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i st e, EILEXHE AR EMNKY “BRITHE (Natural Compu-
ting)” ., MR, XBEARMHEFELRSEEREES SN —BHHK
&, BTEB0RO0RETH, XEAFRIFITE,

MRS RN MER, UETEWAABRISER, EEW



1.4 ERFIWMEBERLY 7

REEBEMNOER, MHEAK, WAHAE, XA B &0 L
GBSk

1.4 EREIPIEA RN

R T ER—TITHERE, ERERTAEX LEES, KN
HEFEEFNHMBEMRABEENEELRE ., HESRMITHHLRNY
F}rg, MFREETRMEA, BUTEEIPIE BRI R ZNA
BTFILFEAF

L FARERAURNERRELEODMEER

R AL B 26 B AR AL R B RSB R E R b, DX R
e AR e — o L A B A DU AR SR AR AL AR T TR E R . HTFRLE
RIAMEERLEEEA LEHR “RBKB (Problem Dependent)”
B, BNEEMLERT EAEREOARRTGAR. XHA RN
BRETAKELAGAE, XRABENTRERTREEBRHNN
B, m, ARANHFEERIENEANAS R, RafE
WHRMRALEE, &8 SRPHEMERNMARB, EFREE LR
REWXEA LR IENFAREL

2. WEgHARKHEFHEE

SRR CBEERSAHH AR EFHIHTERENSR, BHE
HERSBELUREBEFRITEEEARRNRF SR, thn, NBER
EAHFRRMEE T, NBBUR AR H KL HRRE, BRI REX
FHARER, £%, XUFRTURSRERERAATGHT .

3. SMAELEANBENER—FHE

HFARGERAEERSANER, ERERMDERMULNEE
HHERKB-HERAPEENTAER. in, #EBENMRBERSN
BEESE, BRERNEIBEXMBAHEE, $%. YREFEZHA
BERYIE G BB A A SRR E BA B, RRATRAETRE L
gzsiE, AFRARBENBANEREREN, XEHHBRATNMRX
w, HEREKT R, FUEXRE—RBRIMER.

4. TREZEEERBIEMR

SR LBEERE—TRETENER, MRE—-IZR¥R. BER
B 2FROABKE, ETERKEHAIEEBIH BN T RRA
MEENRNET. BREMEERIBE BB AMRSHEIEN. B
BRANTEBENAER, XEHELTAESERAR, ANEZEEREMF



8 F1E REAUFTENTEEER

MR, TEXEES TAMEENEERBARESIHERL, &
BBA N EEERE R &G R EE e e, Bk, B8
TR EREZRERE BB ENEERE, TEEELORE
BAELERS. SRETE SR EZRE TERAFHN K, BRRN
R 5 Mt

5. MEMENANE - FHETFTADXNIE

2IWRSERLEEREGTLEHRENNEREEAREF. it
BT L. TRENKE. RETEE, W —0IENiaERe
KB TR R LA ) B B R S S R AT AR . B RN TEME R R BT G U B
b, EHEEFRYAKRESEEHETFAENE, EREXTRE
KERYRLFAERAEE . BREHENETE, FRGMITEHRE
RBERERE DA RDMIRE., BAXAHBRNZERNESE
AL B B 5T B B A A

6. 3% 32 ) i 1 K B — ML A

B B R B B AT B BB T AR, R & 4T 32 2 ) 38 0 A O 2
B WR Y MR R, BRI ULIR T K, ) R £ 11 2 I
Bk T R o 1) R — S AR e ) 0 B L7 A i 490 B —> 52 R R
16 B — B © %% O BT

M F M ESRALIEE, ik A (TSP) ., =¥k4g kM
i (QAP) SHEM FRBMBFE P HMERFMERRE, mER
(8 vk B S LB 16 T SCRR 4R E M M BB S AR, BRBRR — A T R M AL
R TRAEBENFE, 0RAXEBRED, NI R i Sk
B B, X TFE S, TR RO B LR A A8 A R IR HLAR A 1) S
RPRE AR, BB TR R B bR, X AR
FEARAS RN TE, BRARROINAEREECHRNAME, =
AR/ E NS b IS SO R R B, (B R ik S e R 8
718,

7. WEtEEE MM A= BT

Bt M E B RN B bR — Rk, BEREENREER
BEUT=AFE.

Q% MEZRARFEISTHEENHE P RBRAROT
AH. MBI REEN, TR RANRFRER, &
MR kSRR A . B BT EARRRN B ENL . BT
AR HRENREES,

OB R E K. B IR bR P [ R i i



$ X T W 9

i1

O BRI ERIRE S 72 7 32 0 1) B AR A SR 8 i B K RV RIS
B, LLaREREFE JL/NE SRR TSP A B IR T BB . BAR TR
BRI AEKE T E SR, ERNX T EREZE LI T BN HEE R
FREMEW, SHAFESEAIRNEE, BABNASEREAR
=) R

8. SIEHHFHERRE ANFTR

¥R FERRAABRNIR T, REALUFHEMHHARS ERE
FIREANBERIE M E MR B, HE, SEFBEEREANAR—HF
BE, EARME -~ MHARRERNT . ¥ F—IT#HE%, ZER
L FEBILTFILA

OF i B8 Fnr i+ B L

Q@ELMEXRREHITHHEBLTEARR

@fETEE R LR FILIOF P —ERATEI A

@feA HMAEETRK ., Su, HFURABIRAmRE S

EEkBRAER DR —EFHEE, L. AHER. LR
B BERAERS, XMEMERERE, EERERN-MEEASNL
FFTAT B B R EMAR TAE.

585

1. R G AL B i = K2 TR AT R AEFLRI I 0T K B 1T 25 3R

2. RIBE G E B 0 = K5 Bk 0 4T IR R M AR R B B T Bk T B B

3. R B8 — AN B RS G AR b 77 ¥R A 10 S5 I ) R BLIR LB A SRR ALk
R

4, REMALFREERT EE B ENFOER, RARLERAR
HHFHER,

5. A AERARINEE S GRS ARIBE R, FRBEENEN
BRI AR EL

% % 3 Mk

[1] Dorigo M, Maniezzo V, Colorni A. The ant system: optimization by a
colony of cooperating agents [ J]. IEEE Trans. Syst. Man Cybernet,
1996, Part B, 26 (1), 29 -41.

[2] Glover F, Tabu search [J]. ORSA Journal on Computing, 1989, 1:
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190 - 206.

[31 Hayashi D et al. Distributed optimization by using artificial life [ C].
Tras. IEE Japan, 116 - C (5): 584 - 590, 1996.

(4] Holland J H. Adaptation in Natural and Artificial Systems [C]. Ann
Arbor; University of Michigan, 1975.

[5] Kennedy J, Eberhart R C. Particle swarm optimization [ C]. Proc. IEEE
Int. Conf. Neural Networks, Perth, Australia, 11: 1942 - 1948, 1995,

[6] Kirkpatrick S, Gelatt C, Vecchi P. Optimization by simulated annea-
ling [J]. Science, 1983, 220: 671 -679.

[7] Linhares. Synthesizing a Predatory Search Strategy for VLSI Layouts
[C]. IEEE Trans. On Evolutionary Computation, 3 (2): 147 -152,
1999.

(8] HiRik, EHRBHRS. KURARYB—BRSHEE [M]. &
EHREFE. JLE: PR, 1994,



% 2F PRIEN A

FEEENMAWENBEEERCERDPRER, RENERES
0 -1 35 hEENE R > E T, BENMBHO-1 YK
D BEHL R Y R IE 5 40 A B DR BE AL R O B, LA B G338 6 o 7= A oA
EL A8 5 o T eR M) DY B LB T 3 o

2.1 DhBEALETEEREILAL DT ke A

BEVLIL S 2 B AR R R A Tk 42 o eht 25 b oK S0 ER) 3 SL Rl 4E I 7= AR 9
—M RS REHTARNARTWH L ENABERR . XHHARER
WA —RINEH RN BEN R AN EFENHER ANETE
TEHIMEILE,. B TEEMBEILEATRE, TRAMERHEFT
B RBERREAORN, B AR —RILEVEEHLL
R, XEFENEFIERFRHESWENRSE 4K, HAF
KU TR HER, LMERNFEMEOREZER, BRI b
PLEL (Pseudo Random Number) , 7= 45 X Fir O BE B ¥ 1) 18 Fe B0 9% b D0 BE
WLk 4 2% (Pseudo Random Number Generator, f&3J#% RNG),

EEERLELS, P —MEREHRIGREIE. .

(1) MfEB%: WHFEMERE, AEREEENE, Bk
PR, MYLEFERNER,

(2) BBHERY.: MIEENKRG, EEZHEREBERNY
&,

(3) BHEEKEE: HMHEFSEME, REREREBRE.

(4) BUREE D FEVL=AP MR, MEBEERE.

(5) WTFBRMAEYE: BIEENBRE TR, B3 meREsLmMn
WHE .

(6) HABEREY:.: MILRFENE®R, ERHXBANEILER.

HE#MHEEXEEEEDSRETHEE, BRELEERH
BEALE, 1eAh, BN PRI AN RN, NARK
BEVLRF FHERERITE, WEEANMEIE. TR, A
AREEERAREETERAEERHTFER.
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BRESHITENEST PREBATEHENBHRERTETF,
BREXLEANTRFENT —EARZAL:

(1) HEAUFIINEEABIERNFRETANBRBEFRBEL,

(2) AEEFHEYP, FUARNBFEEREN.

(3) BT ERSHZI, —BBA A H A0 83 O BE L
TR .

BFUEXEFE, BB HBILEG &K Ik A8 %
NEREBRTRFRETHVDEN. ANAEINUALRE, BWRAEE
THENZ £ NIRRT 8%, A RELREFHLMFHR
.

2.2 40 -1 B8 5 e DhREHLE R SR IR R R

0 = 1 /57 4345 0 £l HE L M2 B 2 7 1 2 B 60 B P DO BRI, 2 2
) B 7 0 AL RO ST O ¢k Bl A B L AR
P i PO BEALAR o

BXRO-1 BN R, » B X W— A RE, B—1%
SRR IBEALEL, BN v U0, 1), B, URRHSRH, 0, 1
SR IX . X BB RN

1, 0=x<l1
fU)=% ﬁé (2.1)
AT BN

0, x <0
F(x) =[x, O0sx<l (2.2)
1, x=1

WRE R f(x) FAAREF(x) MA 2.1 57w,
1) F@

|f——— 1+

i o —
R e ]

B 2.1 0-1 3547k B 5 50 IR
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ATUAESMHEES, U0, 1) WEERE p FIREE o 2510
1 1
M=7, 0'=ﬁ
0 ~ 1 35535375 i O BE DL BGE # B i 33957 20 4 54 O Bl AL 8 30 BR LA
FIKEHRBRY, FUEREITR™E IR A, AE—4
FEFHRRNIFEFEER U TILA:
(1) FAEMEIREMREFRBEILEMIY S,
(2) AEAEENPIIHKEERTERK.
(3) 7P=H thRENLECR B Bk
(4) IWERFESHMTENRNFERATED,
FEAEBSEINEN T EERR
(1) FHFBAE: H—12n I _stH BV ERE, BPREIMY
2n RifE R BEALE . AN
Bk+1=[Blr7Bk]2n (2.4)
Hp, BETRE FUGERBAH MBI, [ - L.RREBPHE 20
8 & o
(2) BREhE: A—1BEERARR—" o LHEEVLE, B
F1 Al n RLVE R BT R BEDLE . A
Sk+l=|:A7Sk]n (2.5)
Hdr, S, FERE FRERERNEIE, [ - ] FRBPE AT
(3) 4L RAKEEET ZHEAMTEBNUROTE, @©
RAHHEMES, HEFBEE: A—-NBEEH A RF—1TH
B, BETMBBRLUE M KRB OIS, RAKKEAANR

(2.3)

pry /(1)
WAR—AERER, ME-TRIOBH, W
S,.: =AS,mod(M) (2.6)
Hep, S, FERE ERERBIMWEIE; mod( - ) ERREEHE, M
B U RBMIEE

ZEDUREPLERIE R, BRAEPEREE M FLBUF PR
KB,

BEBGC MBS LIER . SECY LA ENL, WRBUER M =
2", MDA=8k+3, A=4k+1, kK HERE; OS, Karfnt, AILRRA
BKMBEHLBUF IR N 2"

Bi2.1 FHLKG6, MM=64, A=13, S, =1; HAAUKE—
A~ FEHLEF 3«
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{1, 13, 41, 21, 17, 29, 57, 37, 33, 45, 9, 53, 49, 61, 25,

5, 1, }
PUEABEMTIKER2 =16, HA4HRE2 1,
®%2.1 —PHNMEIINS G
<10 10 ~20 20 ~30 30 ~40 40 ~50 50 ~ 60 > 60
34 24 34 2 A4 34 2 4~ 14

AR EFEREILESYSNSHEXE (1, M] A,
(4) BER&KE: BARKZUHRILZHERRE, ERBEERSE
P ENL A R RFRBRERKAH S HOBEILEFS ., HEARE
B A—NEEHEEAR-EILEEN E—MBEERC, BEAN
HRBUEM WREIEIFHENE. BEaRIKEAAKXREINT
S,.. =(AS, + C)mod(M) (2.7)
B, 4 C=0r, BAERKKIBARFRERE
BIBFOSH G T LIUERE . (LECH LR BN, WRBREH M =
2, MDA=4k+1, ERIERY; OCHE M B REHRN, TURBRK
RIBEDLER P R 25
22 FLHS5 MM=32, BLA=13, C=5; il S, =1, P4
Al PAR A3 — N BEVLEUT 5
{1, 18, 15, 8, 13, 14, 27, 4, 25, 10, 7, 0, 5, 6, 19, 28,
17, 2, 31, 24, 29, 30, 11, 20, 9, 26, 23, 16, 21, 22, 3, 12,
1, ...l
P EENEFEFIMAREENKENR 32,
BREAFAABUEFAKZZESM—EmE:, BEHERTAEI L™
AR BNKERRFAKEN 4 5. EXEILBERREFTRERBEXR
B, MEERBRBERARKE,
—BREBREVLE S, 0 -1 51507 i BEALECH 7T LA BR AL IR A,
ARIMTF: '
x, =S/M (2.8)
x, B0 0 -1 7594370 B BEHLEL
[a, b] ZEIMISSHENAAE LT AXKR: »
y,=a+{(b-a)x, (2.9)
v BIh [a, b] ZBEMHIFHHBEIE, LRy eU(a, b),
EERERLCEEFEEEFE 1 Mo ZEMEHRK, XHEATLGE
#H 0 -1 MM FHBENE . ARWT -



2.3 FEESSHHBNBHNGZ 15

K=1+Intfxn], xe U0, 1) (2.10)
Ko, Im (2] ABEER, BIBUMNF z EKREBEH.

2.3 PAEIERD T DHREHL B )5 ik

EASHXHFREMAA, BREROEISF, EFRRAATESD
LA
EXBRABSE N u Mo WIESSF, BIH: X~Nu, ¢°) Rae
Np, 0*)o HH, p Mo 330 X HPEENIRHEZ, Hu=0Mo=
1af, BB O-1ESHA, BN, 1), H 5 &Y & 55
A
1 2

flx) = vﬁﬁ¥e_2 (2.11)
1
1 ¢ 2
F(x) = ;Z??j—w e Tds (2.12)

0~ 1 IE A% 4373 B 85 BE s J0F0 20 A R I [ 2. 2 JTam o

S F)

17.
Ji

0 x 0 x

2.2 0-1ESHMNEERRSNMRY

hFHAERS AT N, 1) £R, XERFi’ N0, 1)
IR T o

HERHESME, Y, ¥, -, VLB MEIRSAEHEHLE
B, %4n BB

X=Y +Y,+- +7, (2.13)

BEMF— P ESIH. —BEK, Yn>68, X RE—DEESH
AR EIE L. X WEIERTT Z 05N
By Sy F R+t L, =T (2.14)
1 _

2 2 2 2 2
O,=0,+0,+ " +0,=nc (2.15)
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FRHA X ~N(nw, no’) ExeN(im, no’). FHHAR N, 1),

%

(2. 16)

W, ze N(O, 1),
¥ (2.12) ERHENTERMOEELERL, FHRX (2.13) Ik
(2.14) AKX (2.15), E35

Z y, - np
- /\/n0'2
ALLBLy,, i=1,2, -, n, AMIHENO -1 HFHEIAERE
A, MaaAX (2.3), BRATHEN A o WE. RARX (2.16)
B3

-4

(2.17)

z=(zyi_é‘_)/ Tni (2.18)
KHItE T E, WMa=12, B4 12 M0 -1 55 4 8 O BE LK
y, €U0, 1), i=1, 2, =, 12, FRKX (2.17) fHikH

12
z=Zlyi—6 (2.19)

XA A E B BIRM 0 - 1 IS BENIEL, 2e N(O, 1),
MBFEEFERN—BRESSA N, o) WV B, RE
HhEER (2.18) FHzeN(0, 1), BEAK
x=p+o0z (2.20)
Ap4k, ALK TE B REPLAL

2.4 PR A s AR R DYREHL B A IR

BTN RMIEASHZ, 58 BIEALEE TR AR Kb
S RO BN BE AL SR, A I I R Ak At B 0 4 A B8 360 T L3I
A
BHXR—AEBHMAHEER F(x) WENER, BRRE™4£ X
BUE FEHLEOF S (o). B Y=F(X) B—AXFXH, FUXHG
HEBF( ) NERENER, ¥F X~ HEAMB, Hy=F(x)
MR Y — AR, F (- )RMF(-) BEK, WA
X=F ' (NFAx=F"(y) (2.21)
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LA RBAENL, YRS MBRER
P(Y<y) =P(F(X) <y) =P(X<F'(y))
=P(X<x)=F(x) =v

MR YHEEAE [0, 1] B, WWRRK (2.2) FEW U, 1)
R, sl Y RMNO-1¥50/m, BBY~U(0, 1), HyelU(O,
1,

HUELHERATS, REE -1 yeU(0, 1), #RA (2.20),
BMAUTUAGREN T EE F ' () PESHEEN F(-) WK
ME.

ARBEALHEERTENHBIZERBNEERR f(x), XHHL
7 5

(2.22)

F(x) ='[mj(t)dt (2.23)

R A EE F(x),

AR S RNT

BB, B (2.22), HASHEERER f(») HES AR
F(x), RELH F(x),

B2, S F(x) WMABRKF (¥

3. 4 0-1 S mAEIE, ye U0, 1),

B4, X x=F ' (y) HHEBHXW—IRAEHE,

H®5. EELBEIESE4L, BB/ NR F(x) WAL
B {x 1o

BAENEER BT MR ENERET - AR T &
T T i P AR 2 R A B F o

2.3 PEARIERSARMBEIE .

ARG BEFEREN: f(x) =de™, (x20), HAoMK
B TESR:

F(x) = fo Ae My =1-e™, 220

A y=1-e™, MRHEYRBED: « = —%lnu —y). BFHy

BEO-1350Me, u=1-yHBO-1¥YHHH. U, L
welU(0, 1), K
1

x= ——Inu

A
BT 3R 45 36 0 i Y BE LI <o
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Bi2.4 RAPFHEFEHSHAWME2.3 FRWEERER () B
BEDLECF 5B = 0T ¥k

fR: ME2.3H, CHEERECH

flx) =1 -% 0<x<2

S

0 2 x

2.3 PR EREE I 9 BE IR K
B BT B BN

P = [ (1-)a=[- 5] faot

é‘y:x—%—, mrBE. x, =2+2/1-yMx,=2-2/T-y, H

FE-IMHRAEEXLR [0, 2) ZH, X, Pu=1-y, &
ueU(0, 1), %K

x=2-2Ju
B AT $R48 BT 7 B 43 A B Dh BE LM

]85 %

L AU T 4 ESHARBRETA 10 MBI, «, %, 5,
Fo I EFA S B B R ERAY, VAR 88 IE 5 7 A 00 BE LI B0 S S0 A R BRI
&,

(1) M=64, A=11, x,=1; (2) M=64, A=20, x,=1; (3) M=60, A=11,
g=1; (4) M=64, A=11, x,=2,

2. FEHUT I ASHARSRAKEFTE 10 MIBEVE, %, %, ) %y,
F SR BEERA, W RRES™ &L K S KA P 3 TE
A .

(1) M=64, A=13, C=T7, z,=1; (2) M=64, A=20, C=T7, =z, =1;
(3) M=64, A=13, C=8, x, =1,

3. RFARTERGH A 2.4 BiR e R f(«) MBENBFFIME
ViR
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et o e s et i v

E24 FWIEB

4. RBH BT HmAAEILEBN=ETE, HEESENTRBE S5 R
Ax=k)=pg"', p+q=1,k=1,2, - F(x) =1-4",

5 BTABABMFEEZSN, RERHMATENIBENEFE, FoW
ARG ERHILER A

6. BRTABAANFESN,, REHHEMBTACNTEE BRI H BB
BRI e, o ARTEEREA,

7. MTFREALYE, AEFTREEFNSEREBEFR, NTRBEKNAEERE
R FII K,

£ % 3Lk

[1] Proykova A. How to improve a random number generator [J]. Com-
puter Physics Communications, 2000, 124 (2 -3):. 125 -131.

