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[Abstract]

In this paper, we design and implement a GPU-based parallel algorithm to effectively solve the
traveling salesman problem through an ant color system. The repetition process of generating hundreds
or thousands of tours simultaneously in TSP utilizes GPU's task-level parallelism, and the update
process of pheromone trails data actively exploits data parallelism by 32x32 thread blocks. In particular,
through simultaneous memory access of multiple threads, the coalesced accesses on continuous memory
addresses and concurrent accesses on shared memory are supported. This experiment used 127 to 1002
city data provided by TSPLIB, and compared the performance of sequential and parallel algorithms by
using Intel Core 19-9900K CPU and Nvidia Titan RTX system. Performance improvement by GPU
parallelization shows speedup of about 10.13 to 11.37 times.

» Key words: Ant colony system, Traveling salesman problem, Graphic processing unit, Metaheuristic,
Parallelization
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I. Introduction

23] 9w A |(traveling salesman problem, TSP)
= oJg] TA|E sHHRAITH BRR5to] A5st= AR H2E
Fite A2 O AARERE 7} NP-hardlo] & a8 %l
Ao 1]. o] A9 sfiHo] thtst 380l AREEl= 7t
Soll whe Akl DAL 24t 2R B Teke
ol #alf W2 A=0] 283l o] 7k 7Ho] A
o A]ABl(ant colony system, ACS)= Dorigo%}
So ofsf Alerel &% AKIs} Wiiols),
S 28A FASE Aotz S8l AdAI £
< &8st Hetg 2] A8 (metaheuristic) A| A0 2 TSP
9] ZAL £ 3li(near optimal solution)g FLak=t] @i}
ARl dgjgor A d#A AoH2]. ACSet 22 det
elag gmelse 24 SA] FaslA o chord

% A TSPol| %83t Wls} 7} &
A AL B 292 2 518 sloe Jlehs)
&o AlgdlolElE o2
(simulated aneahng) 71 == TSPQ] ZA AsiE
F3hce] so] FgEln ARHAIE], o] /1E A7
=2 A si2 oM HEL T A=do] WsHA] o= A
A (static) TSPZ Ch2ch J2{u, Al Alslo] TSP &
29 LEY SlS} Y A9 S vl sl
A 2" Al SolM 22 sX(dynamic) TSPO|
ACS7} UHT ﬂﬂrﬂol Aoz deA UTH6]-[8].

ACS®| Sttt kIge aabHo2 sldsh] Sl o
wish 977t Qlolk CERo 2t o] Ag
oJsti o2 7id CPUYY EetAL, T o] A
o 2es wdz 7@ 9ol ojse oy
HEQae ode oy ZEE Aok MPIE ol%
ZolstAY OpenMPE o] &sll T Ao
: Al =SHA[9]-[11], o]% GPUE o]&%h =jHset
50| 3= e12]-[14].

GPU 7|3t HEer} o] EAof Aglst o]f= HEYA
£ S 7 s QRS o] gl Az A

Gambardella

2 koo o2
0
- OE 1p- jo I~ <

il
rulm

8 ok

A& (fitness) S AAtsH= Aol ofjo]RIEC] ]
( )7} Ho_ﬂ_"?_}.' 75]§.0ﬂ EH@H ﬁ]ii(pheromone)gl 03]6‘]:

% ]O]Eo}h L}HEO] BE L oA SIMD 3Eje] &
< 5 Fojo|q FTHoE
% 5] molc)

28 oAM= ACS Y u2]&g o]8sh TSP |42 vy}
GPU m2efy B3 Ug-g 2/K5he 30N £ &R
o4 T GPU 71 3 RuelEe 24 mEa

71230t 2] 4ol CPU 7@ Luei% o] s
W ZATio} ACSO] §hE: Mg Slgo] w2 Ao wia)
S2 wAstL Sgolx AES Pich

II. Preliminaries

2.1. ACS for solving the TSP
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Fig. 1. ACS algorithm flow for solving TSP
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Fig. 2. Stochastic selection for next visiting city
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2.2 GPU-based parallel programming
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Fig. 3. Coalesced memory access in CUDA
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Dummy column

{0.0) | (0.1) | (0.2) . (0,31) | NULL
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NULL
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Assignment to the shared memory

Fig. 4. Bank conflict—free array example
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III. GPU-based Parallel ACS
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3.1 Tour initialization kernel
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Fig. 5. selection process example for a next visiting city
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IV. Experiments and Analysis
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Table 1. System Specification for Experiments
CPU A| A GPU A| A
. Nvidia Titan RTX
Processor Intel Core i9-9900K (Turing Architecture)
Clock 3.6 GHz 1.750 GHz
4608 (72 SMs
# Cores 8 x 64 cores/SM)
L1 cache 64 KB (per core) 64 KB (per SM)
L2 cache 256 KB (per core) 6 MB
Memory
bandwidth 41.6 GB/s 672 GB/s
Memqry 64 GB (on-board) | 24 GB (on-device)
capacity
Performance 49 45 GFLOPS 16312.32 GFLOPS

4.1 Parallelization performance
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Table 2. Parallelization Performance [ms]
data CPU GPU speedup
bier127 9.02 1.87 482
1in318 23.84 2.35 10.13
alib35 42.72 3.91 10.92
pr1002 209.12 18.39 11.37

4.2 Performance analysis
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Fig. 6. Computation results with iterations
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