerating
many non-graphics programs, exhibiting a lot of parallelism
with low synchronization requirements. Moreover, the cur-
rent trend in modern supercomputer architectures is to use
GPUs as low-power consuming devices. Therefore, for us
it is important to analyze possible application of CUDA
(Compute Unified Device Architecture [7]) as a GPU pro-
gramming language to speedup optimization and provide a
basis for future similar applications using massively parallel
systems. In our work we analyzed several GPU implemen-
tations and optimizations which make the code significantly
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faster than the basic naive approach. Constructive multi-
start search algorithms, such as iterative hill climbing (IHC),
are often applied to combinatorial optimization problems
like TSP. These algorithms generate an initial solution and
then attempt to improve it using heuristic techniques until
a locally optimal solution, i.e., one that cannot be further
improved, is reached. O’Neil et al. [3] describe and evalu-
ate a parallel implementation of iterative hill climbing with
random restart for determining high-quality solutions to the
traveling salesman problem. Their implementation running
on one GPU chip was 62 times faster than the corresponding
serial CPU code, 7.8 times faster than an 8-core Xeon CPU
chip, and about as fast as 256 CPU cores (32 CPU chips)
running an equally optimized pthreads implementation. Our
research was inspired by the results presented in that paper,
yet our approach to parallelize the search is slightly different
and the results are better in our opinion. Their approach,
although fast, is limited by the GPU’s shared memory size
and the largest problem’s size that can be tackled is 110
cities. Most of the other works related to parallel GPU TSP
solvers regards evolutionary and genetic programming, such
as Genetic Algorithms (GA) [4]. The original GPU imple-
mentation (O’Neil et al.)[3] using IHC and multiple climbers
performs quite well. Their algorithm pre-calculates the dis-
tances between the cities on the CPU side and stores them
in the shared memory on GPU. Access to the shared mem-
ory is very fast, therefore data stored in shared memory can
be accessed with very low latency. However, due to the
GPU limitations (48kB of shared memory [[7] - Appendiz F]
per MultiProcessor to store pre-calculated distances between
the cities) that algorithm is unable to solve instances larger
than 110 cities. In their approach, the code is optimized
for problems which size is not larger than 110 cities. Many
of the parameters are fixed according to the that assump-
tion. In our opinion, this causes the implementation to be
be highly impractical. Nowadays, a more universal and gen-
eralized algorithm is needed and 100-city instances can be
solved fairly quickly. Our goal was to have an implementa-
tion that could be applied to much more complex problems
and parallelized even more using multiple GPUs. We pro-
pose a solution for this issue. Instead of pre-calculating the
distances and taking advantage of fast shared memory, high
computational power of modern GPUs can be exploited by
calculating the distances 'on-the-fly’. Shared memory in this
case can be used to store the coordinates, which also can be



a limitation, but up to 6000-city instances can be solved.
Our approach removes the 110-city limitation, but the code
is approximately 2 times slower compared to the original
algorithm.

2. RESULTS AND ANALYSIS

We performed runs on predefined problems from TSP li-
brary (TSPLIB [Reinelt 1991]) and evaluated our GPU im-
plementation of TSP on NVIDIA TESLA C2050 GPU with
CUDA 4.0 installed. Table 1 present a comparison between
the original algorithm by O’Neil et al.[3] and ours. The first
and the most natural implementation in order to remove
the 110-city limitation was not to use the shared memory
storing pre-calculated distances. Because of the latency of
the global memory, we tried to apply some modifications in
the code to take advantage of other GPU properties. We
decided not to calculate the data by CPU, but just to read
the coordinates and transfer them to the GPU to the fast
on-chip shared memory for low-latency access. In this case,
the storage limit is approximately 6,144 cities (48 kB/ 8B
[2x float type]). Using less precise sqrt function and Fuast
math compilation option led to usage of faster equivalents
of mathematical functions on the GPU and shortened the
time. Finally we achieved 0.746s search time, which was still
90% longer when compared to the original algorithm, but
the problem size limit has been increased from 110 to over
6000. The next table (Table 2) shows results of runs using
different algorithms, problem sizes and number of starting
points. We introduced 2 types of new performance indi-
cators to measure the differences. The first one is FLOPS
(Floating OPeration per Second). And the second one is the
number of 2-opt exchanges per second (EX/s). It can be ob-
served that the GPU is very fast in terms of FLOPS, and
that justifies its usage to calculate the distances rather than
just reading them from the memory. As the problem size
increased, we saw that the performance was slightly better
as well (from 109.4 GFLOPS to 117.1 GFLOPS in case of
10000 climbers and from 167.7 GFLOPS to 172.8 GFLOPS
in case of 100000 climbers).

Table 1: Results - time needed to reach an approx-
imate solution - kroE100.tsp, 10000 starting points,
14 blocks, 1024 threads per block

Method time
Precalculated distances 0.3955s
(shared memory - original)

Precalculated distances 6.0079s
(global memory)

Calculated 1.2003s
(coordinates in the shared memory)
Calculated 0.7451s

(coordinates in the shared memory)
(less precise sqrt + fast math)

3. CONLUSIONS AND FUTURE WORK

Our results show that GPU can be used to find an approx-
imate solution of a problem which size is up to 6 thousand
cities in a very efficient way achieving over 170 GFLOP per
second on a single TESLA C2050 card running thousands
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Table 2: Time (s) / FLOPS / 2opt EXchanges/s

TSPLIB Pre-calculated ~ Runtime
Instance shared memory calculation
(starting points) | (original (coordinates in
algorithm) shared memory )
kroE100.tsp 2.58s 5.2s
(100000) 2.95M EX/s 1.47TM EX/s
0.07% err 167.7 GFLOPS
kroA200.tsp Limited to 45.6s
(100000) 110 cities 370.2K EX/s
1.28% err 170.5 GFLOPS
rat783.tsp Limited to 2928.4s
(100000) 110 cities 24.9K EX/s
7.7% err 172.7 GFLOPS

of independent threads. The main conclusion is that due to
computation-oriented architecture of GPUs, a more univer-
sal algorithm can be obtained with relatively little perfor-
mance degradation. We showed that our algorithm performs
well on large TSP instances (tested up to 1084-city problem).
Currently, we are planning to obtain a scalable implementa-
tion to be able to get significant speedup for problems larger
than 1000 cities on the TSUBAME 2.0 supercomputer us-
ing hundreds of available GPUs. In order to do this we are
working on parallelizing the 2-opt search itself on GPU.
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