[2] Sanchez S, Criado R, Vega C. A generator of pseudo-random num-
bers sequences with a very long period [J]. Mathematical and Com-
puter Modeling, 2005, 42 (7 -8): 809 -816.

(3] Z=tRI, X, Hirde. BRBEKEBOREILEUR 4 248 8 6 A
Wy (] EREMATRFEFR, 2003, 30 (6): 1-5.

[4) B A M, BEH/K F A HKitERE (M), BE4EE
JER: Bl H AL, 1978.

(5] HEE, KE, kFBL, FE HEIFIREBHTASELH
[11. HAKEEHR (EERFER), 2004, 22 (3): 185 -188.

(6] Fa . BESHE [M]. dbx. BlEbgit, 2002.

[7] &3, EHE. BENLEESE [M]. dbal. BHEEF &H KL,
1993.



B3E & H R

BERERETRMRATEPNARAN ZURAIEINEE, FF
BERMANBREEENTERRSESFENE, REITLAEERY
HEAMRMERER, ARHRRRHTR . BEENHRE. SR
EHESFHRNEHEREE. BENMEILIRBNANHT.

3.1 & B

BB (Genetic Algorithms, ik GA B, GAs) BEH EEHFEKMR
K22 John H. Holland #(42 & H3 4= F 20 it 42 60 F£ KB 70 K40
R, 1975 EHEN (AREATREMHEME) (Adaptation
in Natural and Artificial Systems) — 45, Holland R ML EA T RIEH
ARSI S, BHTXREERNERRRRANEE SR
i (Schema Theory) ,

J5 3k De Jong Fl Goldberg % AT KB M T/, HBEREEEMS
%, HER, HTREAERBEXKARBHE RN EHETILT
B, ATEG. 2PIRE. AR HES IR RINA, ZEER
BT EMEE, LB, BEEER BN IENHERNZE MR
e & e T

HEWE ARRPNEFEN, BR7THMNARFREMNR RN B &R
BE. BIEHEIE LN EYEEMREE YO LTRE

3.1.1 &MmiEd

EYERESAFNSES, BEENHAEFRE, FRELREA
WM, XA RIR A (Evolution) , 4B R IE
B % AL R AT, R — B B K (Population) , 4 RHF
gAY A (Individual) , BN HAEFHRRERALRR
WERIAE S, XRFERBE S FRAAEKENE (Fitness) o & HIKIRX
HEALS, BRBEAARBER I ETHENNEDNMEREERNAER
BB, AREETR, HEREHNESEEENR; MR, RABRRER
AR EEL, REFEBERONSBERD, HEHT ., R
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XEX—SEMAR M “BRARE, BEAF . BEXFARYE
£, VOT0HE 2 W S R T A AR SR RO R AL, T PR AR AR R
YiFh

3.2 &Y HBENER

Y MFORRARIEHE R, X PP BIRRAR Rt f% (Heredity),
BIRXFEFRRRIREE (Cenetics) . B FRAZHIEA, EHBAMN
AUMARL, ERE, WERSMREREP A, AREKT
B MREDHRFEW MRV RAM (Cel), ARPFH—
MM 2 RIEEY, FRAR AR (Chromosome) , AYIHY BT A BILH
EMEESEXTEEMIXB/IIREED, REKEIEHEARMIEE
B (DNA) Hl, BEHAEDREOYTELTHEANER (Gene),
ERABRERNL K DNA FBt. WA R R b FAR N 2 B AT

M AE SRR, BEYE DNA @I EH (Reproduction) i ¥ % 2
BT, FARRART IHARMNER, FHEDEEET —
e, BWAFEPEEZEBELLIX (Crossover) MEH, MK MRA
HE R — MR E 4L H DNA BinWr, FHai/a M8 4513 XA & TP R
FAMEIRRAEE, B, EHTEMN, oTaERAR/DA BSR4 R
Z4k, WTifE DNA RAEFEFMAER (Mutation) , A lFM R AR,

EYHARARERERARNEEMSHE E, EYkE FREN
X 5818 L BB ) AR R e AR SR RIITE R . BRAMNED#H
HR—ADNAEEAA SR, XA, £ YR AL A B i 5 &
RE, T, £yt EAR ER—FRALdE, EHEREELRS
HENBER X,

3.2 MEFIRREA R

3.2,1 EXxRME

81 Bk R AR A (5] A Y H A R U — M IE{H B3 (Fitness Fune-
tion), W—THENE (BN —REE) WRSFRFHETITE
i, BEEE . B, 22REH, KEENERE IO EAER B
BILME. RAEATLAHRIMT .

1. F&E—1TRmHE ,

BERER—METHEINHNITE, BEETHEU—TFHE
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BRZEHTER. —BRXABIWTESE— M 0HEMEE, BWTUE
FAH AR O7 B s — DRI R R B,

2. HIEN BN BiRAMMAEEEBEY ( Fitness Function)

TERAE B B b S R POCR RIEF B BN HAEFITER
ENEES, BONERE — A ERNE (Fitness Value) . & R (EE#E
HABEFISHE—FEEER. EERRNEXEEREETER
TR EERPEA LRERML B REPORBE. I THEBEE
KEHERSHEPHMERESHER, EREREPENEME R IR
fi, FEEEMEL T LREAEEB KB

3. REENENFRAREENRE

TEM A E P R e A A A R BR R 2 LA 3E R A K/ o E R HE 3
SRR FAT IR, MERKERERK, BMEBRERT RS ER
K Rz, MEGEREBEN, BNEEREART RO BERRBRD,
BB NERHBETERE, BESENMNERARFTORRE, XERE
BEANEENSBANESR,

4. ETREBRINBELERTFHA KD RAR

EE TG, 15800053 L8 55T 54~ P BT % DL FG 8 BP g A O 2 1 R
B A .

.22 MMREE

XBHBREEEPHHARERMERBENT, HAKKHBEARLRE
W72 S T A AT IS

1L fBMMEXN

MBEEHLEEHEN. BN MERE—-TRRAE, BTRAK
it I 2 1) B 00— A R o R A ob AN R B 0IR BRON R B R/ R R LR
( Population Size, Pop —Size), J5 X H ¥ NP R ER, FEAEEY
BRA-NATRER, —BKHE, SAREPHRAERSE, H
ERPRELEL A K S EUS B R MR, — MRy 100 ~1 000,
—EEREAT, BERERTERASREREHEXNTE, DR
T RABOR .

2. /M F % (Encoding Scheme)

GBI EREF LB (Gene Representation) , 7EHEIEH &
B, FEERRENME, BRaFREERBRN. FFUREESER
Ak B 1) S O SR LT HEAT R N, AR TE BB AR T RN, BN RAR
BT ERBORG, EMRBS R aETTRIGRERNENRERBERE
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B EEGE T, hRBREREMN L.

3. BEAF (Genetic Operator)

BIEE TR L (Crossover) FIZAER (Mutation), HEER FH
MTHE-RPERRNERSRE, BREFEAORE.

TRARBEENREREF, CRNXEAREEBTERE, A6
HROBUEFATHER. EXPEHEFRXNBENRAREK EREH
HWEFE— BN, B RN ABREESH, ATERENHNE R,
XM FENF o AERERE. BEREEMERAERKKERE ERR
FRAVEXZENER. PORRREERTHT X H 2 RERH*
Tl

RRHE (LA P,) EXHERP R4 0 ENRE SR
B, B, RENXXEHABERNMEEE, NWRMEILE
EREFE NS ERRSXERE, SRMZE R LB R
BEHRKBHIEE.

e RERAA B RBTABEILAEL, —MERENERITAR
i EESI RN, EREES S, ERAUREMBHETAS
HWEE, RERIXBEIBIERMNER, AHBREEFOHE. R
AR EHTERHERERATES.

FRE (ERHP,) EXNMBEPERERSERERRTFTRNE D
W, TREEHEFERSAMBOLILA, SERERMK, —EERSN
EFERAEU I ARE; B, NEANEHRRE, BABRRTESR
FAIGEL R TR, SRHERSREZNTENRRPEIN
BB

4. EERH

Ve R 595 W L A 214 AT e B v 8 R A R 1 R AR L A A T i Y o
B, FABRSHEFLAERR, EBEIREKATEYHMALEF
“EEAE, RELK HEE, FRTRBRERBREST AT
%,

5. §5 1M (Stopping Rule/Criterion)

— R PR B R s AR TR B Ay 45 Ak HE T

3.2.3 HZEiRIE

FHE# L Holland 934 GA BRI M RIKSEH, Holland By
A GARBEEMES3. 1 Fin.
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PRI

S =S ET D

N
T HEE R

B

n#®

=N

l

EER

I —

A3l #ERERER

HELIAIUNERREEETAPHENLRERE: (1) WHEM
B4 (2) W (3) BEREE; (4) BEEHE; (5) ®#F
ﬁlﬂﬁ (6) E=ikdEN, T EEN &5 BN EIHTAEUH

1. MIsaF BRI E

MR R REDL ™ £ R, ﬂﬁ%?iﬁﬁﬁ%?ﬁﬂﬁ% R
KRBT HENN T EROMITEERE. fln, 0-1 H5EKEE
PEETRUMT

BEPLF=4 £, U0, 1), H£>0.5, WMx, =1

ZHE<0.5, Mx =0

2. MW = it B 4R 5G
B Je T LLRIR N
X =(%,%,,",x,),1<isn

ik g —0ar, B« B—1RE, 8—MHOBERINE, n #K
Jfua K E, Holland WA GA R #HFHE, MEAHABEEK
B0, 1 ZHEER—TRAHK, Fin

X = (0110010)
BMADER—TREE, ZMEHREAEKEN =T,
“HRImEBER T T ZMENA
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(1) HHmE

n AW, XD, WERp, BRERF w, BEERA W, WA
RBYSREATE, FFEAPHY RN EMERK,

HEBWM TR
x=F,%A%&i

0, REAYM

(2) iR unIEE

UNEFERAMHBEK, —BARALRGTE, WRALHESR
o

(3) FBIRMEEE

¥5 IR A AR — A SR M R ML R () R, b THEX BRMT/RE—
—. BREFR (MER. YL, BEB) ME—liEIRE—6ITF
(MiEH, B, BH). ®RWi(i=1, 2, -, n) FRETHE(G=1,
2, o, on) PEE—ANHEBERA c,, BRI IR SR A
EEBD

0, 1 HBHEERx REXFHE S THENKRUT

x“:{l, BEWR i 9IRS AR S
Tolo, Hit

Z R RN . RIBERAH THR,

HEREMEA . ETOETE, BEMEEER K

3. EERY

WMEE AU, B EH%—BRE iR R Bk #1TRIT. HinRi
— BTN (), BERE—IERN F(x). NEWREE S (x) B
BEE B F(x) HIBHEARE (Scaling) . REFENMAMT.

st F3R HAR R/ MER R, Hit E REHEN—-1TRSH
B BAK H g Ak sk B AR s RE AL L, B

F(x) = —minf(x)

TRk BARRBEAENARE, YERREENEMEN, TR

HEREHBEEEEMETEmRY, B
F(x) = maxf(x)

4. HEEH

WIEZE, IXXMER, EREEENHEE, WEBLRZNM
Fo PEHMENFXXMERREELEHR,

(1) &&X

X EES, FRAREHREEREXMBR]ARZ L
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OB EER

BYERZ X R Holland B M B RERH —FpE X R, AFEES
WHBANME PR P, BENLEERE— 1A (Cutting) , ¥54] & B 45
EEFATR, BANN TR, WERBHFHEMME C R C,,
@ 3.2 s,

R WA
] 1
P, = Ali A, P C= Al! B,
P2= BIEBZ C2= B]iAz

3.2 BUAXUFERIL

XE, PR PR EE, CRCGHRITREGHK. B33
B—1TRENEUERT .

YIm s
] 1
P, = 001'101 C;= 001'001
S BARY :
] 1
P,= 101,001 C,= 101101

3.3 BUOAXXREE?2

BR, MEAMMERENZES M RBEMZE, BRE—TEEN
ZHT. MBRGEEKEN, MEAHBEREN (1, n-1],

By ARG R REEN, 32 A AR KB T B R BR
Wz, HARGBENKEEEBERZ R, EXRMATRARENZ
MR o

@MY R

tFRAEERRGEE P AP, EIBRATIR, ZBRETY)
AZERFE, WE 3.4 PR

1 1 ! !

Py= AIEBIECI —_ C1=A1':Bzi C
L[] 1 1

Py= Al Byl C, C,= A} B! C,

3.4 WPREREEL
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& 3.5 B— 1 BEBBETF
P, = 0011101110 } 00 C, = 0011! 10001 ! 00

PHBREX
————>

] ]
P,= 1001 10001 | 11 Cp= 1001} 01110 11

B35 RUREXREE?2

AEEHHMRERTLEEE, FARFAENBOE TR LRI EHS
TIRXEBE, BRE—-ITZXEMEP,, — BB -ITBERXOE, L
0.9,

(2) R

TREEMBEFRBERER P ARE TEEMCREHAE, X
FO-1 4Bk, REREME, ERELR LR FREEERR/HR
WAL, BT, ERER-BIZEN-THB/PNE, 5%
179

5. EFEER

BN EEER EE L% (Proportional Selection) i, REf%&E
AA g o AT B 1515 B A0 HE 3 N A B B R AR R P TR MR
ERERRB A, FAMNME, RHEERNERN F, FBEAERN NP,
WA B S B MR T LAR AR

P, = NpL (3.1)
2 F
BEEEMERS, RAKRLE (Roulette Wheel) RELIMBEFERAIE
é\
PP, =0 (3.2)
PP, = iPPj (3.3)

B NP R, BIRERN, B4 £, €U0, 1), [ PP, <
& <PP,, MIHEBEME i,

B 3.6 RYNP=10 Bf R EE. BIHREN N KADFFE M
B, 4rBI%tREARREBAE, B0 EEENAEEB RN 2ME
o TE B 2 R AT &5 AR, XEHAESE TR HE. BEEN
{8 B A BT L & 3 AR B0 AR BO R T, T 8 /0N 38 IO L AR 4k Xof Bz 3 38 /N IR
LANEE., BR, REENBEREENIE BT LOEERS RO
A RIE B o
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P,

E3.6 MEErsEE
ME 3.6 FRTLAE S|, P HEN AR, ERRRKNE, HR
B LMERILS, FRIEQR P, P RWEBREEENILS,
6. E1EEM
3 I 45 1 T U — R R R R I R T ik, BeRAREOR
#7°% NG (Number of Max Generation) ,

3.2.4 REESHWEEKER

EAWE AR E SR, EREEEPREENRARETHRS,
filE— A Y 5,k X 7 Al T R i) — A o 90— A T ALK A o B 280 SO0,
AT B3R R T T A 2k ) 4 A

X = (0110010)
Y5 10 0 A2 B 50 3o 7R AT DA R AR AN 3.7 R AR AR o

RElk P TFa R )
0110010 <« > 50
4ih%

3.7 fmiBAmmEE
BB BN, B R RS R kTR, B
a7 (] OB PR Y o T Y MR HEAT YRGS 5 R A M S AT o 208
i 7 454 25 ] R 25 6] 34T BR AR S A B0 () — > B AR R T AR
FEmAN S A g, GniE 3.8 B
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GRAG 2 ] a4
011001100 011000000
BEH

011110011 011110001
| wE
=
fe]

L
3

‘ w
R, WA LEE[ fﬁ?l‘ﬁ]]

B 3.8 4RTSZs 5 E R R R
A S 5 2 ] )8 28 [ ) ik S T R =R B O
(1) 1-1m5¢
(2) n-1BRE
(3) 1-nBRES
B, 1 -1 RS RREFHHG T .

3.2.5 HHESG

T & A — AR B R L R B R R T TAER .

1. B4 E

SR A LA T B B 249 SRAR Ak )
max f(x) =x> —60x" +900x + 100 (3.4)
xe [0, 30]

H 47 BB B — BT AN 3.9 BTom o

4500
4000}
3500
3000}

= 2500

= 2000}
1500
1000

500
0

05 10 15 20 25 30 35
X

B39 HiFEK
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2. BERSHT

HAEHRRTRREE N _HH BB REE, REEKKKER
WTHREEE, RLeEKENL RENEXEHR [, b], MED
WE COIERN

_b-a

(:_2“1 (3.5)
SFAFE, WRERGEBEENL, MATHEREBEKENT:

30-0_,

2L 1

MTMi# 3 L=5,

FrIABR Stk 5, BRI B EER,

T, ARSHFERSTREEOR, <

f'(x) =3x% —120x +900 =3(x —10) (x -30) =0
WA AR B AMREA: %, =10, x, =30,
HE f(x) W_BrFEH
f'(x) =6x -120

Yox, =10 B, f"(x) <0, FrLAMBRRMER

% o, =30 B, f"(x) >0, BrAAR/MES

3. bR

(1) PHPBRAHEE, WESK. BB NP =5, BB NG =
10, #HREfZ] e =0,

(2) HivriE RN, BPREIMT R KRBEEIEE NG,

(3) HEEMHE,

(4) BRREIELESE.

4. T HEB KT R

FEZ 3.1 hFIH TR A MMEF B REXITESER., RFHEX
FEBLWMTE:

j: Refalkims,

x5 AR X R B 1) R A AR

flx): Jetafkhi B BiRRBE, BWRIERME,

S. FEER A MEREN AR

fo FiEE R BTAT A B2 08 RLAE

P ik BEPHBER,



3.2 BEEHENELRRE

31
F31 MEHBEREXTHEER
j GG %, £(x) P, PP,
1 10011 19 2 399 0. 206 0.206
2 00101 s 3 225 0.277 0.483
3 11010 26 516 0. 044 0.527
4 10101 21 1 801 0. 155 0. 682
5 01110 14 3 684 0.317 0.999
S=3f(x) =11625, }:%:2 325, P, =f(;")

Filese ik AT IE e R, RIEW
RN RE (I8 B T SR B R, 2k
Pt B B P2 S8 an & 3. 10 Fros o

it ) e e B o Bk 2 A e € A
frigfeia BN, ZIGEHERMHEY) R
AR, AR SR AR R A A R R
fE. HXSBEEN

A XA P,=0.9
AREE. P_=0.02
A%z )G 15 2 B T FR B KA

HRERI|FTHI. 2 F,

B 3.10 HIMEFhEEHEAT R FE
BENERRER

£3.2 F—RFAHREXHHEER

P, P, Yl & BRE G %; f(x;)

1 2 4 N 10011 19 2 399

5 3 2 N 01010 10 4 100

5 2 3 N 01101 13 3 857

4 2 1 N 10101 21 1 801

3 5 4 N 00100 4 2 804
S=14 871, f=2 992
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5. MEGEGR

MERITHEER, ATUES

(1) #AFPBERE. FEDITE MR YEMEMN 2 325 K
#2992,

(2) PAOFFEREIGRASEIE, ML 1 At mmERE.

(3) “HF5R” BMEBPEMEL. WKL O I ik SIS RS EFR N 4
BAME, A S, &, T 1 FRREBR MR AZNME, S8R,
LR RGO BRAE R

Si: M2 KRB A

S;: W3NS H2A

KR MER B R AT U EE 3. | FRBEESEI,

faxy) +f(x;) +f(x,)

S 3 16 +1 80
f(f_l) _ 3 _2 3993+x52 3;5 801 o 6761  (3.6)
0.676 1 x3=2
) 2
S(x,) +f(x5)
f(;z) - ]% =3§23;§’2§84z1.435 8 (3.7)
1.485 8 x2=3

AL, SFSRA PR B A8 AL 2 ey O O (B 7 M R R BT o BB
EW. X—HESERFAEEEFHAE,

WA, FEAURIER, WM E T kBT LA BUF LRI R

(1) BEYLESE

BEHL=E £, e UCO, 1), B (Int(§, xAP) +1) e [1, 5], XH,
Int #REBEZE, B, TUA (Int(§, x NP) +1) REHENE,

(2) Heflk#

BEHL= £, e U0, 1), % PP, <¢, <PP B, EHFTE

(3) A AT &) % R L

3.3 B i

AR (Schema Theory) 2 Holland 76 R JIBFIT 3R i fy, Xt
EEEEEREASEEE Y. MEEARETFAEF U Holand 1
BABERE, T Y ERAFHBR (Schema) HBEE
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3.3.1 EEpER

EX3.3.1: BAREET OB EM, HMAAHEHN— B MEE
MR, A SkER,

RE—ftE, U_HHEEHHE, MEER HFRHEV= {0,
1} PR ARN— I FREHE, MEERB=ZHEFTHEV, = |0,
1, | FHTERARMFERFSH, K, “»7 RAERF, BB
DA R 1, dunl DA MS/ER 0, W 3.2.5 WHRBIMPEIENIK S,
S, MR PR

S0 0% x % %

S, L % & %

HT SHEAR AT E B R, TS AR B K B By 2 B

A~

WL o

BN 3.3.2: EARMKE I(S) EXHERPAEDEHE —ITHE
fERE—- T HELZBRKE.

