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Abstract—The main contribution of this paper is to show a
GPU implementation of ant colony optimization for the trav-
eling salesman problem. In the ant colony optimization, many
ants are deployed to cities and each ant independently visits
cities one by one. The trace of an ant corresponds to one of
the solution of the traveling salesman problem. The idea of the
proposed GPU implementation is to adopt a hybrid technique,
stochastic acceptance and tournament selection, stochastically
to choose the next visiting cities. Also, to accelerate the
computation, we have considered the characteristic of the GPU
architecture, such as coalesced access of the global memory
and the bank conflict of the shared memory, among others.
We have implemented the proposed method on the NVIDIA
GeForce GTX 1080. The experimental results show that our
proposed GPU implementation for 1002 cities runs in 2065
milliseconds, while the sequential CPU implementation runs
98983 miilliseconds. Thus, our GPU implementation attains a
speed-up factor of 47.92.

Keywords-GPGPU; CUDA; Traveling Salesman Problem;
Ant colony optimization
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FEMBETIUL 7(5,4) ICWMBEZ2{TH) 2 E23TES, L
LZDEEMET 2 EHEFHTDO 7 = 0 EHETITM
BXINTLEHLD, 7z VEHFEI—FILT7 20 F
VBB —FNTE 27— K AT S fEE G TR
WEZETICLTWS, ZOH—FLTIEZa—rN0L R
BYVTI7RAZATL YTV TIZT B2 2 RIG TR
ENTWE 7 20 EUME% 32x32 DEIEINC3E L <
RETLIDLEE, 2 ODOWNREHTEIND 1 DDOXNRE
I AT 2 1 Tay ZIcE YT, Tay
JHIZEID BT o NI E SR — N L XY S
HAHL T 27— F XY ICHE L THRET S, 20
CEEFHL 2B DB Figure 9 & %o T 30175 %
RET A RET BB, EBEICIE o SIS 1 EEAF 4 v~
TLUTREIMNBXxRNR D27 —FAEYZRHVS, &
DEIHCTBEZEICE-oTTO—RNALRAEYIZEEZRT
BRaP L ARTPZRAZBFFOBNY 7Yy 7Y 7+ %050
THIENTES, ZLTUHEL/ZY 27— FX€YH
W% Figure 10 D X H 127 a— L X €Y EOR D
EEANCINE T 2 2 & THRIED — 2N T T 5,

AR E R

ZOETIK A — N A2 RIEICNT Ao = —
RELDOIRETHE%E CUDA  C TFH#E, R%ET 3 GPU
A A FEI S B 7212 1733MHz OEIEREE D a7 %
2560 H:AEH, L 72 NVIDIA GeForce GTX 1080 % fififf] L 7=.
¥ 72, CPU S22 I3 BB %% 3.66GHz @ Intel Core i7-
4790 Z{HEH L7z.. CPU OZFXFEH T GPU 31z X 24
THEIR LA FEE ko Tw 3, SRlpFER kT 2 7-
DDT—=FELTRVF2—7 [16] ZHHL T2, ff
L 77— & 138053 198, 280, 318, 442, 783, 1002,

32 32

4 3
32 — 32
3 4
Transpose

and
copy

12 : N > 12

global memory

shared memory

Figure 9. Transepose and copy

I

2+3
1+4 1
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Figure 10. Add to other array

2392, 3082 DEIE LI 5T 3E, RFEWHEDNRFI X —ThH
%o, B,pldZNEIL1.0, 20, 0.5 ZFEL T35, CUDA
TRELBEHAL v FEIZTRTOHEET32 Lo TWn»
5., FTHOICREFILELMAEFIRICHET IHEEICIOW
TEKALTWE, RITEEREROFHINIZOWT, RiZ7 =
0 E VHEFOFHINC O WT, RBRICAUEEEOFHIIC D
THNT 5.

A FEEE

[ C i WIHESGEIR D A CHENTEIN 21T - 72854, B
BERMERFEIRZ AT o 756 & g U R ERUE O IR 253
(7o TLEI. ZD7DREFHETIIHE L #iHE
ENA Ty FITAT) I X > TROINKR 2533 LT
W5, FIEOUEIZIBIE LR E 2 £ TOREEE %
WL T27:0IfToTED, MROKEZN EIE 57201
fToTwa bl Tz, ROBEICE L TIREFIE,
BAAFHEOM G D ACOICEZHWEFEE LS TVS
DRRDIERITFOND LI IChoTwd, FiEICXS
BEOLIIROIR DM X LIEMEIS SN 5 FTORE &
oTWws, BOTHSHEEBREFELBEFETFEDOEL S
HHICENT B IS OB A ERT A E B E LT, BEAETED 100
Bl 7 =€y BEHTHS N LT ICIREFEF)E
THET7z0EVHFTZITH. Table TITHREFIEDBE
HFEEAREORBEIMEONE TIPS 7 20E
NSk NGk e
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B. RS

Table T

BEFED 7 2 v T HETREK

S IEE EES

198 112

280 139

318 154

442 161

783 159

1002 203

2392 347

3082 385

Table IIT
FEFERERL @ BEAASEEE & o) FEATIRG ] Lhit

B | BEFIEE (ms) | BEETFEE (ms) | BEAAARE
198 73.25 66.34 1.10416
280 124.81 83.95 1.48671
318 284.51 145.51 1.95526
442 472.51 180.04 2.62669
783 1554.12 784.08 1.98209

