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1. Fans

HAERBLMEOREN LD E LTKEL—IV X7 & (Traveling Salesman Problem, TSP) #t
3. TOTSP DR BN ERMIIRDI2BELESBREENVS. ZDFIZ Genetic Algorithm,
Simulated Annealing, Ant System, Tabu Search %z ¥ % hD, “h 5 DBEDE X, BFFERSE (Local
Search, LS) # LT, BRADEIEFVWETGAKLBFATII L TCEREINS. ZOoLS:2AVWTALN
BFfgErERENRT 2R EL LT, BENEFMERE (Genetic LS, GLS) ¥ 2R 5. GLS i3, HR
BORFABOLEIIH L TRENRE GBR, X, ZRER) 2H8AL, JVEN-RFB~EREED
DZeNTESD. i, Boese S)OBHAEREFALL GLS B, BHTRIFLAELBEEHTETH S
ZEeBAmBENTWS,

Boese 51k TSP W T EFHHE, RUAEFRERARL—F—2HWVWBZ iz X9 [Big Valley
Structure| BREBETIILEWELMI L. ZOBEETPDIZFIALIZLDE LT Merz 55), Katayama
BYDMEN DB, E1c, Wolpert 52D [—EEHDLETREABTATY XLTH->Th, 595
HOEKIZOWTHFEER2 L@ TLVT) XL0RERZNRLA LS L] LT5ER:2BHI L, —H/izY
ARBIEIIH L TLEN=REL VWO ORFELARY., ThbbBENRELR, MR sBEORE
EMBIZEALEZLDOEVWEAS, IO LEBEA»LARRETIE, TSPINT 2@ N =ML HET 3123,
MEOHE, FLRREREBHMOBELOBUELAETILERDDILEL, ROZESOBETEONHRL
BREMOBICEET 2RI OVWTHENT 5.

a) SYFLZERENIMFIZ 2-0pt ke EML THEE L I-RATAR.
b) Nearest Neighbor # THEH L 7- #&.
c¢) Nearest Neighbor (s CHEHENMIZH LT, 5 2-Opt e EH L CEE L-BFRT.

2. TSP O#@E
TSP i, nfHOR (BH) {g.cpc,), BEUVE_BHHEORE d(c,,c)) B EABNIH, TRTO
BERLE-EBEEHTIHEEIBr NIV VEAR) EVWT, RRXAER/MET 2HETH .

n-1

f(z)= Z d(Ciiys Criinny) + A(Crmys )
P

AHRTHD TSP &, 1<4,j<nitBVT, ZRKc, c,HOBAAOREHE LY (d(c,c;)=d(c,,c,))
HHELKEE—NV I HETHD, ETTEEORI0-D)/212k5. 1K TSP oMESEEAERT.
M1ofMid A~H SIUHBIR, ThEnBHBIUH2KEKEERT. -, HOBZRIFHMOER
BRY. b, RERLEKCERE2ERTS2L0UMDKTEBLTWS,



134 B Bl FILEE - RAEZ

B e
................. 5
B F

AT .. 3
-"‘.: 'nno’H
44 .C i2

) -......
Dé& @ 4 4 E
3 .G

K1 8#wi (n=8) o TSP 0fl

3. X&#%E (Big Valley Structure)

ReMEL i, D2EWERER/NMCT2MEL2EXLE, NEERAMECE U AHEE B&
CEFRBRAR LY —2AVBZI L&D, P ARHICIRIZ CHORER CHLIB/NEIEA»>T1
DDREUBREHFO>IOLBAEL TSI TH 5. K22 [Big Valley Structure] %577 .

HELE, BREMOBEDHEIERITRETH 3. ERHCE ) DRBILIZETZ y=f(x)DI>
TORFEEXDIULDNEES. AT 7RTORRTE—DBEELF L & f OB ITEM T,
WEIZBTECI > TABEREARIRES. ZOIIRBEAPOHVARRREMS Lt BOBEK r o/
DHEFBREERTES. LA LERCRBCHACTHIEDES, HEOHM S, BEXS, BECHAVWLNS
BREAR V-V ZULEETED, SEFETTRER+TSTHS. £ T Reeves HE)IIHI A 2 ER L
S, BEMBEN . T LU THEREHECEESNERJIOBL LTA=(S,/,d) L RB L. XHETIE, TSP
BPEME LEBREMET 5.

LLERZBHOBFE AP KRBEEEF > TVNE, BFBRARAL - THEETS. LEK-T, 12
BEFLEIPRAREINNE, SLCEBURN, TOBROHKBMESCEETRLEELIBNS. DF0, W
LR IMErARABEOURBERFE 2o, BEITCEBLNTVWIBRBOMEL LI, HFLVWELHBSYT
BB THHLELILNS.