FEX 3.3.3; BEMGEK(S) & XCHBR ST &H B E &R
UM @

BB S R: *1+1%0x »
WI(S) =4, K(S) =3,

St F— e 4R gk AR, I LR B S, 70 S,

S, 0% % % %

S,: 1% x % %
B, FLUT T RRR

S;: o x x 0% * % %

MFEMNRE - REERM, IMEKXRE - THHEEEN,
HEERE - ITHREEBAM, FUREEMNHKEN L.

M E R B TR LB, AR B9 R R DA R B M R B AR A
S ENi eI

TSR — e X TR SR R

(1) n EHBBBKEN n -1, flm, ¥ TFHEMRS: 11011,
I(S) =4,

(2) B¥ch K(S) MBEtR, B S Rr Mk Escy 2,

(3) MF—4 n W HRE, RAKKENI R, B

B > MR KK

Bp
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SRITER > MEBK
EAER TG —CRBER IR0, 13E «, FTUEHRSECH3",
A~ — A HAERL 0 8B 1, FrbA-MABEECH 27,

3.3.2 #MEEig

FIATERNBESZE, BEREOREHLIRTUAEHREED
HE, RXMEREE, RAKIRBFERNIE. RRERERE
AREE, XNTREABEMERMEROERZ B, SRARKE
FHEHETMT . BRELH =SB EEBEMR, HHEXER
BREBEHBEAEAEX -IRTHIN,

Sl 3.3.1. HELEET, KRS %+ 1 RBWPENEECH

E(S,t+1) =f(8,t)N(S,t) (3.8)
He, (S, 1) BE A SERPFAETENEMNEYESHEFFRA
AR EREBERLL. NS, ¢) BE RRT S ERNMEE,

i, 325, FTFS, (0% % x +), &

f(S,,t) =1.485 8 ,N(S,,t) =2, E(S,,t+1) =1.485 8 x2=3,

iERA :

b B o B A A 1R 14 35 1O (E F
Sum = .NZF"
WA~ i g R N
F,
P, = 4
Sk

W NS, K SHEAMERE, HNS=N(S, t), TihHEHERENZE
iRl
Fs: b SERH B PTAEMEREREYHE;
F o RFhREep BT A A R HE B E
A
E(S,t+1) =(P, +P, +++ +Pys) xN

=F1 +F, 4 +F"SxN

Sum
F, +F,+ +F
N(S,t)

Sum

N

" < N(S,t)
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f:xN(S t)

&‘\

=f(S,t) xN(S,t) (3.9)

IEEE,

AR, $FH S (BEKAS,:) >1) PRHMEBAEREGEEPTRR
WgKK, HE, UHIEHTEEEBRZEXMERRIE, MEXHER
R AR, BT, EMR—-MERPH N EREZXMERHAR
B IR B Al BB .

TR AR RENREE LRSI 3.3.2 W48,

SIFE3.3.2: s RLIBEERPMEX, HKENHI(S) HBKR S+
R, MRS ¢ +1 fﬁﬂ“ﬁ’l‘ﬁi%ﬂa SHAMEMBERTRA

(S)

P(S,t+1)=1-—"22(1 - P(S,1))

He, P(S, 1) f?%tﬁjﬂﬁi%s%m$o
LR ;
XS S HWHEREWT :
O#4T T XX #etE, EEH P,

ORXRERBR S, BEH "=

®Eﬁ{% PZZ:E:P S, ﬁ&jﬂ 1 —P(S, t)o
BrLABEMR S RAEBUEM B KRN
Pl(S)

l(S)

(1-P(S, t)) (3.10)

ZBEK&YEEPEI%EZQEXUJ‘K)E?&’& S, HEXXGHRE TER
SHES, B (3.10) NER S RAREHBKRMER, L, Bk
S RRHEBUE B/ RN

Pl(s) (1-P(S, t)) (3.11)

HEEE
P #ARAEEMTER T RANBEERETIE3 3.3 4R,
511 3.3.3. HFE  RUME P MER, ¥T—-ITBEHKES) B
AR S SRR, NIZESS ¢+ 1 RUE S MR T AN
P(S,t+1)=1-P_-K(S) (3.12)
iEBA : k
TR S, M K(S) =18t, FEBEAFOEER/1-P,
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M K(S) > 18, FUBIReBgEYy
(1-P )"

BRERHRITANE T, N

1-P_-K(S)
ve:)
P(S,t+1) =(1 -P )" =1-P_ « K(S)

IEEE,

Wit FE 3 ASIE, BRI TEE. EXAERFBRESERKE R,
Mk, ATLEARATEHNEEHE,

TEE (MEEE): £ RUEEP AP MEXMERN, KE
HIS), Brh K(S), BREHMEENRAS, ) MBR S EH e +1 48
AN BM TR A
PI(S)

E(S,0+1)=[1 -1 - P(s, 0) ~K(S)PJA(S,)N(S,0)

(3.13)

mR

Pl(S) -

f(S, )>[1— (1-P(S,t)) - K(S)P] (3.14)

M ECS, t) B H‘Jigf]ﬂﬁﬁi%ﬂ[lo

IERA -

BMEBEE MBELSRE. SXAMERRE, SEX=1#
YerydtRER, BaI®3.3.1, 3IE3.3.2 MTHE3.3.3 7%, EH:+
1B THR S HLaEHRN

PLS) (1 p(5.0) ] (1 = PL - K(IAS,ON(S,0

E(St+l)>[1—

Pl(S)

2[1—

IEEE

(1-P(S,t)) —-K(S)P, ]f(s tYN(S,t)

3.4 HHEHEE

HMEARTREERNEARFHE, 32 Holland (3% GA HHIH
B T B R RS, R, S AR, #EHEERT
ERFMBHEMEE. SHREREBEAFTREENRT, EFTF,
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KWEEMAREHEENEALRIE AN R SER; REEHmEER
R g, BIARMARER L B iR RAGRIE, #ERREEEXE
T BHR TR

341 ®WBHE

XERAART O -1 HEZIIWEM=FEEHRBFIE,
1. i FF 4% 75
FREEA 18 0 WERYCESRD, KMHRBARKFESR, B
x,el, 2, -, n, HYizjl, x#x, MHRAEBREED. AlWTH
R PMREEKER =7 BT R
X=(23154176)
SHFETARTHRTHEENE, WyFESH (1, 2, -, 71, W
LRRHEA LR R NI ERI PR
BHEFEEETZHEHATE, WA, R RS EY
BAESAE, B, £FEALEY, BExEABERNE, MEEMSH
SR JE B 5 15 A0 U] B0 1 R o 9% M KL A0 4 T R 0 B A R B O B ek A AR
W T A GRS B — A B R E SR D
X=(2215476)
BEX FERBRHERTFANEEOMERSE, SR TIFRERN,
2. LMHRE
St FREE X =(x,, x,, -, %, -, x,), |<isn, x,eR, RAH
SR, MARZEREENTRSE. LERBAEEES. ETAZENH
WR, ZEARNER, BHNEATIMAARE, BRERAHERENK
FRAE,
3. BN 4w
TRk X = (x,, %, =, %, v, %), 1<x,<n, o, B8 i L
EENEARE, NRZLECEVERED, BR, BRREBHARA
FRBEEBAET LR . B0
X=(3212345)
FYe e TIPSR RRRAER, WX FEEmESKYE, 2
BB,
EBSIL T LLE R TH S GERA . BHE GRS R, 6
%t F 6 T H KK SRR, S EH R SRR
n,=5, n,=6, n,=7, n,=8, n;=2, ng=7

I AT BE R — 5 5 R 45



38 FIW WMENT

X=(224517)
3.4.2 BIRBHEAPHEE

ERFZENIETSBIA G ENHG, LINE 3. 11 FR IR
Fas, 2XXE, RREEBAGE,

1 1 1 1
P1=21:345:67 Cl=21:125:67
"omEAER ' '

1 ] (] [
P,=431125,76 C&=43:345§76

311 WMFEEEXFERSERD

XFXMEN, BN RE: EEAREBE. MREAEAK
W, MAREEREREPUARGERLHELAMR/D, MREREE
g, A BEERAEFERIANES.

THERRSFHLWBE R, RE EEOMBEEL,

1. iFRBEEEEER

BAERABUAX FF RSP A S EHERBFTEE. RESBAREG
BB REE, AT LS 38 X A8 s AR R s A R .

(1) XX BEXE

XENA=FFIENZXBERE . BPRFZX . BUFREXHE
B,

O BH X (PMX)

R4y M &t 38 X (Partially Mapped Crossover, PMX) RN EE
BERMERERMNY AR50 IEE M. L PMX GF NI AR
XAEERBRF. PMX WS BRUNT .

a. mUAX, Y;

b, Z#PEIF T ;

c. MEBHRER;

d HREBBBRSGXRKE SN,

PLEATRADAE3 12 %58, mRERR#TEERE, BATFRCF
WHBAMEL, 2HESE, FEHERMES, 4; WFR CHRERIAME
3, aESE, FAERMMEL, 2, HEHREWHHERE, EENME
B, MTBRHTFRERAE,
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X Y X Y
P 21:345:67 :> I1 '
= —4125F—
P2=43{125I76 ——1'345}——

X Y CBRERER

I I
C=431125]67 C.:‘ 3-1

: I 4-2
C2=21|345|76 5-5

E312 PMXEZERER

@WFREX (0X)

WP A2 X (Order Crossover,

PMX WA, OX WA RAT :
a ‘WA X, Y;
. 3P EE A

o

e

0X) FILEMEFAARBERERFH

MEZARY BEE N EERIIHFIT, ZECHFER;

d ANBE-TURYEE-MIER, BREBOITEREINFEA
AEABRATLAAE 3. 13 kM. 5 PMX FBRWERITL, A
LIED, OX HAETHERTARBBREXER.

C2=12=345 I76

X Y X Y
P, 21;345=67 :> —:125|+—
l= 1] 1] - ) 1] -
P2=43l125l76 ——{345}——
X Y F A
| |
C=341125167 <::l 6721345
7643125

H3.13 OXERTREAE
OX HIFHMMBRBTHPXR, BEXR, WET TSP AENTE,

fHREAGR B ALEHRFE
QEFEX (CX)
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EFHFZ X (Cycle Crossover, CX) MIEATERFHRAE FHESL
MEXLFHEEME EREHE. CXOREERNT

a. %P WE—-TTLEENCHE—N; B P,HE—-ITRENR
Cz%%*ﬁ[‘.;

b. £ P PR P,HNE—-ITTERS CHMNLE HEHIR,
HE P, B PHE—~ITRENE, WAE—DIER;

c. WEEAMEEEP, ., PL,EAFRHERENERT LR,

d EXUEAR, BEIFEMETR.

DA BERT LR B 3. 14 SRR

P=245389617 2__3__6
P=398654271 E:> 3__6__2 _
iR 1: 2-3-6 TEF2: 94
2953846 __ 29 _3_46__
3486592 _ K| 34 6 952 _
PEF4: 7-1 Pa&H3: 5-8
C=295384671
C-348659217

314 CXEBEREH

5 OX % AARR, CX St & T AERIE, EGHRFE; T
OX i T MR 8 T H4B X R EE & TSP W&

(2) BERBEKE

XEAN AT EENTRBE R, RAUERMBAESR.

O3 5

B B RV TER Gk EERFAMIE, KRERME, W
& 3.15 e,

ﬁﬂﬁﬁﬁ?&ﬁ BN

by

2134567 [::i:> 2164537

E3.15 #uBERrEE
OB MERF
BRREEEE-MEE, HEBHDRAE, WE3.16 FiR,
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ERER —MLE BEBET

2134567 [ > 4213567

B3.16 BUTERABRHE
2. XMABHYSEHEEE
THRERALHME X = (2, %, =, %, =, %), |<i<n,
%, €R, RFRBOPEMA, 7T HECI ZHHRENZ XM R
fE, Al DIE RSk R 15 3R4E, THRANS.
(1) Z&X
OL 5911538
HAM PR RE RN FENERREHTRE, BREFAHE
BYEZEN, 2RFN
P X=(x,, x,, ***, %,)
Py: Y=(y1, ¥, "5 %)
BEDLEESE k 1 X, MATFR R AME 3. 17 FiRMRER.

A
PI: X=(x17 Xy "0 Xy Exh+l? ) xn)
H

P,: Y=(71y Yas s Vs b Yawrs T yn)

Ci: X=(x;, x,, {}x“;ym, T Ya)
Coi Y=(%1, ¥ar s Yer | Boors =0 %)
B 317 LERBRDEATLREE
@Y ZEXL
SREEHTE AL S BY AR XKL, BILEEFRAY A E,
[, ZHhEERey, TERRANE3 18 FIRKRER.
MR WA

Pi: X=(%, %, =, %, TS KRR Xyt Frers T x,)

Pz'. Y=(y;5 Yas s Yus aykna Yo H Yiers "% yn)

y

Cl: X=(xl’ Xyy Uy Xy, ; Yiets s Yi» ; Xpers xn)
CZ: Yz(yl’ Yas s Yio» gle_l, vy X, IEJ’,,I, ey yn)
B 3.18 LEAHRYRAXIREE
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MBLBHEDHET AL, ERAFENTREREGEWN
%, HE, M TFRBEHERE#HTENARE NN AXLGEEER
WA fT R, BT R RAKRBRERNBZEREEA ENE
M T A E RN R. 5 # R REE AR B EL R L
TRAERBES FBMMARATFTHE ., T m SR B 4 50 B 1 0 4l
BT, WE 3.19 iR,

TH

0

319 LHEAVBRVAXXEBRATHREE
E3.19 bR IFBEHTITR, WIOIXRREHDHH:
P.(1, HFP,(5, 1), Y EAXXEBIWITFAA: € (1, 1) A
C,(5, 3), T CARAITHE.
@AERXX
BT ERLEE AR X REFBOBOATITE, TUEASAE
X, IHEEHEFFESBVTOHRBIL, X TICE
P: X= (x,, %, ***, %,)
Py: Y= (51, %2y =5 %)
M AR R R B Y R AT I T R
Z =oaX+ (1-a) Y
Z,= (l1-a) X+aY

Rp
ax, + (1 —a)y, (1-a)x +ay,
ax, + (1 —a)y, (1-a)x, +ay,
1T . »Z, =
ax, + (1 -a)y, (1-a)x, +ay,
XE, >0,

HHRENOE, WATHEEEURE. B8, XFMXIRER
SEMBNSEERT, EERAERTECENRERERE, B
3.20 BXA RN —NRER. X, M XBAREX, BT «>0, LA
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AW FRBEE X XL T X, M X, ZEMKE L. R XA X #
FRIBRG TN R X, AT XM X2 KB $KFhEg
SERAT AR R SURAE , IRAR R IMAHTEN , BRREGKFES
AR X S 0 R SR /D o

X X,

X; X)) /’

X X} X, %,
A3.20 (AR XA ERCER S

(2) &R

OhLE % 57

THH B ak, RUEREBAEO, 1 HpkE, MEHED
Mk, HAEMUE—-EHEREL, X FEEREHREHE X =
(%), %y 0y 5,0, NEEFRAERBEEPESR AL« (1<k<n), 3t
HiFfTm TR

x =%, +8&
MAERGEHREER: Z=(x, 5, =, 5, =, %)

XE, sHIEREK, NE—CHEHNBENSE, REE R
Hx, B ETHR, —BBRERBNAFIERFE. 6 FTLURAY TN,
BRABRESIHE

Q1 B B 7 WA

St F E R BT S B0 IR, ST R B i B 8 A o T LA i A BE O ) AR
Fo

T BAAL R, LKA ERRE

Z=X+ VfAX) -«

aclU(0, a)

He, VAX) REWRREE X LHBE
X FE®/MMEEE, FTLCRAMTERRE:
Z=X~-VAX) -«

aelU(0, a)

4 B R R AR ET R T REE SRR, B
DMERE., B, RAKHHROUTHEELTETRSE, SEMHENE
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FEVERE .
3.4.3 EESBHRE

1. IREMBE®
FEBERNERFERHEPNE TIRERE BiR R o EER .
AR E R M e AR, AT BB 65 B B 48 (8 RS B A P i A~ 44
HHEKE, BIREX FR/AMEME, 05508 555 6 B s ok i
HES, EEMERTEERKSREB BT, Bk LBRERNIRET
AH
F(x) = —min f(x)
B b p B R AL R RE, T SEBLIE k% . X AT LAE SR E SR
—MHEE,
RTHIARENE-ABN, BENMBARLENNRS,
(1) wEENHES
HEEAREERBERE ., BRI REEPHEEZE, MRENE
K, WIFREEEET K.
Blin. HAREERRNG— DB, HERREES AN
f, =1010
£, =1 008
£, =1002
f, =1005
£, =1015
W, &4 Yo iR Bk R

BREXRSELE S, BT HIFRHZEMGENZHRAD, FUE
o o o P R BIR /DN, BIRBREN/D, XBFERERERIE
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RIBEB T, FrABEX B AR MEGHITIRE, RFEVEEES ., XRE
XtEERBHTHRENE BN, MTFULEAF, TRHTWTR
RE :

F=f-1000
B8 3 5 035 0859 50
F, =f, -1 000 = 10
F,=f,-1000=8
F,=f,—1000=2
F,=f, -1000=5
F,=f, ~1000 =15
PriE JE & R E PR B R
. _Fi 10
PI—S,—Z(—)—O.ZS
, F, 8
PZ—F—E—O.Z
’ F3 2
P3_§—E_0'05
' F4 5
Py =5t =55=0.125
, Fs 15
Py = =45 =0.375

BRWRERE, SR OEABE SRR E S BB, BEEE
SIWKT . B EEOFFRUED, EERENEET AW EEE
FH RN . T @ LA R D W K/ RES S AL B P R ER M
IR AT

(2) RBER. JTHRRSEREHXRR

B RN R REHTER, BATRAEY . BEX
WM, T BEREATKERNER, FERIVRGFHBFENR
B, BR, REERA BEREREAETH—TE, REERK
BRBAGRARKE, REE T BERNSSIBERFZBIF R —
MURBFRNBENZEN L EEEE R, HPEFRERERST 5
BENTE.

— B, BEFREFGHNMZER BRER, FERBRDIY
PR A REH; HMEEAWHT, BPRETRHBER, BdERK
REEEEESIRER
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2. EEBRERE
TEMELAHEEREERE T
(1) REARE
RYIRERRANTHIRE B

F=af+b

Heb, FHBRHER, FAREENEHERR. 2%« b ERERH

By 150 B AT 8 5E o
D& K AL
St F B AT E max f(2), AL a=1, b= —f,, +£, WEMHER

¥k

F=f(%) ~fua +£
Heb, ¢ B—AR/NOE, HORERHBETFRENMENRAE EHEON
£, WA BB,
Q& /ML R E
%t F B/ MEFE min f(x), A4S a= -1, b=f,, +& MEMERA
BH
Fz= —f(%) +fon +£
B, ¢ thB—ABMNE, REXSBRALRERKZEMER,
(2) BHELERE
SRR TR 0 S B B B A IR B B I T AR L R B T B SR
FE. ISRNRTEERE AN —MEEFRET R, TUREWT:
F=a'f+b*

Hod, FAR kYRR, RUSRRMESRKER ST ELE,
DB kAL &
StFRKAME, W4 o =1, b= -f, +&, WEERYCH

F:f—f::in +§k

Heh, ff REERMB/DEFERRE; & 2 TRAAHE, BRSK

BiRERR e R, RERBPRENNMEDRE -AAEENNS,

AT IR B B B aEtE, BNBRENMEHEJEMEY 0, HAWKREMR

R, & RKBEE kA KT, ¢ TURBMTREEY

o

£=M

g=g"r

re[0.9,0.999]
Y MR - T LSEEN £ IR
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Q& /ML E
Xt FE/MEFE min f(x), WA a= -1, b=fr +£&, NEMHEE
i8]
F=-f+fi, +&

Hi, & BRI RDOE, HEXSRKRMAE D EEMER.
@& X T ¥R w8k E g tE A
ERBIARBRET REES, MFR M REFERNE, 6558

BREER, REPRASEYE,; MRMBERAS, FHEKaE, mE

3.21 FR 7o

Ek

B 3.21 ®BEOKET
EEEFHBITHNE, FEEEENR/D, FU L BERK,
BARRA KR I REZER L, BIFBEANEY, FEEEES
BA, bk & BUES /N, AR ARG EEEREMEE LA, FHRER
Pk BB,
(3) HREITRE
AR ER RN T M EIT R
F=f
Ho, o TLAHRETERELES .
a>1 B, BEEEIMAK;
a <1 Bf, EEETEA
Yoo BIET O, BARKRIEIER. FERERLKBERNG,
B4 R AR R EEA
(4) Xt Hhsre
St ¥R LR TS/ B R ER 2R . H—-BIEXN
Fzalnf+b
SH o 7 b AREEARBTE . SIS FB/MEEEE, 7T RLAKE
BH
F=-Ilnf+b
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FH, b>In(f,..)o
(5) BEPTE
BB ENIEREY KBRRBEMES, H—BREAN
F=ae¥+¢c
B a. b c BRI RAERBE o

(6) HOHAR

FHEOBARNEEITE FEWNT .

