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A Neighborhood Search Method

Based on the Estimation of the Probability Density Function
of the Objective Function Value of the Neighborhood Solution

YUJI SHIGEHIRO! TATSUYA MAsuDpal

Abstract: We have considered effective search methods for large scale combinatorial optimization problems,
in which many different neighborhood operations, which consist of iterations of the unit neighborhood opera-
tion, are employed. To select the best operation to apply, the probability distribution of the objective function
values of the neighborhood solutions is estimated. To estimate the probability distribution, we assume the
shape of the probability density function and estimate the statistics of the function using data collected
through the search process. In this paper, we assume a probability distribution with non-zero third-order
central moment, and consider how to estimate the statistics of the distribution. The experimental results are

also shown to evaluate the proposed method.
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Fig. 1 Neighborhood search method considered in this paper.
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gr(z) =9 05 (z=0) (21)
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HHE, 4A~8 ITHZR DRI EHIEZ VD, 2TD y,
DEZERFE L THL T EIFHEN T ARV, ”Tﬁ()
A3 DONRTGA—ZEFODTLZEEL, v, v, y°
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E[Z:), E[Z*], E[Z:°%], E[Z.), E[Z5], E[Z:2:] OHEEfHE
EITBHTEMNTES. £z Ny l&DWVTIE (21)0 LRI
ICLTRDBTEMNTES. BEMICIE, K10 14THT

(Nkl)O — 0 (49)

DEZHNT 6 {TEHT

(Ni)i — 7% (Ngp)iz1 + it (50)

DEIIHEET UL, Ny DEZRDZTENTES.

TNSOMEMIPEST X, (38) R FICBET S 1 5
o, (41), (42) U My, (E?) BT % 2 70 1 X
ViRERD, (43), (44), (48) XiF Ms, (MxE), (E?) I
9% 37C 1 JGEV FEROFICE->TBY, ZhZThe
fipd T itk D, IS E, My, My OREHEERZRKDS
TENTES.

5.3 RE LIcHEXRERBBORHE

FEZ, GE 2 K OEHRSGE B ORERELBIED (23)
XD py(2) THABNIE LT, ZOMatEZRD B ik
ICDOWTHEZS. K1 OFIET i BIHOFATICENT, 4
THT a- B E (0 = 1,2,...) BBENZLT 5. %
DR FERUGER Y, OMERELBIEZ py(z) £T5. X
E[Y;], Mo[Yi], M3[Y;] DfEA 5.2, 5.1 DX HICLTRE-S
Telkd s, TOLE py(z) D3IDDINTA—XK ay, as, b
RO BIFEICDNTHE R S.

%9 (21), (22) XD gr(), gr(z) DEHEDOHD 0,
1, 2, 3RE—AVMERDDZDIC, NI AP HRLT
I EZ VTR T 5 L

molga(@)] = molgi (x)] = " 1)
g (2)] = —mifgs(2)] = 3 (52)
molgnl@)] = malgi (a)] = (53)
wmgfgn(2)] = —mslgn (2)] = 5 (54)
LI, T ORE L ERGEE VT py(x) OFMED
DDE—AVE, 4DbBY, DFEFEDDDE—XV
ZRlIHT % &
my [Y;] = mo[py ()] =1 (55)
Y] = B[V = m[py ()] = b (56)
ms[Y]] = malpy (2)] = “5F + (57)
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m3[Y;] = mS[pg(w)] 5
= a\l/c;Z (a1 - ag) + 5@1@21) + b3 (58)

LD, THWITHHEDDDE-AV M 2R®DD L

M [Yi] = ma[¥i] — (B[Y;])? = 242 (59)

Ms[Y;] = ms[V;] — 3ma[Yi] E[Vi] + 2(E[Vi])®
= a\l/?_f (al - ag) (60)

LixB. b Offld (56) XK DEBICKRES. £z (59),
(60) K&ED a1, ap ICBIT 2 2 XTEADENINS DT,
0z (RONKZHANT) T LickD, a,
ay DEZRDZTENTES. ThbH

A V7T MY

= LY B =2M,[Y]] (61)
LT
A+ A2+ 4B —A+ VA% 4 4B
G1:f7 ang (62)
TH5*.
6. i

AR THET % Fiki% Haskell[9] I K DEBIL, AR
TEATREMERTREICE M Uz, OB, SLBCERCSER T DR
TAEIC GSL[10] & FFI[11] ZFIH Uiz, wmAFE vl hetk
MO, RTOEBOFBEZEREL T 57 MliC
KOEBL, SR LT 1 DOZEE A CEA % R
T BENER AL ERIEE Uiz, 4.4 @ » OffIX 0.99 &
L. fHO7®, WERBICEHT 20058 F 0, 1,
2, 4, 8, 16, 32, 64, 128, 256-LBHREICHRE LTz, %
NHEETICN U TR EBMECERO MR HMEZ RO 1T, %
DENERE K E R E DZEIRN L T ERBMRICHEA L.
PERBMENES, 5.2 O B, M,, M; OfiZz#HET2T &N
TERWVEAE, 256- PR F 2 e i RARICE U7z,