2  Big Valley Structure (k&##%)

4. BABRR*%:
ETTHERIIEINIMOLEF 2520 &, TOEFNIUTOERLEZRINS3).

N:F-2f

xeFT fMNSfO)VyeNx)2HMETH2x2BFMLEsS. BIEREORKIE, BEOMxeFizH L
TEDEFBHBNX)DPSBIEINZMxeNx) 2ERL, TOEGFEHBREDOEID IWE f(x) < f(x) THNIE,
ZORIIHB (x=x)THLAEEEVETLDOTH 3. BRRNIBOLNIBIBTIRICES.

TSP LB H2FERRFTEREL LT 2-0pt BE2H 5. W32 2-0pt AFETT. TR _ADERH
D_FEDELBERXDILDTH 5.
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5. TSP IC&(+ 3 Nearest Neighbor 5%

TSP 1251} % Nearest Neighbor 313, nHD &K (e e, ) DS VT LIZHAR 2B K. T2
T, EREINELARRFAOREISHEABROARIBTLDOET S, KIZKRFEHAORHOF
PERGUIBLVEVR, 2R, Reke,22R&, i=jLT5. HBROBEL, REHOSRE
BELSILZETHRIVEL, REHAORBEILELSZ-BE, BEOR LHMBAE2TTU, N3
WV VHABREBBRLTRTTS.

MBEORFERELRIERZY, HHBRKERZ2 N TES KX nflixd T, Nearest Neighbor ¥
THRONZBMOBHRIRABLRONDZLADLS.

AWETE, FAon-MERAICHL, &8 (™) EHHAAEL LT, Nearest Neighbor ¥ % M L,
ExoniMEAOROK (B LtRAKOBEAVLILOLETS.

6. TSP OERERIMAL=RE
TSP O#BEX2FHAE L TWAHEE YL LT Katayama 5 O BEHNRERFAEREYL, LBEONE L LTREEK
DRERBFEREYMEICHETS. Cho0BEOHFMIBEL TR XRNESHA.

6.1. RUBFMERE

RFEREEZRAVT, BENECRE2B21-000-> LR LAKRR, SUyyLRMRERELE, 20
SYYLBINLTRFTRREEF R EINIBRHBACHERRET T2 AE12H 2, Thid "SYTLsER
BERE cRidh, ERLBEFTAUREEHTETH D, LrL, 2<FLVLS VY LEILRER
EEXBVELEDOTE., DROTTORKEKLZE W, TZCRAMBRRELLEBON-AFBEICEYLRELES
AT, RFBTREZVWRIIL, TOB»BUVREFBRREERELRFTEL2B 282 "RERFTERE"
(Iterated Local Search, ILS) ¥ & .&,

6.2. REMRABFARRE

BENRBERTHERE (Genetic ILS, GILS) 4)ix, #XRDILS L3R4V, “o0HRALBIZEETNE(E
BEFRAL, BRORFTEIOOBERITD Ak LT, HEHNEHR (Genetic Transformation, GT) %*
AWw3a. GT &, Zo0RCRIIH L TRENSRIEXGTS L T—oOHR LWVELUBELERT S, GT O
BBTEREINIMIE, BERFRERECLI-THBEND LD, BFRTRVWRBICEREIND L HIZR
ZBERBEABET 20BN EINS.

1. RRFE
TSPLIB # 53&A 72 100, 532, 783 #ri DRI S (kroA100, kroB100, kroC100, kroD100, kroE100,
rd100, 1in318, att532, rat783) XX L, LA TD=Z2DHEEZRAWT TSP DB D #E R BITT 5.

a) SVFLIZERENMRIZ 2-Opt kE2EML, Th% 2000 EfF>. ZOrE4EmEh 2000 B
% (R 2RARLEEKT 5. AR 2000 BORBFAED S L, MEXBFLZIEIZ 10, 50, 100
BHOMERIRT S, TNOLDOROEBAL DT XRTOEEFEL, I RTEZHETIE D ZB4,
INHFBRALBOEEFTBEATVWE LS 2HARS,
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b) TRTOEK (#h) ZHEFEAL LT Nearest Neighbor 2 EH L, BohMeBEMRY LT
3. ARCBOLNMEON, MEDRFZIEIC 10, 50, 100 HOEE2REIRTS. ThbDBEOKKN
LOTRTOEREFEL, TRTEHBETIENDI2BE, ThARBLBOEEMBEAT VS,
SBEFERS.

o BEIZDb) KEWT, BONTVWETRTOMRIZ 2-OptiERERL, Bon-® (BFH) LREAE®
H&T 5. b) LARIZBREZTY, TNOEOROKERLDTRTOKEEAEL, TRTCICHET
ZENDHIBE, TNHFRALKBOBEEFTBEATVWIN S RHANRS.