F=af-f, |
K, wBEOXA; f, 2w PR/ BEAME; w B R/DATELBCY
2~10,

MBEXXTUEFD, EFRLEFAOZERBE-MISITSKERET
%, BEARNARRKICIZIATEERESR, TR TEHR L8
o

(7) EHfLEAR

ERLBARGER RS fFB (0, 1) XiE, MilEgRask,
ERLFE AR E RSB REREER . X TRARMARE, I5E
p:3- 3 Y

f=Suin T
B =t
He, re(0, 1), ERFEMETHAK
F=a'f+b"
HITTWTFRE:
k 1 v ~Sam T

a =

Pl Ay
St F B /MR ISREI T :
fu —f4r

F =fmax _fmin +r

3.4.4 TR

MR AR EBEMRER—RIETH, BEERIIR,
WREME., TEMNBREERGEECRIETERE. X, FAZH
PRT, AHtEENNMEEET

1. RETERE

HEEBFHE TAME, B8 —1F6 UTKESEHRE, N¥FSE
MR8 NP/TAEENL &
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Blan: NP =100, T =50, BBAH] SO MREAEG N HERERERN
1750, BAREg TS EP K,

BAR, XA EE R EE BB A SN EMNHEF L

2. Rk

(1) AP EFENER

OB HF NP A4 K

@& BT MEWEREBREY ¢, MWB MM ERBERBEES

p() =q(1-¢)""
NP — = 1

I -9

@mTF qu(l—q)*1 =1, 2 NP B,

Zﬂl—wH<l,ﬁugﬂﬁﬁfﬁﬂﬁ$ﬂﬁﬁﬁ—koé

p;=q(1-q)", Hig=

(2) MG EE B R
WP S T S R AR A B AT, AU ERERG
rHE, JFERBEATE; R SREEEREREL, SBERKHN
BT S BREEESIAREN,
(3) —HEHAT
P NMEERNT
No.1-p, =¢=0.1
No. 2—p, =q(1 —¢) =0.09
No.3—p, =¢(1 -¢)* =0.081

q
1-(1-¢)"

S No. =1
WY LR AR R AT, &
PPy =Py
PPy =p1 tp2
Pps =Py tP, TPy

PPy =PPi_1 *+Pu

BEHL= 4 £, € UCO, 1), ¥ PP, <g, <PP B, BENE

3. ELbiEHEF

Bk E 3.2.3 bR, BRERRERAEREREZE
BT, S SRERFE Y REBES, XA ERERILR TAMHYN
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ik 8
3.4.5 FibEM

EEABEBET, MBT —BCR AR RREE N % w18
W, FHFEREST, EREFINER. BATHRERARRZHEED
ZUR, AT BETER RS B R, 3B T AR IR B Y i R
HE, BIRPRECRE R A —BOR AN R T BRI, EHROITER
R B S E R AFRA I, TERIEAR

F
F

Hh, FRFBEPITE KIS AT E; F.. 008 RS N E
BB KE. 4 ERMWFAIET 1B, YR BEM ., AR AT LI A
AR

|\F, -Fl<e
SIF,-Fl<e
(2 B bR W ML — B M T R BRI, BT LA A

3.4.6 BEEERE

BEEEDPHIERERERERE. XXHMER, BENXHEIER
BT, BAFE B ABEEYHEAMBENIERETREERR
Ve, REWIKEE T, B, BIPIERIE (Inversion Operation) . B
#:4 (Dominance Operation) , A #/E (Niche Operation) . T HEIE
( Migration Operation) , #EH|[X 4 (Sexual Differentiation) &, XEERE
BENTIREREEEREHRPERIFESEHNAE,

X ERERRTRAM G, BRiNANS, RERNERES
HREALRENL, BEHETHE—SHPIE. TEXRSBHPERMEX
BT BLRERBERE.

1. EGRE

13 3 4R R DU B e i b AN R ) B R RS, W
TR — A F ek, fRENREIBIT:

(1) feR bl EMNERZEWALE N EIALN;

(2) DAMEGIAER PR BB A Z ERER

B 3,22 Bxt Tk g S 0 B G iR AT B BRI — R B .
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- ﬁ?ﬁ @?ﬁ — | |
=101,10110; 10=———=> B=101,01101;10
B 3.22 BVBREREE
MARREEBREGE, BATLELEESEOEIMRE, WHE 3.23 57
No
EfrR  EAAR ERLR EIER
A=101i10110;100 iooo11!0110

ﬂmm&w

B=101i01101 !100 E 11000 i 0110
B3.23 ZEELBERER

BRI R R A R fL, WM TFRERRKNREAS
AREMEY, BENXXBEERASBEBXFER,

ZHHHEL T AERETOTEE. ZENMBELSHAERM
HXEHN, RTEEHMERFABEMNIIEE., XMEBEN TEIARE
AR RATERE, inedtided, SMEENCERTEES, H
REBEHEHFEMEANEE ALY, PEENIESCERMHELM
S, PR, ANEERERNDBESEMETMESE, XaTLLEFgm
B 3.24 iR aEny RBERRER.

b BIRLA
123456 =789<—§12|E‘J{§ZE

A=10 : 1101 hm«——ﬁlﬂ&%‘z{ﬁ

B3.24 REEHTRERX
EREEANTBERY, E-TREANNE (REANER
®), BoATREENMME, 8324 FRUEHTEMRIEZE, W
BENE 3. 25 FR HH B E.

B SR  BINE
12 ', 6543 :789<—§E|B‘Jﬁ£§

! |
B=10}1011 [101 =— HFEFH

B 3.25 PelkyRERNGEGCRESRE

My BRERMEMERESERTUED, EROELESEINEERS
BB (EAR) MHxX, RFRSTUERFTHERNEN. X,
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SFTRER, BAMEMBRERAISNROARNEDERELW,

B RIERS BN YA EFTRE, SHEPWBRELS TR H
. BIFES, XEAHER,

2, BERE

BHBEZEENARR I REBEN _FHRIAREE. BRARHH
BAYKMRAEERERNREAFEE, TREIEPHIRCEERFTERE
() fEEREEEK, B _FERESERIMREERAN &, W
AR ERE 23 X o F AR —FHERNERER. —FiksHn
PEANAEFAAFEHEEMBHEEEZ S, XEREERFEMEAFEIEN
ERMATRAUMRE: EEITEEEL, YHIRAERABEANERZ
— R B AR, W% E AR FR B MNYHENFEREE
fRep xR e B e, ZEEMERA R R, ZFEiD
ZTURMARNERERERAS . BHRET -HET, BERIPIHEL
MERAZAEEREENBENR,

RN A EXETICIZENMBERENESEE, BIEFET
TR REREESRRANSHAE THEARRANRLRE, 5
FREFBNFSBALRE; J5HMEREEREILESE T EMEASRBT
e, TSR R AR —RBERE AN EHFTRE, NTIREEZE
BME, RIFTFHFEF.

X B4 28 Holland FR M9 B K B LS ik, XM ES,
BMAREEMFEFEN (0,1, 1], KPP 1 RHENL, 1 ABHEN 1,
Hpts X RME 3.26 Fix.

0 1, 1

0l0 |0 |1

,{0]1 1

1|1 ]]1

B 3.26 SRR MBS Y
HRACHENBREEEENSEAREREESHMEMNET .
(1) BHEHRGEERL, FUREYR 6K EOHEET X RE.
(2) ZERBEZBRAEER,
(3) StREEFTEX . TRBEREHRTBHERE,
EFBHRENTFHEREFRAENEYBRIAAEREENL, &S
9 Euig i — R
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3.4.7 HRWLE

YW th 4L (Constrained Optimization) EA+EEHFZLHM () &
EXARWERRIEEE, RAMNELRPBIRLHEEAR PE
o ﬁ‘&%ﬁﬁ]‘u%ﬁ%ﬁ

min  f(x)
s.t. g(x)<0O
h(x) =0

Hp, xRhax1 mE; ghmBERBER; h FIERBRE; fAR
B
AEAWRE (TR) A
S={x| g(x) <0, h(x) =0}

— B AR BB R X B R AR KR, BT HEZRME, bk
HigtR AR ERMATEEERIEE, BERSI THREHAE
BARS, FREBORBETE, BERERAP—MERANF L.

ATERERCANBEREEE STFEATITHRAENEE, Hitk
MEARN FREBRBRARMABBEIEREE., —BRHE, T
AR L EARNITES A UTILE,

1. JELEIRBE

g R RP =AE N R ATR, XRBEREEL
HARRBHEMADRENEREOFT L. YAITRAELXIN, R
R B — PR

2. [EEREE

BEEREESLIBPEBARITRE, BHEBEAITIT®, MT
REAGIALREMBEEEIERANAS, HEWTRPEREMBFSFLE,

3. ETIRER

ETIR e R AR BT EYRE—ROFX, BELXAAFTHEN
FETI R AR R A AR, X TARNERAEEBR
BB P EINETI, XMBERIE YHET R, HREETRERITA
BN AR ES HR BRI

4. 5% A9 Y% 58 A il 1 R R

AT LS P BR O R A SRR, FERIBET R A H BAREE, 7EHS
P A R R AT S AR R R ik, A T RS BRIE R UIR RS
Frik, hEASRNBERR, FERERERRAKNIARITT.

FEAFEY 3. 5. 1 5 SR LU 49 [ B 4 451 13 40 56 B L 7R fife o 249 SR 1) B
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T
3.4.83 ZHEFEMLE

REMEFMEBFPAMNEFBRAFEN BipBE—1, HEARE
AL EEFER, MXEARMBRXEEEHEINREN, XRELH
#rlidb (Multiobjective Optimization) [RIEE. BA p I~ HAr#E BHixl &
A — BB S AT AR R A

min f(x) =min[f,(x), £,(x),-, f,(x)]

s.t. g(x) =<0
h(x) =<0
XExRnax1 W, ghmBERmBRE, h HIERNBRER, fH

p ERMEBE R,
AiCARE (J1T8) N
S={x1| g(x)<0,h(x) =0}

EREHELT, T EFERETREEMRY ., XREBRLZ B
WAL BRI — N RB R, EABnEREAN&EL, HZ,
A PAFETE X RE IR . St — AN BRILA BAR R BRI BB — 2B R4k, X
B REBARETEL, XRMBRRZAELRILE.

EX3.4.1 (EEM): TFATEPF—IBF 2", WRBRAT -4
HrxeSHEfx)<f(x"), Wx"HKIELH.

ELRUHRAE W, R Pareto BLM# (Pareto Optimal) . FEHMFEH
B, ZEAfTEPERAD - MELEFELF., REH, RAB-ATIT#
x, FEL(x) = (x), LN HWE-TEFRBAL f(x7) =
(filx®) =, £,(x)) WM B#HRE, 3tE f(x) ELHE-NTEREE
b f(x") HOAERL BARMELT .

— LA —1, ELBHESHRIELHEE, HX XX,
LMK R RKNEXRERHNE. AAAEXRARIER
% B ArE R IE S B AR B iR

BEBEEREREHENATHRE BRRE, BIEEEMHE
A E S PRAEMRE, hEL RSN, #ERERIN—
A~ AR AT AR 4 24 B AR RUE R B R RERLE, BPERIE
SHLE . EARAHEFBEUREL T ILM,

1. MR HGE

REAMBERIFMEENEERER>ET R, MAREAFRE
REE B RN Rk, MTFhq TEHRWSERE, ST R%E
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FEARE—NER, EEHE R, BREBHFERREA - BiF, BRE
R B ARk b T — R — a1k,

2. MEMA &

RABENEN BRI ENENR SN EB A S AL —-BirR
B, AFESCENNERTLLLRZ . NEREETEREE: BE
WEHE; BIEFE; ENENETNESE.

3. EF Pareto By 5%

B W ETF Pareto () H ¥ : Pareto HE )5 fil Pareto 355+, Pareto T
HEFF B 38 BB 2 L 5 i e A BB X BT Pareto & 2 L A R 1 &2 il HE 32,
EFEGHEIINTEELR:

(1) ET Pareto HEF X R RERAT K,

(2) WBHF XA RS B IE MR,

Pareto 24 7 sk PR A T /NESE Pareto #:8%, MARIEIE R
HEFp 8k, /N4 3B Pareto $5 B2 B A B /N B B E B Pareto B 18
E

4. ZhAZE

ZH T ERESEMERNERRHE SREBRANME. VTR
AR ERAE S A R, AT DA S B SR MR Al p A AR S
BB A A I HAR A

5. BREAYAFE

BT B R T HE I3 B 4 B Bk A MM R e . Rk
HEN. RES—-HAEEGRATHBEHF, REREEMEAEGHARKNE
WA, BESCHEBEETEF, NR#ETTE, MRESABLES
AN EBME, ML EHTHER . RERANRT B &ENELEE
{8 B 47 A A 19 3 B E 43 B o

FRAERM ZEALEITBEN— R, EERASEIR
[25], MTHRFFABSTUBEBFHESE K.

3.5 M % B

AN RBRIEEBEN—BNHEM FTEAFZDLMNBHFFERE:
R, B/ R E A R IE IR A, AR — SRS A R AR
Lol BHASBE S P K e pk W . R R, FERRHBERRM
FIRAL AL T ; ¥ TR/ MR 8, FBRUREEE T8 5D
FE TR EEY; Mg R RN R K R4 2 A LR 2
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FEOREFTEEEAFCLHREEEBPHAR; REFANFALL
BHASBRE PO DR ) R AR, S TRERRMASRBITR, AT
B ABCRIRLIN A B3 ok R, IR TIHHELBE R ARE.

3.5.1 ﬁﬁl‘ﬁ]ﬂ

1. EFAR Y

Al (Knapsacks Problem) 7E3.2.3 HPELEHMAE, XERK
BHAE, EEUT.

n A, MR, MERp, BRI w, HREEN W, M7
ERYREATES, FERFHYREHENERK.

MNEZBWAESR, ZAETURRREZITLHEHNA, MRF
WE., RYERNEHOTERE, FOREE NP ##, S5 THH#

W BERRE -
2. WFEHRY
A R R LA RSB R R
max ipixi (3.15.1)
st Z’.:wixi =W (3.15.2)
xi=0;1 1<i<n (3.15.3)
FEAERPRAT RS E. EXAT
. ={1, FAY (3.16)
lo, REAME
3. ARRIALEE

EES FRE A H R U6, 05 2 2 Xt fn ] 4R F¢ AT 47 ¥k 89 7]
moofm, YF—A4ATATANYRESE, ¥EAEN W=100, A&
BIERE3. 3, HLENMTRE

X=(1100110)

XFERFE 1. 2. 5 M6 BEATEE, 2B~ ERBRARTT,

£3.3 HEAERH

i 1 2 3 4 5 6 7
w, 40 50 30 10 10 40 30
p; 40 60 10 10 3 20 60

pi/w; 1 1.2 0.33 1 0.3 0.5 2
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M EAFALET, RKRBUE B REOR TR, T R B
%ﬁ%ﬂ%%\ﬁ@%ﬁ%%ﬁ@%ﬁ%*ﬂﬂtﬁ%%@ﬂﬁc
(1) i ¥k

ESGEME B R
F(x) =f(x)P(x) (3.17)
Hob, f(x) HEARREG P(x) ATEH.
é\
‘ Zwixi - W ‘
P(x)=1-—= 5 (3.18)
H
W |} (3.19)

BR, X=(00--0) i, 6—=W; MX=(11--1) B, &=

lZw- mwwlzw— WIR|S wa - W |WEARE, B
o LREEERROELNT,

Qs RN THO<|S wa-W|<s R, BET 0<
P(x) =<1, -

@P(x) TMFHHER, AAY|S wa -W| =08 RE,

QT R B REEBALAR, REEW

(2)

REBER—BBERRF, BFAENABBENGEHRG . HAK
BN .

OESARCL L e S
@ BILLE S B & (Fist Fit Heuristic) wEHEYHREATAL,

k+1

BIERT K ™o, 18 wa W<wao

B3t F&E 3.3 “PE?H‘T&T@I‘];@ T gm s
=(1100110)

A FT,
EZBHE, R EYRAL, 2,5, 6,
Hxmy RiEFHTI N2, 1, 6, 5,

HAw, +w, <W<w, +w, +w
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B LA
=(1100000)
(3) MBLFF 4385 i%
1o S L 25 -t T DA B 7 AL 1) A, BT m i I B A L 1R R
HH 0 AR EBEREATE. HERSEN:
OB —ATET (x,, 5, =, %)
O BHE KBS RARBETE , BIR ST E U o O, &

k k+1

Z s W< wa , MBI IT#.

Bt F#£3.3 PR RTERE, B ENTRAMF (3, 2,
5,1, 4,6, 7),

HHR w, +w, +ws <W<w, +w, +ws +w,
PRI TN (3, 2, 5)o

ERIFFRBORGHE, BWFEARORE, RAEFKEOTERS
FIf, HBAXt T o855 Ay 2 p e A R I f s AT AR IE SR ?

OxXizH

A LA A R BT GEE, HERWT:

a. TEE—MRXR P, EREVLMBEE—THT R

b. TEE AR P, ERENLEE T EE A BIEA P BT RAL.

c. MiEP ERHERERN,

d. #ikEBE AR RRNBRAITR.

B 327 ARAZXHRER.

X
|
P=32|154 32146154
Xy > 1251
P= 12|46|35
X. YZEBEERAR {}
WSHHEE, EMS %fiiﬁﬁ

E3.27 BAXXRKE
QEREH
xof A8 0 LR G W5 34T 28 S BRAE T LUR I 40T 238
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a. FELMER—DEE,

b. ZER AP HEILEA - BRAENEE,

c. XFULERBEARMAREESE R E=E—FTT#.

T FREER, 7T AMHENTSRELERB 2 =128 14,
XE@REER—~—MNY, HEARBRIERKTTE; X TERIT 5
R, H¥MBET (MENTENTBIF) $FT1=50101, 5
B EAR——XRI K, HRBERIEMRENTTITHE.,

3.5.2 BNERREE

B/NAE A (Minimum Spanning Tree) [5] B2 22 S ) 4 £ AR AL 7]
B, XEERHAB/MEBMEE, RENMBESRORBITE, ZRE
AT Priifer %040 75 I 188 1% 380 1k SR SR AR d5 /N A J AR D AL o

1. EERR Y

Sy R B/ A U EEE,  Sook G R R B AR,

EX 351 (A): —TEREAEV={v) M VHTRHEFI
H—NEA E=le,} FIMRM_TTA, BRHGC=(V, E), VFHILE
o, AT B AL, E PRIJLR e AR

EX 3.5.2 (W): ##EEASHERBYEFRAIN.

EX3.5.3 (EWA): HE G HERTFERE BRI, MKRENY
C LM . WAKERMZEW SMENLNER, RAE - FHMHEN
HERBEAINF. BAMTHELHN 1.

MEBRTEAHNRRAAXT+HEENE, £BERABEMELRE
WV £ FUREAE TN

EX3.5.4 (B/MERM): BEE G=(V, E), BFALHER
B, — A R T T AR FRR XA A R AL, BRI
B R B /N R

3. 28 SR EMKARER. AR QNIRRT —1 8.

8 10

B 3.28 EARMMRER
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BARMBERN R, AERNEFERL, HPEKT ARG R ETEER
TEAR TR RERN, X FXRERMRDE, TR 1 3,
405, ATHRABEMWE/DERWN, BEFTENHHITRE.

2. REWERBAIE

BN BEENREFTE: TARESITEMARSITE,

(1) FRmG

FAMNT ANRERERN, fln, MFE3.28 i, a
LR H

[ (1, 2), (2, 3), (2, 5), (2, 6), (4, 6)}

(2) HmG

FRHBMRERFERH, Aln, ¥ FE 328 FIalR, TR
~H

{1, 2, 4, 5, 10}

UEFmRERFEAR EHE2ERBARRRR - BERK (F
—FHERBATARERHIY, FMWRERWH) . T —DnH A
B, WEEEX M HANLRENRESE -1 ZANWTE, WELEHH
ST ERERRE M, JEEMRERREEE.

3. Priifer ¥ #H4%

KTl B, A ARHN T Prufer A M TTIA

(1) X

Fin-2 0 AREME—FE XL — R o M RERR, KPE4D
WEFE 1 M on 2, XEEH—HEFIFR R Prifer 30, 8 Prufer 32N
—iER X REAE R, Prifer FMBAR LB ARBEH
—#.

(2) RBiF&AMA

Prifer 33 35 15 4= AR AR BE 45 1§ 12 5 AR B OR

OEEFET S

QO ETAREEN.

