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SR A ERRTE (Iterated Local Search, ILS) ¥ memetic 7V TV X4, BERTILITY LR EDE L DX XYY
NI ZLTI, BEOEFLEEEDNT VAVEETH S, RFEREZERE U THROERLE2ITV, R
KR RFEDO B PRI b7 2 R DE 2 < OB %2 52 TR E LT 5. BIZIEY Y TLTHD
S, EHRETH D I L THISNT WS ILS IXEATHERE & 28R LR (RIFZE Tl Kick &I 2 R AIZHED KT,
[T BRI LR RE S D & RIF AR GERANOBE 2/ 0K U, BEMI R Ro720E8, BRI E 728 UTHER
ERTITZ7NVIVZXLTHS. Kick (ZRFE»SBH L, HERAREEEZTAD X 5MEEASEZZeBHKTH
5. LAY T ED L RFEP SHHTE TR, WTEDIL T VX LLRMEN S DBFELEDL SR -
TULED. ZOEOBEERLHEZITS ZLIZILS 2% T55ATHEELREED 1 DL VWA 5.

AL TIE, 2 RELRIE (Quadratic Assignment Problem, QAP) ZXf4 & LT, ILS 2B B HROLHLIZOWT
FAET D, LS ¥ Kick, Kick DREE T AL ZHERADMELZRET 27-0% 2 s, #H 8 MEOLKET>. %
7z, HEREBRZWELUT, 70 3Y) XLARBOFR 0 PREICET2HREOE S 2R 5.
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AWZETIE, Find 2 DD IAMIFINSE, BEEETHEYNRX -V DM T, KO IR MNDENL 2 5EHY %
Kb BRIEE 2 WEHMMEOEHR L T 5.

nfADRAH Y, &2 KEOHEHD nxn DFTFIW=w,; (1<i,j<n) THEALNTWDET 5. £/, Theidjl
W n HOEBERMOMEERABRERT nxn DITFIF=f; (1<i,jsn) PEASNTVE LT 5.

2 REYMEIRR (1) TEHBTLIENTE S,

C(m) = i Zn: Wijfn(i)ir(j) 1

=1 =
n: RN (FEHHR) O

monfHDOEZE (1,... n) B 5RBIEF TR NS
wij  TEAUE L THR j O O PHE

() EA i ICES STV BEEHE

QAP IZX (1) Z2E/IMbT 2 n 2RO BRETH b, MEY 1 XD n OBE, REMORE I nITHS.

3 RERMRREE

AR EERRIE (Iterated Local Search, ILS) 1%, 5 X & /=@M U, RRFEERRE R OSSR E B (RIF%E Tl Kick
CIER) BRFIZEDIEL, BEETIAXERT VI XALTHS.

X 112 ILS DUILFIEZ 5Ll I — R TRT. 9 Kick DR kicksize 23 E L, 7V X LR EZ 45T % (Line
D). U 7 0HMI N U CRpTEEERIE 2 AT U (Line 2), 97-RA#R%Z npe & UTEREIFT 5 (Line 3). Z D% Kick 2
& O EfRZEBE U (Line 5), Wil U720 U B FATEEERE %2 173 % (Line 6). RIATEERIEIZ & 0 B2 RARD mpey
FOWELTWEIGE, TOME m,e, & UTIHERFT S (Line 7). D Kick X OEHAHFER DI % T k% 79 %
THEVIEL (Line 8), R THEIEME mpey 2L, HEEKT TS (Line 9).

1 T Kick 52X N5 n IZREDOHETH D, D70 n IFERZEM L2 EHT, LU TV, HEM
DOHUZH Kick 1252 5 e UCTHERPIZE-HBEME My 25252 EFZ6ND. TOEE, Ny ODRTIZESL
U Z21TS. RS TIRATEOR 1 DXL 512 Kick WHIERr 2525 ILS # ILSR ¥ L, #B#H®D X 512 Kick 12
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procedure Iterated Local Search
begin

1 set the initial values of kicksize and generate a randomly solution r;

2 m:=Local Search (7);

3 eyt =T,

4 repeat

5 n .= Kick (r, kicksize);

6 7 := Local Search (77);

7 if C(7r) < C(mpey;) then 7y, = m; endif

8 until terminate = true;

9 return . ;

end;

B 1: AR R R SR

B 1y #2525 ILS Z ILSB &35, b, M1DILSIFILSR 2RLTED, X1 D Line 5 DETIZEHAEMR x
TR RIR Mpey \CEET HUIE ANSZ L TILSBIZEZXDIENTES.
BAF Lines 2, 6 O BAMEZRIE LT Line 5 @ Kick (22 WTHHT 5.