IIT, MERBKRATEASNS.

BohiMRE — BREMR
B AR

mE X 100 (%)

F7=, b), ¢) EHWT, Nearest Neighbor 4% EHEL THLNIBOBEXIMEAO T HRICKET
5, a) LRRELD, BonBoBREICHEEXTOILDOLET S,

8. RRER

TSPLIB »5:%8A 72 100, 532, 783 #MORMIEH (kroA100, att532, rat783) KL T, Th¥hsS
VY LIZERENMBIZ 2-Opt EEEBLTELN: 2000 HORFMRL BRERELEL-ERE*R4 (a)
~ (c) KZRT. FERRIZ, B UCRERIZH L T Nearest Neighbor %% EMiL, ZTOBLNETRTOEL
REBELBLUERERS () ~ (o) I, BIZ, ThoDMEIZ 20pt (k2 EHRLTEBOLN-BEEE
MEHEBLEERERS (@) ~ (0) KT, SRRKEHLRDFRLEEAMLOE S DX (cost), Kt
BAKBEEBLTOWRWEDOE (edge) LT 3.

10 (a) ~ () DAAW, TSPLIB » 5#A /2 100, 532, 783 i 0 & MEH (LB » 5 kroA100,
kroB100, kroC100, kroD100, kroE100, rd100, lin318, att532, rat783) I2HW T, BIZETRLE=
DOHFETHONBIIHL, RIFLBEORICEREINEZ 10, 50, 100 BORFME LY L -BES %
NEWRLELVDTHB.

K20 (a) ~ (@)} 1 LAKKEHMERAIHLT BRENEBOLKEIZEVT, TRTICHE
THOROEBEZRHL, TOHBT IR BALBOR LD —BXK (%), ThOOBIZHEWT, 8T
BESUEHEER (%) 2R RLELOTHS.

9. #IW

AHEBRTIE, Reeves 56)DHMFB AR R TLDE LT, HEERZEHS% TSP 0EFTEROALES LY L, BW
BE I RERLOECROBEDE, ERJIIREARLOIUREDE GIUBOKEDS b, BRAKKICES TN
BVWEOK) WENRERAMIELTWS. 2F0WK4 (a) ~ (c), W5 (a) ~ (¢), W6 (a) ~ (c) Dt
BB F, BEIIERJICHEL TV S,

K4 (a) ~(c) &9, SYFLAITERENT-MRIZ 2-0pt EREHEINT-RAFRIE, EECETHEREIN
SEEH OB EEATWA I bbb otz &k, BEANBL BRI DN TRALKKOEESHEL
TW Z bk, - THRFEIAREARCHEENIZESHWTW IS, BENBRS ZI3EHEAL S,
AOMEEB O L ARETE S,

£1 (), 2 (a &, BEIFRS LI > N{ABELHEEVVERTRAKKIZIAINGS, 20
attb32, rat783 DPAD LD, HBETHIHEF TR THEALBL R LEWEANEL L. Z0EHE L
T, MHEEZMBERAICHER, PHORENB -t t, BFBOBRENXDP BV L EENRELD
hd. ThboBHaL,L, RFABOEREE 2 B L84, HETHIHOAEFRRILEAZ AL LAV
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B BRBEEKRLO—RRRITRZIELEIBND. 2FYD, GLS TRWL 21 0EFBOLEILE, Z20
BMERL LTRER ZokE HETHIHEEMERTITNESEAATIHEG, TOZ20RFAROKEIZ
BWL 2D BTI2ELREET IR, RALBTREZVWERZ2TFICHEGEEIETLEIBRNAYEDS. Z0&LD
BEARET, BHEARBENELK L2THEENLDDIILLERTES.

K5 (a) ~ (¢) &£, Nearest Neighbor i CHEH EN=BOKEIL, RALBTHEINIHEEKE
B TO%RESATWA I L NEZETE-. /-, Nearest Neighbor (s THIBENI-MiZ, FORATHROD
BOH T0% 3 BAKKCEINI IR THS. ThHDRIZ2-0ptEREETH L, M6 (a) ~ (o) »5,
MRSV REARORZAUHERNFE LITON2EARDS. Inbh 5, BREROKEESEIMOIVWAT
ERUTMIC, 2-0pt R ERET 5L AKHERERDY, LLLRSIELTI2HRFPHETES.