@& A EEE.

(3) HiEEHE

GRS RANTE :

QB R i RIR GBI T

@#EH (i, j) EWLE, W4 RGEBIHE-THT (HBIRF
MEBH) .

O xn (i, jo
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@%@J®9 E@Jﬁ?*%ﬁjﬂio
XF & 3.28 PR ERMATLIGER ERS EHITHG,
HRWAE 3.29 Fian, 838 Prufer HBR (2, 2, 6, 2),

2 3 2 3
1 ’ : 4> I : z
5 6 s 6

1=1; (i'j)=(112)1 ]=2 i:3' (i’j):'(312)’ j:2
2 2 @
'\ ::I l\/4
5 6 5 6

=5, (i,)=(5,2), j=2 i=4, (i,/)=(4,6), j=6

, U

N

6
Wr—%iL

B 3.29 Prifer RRBREHE

(4) BB E

RS BT -

D4 Prifer B SE N P, RS P PR AEER P

@FE i N PHRE/MFENH A, iR PHRENKET, EEA
G, ), EANPHEME i, WPHER, & RABEPS, HiMAP
i,

@EHQ, HIPHRAEW S (WP X)), PPEFHT (s,
r) BATE.

@FEHE (s, 1o

B 3. 30 TR LR Prifer B BB S AREE, LIRIAEBH%H
B (2,2, 6,2) KBl

(5) thi

Pritfer B4 IR —Fh 9 AT 3, TR B/NME R E L5
AEMBI T, FHHMT o AW S 0ERB, HAERKKASEN
n""%, i Prifer $CHN MK 0”2, Prifer 345 ST I T M2 A F 4R D
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2 3 s .
! 4[:>1// .

5 6 s )

iﬁ g 2: §§ (1,2), P2, 6,2), P=(3,4,5)

8
: //4 <A 4

5 p s ]

(4,6), P=(2), P=(5, 6} (.2), P=(6,2), P=(4, 5)

g e
: I /4 > 1 | : 4

5 p 5 <

2. F=2.PH62) EH6,2)

B 3.30 Profer RFETEE
EEH——XR, FEXXHNERBEARARHBHSERE. AL
UER, ~MHHHEE TREBEZEXEE,
Prifer %4 5% BB HIE T LIE AR Z UM R T &, Nfas
A UMBEALE R, XEAEIER,

3.5.3 “TikiEiRiOE

AI23IVHEERAT —HBIRAE, X BERA B ZRIBIR A E
( Quadratic Assignment Problem, QAP) R B{EH LR RM,

1. &R 1

BRERHILBM A (Facility Layout) [A) &8 # My — K 45 Ik ] &F,
Bt AZE SR IR IR RV , W LABLES A0 JR ) RE R 1] 2% 7 B W 4 ik
/{1

n GUBEREAE MY, VR SEZEAMYRERS, VE)
5 IZERMERR d,, W5 EERARD.

TR FE R 18] BE AR T AR 804 B HARR R B SERR RO R, ok
EREPHBAYNAR .. BERPHZEREHE. A FTHEPHRENLR
[, LA KR A R B HE R4S

2. ey

AO-1%EHTER » REZINBSVERHRXRWT :
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M=F,mﬁiﬁﬁﬁﬁ§jt (3.20)
bolo, Hib '
Iﬂﬂ%iﬁ xuo muﬁm@mﬁ_\l‘:& 0 —1 ﬂiuﬁﬂ
min Zl Z; 1,21 ’leijxufikdﬁ (3.21)
s L inj =1,Vj, j=1,2,-,n (3.22)
inj=1,vi, i =1,2,-,n (3.23)
xi,j=0ﬁl9 Vi,j (3.24)

TR A R TSP R M — Mk, dR—4 NP g4,
3. BEMERR
(1) i
aLUERBFRE: X =(x,, %,, =, %, =, x,) 1<i<n
Hep, »ERVLE xHENE i, 22818 n WER, UIRT
X=(4,3,1,2,5)
FAPLES A UEALE L BLER 3 MAENE 2; Dles | BEALE 3; Hles2
WENE 4; Pla8 5 BMAEMES.
ZHRBUEERBRFER, RIETHBKSEE.
(2) BFrE#fERER
ARSI, K EAR R LR

min Z kzl fud,., (3.25)

SR, BiFERTBEMEE, EMETHE. BR, 0ERTE
BHIE TR, EMEEANATH, MXEESTERBERER
Ko

(3) EEFESHREER

AURATHERSSREREFR

F(x) =k[f(x)] ") (3.26)

Hep, EE 107,

AR E I E l gt 3%, MBS EE T LI AER R LERME, BRR
FA A5

3.5.4 £ duEhARERE P Ak o Bk ik B A
PKAE Ak K PRI R SR RS A S P — TR AR, X
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W DA IR R, B R — N R ABOR ILU B AE BE  BLA S H,
KPR R R R B R R R B R AR

B St K R ke 1] BT 8 15 S A AR AT AR SR M0 0 - 1 BB R
B, EabE R A G /MRS H, R AROBIALN B AL T R
BHREBRANT B AEEE D, NER— BRIk SRR
GHIFE N . AEGRMAL T R, BRI AR R R
DR K B M e e 4R B B AR AR

1. [EE RN

BESLRE—-HEEITEHARKNAIENIRE. EASHNEN
MFEAR LD EREAN LR, FHEEaFdmaE#irin. fF, &ki
WAERESEUAN, RERBESREE, ATIHRBEHERERN
BEFR.

BITRE n AFEHAR, XEFHEHLEHEXRMWERT —E3
R, H0HEEREETH i SREFH, BRHE SETE WA=
LR (i, k) eHER, XB, HIFAHEXRNES. IHERY
&, FEfRETHE, 8 i<k, YV (i, k) eHB. RR—Mt, H&
E—ATEEEN n,. MBETBRRREE, oEX—1BUKNERER
H, TREBERN (1)=0, t=1,2, -, D, HPDATEMNXT
B, HTRIEN, B30% &2 EEREN L.

MFHE i, i=1, 2, =, n, B mAMEEARNSF, TH i KRILE
N JRIBFR RN b, M TAMN ;0 WEXNTE QAT R AT L
it ab, (O<a<1), ETHBEMBKRE (1 -a)b, HBREEEHRE,
8 AT LLFIR - >0 WEFTHE R

Bk iR R BRI RS, BB, HHETIAR
70 B = A 0 0 B PR BB D

2 HEHE
XA R
%uﬁﬁagii@%ﬁﬁAJ#Eﬁﬂt%% (3. 27)

FR, FEEA AU TERHR.
min, Z(w) = Z Zbiijij(z) + rz [az Z Zbijw,.j(r) +

t

-3 S 3 byw(r—g,) = 3 e(n)] +ple, = D]

T=1

(3.28)



3.5 MAXH 65

i ‘n

s. 1. Z w(t) =1,i =1,2,--,n (3.29)
j=1 =1

z (t +qij)wij<t) = Z tw};j(t),v(i:k) e H (3 30)
=1 =1

t=1 j=1 1

z z(t+qnj)wnj(t) =c, (3.31)
j=1 =1
w,(t) =1880, Y i j,¢ (3.32)

e, o REFEWMEMZRAE; [2]  FK max {0, x|,

mFHR [ (3.28) ~(3.32)] WHBIRREREELARN, &
BB FH — fi 0 02 B R 0 O ok e SR i o

3. FEMMMBHFES R

BREMEHE (3.28) PRARMEHIM, b THEIHE R
ERRE—RRRE/EHAY, B, WREANBNRFLHE, T
BARBHPLBATMEREE, Bit, BRESLEESFELNR
&P

FEM3.5.5. FHAM [ (3.28) ~(3.32)] MHIFRHERA/HEH
ETIRIGY, DR ECRR O AL A%

D

BITROBEERE, E = > e(s) AE [ (3.28) ~(3.32)] FH&

t=1

MR TN A HEHES. 5. 1 fl,
EE3.5.1; £p=rE, WAKAEBEkRIAE [ (3.28) ~(3.32)] ##&
FL) % .
WERR: NFELIER, Ra=1, BB Z(w) LR
Z(w) = Zn: ibﬁiwﬁ(” +

i=1 j=

rzl[i Z Zbiiwij("') - Ze(f)]++[3{cn -D]"
Waw(e), t=1,2, -, ¢, M [ (3.28) ~(3.32)] KM, m
w(t+1) =w(t), t=1, 2, ~, c, BH w(e) TH—BLEE R,
B, w(t) WREAR [ (3.29) ~(3.32)] He,=c,+1. WAHEHHE

PR R
2w) = 2(@) =13 LY Y Y by(r) - X e(n]'-

=
3

ST Y Shu () - Y en]’s

i=l j=1 17 =1
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Ble, - D1" - plc, - D'
- rZ[Z S 3 b (e - zem]*-

¢ 1 =1 r=1

+l myop-d

Sl >3 S hu(n) - Y eln)]'+

=l j=1 +=

Ble, -D1" ﬂ|—c -D+1]"

“n ¢

=r2 1 2 z Y by (r) - zle(»r)]‘—

=1 ;=1 r=

i+l

rZ[z Z zbwm - zle(f)]'+

Ble, ‘DT Ble, - D +1]"
HEFw,(0)=0, Vi, j, T E=0WBE-F[-]", B
e(l}.‘-"-U, K{Ei‘z‘j‘ggo

EX y(e) = ZZwa () - Ze(t) , W4

=1 f=1 v=1

Zw) - 260y =3 AL +ete+ )] = [5(0]°]

+Ble, -D1*-Ble, -D +1]"
WR1L: ¢ <D,
Blc,-D]1* =Ble,-D+11" =0, WA, Z(w) -2(w) =0, BN
[y(e) +e(e+ 1)1 2ly()]", V2
W52, e, =D,

Z(w} - Z(w)-rZHy(I) +e(t+ 1)1 - [y()]17} -8

srye(t+l)srE-g<0
t=1

EH3S L REAEER. NTREER, BLAMENHTER
WEDHATFREFOAE, THEBENBREMATHE. Bk, E
B 3.5. 1 % T SR Je] SR R S T R Y

4 HAFLESHRTE

BIAE [ (3.28) ~(3.32)] MWBEEMKN, BEERGHEN
H

N = [];n (3.33)
B, BT DA R XA E Bk s, -1
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0NMREGNIWEE 5 MEERARFE, N=9.5367x10",

Y 3.5.6. TH i MEEA BRI, WREHE i 05— MRS
ANk, Bbysb, qu<q;8HE b, <b;, q.<gqyo

ER3IS2. ARE [ (3.28) ~(3.32)] FHEAMNE, NESLF
A EFHBERA MR

e B#tw'(2), t=1, 2, -, ¢, REEMRMAMR, XHTE
P BT BMMBEA . HEN3.5.6, DEEINB—MEEAEHBE
b.'kaijs ‘L’k<q,‘jﬁg‘ bik<bij’ ' PEY

B w () PHE iNERBAT BRI BB FHHB w(), t=
1,2, =, c,o BHIEHAREREW B R RRA/EHENBE,
WA Z(w)<Z(w'),

Bk, w(i), t=1, 2, =, ¢,, WERKR,

WREHE3.5.2, R\PAURZBTELRREAN, MAZERE
ik, X, BaEALRKRREK.

sHETAIHE | ¥ A EEAERAR M ERI R HEF, B

by, <b, <--<b,,i=1,2,-,n (3.34)
MEXMBEENE, A
‘Ii1>‘I52>"'>qsm_.,i=1,2,"',n (3.35)

E. BEXN3.5.6, ERAEREANPERFEEMBRNE &
—HEHER, MT_F2ENREANEREPAER S, B, X
(3.34) # (3.35) RHEAEK.

BIEEENORCRRABRBRAB IR, BRAEr= [,
py vy %), HPx 1 Mm, ViFWARYE, RRIE i BHERGE
Aso w= [x, %, -, x,] WA —-DEH. HW, [3 2 5 1
4 1 6 2] B—A8HEREMREEF, R—1T%F, Kb, FH
1 EFEEEAS, WE 2 BBEEA2, JH3EREREAS, LXK
o

& s5,(x) e (x) HPHER « PIE  WFTASELHE, HY
[(3.28) ~(3.32)] wIfRitbA

a cal %)
min, Z(x) = Zbiz;"'rZ[a

I3

by + (1-a) S b - Se(r)]'+

si(x) <t (x) <t r=1
Ble,(x) -D]° (3.36)
s.t. ¢,(x)<<s,(x),V(i,k) eH, (3.37)
xRl Fim ZEAER, i=1, 2, -, n (3.38)

A [(3.36) ~(3.38)] WRRAIEKNEL, ETHPITAER,



68 IR BENE

XM —BPFEARNFTFEELELEY, BXREEEREAEAS T
¥
MF—XEFE2 My, s>y BmR 2y, Vi, HEPHFE1I M Z
B —A k818 x, >y L. EXEFE « HRE, V(x), IFAMAER
MERFS MR, B
V(x) =Z(x) -Ble, -D]" (3.39)
BN AETI AU S AN E P . FESONE i BUESE A h B 59 3% AT
RN Ab, R Ag,, H
Aby =b,.y —by, R=1,2, =, m~1,i=1,2, =, n
Agy =qinery —qu, R=1,2, ==, m; =1, i=1,2, -, n
HAZR (3.34) f1 (3.35), BRE Ab, >0 Fl Ag,, <0, Vi, h,
BE3SI: HTF—X@EkFEMy, Ha>y, WH e, (x) sc,(y) M
Vix)=V(y), RE
Ab, +r1b,Ag,, 20, Vi, h (3.40)
R : RO B, MR >x Bl - 1=x =h i &
S, Tt =2, Vh#i
HFRTEIH e, (x) RIESIMERZERE LA E LMK,
Bt A ,
(1) BIF gy <qu> BHERLE: ¢, (#°) sc,(5'), HTH
7E ' B " R B BR AR B RS AL,
(2) BF " BRTEHRIE g0 - Gy, MBRKTATBEHE
BRHEEHR rby, (qih"Qi(hu))o TRE
V(x') -V(a") <b, b +1b, (g, “‘Ii(h+|)) = - Ab, -rb,Aq,;, <0
B, X2’ >2 WL, M =y s, WEMEZEKRML, ic
%4, HE " =x Rk, TEEEMRIE,
BT rBHRA, &4 (3.40) MEXEBREFFABERT LWL
Mo B 3.5.3 R uk DN A B ST b B AR
—EYMEFE R THAREMNEEAN, TRAXBBRER
(CPM) M7 BB, CPM BRTT LAZKAS HAT &M B inEs, E8BR
HTRMFAXRIEMNEXRIA, 38, ATFREANTHAFR,
HERBBEBAR,
5. BRNERR R0 e W
BMAEBRENREEENERBEEEARNE - RAREER
PR A, TIFESE R FABORMIPR RO7 X 3 B0 A & AT St
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EMRRNESBAR: REANER, YEFAEERTREN
ff, XtSCERERAE LI E AR S AR AR A 5 T 2 3 R e o e U AT
KRR BT E #OR S8 RIE A

AV REEENRHETROAAR, BEEERETREX

JG) =2, -2(j) +a,j=1,2,+,NP
He, NP RFMBERAD; Z,, =max {Z(x(j)), j=1, 2, =, NP} H
MBEFHRBRKBAME: o R—MIXANTERENNSH, EFEEEN
REFBE —EHNEHENS. o« WIEBIWHEFHHPHORKBHEY
5% , FEENFE a—0.9750 FRi,

BEETRAKE AR AXXMREER. REERELKNED
£ (1, m] FHEE, XWMHBESHARRSBOGEE. HHRH
MRATHAK “Bef” IEHEE, #1EERN AR E R EXRE.
BERREELRAIIR [(17],

6. HUEREHH

TEHME—-PMETEAENBRIBNTE RO T (F: &
EAET AbH) .

BIFM 16 M BEMR. ZTHN 36 A, HEl—AKNEIR
48 B JC. W HBM AT H R AT TH XA 65% , RRIo5E LHf X
fto MITHRHAFBRAB0.6% ., FMEMERRME 3.31 FRKNE
SHMEE .

23

B 3.31 DiE#ERXFRNESIRSEE
BB YEN 485 H T 0. H1T 0.006 x 485 <48, (o] @A LW . |5
BB R 2.787 x10°, HEM3.5.2, MET IPMEHEBEEANE,
fR=s R FE N 3.359 x10°, R TFHIMRE AW R AR (3.40),
BERBHRIT AN IESNE N 472.484 2 BJI50, ETHN 36
MH. BEAWTHEMN12.52 AT, M HAIBEMERBHEGR, X



70 BIM WENE

. X %32

AR AR RO RE B (GA/FD) KTERE, BEBL 4R
FARFRMEMREE, #2508 (GA/FD), RAMBERIE (GA)
MARERBS (B&B) R, FRNFK3 4. BF, “HAR" RFH

BB R K/, “CPUBE" RABRIEBAT G CPU HBE.
£3.4 FENEMMEES L

n 55X ;3 HiE | CPURE | BiFR | BFHE | FHE BEE
GA/FD | 14.55" | 100% | 472.48 | 472.48 472, 48
16 |3.359 x10° | B&B 1.32" 100% | 472.48 | 472.48 472.48
GA 8. 82" 39% | 472.48 | 473.71 479. 30
GA/FD | 20.27" 100% | 678.42 | 678.42 678. 42
22 |1.088 x 10| B&B 15.71" 100% | 678.42 | 678.42 678. 42
GA 11.99” 21% | 678.42 | 682.03 694. 10
GA/FD | 22.54" 100% | 917.68 | 917.68 917. 68
27 {9.404 x10"| B&B 14. 61" 100% | 917.68 | 917.68 917. 68
GA 13. 39" 2% 018.67 | 928.22 940. 85
GA/FD | 26.24" 100% |1 010.65|1 010.65} 1 010.65
30 [2.257 x10"| B&B 30. 87" 100% |1 010.65|1 010.65( 1 010.65
GA 15. 16" 3% |1010.65|1020.46| 1 036.55
GA/FD |  31.99” 80% |1 362.47|1362.83| 1366.14
38 |3.510 x10™| B&B 458. 47" 100% |1 362.47|1362.47] 1362.47
GA 18.29" 1% |1362.47]1375.34| 1388.98
GA/FD | 40.52" 78% |1636.07|1636.55| 1639.91
48 |4.912 x10%| B&B | 42 457.73" | 100% |1 636.07|1636.07| 1 636.07
GA 22. 88" 1% |1639.55|1659.86| 1682.51
GA/FD | 49.31" 70% |1 870.85[1 871.61| 1 883.47
60 19.168 x10*°| B&B |142937.01”| 100% (1 870.85(1 870.85| 1 870.85
GA 27.61" 1% |1899.27|1920.80| 1 946.12

B 3.4 AT L, [RDERH0 AU BT B 00 T B S A o R Y i
AR A0S B AR R O RS LR, BT R B
B AN ER K . A B E S ek SR R AR AR, (BN RO R T
A, dffEERaEmARRE, B REESIRKE. UL
4% 5% B AT 2 O BB 5 7 RO O HE B AR AL IR R Y 3 S PE BB

7. &ig

A EE R LB, BRSSPSR K31 25 08 LU R B
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Pt B AR ok shAS A E A KSR R R R E . R ARG H R
SRS, BT EEEANARREN T LA R

3.5.5 AR ESTINEERAYER

BRI (IT) AESERE/BEIIZE, DB EROE
/AT RERBRI - T oEEROTRSR. hTHERMRE
Bt AL B A P R TR, VE R A o SR T R BOR A R Xo i 3 R
MTER, EHEREBYT —MNMERMEMETRAER, HFFEDL—
FMUEE R RERMREREE, TREH, YAMMERLBE RN, HE
ERES LR KRR IRKE,

1. AEEREETRARER

EHERAEETRE [0, T] WE 2 TUTH, T8 WHREAHN
RBL, BHMERE . ®RITH RO TEREE, KHERERE
REKBT » MEHRE cWER, BRI R, %) BXG() Bt RAW
WHEAHE, te [0, T], #% JIT BAE, R0 804 7 58 B 8] iz 2 0l
BIEHY. TR, RAR/EPESAEN _KRETRK, %A
B AT P A0 F dE 2R p 00 2 TR ML RISk g .

min 3 a,(x, - d,)* (3.41)
i=1
(SIP)s. t. > Ri(1,x) < G(1),t € [0,T] (3.42)
i=1
O0<L,<x<T,i=1,2,,n (3.43)

He, o BITHR i ILE, —BELTITHRBG

mF o [0, T) $ESERME, BER (3.42) PARRIYR.
B AR B I RS B T B R R e o — MR s R R AR, (B
MEEARENARINERS, HESESR. MR, FAESEHRBH
RERFEFRMEE B, THBIm (18] RHNERARER,
FAESEERNER, RERBETREHNARMUEREARLE,
LR S TR

WEER BB LRELREAER, — BT UBRAHERR
(EXSHEERE), B

R, (t,x,) =aiexp[ - F:i *+5)

Wp BITH i WHRREER, R (3.44) PEENEE, HSHTHK
TRHE:

],i=1,2,---,n (3. 44)
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L, L L,
m=5aq=§u%=Pf¢5E(;yi=L2u~m (3.45)

BREH (3.44) WRAAMREEZIOWA CONTF 3%) L2
Rt

PRSA RIS G() — BTN K BEORETR. BTRER
BRI S T AT, R E AR AR (3.44)
WERBETR, FAGERE MG, TRE

G(t) =goexp(Bt) - E:qﬂp[ (t- g)] (3.46)

HF, ¢, g AT RERENERSABMNEKRE, KT
(3.45) RHE. g, ARB|HPME, B HWKEK,

AEH, BTE—XNITHRBRHAERSFHEN, EREE MR
BT, —MIREE-BERE, A—TMIRAFRAKELES, Bk
MR (SIP) WAFTR—BMRAEEW. BFFLMTERHA, ¥ T n A

THEE, AR R 2T A EN KRR, XREE RN T
(L SR R, TR 2 B T S I

2. BREFNERHBENE

(1) EEEEFE

MFATHERE, BAEMTERBMR (SIP) WAER, ITHER
BB x AE N EH. 4 N VR BAM, XA, HEERKE YK
oF.