BB, WETEOWUHZZOFEEHREKTIHITLIZET
A, BEROPIANCTBNT Mz ZIELLRDZ T EMTER
Mmolz. M3z l3Y; O3 RICHEEZTE120, YV, DYV
TIWED DIz, Y, OBIMEDIX 5 DEICKE e
ZIFTLEIDOWEKRE-RDNDS. ZTHRIE, UER
EAOFHMED 26,000 Al THNUE M 72 0 & U THER
REREBERDZEDE LTz,

NG & T 2 AR ATREMERTE & LT, STk [6] O
P5 ZHW iz, THUESHR [6] OFE TR 650 %2
BEHTENTERMH>METHS. TOMEIZT VX L
WAERE N, Z8oBuE 10,000, HiOEE 40,000, 47z
DDV T IO 10~15 TH 3. HIOEMAZ —100~
100 D 0 ZFR<BETH O, HizkKd %) 7T IVOHH»

2 RONKD S & 2 HOMNDEENBA, (23) R&D, ay <0 &
BRI TH .
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Fig. 2 Experimental results.
BbEEFETHREZS.

iD=, AHROEHEERIEOWT NN 1 DDA Z
258 O Ja iR (1 DOEFERIE UM NG % C
EMTERVIREFIL) LUk [6) OF iz, BEFiLL
HICHTR DA FEE ATREMERTEISE A L7z, STk [6] OF
A, EHRUGER ORI A L U CTIERD A ZE LTz
EDT, BETIECBVWT My ZHIC 0 & LIEEEICSE
L.

FEHRAR 2187, N1~N32 1§ 1~32- 0648 E% WV
TeRpTRRLE R L, 02 &30k [6) OFE Q RE—A Y
FETHEE), 03 FIREFIE G RE—AYV FETER)
EFRT. TS T ORNE KNI ZF NN, TS B
REMOFHEEEZ T, kB, STHEOREOHRE L, &
KFTE T RENME IRE D R 1F AU S U CRvIMERTREE L
TH-THBY, ZOFHEEZZDF FHEITRL TV
, EBROFUMMEE, HRENTOAHEZ FEKEL
TETH 5.

T (03) IFEF ORHRERRE (W) IR L THS
MBI Z R LTS, —, SEtHRER Wz R
Bk (N8) T, N1 XD & IEANICBWEERMESNT
W5, DX, D F EFEREZEANR, Wik RAT
HRETELRERWHREGZ CENTER PN, L
MU, MERRAFHEEBD R, # U7 ES
2%, (X5, BROMITICHEDE Tl U 7oL EF
WEET %) @HIE, EOEFERENEL TWEDNHD
oz, BZF5L, TOXS EEICH LT 8-nkE
B2 DT RTREIENEH SN E 2 L3RV EA 5.

757 DIEEE, FHMEECYZ0 LT EDORE, B
ERBAOFMEEAUESNTVELIERLTED, RE
RN EEOIHEORZ ZITHIGL TS, 03 DTS5 T
FLTEHBEOD, FHCTHEROKITITF T, Tk [6]
DFE (02) KOHENKELEO2TWVBREFZABEAS.
ZhUE, 3RE—AVFETHEERBICANDZ LICKD, I
B EROMRHEOHEEREMN M L LTl bEAS
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ns.

M EAY 33,000 FREEICHWNT, 03 OEE X N8 I KA
TR, EL TOSHEREERE p,(z) DEEROMHER
DR IE IR AL, AR R EE IR OB L
Whd LW, 7272, T2 THO EF =TT XL
BITHAF L T BT, GLEBGRIINELE S ERER (375b
BT DOME, EHICEEEEERE) 8578
DILTE%. X OMERFHMGZITS O THNX, FHED /5%
ZHETLZHENDH1259.

7. ¥&&H

RIS A B o LRI N U, SEESHERED A% D
TR B S RGESRZEAT 5 JTIEIC DWW T, MERRINELD D
ERUTe. e, AFEATREMREICH LT, RETFE,
Sk (6] DFE, JRFTHEER I U CRF RSB 2 T,
PREFILEDMEHE O RFTRZEICT U TS D R B 2R
LTWaZE, BH5UIC, XHk (6] DFEZHELTVS
TRl

BBRETFETE, BROVAICHBWT, TFHEbOD
IRE—AYV M ELRDB W TERRMo T, WAt
EmEEMEICHEE T 272DICEZBOY > T IV 5%
Y, BROYIACBOTEDEOY > IV LnEGE T e
TERVOMNFEREERDNS. THUTHT B XI0iEES %
DHETH%.
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