SIT, TSPOMEBERYNBIZFHALBELORVWE LT, GILS L ILS O#EOEIIDWTEL 3.

YHELOMELVBREBOLNTVWARROBEAVWT, MEBEHERLTVWAZI LS, KABEDHES
FALTWAZEAb,3., £-T, GILS & ILS o#tEnzxiz, GILS KRR 2F AL T ILS
FOBBHCRECKIESI AR LEXLNS. GILS X, BAMY S LEHAET2HRBRALKICS
FNOHBTHIMERBVWILLID, ZOo0RIEHIBOFLLRBAKBOE 2 BENRIECIVEEL,
FNELEIZGTHEIR L > THFLWLWEEHER L TW3. GT Kk & Nearest Neighbor (ki35 #R&K 7 3
BENELLTWVWSZ L5 5, Nearest Neighbor i F UK s Htt koL TR ENS. 575, ILS
LHAREES, GILS 0S50 %< DRBELBIZIEINIHESGATCWIEFRBEEHT 2 BbNs.
NN ILS IV GILS DES>HERELMEBEHTHELZERDO—DTHSLBbh 5.

10. TV

FRLTIE, 2-0pt LRIV EHEENIBEFM, Nearest Neighbor ¥KIZ & D Hil T /=, Nearest
Neighbor EIZ XD EHENMRIZ 2-0pt %2 EH L -RFE INS=2DAEKTHBLINEBLEERD
BT 2HROBH 2T -1, BT OKEEDL S, Nearest Neighbor iz KD EHEh-BOME, F
7= 2-Opt LI EVEHENE-RFROUELXMB LN TEL. ZLTINHOHELS, TSP OBRZE
MizB T2 RXAHMEDHEELHRIL, GLS KH 2 BENREL LT, HBETIHEMERTIZNESY:
FRALELEOMEAERTTH I ENTEE, £, TSP OMEBEE2S MO ANLBESEHTHSZ
%, ILS GILS OHBIZ L > TERL 7=,

oA RBLMECHT 2 XABEDHFEDHFRCHTIMRAR, BETONBHLEINDITHY,
SR EE R -DOERRAFIILENES. 4%, BT ETV, TSP Lo B LEEICHT
BHELVWELREETOIMEORREERTSITETH 5.
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£l @) SUYYALACRESEBIZ2-Opt xR RELTEBLE
BORAEH,D, BREORFLHICEBIRETEHL L EDFHBE%)

— BRH 10 50 100 2000
kroA100 1.371 2.189 2.762 8.922
kroB100 1.651 2.725 3.340 8.451
kroC100 1.174 2.362 3.033 9.730
kroD100 2.150 3.243 3.730 9.041
kroE100 2.279 3.214 3.696 8.793

rd100 1.862 3.191 3.972 10.071
1in318 5.844 6.449 6.849 10.540
att532 7.136 7.741 8.080 10.991
rat783 9.781 10.276 10.544 12.762
# 1 (b) Nearest Neighbor ¥siz X D EH i L 7=
BORAEDS, BEORFLBEIZABRETEM L L 2OPHRE%)

S K BRHU 10 50 100 47N
kroA100 20.72 23.96 27.09
kroB100 17.80 21.86 26.05
kroC100 15.26 20.43 26.18
kroD100 17.93 24.85 29.00
kroE100 14.04 19.42 24.09

rd100 21.05 24.47 27.82
1in318 18.67 21.05 22.04 25.30
att532 20.89 22.29 23.28 27.21
rat783 19.83 21.83 23.01 27.31
# 1 (c) Nearest Neighbor 355 CH M LRI 2-Opt k& RMEL THH L
BROLELS, REAORFAFCEBRRTEHLLL EDFHEA%)

R B 1] BRU 10 50 100 2k
kroA100 3.12 4.24 6.02
kroB100 3.03 4.65 6.39
kroC100 3.66 5.87 7.30
kroD100 3.99 6.94 9.16
kroE100 1.87 4.02 6.05

rd100 4.07 5.65 7.76

1in318 5.53 6.47 6.93 8.56
att532 5.86 6.35 6.69 8.18
rat783 6.66 6.97 7.19 8.43
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£2 (a) SYV LT RESEGLBIZ2Opt LERELTEHLEBOLE,S, BED
BIFREICEBIRETEH L E, TROoTARTREHB LKL BERALCKOE L DBF