X(j) = [ () () 2, (D170 =1,2,+, N (3.47)

(2) ERIE R

BT (SIP) FHELMAYR, HHXERAIM [5] RbumIE
HHEE., HEABRRELERT ALBARIBIREAR, HE
PR IR R v ok .

BT R [, »()] REGEK, AR 3.42) WAEARERHE »
MRWBAA, EXBEMTFRER [ -L, =] (i=1,2, =, n) Z
o

MFITH® (i=1,2, >, n), BX

¢ = arg max{ iRi[t,xi(j)] -G(t) V%, (j) - L, <t < x,(7) }
(3.48)

D[] ,x(j)] = ZR,-[tf,xi(j)] - G(¢7) (3.49)
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F® (1], 2(j)) >0, MEARASEWE. 5IANFRAERNEE
e, >0, NES

VT(j) ={t:| i=l,2,---,n,¢[ti',X(j)] >gc},j:1,2’...’N

(3. 50)
B A ANME HWBABEWARE. MR WY RBREREEHN

n

11’(]) = Zai(x,‘ —di)2 + M Z @[t;,X(j)],j = 1’2,""N

=i te VI()
(3.51)
XB, ME—ARAKHIIEF. &8, a3 bZ)E, v 25
HEATE : MR, X

Fo=max|¥(j) | j=1,2, N} (3.52)
AMAMENE R F() THA (3.53) HE
F(j) =yF,.-¥(j),j=1,2,,N (3.53)

XH, y>1, B— M ARENEREM T REEEENERRR. X
Befy=1.05, BRESEMAMEDTE B — MR/ ET —A

(3) PEHERE

1 R R 56 3 A9 IE He e %

(4) BIERT

mF (SIP) WAIFTHRIEEEK, XX AEHETTHRmERTHT
B, TRTESBTW S, FBEJmEEnRENRET Ey
M, WRBEE N EMNERTUERBEATITE, HBUERRRE. B
BENNEROBEETHANT .

StFAMER G, B ROBIREK (3.51) HBEREN

Vo) =[ V&), V&G, VG j=1,2,,N

(3.54)

HE i M ER

V() =2a(x,-d)+M z

tte YT(j)

2‘1;(’:; - x;(]) + b‘.)R,.(t:,x,.(j))

¢;

(3.55)
EHEBER, BELRBENME (BB ERET) EHEMES
REALFE, W
X)) =X"() -p V¥(),s=1,2,-,N (3.56)
XH, p B Erang A EN— B K, biFERAEERE.
MFEMERTFq, HVIG) EEH, -Ve() EERIERATTH
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e, —BIRBIEATR, VI() WENSE, BFRERIFRBDERSL
=Rl

SERE, EBREROENE, BULZE®NMEREEAIITH,
HENEREYXDRBAEY, BESEMEBEILS=ET—HK, A
MEBMIEB TR, MERENHEST, REMYEREEHERT
HftME, EMBRAIEEHILETET R, mEHT —REL LA
EEMNHORBENmLE, BBREEMI - M RERREF, Bk, f
BEFOEROBREET, T REEREVRHBERE—THEILBAEEE,
BEE B RBHT, BEEEEN -T2 ANBEETEE, BENXHE
BRERFRBFRFEN.

(5) fEFiEdEM

BB EREE AT B B EBE R IR, X T A</ o
Wik EE, BT LAXIBERMRES, AERERTRE I Alfr
#m, IREREHLE ,

VreeGgh = (3.57)

Heh, NG BB j° BB NG RPBETENITE; ORFER,

HFEEENTRHBRRTITERN, SR K—%; MERELKIE
BRI BN, SRNB/N. Bk, AL KE Edang 4
B, NFEE D KBTI

(6) BELR

BEHAKRITESERINT .

1, HE Edang KB E m, p MGBHE r. MAFHAR
NRBKRIEB NG, MAAREE e, MIHBEERBE £

#2 8. BTFRBETRIKF

max { n( ZPi + qu),max[dil i=1,2,-,nl}
i1 =

&o

n R—AERMBMET, TR »=130,

3N, AEMBHMR, WTE=1,2, -, N, A

() =L, +¢(T~L),i=1,2,--,n (3.59)

Hp, £eU0, 1), ERIEHRE=0, SBIEMEN; =1,

A%, Shk=k+1, W k>NG, WEHEIL; W, AKX
l-"hl ___er gﬁ‘lj\p.o

5% AAR (3.51) ~(3.53) HEREMERY EBIEI
BN fE R, HER

T = (3.58)
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j =argmax{F(j) | j=1,2,--- N| (3.60)
MR EG) <G, WL =),
BoE. ITEEBRER, FEEBRERIT —RMEEERE, &
X (3.54) ~ (3.56) {HEEET A,
7% WEHAEAMNE, B
() =+""1(G), j=1,2, N (3.61)
4L,
. BELERESH
PIEBEH Fortran IEE 42, ZATFBVL LA T KBRS, BB
THEWMITREE R, XENME-METERETENRE,
REAAFAED 0HRRTRITE, ZAANIERRAKREA
F1, HETMRI AR 100 kh/w (FBE/F), EARIBHATIEEO0.5%
FEREEK, ARBSHETITECESHE, HANFTERS I MG 20 /F
% 40 J&%E 200 kh, %530 = 70 % 300 kh, #iTHMNBEAAY. &
AHNER., ARBFEAFBMZHEPNEI. S fin. AFRFERERC
WERRE S, MHE— I REBEEENFROZHHOES TR, DE
5ZPHE.
F3.5 ITHSERNHG YRR E

THEE  BHEARAHE  BASN GREE FTRIEKH RIEAHEE

No. L/w FERP/kh o/10'$ d./w x,/W
1 20 400 10 25 30. 74
2 20 900 18 30 20.76
3 30 800 12 35 41. 88
4 40 800 15 40 40.79
5 25 1 000 28 40 52.50
6 20 1200 20 40 86. 77
7 50 2 000 30 50 84.38
8 10 300 18 15 10. 00
9 20 400 9 50 75.75
10 60 1 500 30 60 87.28

HFARDEFHZHHEDAES 40 S0 H, 720 FE30H
ER— AW EMBREFE R A, HAENANERITE, £737
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RBERB - FREBINEEH, RR3.SBREIIFR. RERE
WRBRRARWART ZLMATHER.

B TR FATRRIEN B EEEN, BA—REIER AR X
PRI BAREE (3.51) fitk, RRERUERMMLM, BB RABERE
WAL L AERBEREFE L, AW, T MEEDANE-E, KRR
MEILBEHFHE 23REHE, BELLEAE 6 T ARKH
(A, -, E) k,

WEY, ZBLEAMHBEAK, RALYFHRAEBI, HELILE
REMBRAEO T REER K, BEEMBEAEEA, BRI ERURNK
ERLMA, WE3 6, BEHiL, LERBLA PR BT HH LA T K AT 12
T, RABSERRHNFFME, RERERFHER.,

$£3.6 FRAMBXIERER

1 2 3 4 5 6 7 8 9 10 FEEE

2 E E F A ¢ A E D C C 0.2
50 A A A A C A E A C B 0.6
7 E A A C A C A A A A 0.7
100 A A A A A A A A A A 1.0
HE 5 8%

1L HFRBKERTHO-154B, ARUTHRBEGER.

(1) [1 ¢ 2 0 1 1 0]

(2) [t 0 1 1 0 0]

(3) [0 1 1.0 0 1 0]

(4) [0 0 0 0 0 0 0]

(5) [2 1 3 4 5 7 6]

2. MFRBEENR T WBUFHT, AU THREREERE.

(1) [7 t 2 0 4 3 5]

() [1 3 6 2 4 7]

3)[2 1 3 5 4 7 6]

(4) [8 1 4 3 2 5 7]

(5) [2 1 3 2 5 7 6]

3. MTFHRBEENT HEERE, HELUTHBY SR,
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(1) (3.5 1.9 2 7 1.8 1.7 0]
(2) [89.05 4.78 2 1 4.3 6.9]
(3) [0 11 0 0 1 0]
(4)[0 0 0 0 0 0 0]
(5)[2 1 3 4 5 7 6]

4 MTFHEARE: THhBEOMNEp, FRw, i=1, 2, -, 7, BREHE
3.4,

R34
i 1 2 3 4 5 6 7
P 30 60 25 8 10 40 60
w, 40 40 30 5 15 35 30

mMECHERERN 120, WEEGRKLB KRR (First Fit Heuristic) WU THREBE B
b, HFHETHBESR (Pop -Size =5) M MRKEHEMEFMHE,

(1) [6 4 3 5 7 1 2] (2) [7 2 4 3 5 6 1]

(3) [1 3 4 2 6 5 17] (4)[2 73 1 5 4 6]

(5) (5 32 4 7 6 1]

5. BER ARk

P.[6 12 8 9 5 4 7 10 3]

P,.[10 7 4 1 3 6 2 8 5 9]

BAIAMESDN: 4 718, K45 H PMX, OX 1 CX =ABE N FRBE
XN

6. G T AR B Prifer I .

2 3

6 7

M3.32 MG
7. — AT WEKERM A Prafer BH/BH (6 3 2 4 4], REHEE
A

5 % W
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F4F BRHEAEE

238K (Tabu Search 5 Taboo Search, R TS) B k2 4k#{E
BEZEHAH X —f5t)/E &3 (Meta - Heuristic) LB, BRET
1977 £ Glover #Hi, ZRERBEEEMGALNICIZIE, FHER
RERHHAMMBREWY X ERBLTERR, RANREERXEPRY—&
HERE, #MRIEERNEHENE, Aiixd2RiEk. €41k, £
BHRBALCEZBRINATHEMRAL, EFRE, ILEET. HEN
%, RARGURERRASFHE, EFRNHAT -~ ENEARERE
ENR#SY R, AEMNBARERAENEARM ., XBHFY. 1HBR
BURERUHSHNAB—NEA

4.1 & =

BAE 1977 4, Glover MEH TRARRERE B, HARRBEHIM
RIEE, WS XALBEREER®E T AR R BE—Iik T iR &
(TSP) , 1989—1990 4E Glover £ { Operation Research of America) I %
BN ATEBRRREEUR-SRIMMA, TEEREREESR
TIrEMEE, FVHENFEBRRBEENFAERNELDE, ¥
A HasEmiEERERER PR —RERHEE,

4.1.1 RBHBVHER

FEMPEEREEETRERE, FEMELHERTER, B
SMhEOEAEFNM, BRARLBRELEE, ZERWT AR
R -

(P) minc(x):xcXCR" (4.1)
He, BAREAM c(x) TTURKHMRE LRI, MSE X b n X
ZsiE] ERE A B W AW . SEFRIAE S, MEAS(E] X AT BB & R A A
KERMAR AR, SRERATIREEN-THBIBHHH—1
R, XENBHAs R, BIEBAN—-MEHs(x) Rx, NHHE
MU RN EBNEINBAESH S(x) Fx, WRESHNEE,
RSP R IE W DI
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B BFE-NVHEBR e X,
W2 EYUMBMOSEFEE-TREIBEFFOES s, B
c(s(x)) <elx), s(x) e S(x)

MBXBERES s REE, W HERFBRTH, BEEL; Fls(x)
J& YR SR I P B R

B3k Sa=s(x) HYMHE, HFE2H, HEUR,

XMPRERTESFHERE, A5HEH, MARAMRETEEANE,
HRERERTLERBTHHBMNPHMNLEN, MERARERERHE
W, HTERLRER, BEHRRAATEZSIBRAERRE
P o

4.1.2 FIFPRWZHEELRER

HRBREENELARERSERRIBIHENNTH L EHER
ABIEMARRE (Tabu List) o, FIFHHREREHEA, XHRA L
Biik TR ENIER, BBREN T AZKIEIZIE, FRERER
B8, FURER—MERBMRLER,

AAMBBNT. £REREERATSRERHRRTIE, AT
ERERERLE, BRIABBERELH, UREF - KERRFIAK
BAB—ERTFREROR, HE, —BERTHE, BN RBARE
R, BT RMEMENR, EEEBEEZN - BBIRERSRT, EUE
B AR RS L, BV RAE R ERBR T ORER (TR H#EE)
ABEBENT —KEROD AR HEERKHET, RRRAHE
¥, 23— ERREE, REFAZRRNBIRIEREPESR
Ho

TE&H - MRANEAREALRRMER. BEHMARMNEE
B R — R A S, AT HE B X b R b A BB B A 4 4 O BOR B AT
BRI AR RE RS, BEREBR, BEBRBE -

se g ok ik AR B — 25 RO BT AR, 45 R B ORE O BES BT O 2—4—T—
3—5—6—1, RHEMMBMLEFRHBBFRLRZ4 1, HPIEME
EREEMBTIT, AERREEYCRER. AR, HMH 13 A
DU A GBS 2, XEFMR R BEBREE . RRZF-LAHRK
HEFUIR S S 2—4—T—1—5—6—3, H&HMEN 18, A HXTRHR
(1, 3) MABZBEF.

HEd, FIFIACHAMM R LG RMBRIFLLE 2, TRR
B AT B B AR HE SR F B BB B AR IR O o T & B ST IT IR P L



4.1 BE ) 83

THAE R 3 2 EAERENRERD, WRBERRE, W%k
Bx MR, (R, ZHRAE 1R 3 25 & R B I HES IR F SUE N
2—4—7—3—5—6—1, EHT F—WXHRZAHRE, WEREABRE,
TR T. TRARHEREETHFEATRRSE, &k (1, 3)
FoA4 FRARRPTRESES, REERRLENR, Thxhb, X
BRE 2 R4 2R AERERER, BREET, XH2F, S
OREIHER R S 4—2—T—1—5—6—3,

BARTHR (2, 4) B (1, 3) FHZKENEKES, HEBH
WEHA-TLFNRSE, SEMETEXLTRERATET O
B, MTHEATHERE, BATHEREER, ARBRBERREERSKA
R R .

£4.1 BE—RTHRYBRLROLN

2 # HIH B HEBRHYEFOR

£4.2 BoRTHB!ITHHZZR LM
' P o R BUR B OB R L

HTFRIRPHFRNWERS s ARME », REFLEZHNBHTL
WA PR, EZWEEAKRTE EsRROR. Hik, o
BB FENZRRBEERTERR L X®, FURHT 1
BEAKFEEA(s, ) S MRB3H s ZHTHEKRF, B
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c(s(x)) <A(s, z), MARXNBHEAZEBRABETREZ, XHKN
AT, XHMATERERRENE, XALRER. UR, ATER
R ABEKY, BREATERBANER. Bk, HENATEAHRE
b3 F B, BIInXT M — BB 5 — A BB S B AR BGHTTIE R,
MR BKBE LB LT—ERETIREE, ERXEREERERN
PRI MAZIZKBERDARAEEH I L RIUE, TUEHS LS
&, E—MHRNXEP T HER, IMCRSMHEBORTIRYR,
Yk AREB B, BB RE A — S F R, BRI,

X FEESRERTS, HRERBEEREROBAETUERS
R, XRBEBARBREBEESRMS . MUK, BRERBEAEU
PR AR R LA, R IR E R K EARYEE S W H AR E L
B, TR, ZHREBMBEKTFEABERBEENFAINEELR
M, MREXRIMILAE K. W0R R b U A5 B R E 518 BKF Y
XER, FERBRFBEIALRINR.

4.2 BEMHRER

HSHREETREMRERENERVWEESREEZXER, TH
KRB I g, AFEHE TR (Encode) . BEKE. MK,
#3zh (Moving) 54818 (Neighborhood) . &% (Tabu List) . HFE
B% ( Selection Strategy ). ¥§ B8 7K ¥ ( Aspiration Level ) F14% ik #E U
(Stopping Rule) %,

4.2.1 HBHE

M3 EHRNRIEEE—F, FARBERAERA-TREZ
i, BERB—MEBTE. RERENEIRNENEA-HETRE
BENERRMER, EFRARENER, ERATIRTRERRERS
W2 e, ©F %8R E RS LR,

PR R B ERFR, TUREBERBEREHETR, A, LWHER
RBHRRTIRF S5, STEOHEPSRRERET HHAZME KT
Wi, M TFHAEM, TURAO -1 &G, RBNE—MN0ERE
BEEXGWH, N1 RRERXAEY R N TFEMAAE, —BTUE
B A BURTE, G50 — AP R AR R 4 B SRR

Xt FRE—NEE, A BRI T &, Sl an
B RAHFAN 2 EORES A m A, WERENWAREN, BiEE
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e EHRRE . AT RRFHSFXEREATTH,

1. HWE1

DERB1~n 5l RBErEBRK, n M EMEm -1 428/ S
(Flinf 0 £R) BHRE—E, BEEHEN, EFE3-—FHEBHKX. 4
M, n=9, m=3, TERER—EENHENE.

1—3—4—0—2—6—7—5—0—8—9
X AT AFR K 43 B8 AF BT gR S .

2. HE2

HEERE—NOIRE—M4YE, ME—-MNHERERYEFIESN
S, FIR =9, m=3 &N, TRUABMTEXNRD:

1—2—1—1—2—2-2—3—3
XARE—MBA A RBHRT

ARHBENERETUMEEAN, FEsRaEsIiFHReS
— B ERRAERBESHE®L, FXLE, FHAHPOTENHRBE
REER—1#, WREWR L. 3.4 EE 4, WM2.6.7.5
SEHE_H; HANDR S, 9 HEH=4.

FED.: RN MEURDB 1 PAHMERLER 1—3—4—0—2—
6—7—5—0—8—9, X\ TEI M3 WME, BIAWT—-TFHHHG-:
3—1—4—0—2—6—7—5—0—8—9, XWHMILERERN, {HE R
HREMARN. MTHB2, NREIM4E4RERAXINN, 3—2—373—
2—2—2—1—1 Xt R B A R i X I Rt B — ), RA R
HRRR B T S, IR AR N FE—AR, BRBERER/AK
FRSEHAPHBERRAFEHIAN, LHEEAY, FERHEEL
WREFIMR S ] — R K/, BB IRABAMEEAE B ——XRIX R,
R, SHFFEHEREE, IHAR—GESNERH,

4.2.2 EEHHHEE

RO TFRERE, EERN0EARSBRREHFIT N, KH
FRNEEENEEREERERLERSSBMOMIE. SR, MH
ERBB MR HETUENSEER, REXTTERHEARAN,
W, & (4.1) FERREN c(x), WEEREA C(x) Ex, B4

ke(x) +b k#0
(e(x))? e(x) >0

¢'(x) =
(=) a’” a>0,a#1



86 $IE FBERWNE

RN, REFEERENRER— T X2 RN ER B s R
BR/MIUF R 15— 3 XMREEENEHERENIrERF—EH,
EEREMEEFEZBRABENRE, BTRRNENTSH
B, ULAHMEHEEREMAXNFENBERBLOENT MAEE
MR e flm, XEREPATEREIZAIMEN TR, B

2
ei

o(x) = [—, HAe(i=1, =, n) HnRE, BLBHER

TLEARENT A, B () = nle(x) = 3 of , EHEHM

EEENS BARRYE A R ERE, B/AME ' (x) BRI dH /S
T c(x), ANBRTALENBRESHTEE, B, FE2TIH
BEEHFEHRE—KHEABEE, nREFRLF - LERBRBFER
B ESBIENEERY, TLLRKTE TR,

4.2.3 IBBORS

SR REET RS B YGER, WTUEEERARMR RS
BRAL - BREFRVER. BTARBRAEIZRETEHER
B, WMIEMEEFRHERMEEERREL, REE-BHARERAR
R ALIE A, RN R iR R AT R A AT, EZELELE
RLMAERD — AT, XA BHRBLZRS S R RAR, KRR
RAFERFERE - TTREN DGR

4.2.4 BH5PEHBD

Bah RN ST R SRR, AIAE (P) FRAB s FAE
iR s(x) o MR AT LLHEAT RO BT A B b A 4B I, LT AR W A
wurgant “—37 TUARMRE. BUNBIMMHRIT, 2R
BEANEREERE,

SBMBH N EMRS, REARNRETZRTAFRBB M.
B, & R R AR R A SRR A B SN, T A R R P R AR
RAEUHEPEE N TROEOBHIRN . WERIS—LEED, B
BT BEBUE N — RN A RAE . RBERRA P RSB AN
BEEREPHEXNETMERETAL, HFERERENEERET,
TERA——F %,



4.2 WEHARER 87

4.2.5 BBE

EEBHRBED, BDREARGILBRIBPHABR, B4
MARRENN. CERLCRBREEZNETRES, £—FKEZRH
BIEBXREE; 27 —-FREZE, XEBINERERFBH, XA
DEHEVN, XEREEZEREERPHEL, ERTEMALRE
Bicizoige + a0, B XFRA “ElR .