3.1 JRATERRIE

JHPR R (Local Search, LS) 1%, »2#/E%2475 Z & THEBABERMDES TH 2 ENIZBEMRIFE LR R
5 E ClEHRRZ MV IRT HIETH S [3].

AMETILS IZEBATSLS ¥ LT, QAP T—RIZHFIA I NG 2 DORELFTOEZD LI EIT S 2-opt ITLFEERIEIZ
K 0EEE AT B 2-opt AATHEHKIE (2-opt Local Search, 2LS) Z i3 5. RREY 1 X n ORIEFNIZH LT, 2-opt i
FEEEE VTR SN BIEFEMROBREUL n(n - 1)/2 TH 3. IEFERIEIC L > TERI NEHERES O, BAEDM
& 0 RIF R & R OB R ISR EAET 2 e B R o b, ZOEROWEMOT T L OMIIBEIT 2 h0HIgE L
T, HEBEHIE (Best Improvement, BI) & EIFFFSE#EIE (First Improvement, FI) 23K 5 T\ 5 [1]. AR TIX, &R
B EIIRIZELD < 2-opt RIATHERE % BI2LS &R L, BIREENKIGIZIE D < 2-opt @ATHEREZ FI2LS &9 [4].

3.1.1  EEBEEIEIZIED < 2-opt AATEERE

I BRI (Best Improvement, BI) I3RS T2 AR L, FHIMEI RS RIFRBAOBE 21T, T2
deterministic IR L 2D, 52 65N RE T 2 AP SN T WS,

¥ 2 1Z BI2LS QMBTFIEZ L O — R TRET. 2073 XAIREEFERE R OEOBE QLA S 72 5. n 13BTE
D, g 3HEDT A VMEEEFETE2EDTHD. T 1 VMl g 20T 2 (Line 2). IEEEROMILTIX, WTfE
fgz L, BAEDMRD 62 LE 6;; 23RS (Line 5). ZDOMR, BERRLTWE T A Vil g £ 0 BIFwZ{hED
it % L U 725546 (Line 6), £ DOZAEZ R L (Line7), TOMIIBENIT 572Dk 23 i, j % swap_i, swap_j
EUTHRRET % (Line 8). Z DIEHEERDMEE n(n — 1)/2 HOEHELTEEEHFET 5 £ THDET (Lines 3~11). FE
BREOMER, REFLTWBET A1 Ul g B L TW2EE, RFLTWBERE swapi, swap_j DRI & 0 B DIk
EEA~EE T 5 (Line 12). LA EOMB 2T ENIZSEMR D2 72 5 CEFEHEROMER, ¢ <0 2= U7) BE, R
B UTHEDr 2 AL, BEEKRTTS.

3.1.2 BB EIE 2D < 2-opt RIATERERIE

BN RZ B ML (First Improvement, FI) I HETIZED 5 N7 NEF CTilifs % £ 2 8FE T, FPAME D BT 7030 (5 % 78
RURGEIITDMAT SIS EBHTIMETH S, AIETIET VX LRIERTEEEZERTS. TDEDT VXL
R, BExonHHCHE 0KELZW. X312 FI2LS OB FIEZ L2 — K TxRT. 2073
A LA ERR L CROBEIOWM» 545, fROWER g, HHEL U CENTREAMOBELFTF OEE P, % HIE
T5 (Line2). £7, Poy 5T VX LMTEIENEELFT i 2HHEL UTEIRL (Line 4), P,, 25 RAZEEL i
ZHLDER< (Line 5). fROERES P, 2 HERIELAT i 20 RV P, THI{LT 5 (Line6). ZHiz kb, P, &
R Oxte UGEIRTE AMESFTOES LS. ICHHEL U-WRES i & 7V X LREEBGAT j O BIREIZ
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procedure First Improvement 2-opt Local Search ()
begi
procedure Best Improvement 2-opt Local Search (i) q cgin .
. repea
begin
g1 2 g1=0,PomZ:{1,...,n};
1 repeat
) 0 3 repeat
§:=U .
3 fori:=1ton—1 : ;elec,t_l ; Fou randomly:
4 for j:=i+1ton our = Pou\{i};
5 d;,; := SwapGain(i, j, m); 6 Pin 1= Pour;
. 7 repeat
6 if 6,‘] > g then .
. - 5 8 select j € P;, randomly;
8 8= l’.jj_ . L 9 Py := Pi\{J};
swap_1:=1, swap_j = J; 10 8, = SwapGain(i, j, 7);
0 endif 11 if 6; ; > 0 th
10 endfor 0o, ; >0 then
11 endfor 12 7 := SwapMove(i, j, 7);
12 if ¢ > 0 then 13 g:=8+0ij;
n := SwapMove(swap_i, swap_j, r); 14 endif
endif 15 until P;, = 0;
13 untilg <0 . in =%
16 until P,,, = 0;
14 return r; .
17  until g <0;
end;
18  returnm;
2: I R ENIE 2D < 2-opt RIATERTE end:

3: BVRE R EHEIG 12 D < 2-opt RIATERERTE

K OBAEME r & O ET B0 R T B (Lines 8~11). WHEINDL54E, BRI 1), n(j) DR#Z T\ (Line 12), ZD
ZHIZE D ESNIZREREREFFT S (Line 13). ZOMHE%Z P, BEESIZRD (1FH DE BG4 TIZHE S TEER
%475) £ T VRS (Lines 7~15). A Bk —#HDMWB%E P, DZEHEAIZR5 £ TV IET (Lines 3~16). Bl E
DI % SEEMREN 72 725 £ TR %2 BEER T 5 (Lines 2~17) T & TRFMRIZET 5.

3.2  Kick

Kick 1XFFHFERIZ L D B RFRE» SHE T2 2 L 2 N THEROLHFDZO DU TH 5.

AWFFE T, X 1Line5 ® Kick ¥ & L T 2 FE$HD Kick (BasePointKick ¥ NonBasePointKick) [5] ZfifH 3 5. &
WRIZE T 5 Kick T, 2 DDEEZ WS 2 8ME% kicksize D EFE 2T L ETHROIKL, Rt E2RHET 5.

2 FEFHD Kick 13213 2 HWEDBNFEEDE N H 5. & Kick 2 A FICHBIZRT.
BasePointKick: f# n (ZM U 5V XA LB ERZEEEE U, kicksize—-1[H, BEELZWS VX LRMOBELZ L THT 5.
NonBasePointKick: f# 7 (2B WTEHBLRWT Y X L7 2 DOEFEDORME kicksize/2 FAT 5.
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& LT BI2LS F7z1% FI2LS %, Kick & L T BasepointKick F 7z1% NonBasepointKick % ZNZHEA L7V T ) XL
SHMHTHD. £T7NITVALIFC++SEICE D a—NEL, TV FFA T a>-03 245 L7 g++(Ver9.1.0)
ZMH LUz, #5H1E CPU: Intel Xeon 3.60GHz, RAM: 8GB ETHEFTL72. MR & T 2HEHIL QAP DRV F~v—2
MIEGI%ETH 5 QAPLIB L 0 HUfF U 7- 45 [2] D& S RIEEY 1 X% 100 D 3 {5l (tail00a, tail00b, will00) & L, 10000
[ Kick ZO'LS 2FEfT L -fER 28 Uz,

A~TIZHER TN T ZLOENNI LB ZRMEOEEWERT. ZRIFE TV TY AL % tail00a KU tail00b (24
UCEFULMEROBRER L OO 7S 7 ThH Y, Eh S kicksize D310, 20, 30, 40, 50 DFERTH L. £77 7D
HEflE Kick OB & Kick XU LS O FBROEHZ2R L TH Y, EOME» A LIS F 7 oflic, BHE
BaERL, HOHEDSITNEES S 7 OET, MOWEIRI >HHE2RLTWES, 1B 5 7 0ORMIZERN OB
fREOWELZREEZRL, HFORKELZEHEZRLTED, JKOARFRAUIA N Rz EERLTWS., £72H
BTHRUPTWESIZTHEZ I 7D ER%E 1000 & LTE D, HEEEA 1000 2 Kk E S EREEE, FfTHE
ERELLTWVS,
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BAEH & D kicksize & D Kick BIDRFf# & Kick KU LS # 0 FfEOEHN K E SN GEDH B Z L hibh
5. BIZIER 6 1281 B kicksizel0 D& &, JHFTHER T ORFEED 95 BN T WS, 2D X 1T kicksize WS WL EH K
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Balancing search between intensification and diversification is important for metaheuristic algorithms such as
iterated local search (ILS), memetic algorithm and genetic algorithm. Intensification means to focus on the search
in a local region by exploiting the information that a current good solution is found in this region. Diversification
means to generate diverse solutions so as to explore the search space on the global scale. For example, ILS, which
is known for its simple but high performance, alternates between local search and mutation (called Kick in this
paper). Local search method repeats to select a better neighboring solution within a predefined neighborhood.
The role of the local search method is to obtain a local optimal solution. The purpose of Kick is to change the
solution so that it can escape from the local optimal solution. If the diversification is too weak, the search cannot
be escaped from the current local region. If it is too strong, it is too far from the current local region. In this paper,

we investigate degree of diversification in ILS for the quadratic assignment problem.
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