1002 4027.3 2065.2 1.950077
2392 9874.86 5931.5 1.66481
3082 14703.46 8192.4 1.79433

D & FHRKK 65 fEDEE 2@ L, K L D b

AT ENTETVS,

FRERERR 1 D\ TARIEEE TS Stochastic acceptance % &
IZ L7z —L v bR & Tournament slect % 312 L 7253R
FEEYIDEZ BEEL TV, YhEEZLE54 3
¥ 73440523 Stochastic acceptance #EIC L7V —L v b
JEIRZ R LIRD % & SN, AEEIX1 7ay
I DNERIER L LT A OHRHICY DA B Y 4 2
VI RRORIINER S R, D TSE OISR,
WL OPEHHIZ B I RViRD BHETH - 72 FHEL T
W3, RIEDOHER E LT, CPUIC K 2B KFH L
Stochastic acceptance #3312 L7 TH 2 [5] #fFHL
TWw3, FEOIMKTRIEOEZEEEE L, [5] & AR
EoKE2EoN5 £ T7 20T v 2{To LEBEO
IR % Table 1, Table I IZ/R L TV 5%, CPU 3L L
B L 72 & SHBHH1002 D & ERAM 4T REE 2> TED,
EAFSEEE & LU U TR 2.6 52 B L 7, EESEEEC
BT 2 7y ZEDNEOBE > TE Y, EH LR L
BehoThY, 7z yEHOEEZ 100 M E LT
W5, REFHTIZL Ty 7 2 ALy FTREIL, |1
7y ZICEEEERE D BT TS, 1 PLoRI R L CHE
HMT23 AL v F#d Tournament select TEN T 2 HLHT
Bom IR T 2E0MHE0198 205 1002 £ Tldm =4 %4
NMC, #HE 2392 D EE m =8, #THE 3082 D& &
m=16 & LT3, REIFEOET) 71 v 7 BIIHTE
2178y 750 DO TH>7bDEHR>TED,
7 = 0 E VORI IR L ARE OB S
NBZETELROTWVSD,

Table 11
SRS - CPU & D FEATIRERI L

Table IV
7 O EVHEP  CPU & OFEATIEE b

#% | CPU(ms) | GPU(ms) | CPU/GPU
198 86.3 42 20.54
280 1224 6.8 18.01
318 2512 7.6 33.05
442 4351 127 34.25
783 1614.6 327 4937

1002 3441.6 53.0 64.93
2392 | 204714 541.1 37.83
3082 | 30154.1 1020.5 29.54

D. 73 X LEEKD ik

BB = —Rdfl 7L 2 XA QIR XTI
BIL Chkc oA v RAY v AR W T 27> T (<, Lk
BT IZEF IS & CPUIC X 2B RFEHEZHTWS, B
P8 & PREILE D Ll | 3RS ARE R D Ll TR L 723 D
TdH 5. CPU & HiK L CTHH% 1002 D & ZHKHY 47.92
G2 L, AT & i U CHBiE 442 o & K
269 52 ER L7z, BEFFERE L IREFETII 720
VIR IZ R DR % 17> T % 7= o b i3 i
Ty, L LR L D b Ed{bEn» Eas-> T
WEDIET7 = v ® VEHTL DR D DR D 20
AU E > T VAR LDTH S,

Table V
A AR © CPU & O FEfT IR

#Bi% | CPU(ms) | GPU(ms) | CPU/GPU
198 | 467.522 66.34 7.5237
280 | 761.671 83.95 9.8726
318 | 1487.001 14551 10.7824
442 3008.974 180.04 17.9812
783 | 17162.44 784.08 | 22.84123

1002 | 95541.87 2065.2 47.4813
2392 245173 5931.5 45.4836
3082 319203 8192.4 44.4953

C. 7 =0T VHEHUEO

7 =0 VHEFOFERM O L% Table IV 1237,
CPU 5235 & GPU S FIHHIRM % Lh L ¢, #Fi%k 1002

#8H% | CPU(ms) | GPU(ms) | CPU/GPU
198 553.8 66.34 8.348
280 884.0 83.95 10.53
318 17382 14551 11.94
442 34440 180.04 19.12
783 18777.0 784.08 23.94
1002 | 989834 2065.2 4792

2392 | 265644.4 5931.5 4478
3082 | 349357.2 3194.4 42.63
VI. 0

AKFFeTlE, GPU 2\ TR+ — )L 2 = v [EE % fiF
{ ool an = —fmadfkic & 2 8k 217\, CPU E
2 ROPFEFEE L o2 fro 7, R ELT, CPUE

— 26—



Table VI
B4R © CPU & 0 F 7ML

AR | BEAFIEEE (ms) | PRI (ms) | BRAPER
198 77.25 66.34 1.164
280 131.61 83.95 1.567
318 292.11 145.51 2.007
442 485.61 180.04 2.697
783 1586.61 784.08 2.023

1002 4080.30 2065.2 1.975
2392 10416.27 5931.5 1.756
3082 15724.97 8194.4 1.918

LR LT, THAEDS 1002 D & S AR T I3 TE N 5
1002 D E ZH147 %, 7 = 0 F VHEFUIHCIZR 65 1%, 7
L3 X LERTH 47.92 (50 Ed LA EZ R L 7, BEEHE
B L U CRRISRER 0 A 72 L BB TS 442 D & 259 2.626

Ay
[=E)

7TV X LEETIER 2.697 fF0ER{LEZER L T

W5,

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]
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