1. 33

FRBZESHMERRBAZRRPHPLETE, MERDEHRRER
HITEHEE, REER LAY EE, BRRYNRYEET2RE, o
DREBER AR, RS, REVTUU K BRESE. FHinERT T
FHFREP, EFHHLSRETRENESHER, URERERTREN
AL, HEEERAERSEAFIEAZBBNSR, fl: FEMETE
BB ORE AR EYSAREXNE; oARBEPEETERME
BABMHBKRE—RE, WR—NERFEXMERBERIR; £F &R
PR EREHERRABRBREFENERITR

RETNUAEZHHFRAHERWNE, HEEAHAREEX, FEFMWT

=HF.
(1) URSHAESRERSHBLENZRENR, FlIMEBDs 5K
HNEH BB UAL v—s(x) MABTZERES, 215 FHOXRE
WBsh, BREEER, EEXMBERMNRERALER, HRERW
EE LR, AAMXEZLHRARESA AR, BRSAMA. T
FEAEEE B x0T 42 B i B0 25 18] 0 BY RI MO B ) A1 EE B

(2) URBSBRHEZRE S ENTEARSH R, X T4
MAKMEE, 8 KBHTERAREREIBEETL, WRRR
HP— I HBREDPENLASBENEERNE, BAXRHERLE
x, T EFEMEESE A EELED. AmBahs= (s, s, =, s,
Hbd X HBEHESHIEIK, TURs(1sisd) A ER
XA o

(3) RERUTFEELR0MEE:, BEREEIZBX R XK
R BB BARE R A FE—TRE, KRKENTHESHER.
St F FREIT, TTARA c(s(x) MERBRITR .

KRBT, F-MHENEREEEY, FoMEEHERE
B/, SEfEn2REERA. MEEBEBREA, TR
ARBBKE; R, WESBAER ., LhAES, BRHE RSN



88 F4W RAREZE

M, BRENKESLEELERERRIR,

2. RBRKE

P2 K E (Tabu Size), MERBEN KN, — BB
AZBRERE, REET—ANMAEHERERE, TRABERFERE.
MEH, EUMERZENRERERT, XMEERAKHEFARER
PAb L, ABEHE, BRFOKES/N, TEREMEES R,
XEEM—BEEAEN,; BR, WRRBKENL/D, 4ERERY
B35, XXREBAN,

HEKEAMEERTHEEONE, FEHEXRERRNOFT I XLRNE
B BRERERASRERER., NREARRLEEK, ETEEHE
MRBER, TREREELRT; TASRLRE, NESERED
WEEHT, RS REELRT. 2RRENBREERERERN
B, AR RTE, AR THEXFHEREBRNEMN,

Bk, TEANT—ERERREERT %,

OMERFE BERT,  TUR—-B5RBEXNER, HIW
t=5, 7, 11 248, WE—RE¥E NN BRKENZS EEKME
¥, BB e=yn, XH o HREHAE, XFHTEFERE, WA
E5HELH,

QOEBKE  EEAMBTHRE, BELSANEERFEL, HRE
R, R EIER Aty e PR X B8R B 80 X E] AT 1A
SEEELE, W (1, 10]; RESERBAGHAEE X, Fn
[0.94n, L1yn ], T4 K I 854~ 5 2 7 DA RE & 3% AR 80 247 T
W

KBREY, HENRERRKEFLEEAENRBKEREE
TR . XTFERRENERARN, LAEXTENRBERER
HAE

4.2.6 EIFERRE

PE R S S R A SR P B B — N BT MR R T — YR Nt AR
W, BARTURRN

x! =’(c:§)5tvs(x) =arg[’r(r:§1:({min ¢ (s(x))] (4.2)

H, x MR, R HAERBITR, s(2) e VASBEME, /(s(x))

KRG s(x) WBEHERY, VCS(x) WAIBEERE, ERAVHH—T

F&., ERBERENERMEEERWER, EREBETEE-TR
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FHIg. R, RERENHE, 5 EOTRHBRBRKERNKRADHEMY,
X REE SRR REBRA,

(1) fREEMENENDE, B V=S(x). XAEFREHZNE
AP ERE - RROBERIT - KBRARWHRE. XFHRBELR
Rip, HETHRETERETHRTR, EEREMEASSE, ITENRE L
B, LHX T RAES R, R REE A TR . £ LW
T RERBS, RAMKREXF T E, RERTREE, RIGT BN
RIBTJLANEE S, /N B R] B 3 b S R AT LAY o

(2) BHEBENBRGETE, B VCS(x)o KPR RITH S
B —WARBREERE, HRER WL, [VI<|SH) ], X8
|VIFn|S(x) [ HRRBREREMBIME KA XFHRBERRE—ER
BT PR E, HREYET KEKREE, THUHTESKEN,
WA RRBBHFORE. REBELT, TUREE - TRIANBGER, ©
BEUN: RERATHHR, D EEIEAH. A, NRBESSEPBR
Hsm, BARFEE-TBRENERT .

% AFItREERBNEBRDRALEERR. LhE, HF®
BB ZERSBFRTHBRBZIORIR, ATLRFRH S(2) -To

HSWREEAES B ERNIE S, BEFTHEEABE, BREX
KB R, ERAXNAEABIRNITEZAFIE (Meta-Heuristics) o

4,27 BEKFE

ERBEENESET, FERIBIRETFTELERED, MEZXT
B, HEFSHERGS RN, XMEHHEHNXMEERS, &
H KT (Aspiration Level), IR N BEEEAKF. i, WA
W&, FMTFR? cEHFRERAS, LENRBE 4 HHBE, B
(4, 5) BREZRET, MERETE, IREAIXNMBIHERI—F
it R RILENR, BEHRRREN 18 4K 20, WETHREKF.

BEAPHRELELHERX, REEENT,

(1) BTFEOEMERN, 1R RERNHERMERTHERRT
(6, W#kHN “Best so Far” WA, MAXBX MEEBRE L THER
RE, BOBES, STHAHEIANRE (P), XMBEKFATLIH
rRA

c(s(x)) <ec(x”) (4.3)
XA RASER, NABWRTE, FINTRT TRHFRENR
Bl AR XA EN, AW EER, IMENRERATERH
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B, MAFEXIMBAWES T, LELHEHE, ANEEHHER
w2

R, WRIEFHX—FMBEKE, Barffd—SEFBINK
B, A—EBHBARAREIHFRETHEBEBRARE, HRAEXMNE
h, TEREETRYLEERPEIHERNR, FTREUATHMER
K¥.

(2) EFHEFAKEN, MREERNRIFARRENRERE
ETERM, MXKXMREBHRER NS TERE, 22X
SpksE, XFEM (P), XA LH#RN

c(s(x)) <e(x) H c(s(x)) <ec(x) (4.4)
Hop xR R LR BAE Tt A0 o S0 o U R LAAR S 2 B St R
T, —BE, NREXKRESEMRESH%ETERE, T—RELIX
AR B EAL T B, BB TRERERMRNE T, #lm b3 7 TH
HFERSE, SobnAl M3 EREmMm2, mMEEE, WRE
M3, ERMERELS 2, HEREITERHRS, REXREY
HRIFNBs, PRAAEES, BETHERFER. EMLE, XFHHRE
B U HEBIEEFARERO T HSERER.

(3) BTEWAREN, EARTEP, AFE X RN E B E ) Z
K, BHEA, RSN, BRBEAKHTREERNENEERE, BN
HAMTREKRERE, TUSKEBRMRERERRPHME, BHEA
< 2 32 ) (9 1 AW R R R D MR, REIEBEARF. TR
FhosEs 00 IR Y . R NN ERR TR, W REXNE REA B
KW, XEEWATUREMERE, STURRSERME. =
K, XRHEEEFMEE - NER—MREBEAOKDITR, B
T EEHERE,

(4) HAbwn, plin, YHERERBELER, WHAWE L&
BHEAKT, BATURERL T - BRERRBARER, 5N, BEREX
EUkE T 3, B b, X TE BN RW ERNTH R RN
BERERZRBRBER, W RERBKE/DTHHEB KN,

B KT B RS, 2 BRI AT R SR B R R ME T AP Ry —
#, RERMNEFLPHILAE, TH, BEKEEESEBRE. R
RELEREALE, THEETRUBRSSBSHLER.

HRERSREKEERBEREETH R ORE, WEEXIL
S8, BATUBME—TEBEUNRFHEAFTE. TUELRENRN
B RS F— R, X LUESRERFNBEKTRER -
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g, WmEdeRER,
4.2.8 fEibgm

MEMTRERAEE, GFRERE. SUBLBERSF &, &R
HRABRARRIERIREN 2SREME, THRAHBEETRI2H
BEMOAEN ., B, ARG HEEENRE R, ¥ANEE
W LR

OHERAEREH. XN EERERRE, BEFRFPHHARY
&

QBIWHEM, WRFLEMERNENRERE, MHEECEXAEK
B, RESEAMOREZDWENEE, WEEEER, XMELE N
FTFREERRMRIT, BN A X 06 R8N R AR A 5 a3 ek
B, REELHENAY, ARMEAEECEAREHREN LR
(HiREHRERAL) RETHR (BRRHEEE/NM), WREREH
R RNE S XS R HREHEER, F1LER, HEXBRE
BET RS

QREEMBNBEAL DR, WREMNRHEABHRIBE T HLS
FHBIE, REHLRNEEEETSEAEAENRE, WREEFIL.

4.3 HiEEBES5HEM

Db T RIS R R E R AT R M — SRR, WE A
ATHEHREBETH—BEAES, HRwdh, BERRHLULR
ERICFREBRTH—RE, NTHASEHRT B EFHR, W
BREZERED, BAXFCENIT-SBRNMWER, TUTEES
— A HRENERREZERRPNE; MTUREIMRRXERELER
17, MARHETERRRP, BEIXME; MLER, EEWHES
S i 5E 48 Ak MET

4.3.1 BEEXPR

BT RMREENBEAKT .. RN R & L SA AT LA
LMENR, WREEATRENKER, ARERBENERES
Rz, TAALE—TBREEANSR (FHEFHRARKYR) .

1%, MRk, ARWGER, BERREIZ.

24, AMRCHEELAE. MAKE, SRR, HKE



92 48 ZSRERAE

ik BGELLT 8,

F3H: MWTREBERTHREFR, HEHETHEREKY. W
RWE, EHWBEKF, EHARTH, BHS P TURZEUT SR

BAY: ERBFREREPAEER (RN TRBRPHE—1X
) WREFBENLE.

B BFHEBRK.

FoH: BE2H,

LR, IENSROUATREREESREREENEMEL, RES
W— B RBEESF,

4.3.2 #®EHE

PUABEFHAHQORE (P) HE, MRUEN SN RERE,
PAERRBEABEEY, DAERKAE NG HEFILEN, LRATH
S EALEABEKT, MNEXNRBNE 4.1 Bim.

[ @ smimee Xar=xT=0,k=0

SE)—-T=2 7

[ % x=arg min c(s()), s)ES() |

g
' N
[¢zagmin o), swes-T) | == |
]

[ = mwir % |

F4.1 HpEREENRER]
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ME 4.1 HAUER, XHTEPLAMASERRRERE, B
BEREXILT. XEERKED A, MM /MERY, BHREN
— B Z B XHERRRE., MRUE RSB ARER, M
FRRBAUERN, EFHPREFOFRBELE, HREXAKTHE
BRBNMAZERARRS, TUBABS—FHEBEE, K42
P 7R o

7

[ & pmam x€ Xae=xT=0 k=0 |

IE%T%‘
E4.2 HBEREEOAER?

AR, HRESEREETHEFTRROKERAR, BIANEF
R R R R M, 753 R BOWE R SR, BB 48 ) A A B A B
B o

FfEENELEREEL, ZRRREERAFNTRA:

OeEZ L H, RBEREFRRILEES,

QORBEPHRGLRASUERERTTEH.

BE, UENAANBEAZKBHROWEHENALL:

¥t 1R AR 25 0 R MO AR NE , — 7 OB 2 W] RETR B
ERBBEM, —MRENVHBETESRRXBEREREAR.

OERIBBBITN, FMRBEEEPRERAIFTHERILE,



94 ‘ HiE RBRREE

HT2HERBESBREENOMWEE, 7TRIF X H A SR LA R
SPREEFHTHETREHE, BTUSHMREREMES. AREHHN
B, XERAGHEE (FRESER) BATUMYE “BAEBRRE
B, BARBRRABEFBAMNESLAE L REARTERBENE
B, BRERBERMER "B M “KEEN" FISERHOE
B, SHEZAREREEE-FIE, AHEE—-FER, HERE—
ITEAR. RARMMABE, A4 8EMRE RPN,

4.3.3 —A1HEBENGIF

THEU—7T TEOHFRERF, KEARBRERBENREER
o MRS R IAERMEA . LR AR E B E M R — R B R IE,
0 AT HEF A BEAE 15 48 4k B BOR B 4 7

AHERUMBERERERAEENARER ZHEE, MTXENA
SIS, HFRERBENRE, MRTHME (TSP) . Filk
WERES, XF—An TEOHFRE, A #OKE B8z
KAKNn LHF P, =nlo X oK, XHER—TRXKF, FH
BWRERAEZRN. FAESEREETUERDSWERE R —
A TR o

EERERD TR, XERABFHRG, 1 -7 1M 8FH—
AHFE R — M EENSD ., & XERBEELXA B SRER, (&
BXBmAMR A E, ERR - MERME. X8, ¥TE-1T%, €
AR AR B0 N MR CF =21 A, W AT AR BI 4B 48 P i 5 A — D R T R
HA—RBBRB. RE, RHARENEGW: UERBFFHH
(BL1~7 WHBER) WRMEHERSERENTR. BRENKE
B3, A YEINITNEHARBEN, BINMNTRARER
BB H . DS RIEN BAREHME, BRREERREE. BRAH
WHEAKT . MBYNHMOEBHEANRETH LRRRE, WAEES
HREEXBES, BHEZENT - RERNOWHER, BERRER
(B3h) WEAEILEN, 48] B KEARBIMA 5,

VRS . B — AR N . 2—5—T—3—4—6—1, HIF
R R 10, FEBRMMERN 10, HRINE, AHERITBEH AR
ERENEAIRSABRXRRK, ERAFHEAMNS, MRERSN
BAF BB, SBRBHERHITER, BAFAN BRER
MMM BEREZE, RTEE, XERFIBEFNS 83, IR
SUAE 4.3 BR,
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B3 s(x) | BRABE Ac(x) R 5 2—5—T—3—4—6—1,
— - B AR (%) =10; LA c(x) =10,
4. 17 4
3,6 2 REE
2,3 0 ! @
1, 4 -1 : 2
3 @

4.3 7mRAFRERGERE

Bl HEMHETHRRBERERERNBHE (4, 5), BT
R4S e, WRIEMBARES, MXTBHARERERT, FUE
WP EBETXANBS, HATREN 2—4—T3—5—6—1; HirK
BAE c(x) =10+6 =16; FiBILME c(+7) =165 K B3h (4, 5) MA
BREP. M YEH, THRBHEERI LR, BIEFRRERE
BKH S M3 4. 4 BiR,

B o(x) | BREBE Ac(z) B & 2—4—T—3—5—6=1;
— - B B AR (2 ) =165 H{E o(x) =16,
2,3 1
%%

3, 4 -1

1 4,5
1, 7 -2

2 @
1, 6 -4

3 @

M4.4 7RBRHFREBE-KERERE

B2%. NI ERRBERXERANBESE (1, 3), MH
AEHERRD, UAREREEXN B3, HAAEN2—4—T—1—
5—6—3; BREREHE c(x) =18; HHEBMME (7)) =185 KB (1,
3) MAZERERY, ANEREPHEATR TBE—TME, #3570
R, REBOEEHATE, B EGRRBENREREL, XHREW
Bl 4.5 Fraso
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B s(x) | BRAEKE Ac(x) S PIR : 2—4—T—1—5—6—3;
— > Bish MR (2 ) =185 METH (%) =18,
2, 4 -4
6, 7 -6 REE
1 1, 3
4,5 -7
2 4,5
3,5 -9
3 %

B45 7HRHFRAME _KERERE

553 0. MR P TR B S A A RO X RU AR, R BH AT L R
— N RER B, WREREENPRERAN, BEREFELET. TR
BREREREZEE, FURERA %S, B R ERER KL
(RERER, ITH—, MAERARTERE) B3n (1, 3), HE,
BABHELERRRD, MHc(x) -2<c(x”), HHAXNBHRHEH
MEARRRR B SRR, BARDBEKTE. FFUABRMHE 3
(2, 4), HETMER 4—2—T—1—5—6—3; HHEN c(x) =14, T
FERBREARAT, BUERE. B KEEFARDBAN BIRRBE
BB, MRCRSAE 4.6 Fin.

B s(x) | EMEBE Ac(x) IR X 47271563,
P B (") =18; MEE c(x) =14,
4.5 6
3,5 2
HER

1, 7 0

1 2, 4
1,3 -3

2 1, 3
2, 6 -6

3 4,5

4.6 7ARHFEEE=ZRERERE

Ak SEFBRRBHA (4, 5), ABSHEEEREEMG,
W E AR R BB AR o(x) +6 >c(="), WTHERMME, BB THREK
¥, BREIANBHAEZLI R D, MREZ. HAHEN S2—T—1—
4—6—3; YBi{H c(x) =20; MK, FHEFMHME (27 =20, BHE
BE. ERFABSHXMEGRBPENREFL, BEREMA 4.7
BF7R o
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B s(x) | BREHE Ac(x) = HE = ST 1463,
B BARAE (") =205 HF{E c(x) =20,

EoE S
1 4,5

2 2, 4

3 1,3

4.7 7THnEHFRESHNKERBERE

BS54 SBPBREBHH (1, 7), FAEREERY, HUER.
YETHER S—2—1—T—4—6—3; BINEAE. HTELENRS K,
BRI THEREMBRKRERKE, EXRFLE. RILBHERN 20, HF
XEEREARE IR BE, FFUBRRFENR SN H S—2—1—
7—4—6—3 1 5—2—T7—1—4—6—3,

ZARA T RABEREENELABR: BBRKSHEKF, #
RTHEASHRAENLE. 283, BREREEPEEL-WF
NBHEG . MRk, SBEMBIT. BERE., BRE. BEAKF.
5 1 Y SR

4.4 HHIRSKME

42 WAHWRERHERERDTR -~ BESHME, 7T XEHT,
RATLE AR SERARRRBET . HERREENRREMESD
B, PHMBEMEFR, ERRERENKE, WMH, URFRICRR
A, REEL. RESBEAREEREZAENRNERE, R
R, BERREEARBERRKNERER. ik, BRIBRAR
B XFIAT PR RO

SEpE—&, PHERRPERE “EIXT #RM EEIAL”
BRZABRI-NXEREH. ERATHERMKER, TLOARIERE
NRABRMEREBRLEROBE, TEIHSHNR.