BIR¥ 10 50 100
TN M Il R B B -l B B Il
kroA100 62 100.0 62.0 42 100.0 42.0 30 100.0 30.0
kroB100 48 100.0 48.0 27 100.0 27.0 21 100.0 21.0
kroC100 69 100.0 69.0 36 100.0 36.0 32 100.0 32.0
kroD100 45 100.0 45.0 31 100.0 31.0 25 100.0 25.0
kroE100 47 100.0 47.0 24 100.0 24.0 20 100.0 20.0
rd100 57 100.0 57.0 28 100.0 28.0 18 100.0 18.0
1in318 136 100.0 42.8 73 100.0 23.0 53 100.0 16.7
att532 124 98.4 23.3 58 100.0 10.9 37 100.0 7.0
rat783 141 99.3 18.0 53 100.0 6.8 39 100.0 5.0
%2 (b) Nearest Neighbor ®5iz XD EH L-RORAH» 5, BEOD
BIFZEE S BRECEHEHLELE, TNOTRTCHE LKL RESKEOBK L 0BF
BIRK 10 50 100
HE I am | o | ERE | A | T BRT| ae | T | R
kroA100 58 87.93 58.0 42 92.86 42.0 30 93.33 30.0
kroB100 74 85.14 74 51 92.16 51.0 31 96.78 | 31.00
kroC100 85 78.82 85.0 45 93.33 45.0 34 100.00 | 34.0
kroD100 85 72.94 85 48 81.25 48.0 33 90.91 33.0
kroE100 69 78.26 69.0 44 95.45 44.0 33 96.97 33.0
rd100 64 70.31 64.0 38 86.84 | 38.00 30 86.67 30.0
1in318 212 88.68 | 66.67 188 90.96 59.12 157 96.82 | 49.37
att532 398 77.39 | 174.81 307 84.69 57.71 289 85.12 | 54.32
rat783 743 72.41 94.89 439 88.38 56.07 408 89.22 | 52.11
%2 (c) Nearest Neighbor S5 CHEHM L7<#BIZ 2-Opt R B L THIE L =-RBORA4L 5, BEOD
BIFREICEBRECEH LA E, ThoTRTEHBE LKL BRALBOE L 0BF
BIRK 10 50 100
Gl am | TR | ROF | wm | TOF | BOE | am | TR BT
kroA100 80 92.5 80.0 51 100.0 51.0 37 100.0 37.0
kroB100 65 98.5 65.0 38 100.0 38.0 23 100.0 23.0
kroC100 64 96.9 64.0 36 100.0 36.0 25 100.0 25.0
kroD100 61 93.4 61.0 37 100.0 37.0 26 100.0 26.0
kroE100 80 77.5 80.0 35 100.0 35.0 30 100.0 30.0
rd100 55 92.7 55.0 33 100.0 33.0 18 100.0 18.0
lin318 183 99.5 57.5 134 100.0 42.1 114 100.0 35.8
att532 284 53.4 93.0 133 99.3 25.0 95 100.0 17.9
rat783 323 95.0 41.3 168 98.8 21.5 136 99.3 174
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Analysis of Local Optima Structure in the Traveling

Salesman Problem
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(Received November 4, 1999)

The Traveling Salesman Problem (TSP) is one of the most well known combinatorial optimization
problems. Many heuristic algorithms have been developed to find near-optimal solutions within
reasonable times, for example the Genetic Algorithm, Simulated Annealing, Ant System, Tabu Search,
etc. Generally these algorithms are based on a Local Search (LS). A Genetic LS (GLS) is an algorithm
that incorporates the LS into a Genetic Algorithm. GLS algorithms are able to find good local optima by
applying genetic operators (selection, crossover, mutation) to several local optima in a population.
Particularly, GLS that use an observation result of Boese et al. are known to be able to find excellent
solutions.

Boese et al. have reported that the solution space of the TSP has a character called “big valley
structure”. The algorithms proposed by Merz et al. and Katayama et al. utilize this character to obtain
much improved solutions. However, according to Wolpert et al., there are no algorithms that can obtain
very good solutions without utilizing suitable characteristics of a specific problem. From this point of
view, it is important to know the characteristics of the TSP. In this paper, we analyze relations between
the globally optimal solutions and each solution obtained by the following three algorithms:

a) The local optimal solutions obtained by a 2-Opt local search starting from random
solutions.

b) The solutions obtained by a nearest neighbor heuristic.

¢) The local optimal solutions obtained by a 2-Opt local search starting from solutions
obtained by a nearest neighbor heuristic.