4.4.1 A%

P RBHRNFERRRPER. AR (FX) EXERRE
B —RPANTE, WA R EFEREN RN EE G, R E BEH



98 4 RuERNE

Lo, TURMERBATHEARELH TRMRER, RERER
YUMSHBEERITFEHRE, TEABRSH, DIHEEFHBCR.
SEpRB AT, ATUAREREMERENTE, ICREERE DA
R, FRETAREBREHEMAELS, MXEFETUEREN,
AT ARSI o
1. BEEE
ATLLE FH & B h F e e . A AR b B & L BoE ) SR 3R
. FE (EMNSEANRLS BERKEME) S8, WARLH
AW RHTED, FREEATENARNER.
UAEEFHELHOEGE (P) AF, EAREBPHENHELT,
B REREEREHBEPERE - BAFRBUER /DR, B
min ¢(s(x)), s(x) eVCS(x) -T (4.5)
MBEET AR, BaE—KERRTERERE P EE B IFREBEND
H B BRI, Bl
min ¢(s(x)) +aN(s(x)), s(x) e VCS(x) - T (4.6)
K, N(s(2)) R s(x) BRPHEBNER, o RBIETF. ZHET
BIBUE R ZGE /N T B RE, — B AR EBER 1% ~ 1%, &
B BUE AR E PR EMEHRZ AR, o« BUERK, SHK
HEBEE, BRESEFSBERMEEE,
hEEMIC R E A — 5, e TEHFRIE A, TR
Y ESHERE—-NMERET, By — N axn BERE, XPHLER
MEREE, ETHMEARHE, HAK L TERRARL. 8K
ER, BEHEFATINTERL (BEOMETEBHERNR),
BIMAGHENTEENERKE, XRENETHREERRKENT
£, iG—wEN, hHEPHFNAKTEN L, EXETREREERH
Wi, SFUE 7 TEHFRBRA, B3 K4 KEWERRNT
B2 Rl X R B RN 4 AR
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EEPRAFIHKTRIO, XEFEHTHAXMER T, BE%
BIIAFHREXNERERVEN,

XL RFTE, BMRAPHRIA—NERE, RHFEREXHE
THEER. Y%, YREREMRKN, EEPABHTENBA K
m, IAEEERNWRAR, XMICRTER SR, PHEMER
RAETE 0BT R

2. HITER

FELCRAREREEFERASENREBRI A R ERHB R
HEMRH LB, ANCRELFIINEL, BRAXHPPREER
LREONEBES, MRENFERBBLER. ¥ANAWTILFAER
Tk

OQIERFENFIHKE

QiCF BRI TR B EHE B X TRTEHEARE,

@IERFITERENTEHE, HEFINPETRAELE.

@IERENFIHHAHFERE,

ERXEFRZIE, WTUXNREFFIHTEDN, RERAEERN
eI

HHRMEPRBEETCLE I BRAEH RN, BT
“EIRT BR

4.4.2 KHFE

HAEMERGERFAT N RPBRER, WEAPHROT K
AT LAA AR K IR3R A (Regional Intensification) #&R, HIHHEKA
PeRER. HTERLRBHAMA (Global Diversification) ME, #ili
TRIARMBE,

KPRARCREMWHE, AXEMHBITHIHETRRE
%, WEHBEEREER, =E—-TWHEMRN, NZERS5C2™ 4K
MBRRRRENER, SR MMERETITRNES RFH 8,

DLW e 2 RiFITEER,
S F—A n ERIE, KA E WA "= (5,0, 2)) TR
x* = arg max D* = arg maxZ z"’ (zf - x})? (4.7)

lel i=1

Hr, o, leL HEREENTRBHNE i MTE, W' = (=, 5),
ARTFEPHEMDPEE, IHRKPRFRETIENRRETE
R, MEBEHNXBRATSMILERDERETER, BT “F¥Y
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A7 EREH. FRARKMERATZHEABRER, BRIFLRBHE
R SBRESN, ANAERAAREREENSRERE.

EHBEBEBEREEREBNZMILTBBRERDPR—F, XTI
RESER, BEEXHANE.

4.5 BikvaesGE

RERRREEAA2RINES, MALEFRHELIN, BN 201
L0 FARFIBT S EHER. BRNAFTHRERA, UEEANER
BREEA 2L, MTAEHXRIERE, THEFERENRRK
THEAEBIABTHEE, TREN —EREME. TENMFLFHLE
FTERNS, GREFTEREREE. FMBARERBEURRRER
BEMHMBEENREERES.

4.5.1 HTHEBERNE

BEE AT R ARFIATIHENRR, Il RERBAAELLR
BMRE, ZBEREENITEIRLARTHRSHE,

MM FREAFHEARBERARE, MEERNWHL. SRR
B, EETRASHEEHITRYE, BANSHARXRKHTRRE
REY, YW, WFTARERAE BN —FaRTEME 4.8

- B

HTRBRRREE

T

[ zmsmemes | [ s mmmns |

AN

mrzam| [ wmam | | wsnx | [Esma |

K48 FTERBRERSE

1. T E5 R

3k 23 ) I 4004 S £ R S T o 9 P 40 4 4 B R R R

WRSEE, BET IR A W 5 R R R B S 2 A F RS
SRHTRE, WTEBRHITh. XERB\EANTRENEESHATLL
HF, BalAR,

MXNTALERRRAZHELHE KPR o, RALZHE
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RoBRE%. ZHERREREERT, HAFES N FILER LT
MPIGE, ERERBIRT, REAXBWHBRHE, FEZIHEXE
TR TER. MRMXEHGEHEEE, FMHETER, REXEH#
M—MFTRBRREE,

WL M, BRI — P SR AN B R BT ERT
PR, DA SE BR X B AR 4T SR R BT, R o R SR e X ) 2 O B
KHEER

2. BETESHSMRR

KrRBREIBRIZMES, B—TEFEA-IRBRERAE
R, FRMBRBREREETURERARANSH, QFEWHE. B
ity BRI, MBEAKFE, EELABVNELT, REXEEFX
FAL B BCROL, XA LA R0 TF =F,

O BBEM AR, EFHBBMEMERENRCERE, FEF
EELBENFMEMEEEHTLIRTRAER, WREBENREY
Ro Bltn, WITLABILHFORE RS0 # D — 8T S5 5#TH
K. XM HES, RESERELBENZHEFAFENHFR, HE
BAE AN ELTFEHRS, PRERKBERE, B, ATX
HEREEES, YHASEFTRREREERANBEIM T X,

QFHEMFTR. EFHRBERFNAE, MAEFHEMESZ
T, XM FRENFEABNFRAT —EHNBEE, B AL
E—ERE EFESLENNARE, BHFBIAMKNFE,

@HEMI R, EFHWERMSEREESRNTY, RIESTH SN
o YFAFYLS RE, WARFOES; YABEIETE, WBRHEE
fE%. Talbi % (1998) RIBET—MIFTABUBRBERAE, BEkH
FHAMM VN FRBERABHR, SHENEMETESEM LS BT
HEUARR, #EFZmEAERF, HELZREREAE (QAP) K
B ORI T B A R

25 (A AN S B S SR G I R b, RIS RIEE A, TR T
SABERELERREAE . YRUW S E SRR AE ST
RN, BOTIRA MIFTT IR MR KM AL .

RS (2004) BHTHRBEREEIABLTATLHBEED
BRIISEREY, HESEFIGERERE— MRS BEEERERLY
I, SASREPH—EELEE, WNBHEZARG . EEER
S AHMENAREE, & TFRA-XWEANERHERT THHF
7, BERANFERBAGNE. FEUMETRHABENEMERS (&
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HEH), SREE\LTHLBLAEN, TRHBBEUHEEENT
— UM LA REBRREEARH, AERFOBREREE, 418
REBABALERY, REEHERBARKMERE S, HHER
ko B4 HE 10 Hor 0 BFFIEARE, BERILSAHMRE,
IMERER DR RBEMRLN.

4.5.2 FHEZPERENZL

1. BXEREFREZNER

EABRRERBEEMEYN TEEMRALTENS, RARFHELEE
71, B BREARBERKLES. HNTREELE_HMEATENS,
HBHRRARITEEELRE, AMSI ZWNHE. B, X FiiE
NEAVBEAZRBHEREE, ARARBI T -HEHR,

(1) 2HAELEEE, ML RNBEROHEREEGER. K
BB KBESHEM, BB RELTERERE AL - LSHORH#TH
MEBR, RANMEBIAFENSE, FMUKBTRRENRAERE, W
HHYS#et, Bk, SEARMEEES M TR ARNBEERERIH —
AN A B,

RABRCHREEY, REBRENAKIFEAE, REKEFER
. MUEBKERNG, RECEMT KENHR T, NEWK S
B EEER, W5, 7. 114; BEET RS o FEE, WWn;
FAHMBETRKRENRMRE, w1, 101, ®E[0.9/n, 1. 1/n]%, &
EM—FhHEEEA THARE, WHEEESH&EXESHNEBK
B, BX—NEERLREE, ¥ERESEMER, BEA BT
ATUAEZH TR,

(2) AEEBGEN., BRERVEERRITREBATIHER,
MESFELREERKCEE EBLTRHR. B, ERBREEAE#
BB KRBT, MEASIATHRERKHRZE, BARHRMER
B3, YAMENAWAERE -2 XY “K318” GENNE, &R
BREZKSUEHELEE,

UM SHWRAEBI - RARBRML AT, FERBREREIERNIV T
HE, HESRESLERERME. XEA-TRENMBRE: WA
BhEmE, MARMNBEISEHER, EEFEZHBEXILREMAL. B
2, MREHEHBEATBARRXH,

2. FHRZRRUENEELFE

F5# R (Reactive Search, HFF RS) B—FRBILG, B—FhiE
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B TREBHAALR BN B RAH L, Batiti #i Tecchiolli (1994) ¥
HBRINFITIADSEZHREE PR, BRET EH2BEHEE (Reactive
Tabu Search, f#x RTS) B,

FNBRRBERBEMNARBIR AIRBEERERKE, ATEHE
PR RRER B EA A RER, REPLENERXETRE N,
(Ny>1) MB/MEFTRE N, (0<Ny, <1), BRIABRY, AN
SHBERFHER, BYPT—-SBI, SAREYNHBRSTES
Wk, WRELVNE, WHHEATEMNMER, BRREENFERY
Npf; MREEBENETRERE, REEENHREA, HBRKE
AR K Nop o

AT BEER, ENBRSEREEAL THENH. BRIBT,
LR BEFEET HIRBAE T B E K R B, FRYLE ERBIE. hiR
B — B N YRR ITE T AN BE I EER, WTBIINERERE
MIRABEYLERE, N T RARRBEIRE RSN, A BEILERER
WAL

HSRREEMAD BTN, BRARRESFUARER, 57
WAE, FABLHTEPRABRNSUSH LB REFPE. MEDD
2 S8 R R R R B R s A ks L th DR B SR X R R A . B, BEIE
YL, FIEBERBEL-BNESBRABEREY, BROER
FH,

3. EHFBRRAZHNELTR

FHHEBEREENBELBBRERBER SHENR, b RAES
HTEARME, TEMAT, RARKESEEIHEASMHERT .
W W num_dec RABMAERMEI, WHEBRKELENFREK Ny
£ MBEEALANIRE (AREB-ABEEHREK, MEHA
BMEERBWF) KB num_esc, WATHRBRE. FHHXBRRAE
RIEALTENT

1. WIHEFE SIS : n_dec=0, n_esc=0,

F2%: MHAHMSHR, AENER,

345 AT, HILRERE.

W4k, BEARRERMNBEKERER, BE~TFEIT K
BROWER, EFCRE (BRERHNRZRRAMA VIR

HSk: MBHEFHMEIAL, WHEBKE t=tNy, n_esc=
n_esc+1, n_dec=0; HEW n_dec=n_dec+1,

6. MBE n_dec=num_dec, W t=tN,;, n_dec=0,
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ETH. MP n_esc =num_esc, WEMERBEIE, n_esc =0,
n_dec=0,

8. MURBERMELEN, WHREEIE; FNH%E3 5,

DA 3R 2 AR UL BA £ 3138 RIS R E v b 4R i i B4 Ak e
BE, ETHHARBHREETEFNBEEK TS EERKRS, XBR
BEHHA. FHBRBHEEENRBERNE 4.9 i, AhALIEE
BEINFHECZRREENZOBE, FIUGRILE 5 MR &8 & m
AHEHDERKENREME,

4. THESRRENENANEFEEE

EEANBRBERALR T, TEAHOATRLED, BRENKE—
BALBE, IERXHNERT, FHENSESHBHLRER, #
WEXNBREBEMEPRIA - EER TR, XL, XTVE
FHEsE, REVARFEFELEREMR, ARBRERENA.

l n_dec=0, n_esc=0 1

[mwnstes, sembam

HHRERE, HNERRMEBE

YN

n_dec=n_dec+!1

t=t XNy
n_dec=0
n_esc=n_esc+1

LR #RAE

n_esc=0, n_dec=0

N

M4.9 EHEXBHEREEMRER



4.5 RN EEA R 105

FHBRBREEY, TAEHRNINARSTEFMER, X#aeT
BENEN, RNTUASBERECKE, RRFHRTEETRLE
RENUERABER. B, EPHEAEHEEN, EIBSBERE
EREETAENGR, MAMXUERESER TR, WRARMEH
—BRBARFM, BREAEN., A TREEROEE, EHERE
RELP—RMHEFARA (Hashing) FRFHEXEEFELR

MAEEARBN R HTRERS, B8 - MIERER, EHER
HARE X HHX M BETURRIIXTPIREOTEAR . EREMRE, BEK
RERMERER “WE” MERATEEN—FER, B¥EL, BF
SEW R LARIR S fc A—B, Hob|A| > | B, BEIIXEMBEE B R
RERMBEROBE AR ER, FERETRROBE, RN, BT
|A}> |B|, MABRS AR ——BtS, MRESXM B4, FHUARS
BlER, BABRAPESIIATRAWRSIENPE. XTHHH
ARNEFAHREE TAEBHEE, AXBHRETUSZHAMXETH
B 250 B SCHR

FEAE—HANEFREFASHRER,. REBAVEFRICR
SE5ENBRIEREFNSE, MXESEER N 10 B4, HPEER
K, MRERKEEE; BHER4 MREENXBF, FHBFR
BT, BAMFHLER 130 x x x x 1589 g K 1589, WR N HE
I, WA BOR AT DA K 3R R R U R IR

ITHBBBRAEE T, HENEROEE (BB 7, RS
hig A, MNERBRNIE-BHEEEBANRBFRNRBFELY, W
B B, AR RXEEEER, 7 LAR MR BN A

BTN A ER S XSRS, BT LME R U SET
X, XEAKR,

5. ¥R BHREENEA

Battiti #] Tecchiolli £ I T B RA L KK, $x70-1H4
(6] B ALK B I K FE IR A (QAP) M E BT, WA TRE
HHE, TG, THRBHREECEAEMREZEHREITRIWMA,
GIERITRRE (TSP) . EREE . EWMBREME (VRP), HEME
SEGREUERAREPEN/ THEHSTR, BF AFRRE R
HALEE, ERETFEHERSBREEZNMRSMARLED.

THERBERERIERERMAAR NG A ABERRE M
WALEIRBEIEH, XL, BASHBEMNERERERITEBRA
THBEHREYE, MAFNASRRERRTEEATUAGFER BT EXTH
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BERBREBGE, TR IIRBREREES,

BREJERERBEAAELATRENBR, BRAUBAL, BH
RS AT KNHRRREA, FHEBEREBEN SR EMRR
MLBEXEE, PHBARKENER.

4.5.3 BSBERAZSBRERLIRENERERE

AR, BAEMARBEI T ZHOMA, FRETRENBER,
Rt 54 EERABERRN—MAE, FDTERAENFHRSE
AR AR SR AER, REAUARBRAEMBEEENRS
AT WS

1. BT

B TR AR R R A R BVE B 0 40 58, R0 ) AL A B 2% SR R
A, EEEHRAEREEANBEE, FtBEBERFITHMNE S
SETH-BEERERARENRHRE. ZTIMEL, BRREGHE
HEZR Y EREERAEEHNERE B ARHER,

MR, BEESN THREREE, XBRRBBUAAREEEEY
ENARHBEBGR KB L., B RLAEE, R FHALBEESTRAAR
BRRER, HERY XSS RAE. | XSRRREEEHY T
BETHESEANSEERAEMEN, IWEFHRARERRET
—MEE, HPaFUT 6 M TEHER:

O RN EMEARERMERARMANRRE, BRREBERRT
IR R

QUERTEREHMRMANEN, HERFLZLIBSEMUL.

@4 150 o FU P TE T 4P At AP IRA  AE TE T A

@RAFE H R T BRE P REFRO YIRS, BRER®
BTN CRPRZ —

CERHBELHU—E N T RETER, ENBEEENEL,

©FF LN B E T H R R A Rt

AT XA RBENXBER, XRH T UBHEROGE—
g, IMNBREBEAEBROFRURBRTFINEERA—ENES
)-8

UM X TRAMAEENNHCZLE 2, HPREHSAEHER
AEEEHRLEEUREMHEZRBEREANTREZREE. fln, &£
BoK - AR KRR A AR . BF - BMBLR K HRIR & AR
BEHE -BAERRBEMRARERSE, PAE=MRE=MU LEEN
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BE. NASHAEREMK ., HERk. WERERHTSE T,
2. RRHRAEMBAEENR R
Re#RBEENRBEEXNEREBRAT EHNE, RntaE

REBH—SRHREDES THBREREL SHABR KBS MR

FESERRE. AEERBEREESHMABEERNBARE D, XEAANH

BoRR -BEARRARE., MNAZH, HARB T XHHEEN

B
(1) BEFEKRRE
REREBERECHIIRRBRES A RARSE, HEXMNT

KA 22 P 4% B S5 I AL AR AL S5 i K MR R AL IR, G

MR RS2 2 T RE . RHER, TERBEREE —ABILER—1

BAMERFE, MENFBOFES RS R T KR K% B MmeE,

X[ AR AR MR, SRR K B[R R 25 (] FF S R Tk R Yo
BEEELEE—TBRAE “BR". ERAEBEEERNERERN

P H—ERBREEETHRELAETF. KXBETFHEBMHEPHREKZ

AR RAMLCE, TRSERREHAN. A ZRBGEERTHER

B — B BR, ERBERNAREIEE—BAY, MERZEAH

B R 38 S B AE 3 R I Fp RE AR DL o
Boh, B TERRES “HERE”, BEERNCILREN —B®

%, EtinfTRERILEI MR NBEREN - EEZETH.

(2) BHBRRAEORE
MM TFREREE, RRERBEAARRORSEE, HEERHE

RELRWBREBBRRKMKB TAEHMGER. —TBEENNEREL

FEHESEREBRREATLREASE, W—MRENDIERTEER KX

MR R TR G BE . B, NAH R ARME XA BESH—

TR HGE, REEEREREENERE,
BREREERGII-RERERNSTE. ARNEHE—T

BWAR—AFE, BREREIRN-TBERIBSS—1TH, WA

B—AMBRB S, B0 TFREFESEHTEENS, Xl

REEMNBTHSRRERENARRER, CERMOKAHAT

4.4 1 WHHGEBRHRAEELHHIA
3. XBR/REBARMBHNELRS
BRIMICAZ TSI A BB E B 3§ & Muhlenbein, M —ARZES”

WEEMREEEMERERERET T AL, HET ZHHET

BANTRELD RBERERM, EFRRHBEKIRAE T %, Reeves {1
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BERRAENSHLBETIAZRERENZIIMER P, HEESHE
AOBAFEIZHE, WRITREMKR, M5, 2R -#EEERR
EHRER (AKREI/BERARE) BTN ZHNA,

HE/MEBSERT, ATREEEN SBRREBIHRE, —K
fEX “FER”;, B TESHRAZHNATHERBARE, —BRIEHN
“NEE”, FEEANBEOESHARARHNFEINEENEEE, M
EEXHEMBABEENBEERERE—BHBERE, MEASHITHY
BEENHEELABRRREENEME, RN ARSHNER/BERB AR
TEAEFMHER, BAZBERNBAEENSIAZBEREANEA
HEE, TESNABNE.

(1) BAZZHERYBER L

XMBSEB T, TENERERBEERERATEREREE D, #IE
BrmE—$ERd, BT - RKBXERKHZBERER (AL
—KEBRERHRENR) . BEBEERLENLRBETERATER
BERERE, FIUXMERP —REARSEREERBEEREBME. &
FAZBERBRATHREERBETZRE, XTET-RHAIBREARESR
BT, iChTSMETF,

XA T TSM B F R ER SN —RD R LR .

14 MBLES, SHBEBERSSE, FUHRAFHE.

F24; ANBREEENELENREHE. WRKE, F#1LE
B, WER, SNAZUTERE,

&3, ETFYFTAREHTRERE, AnERSEETE

4. TS EE, EFRRANRILRE,

E5%: FRATMETESR:

FHEBS-1: AFE—DRaEk, £R0, 1 ZHEFENE -, W
Hor<p, (K p, RERER), M akiss TSMER, W%
BT —1TR ek,

FHBS -2 WMALBESEREL, YMRaEH M.

FHES -3 AKMEREREEENRENREHE. WRBES
RERHEER, #AFE 6, FUHEUTER,

FHES -4: FERERE.

THEES-5. BERETWHEEKFARGTRERL, EE—T#,
HEFHERE.

FHEES-6: #HTHLES -3,

M6k UMNFRGRES 24, #EBRERE,
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MARBRERIBEREN—BORE BB RE RN, BT
EREPBRPEEMNILPHRB TR, MRk, BEFE. SXFEER
THOEARER, XEFTRBELRMEADN, BRAKRK. EXHER
BEEZSHENANCLES 3 EHANMELT.

BRARBHRNBEEELEPHEABRHERBIN —BRNASEREE
—HN, AERTHREBRENTE . ERRENHHURBEKTH
BEEFREAFHRER, B2, EXEERHERARE-IMHIRANE
B, FERATHERR, B, BENSHE B LIS 5 mE SEE
RENE, plm—BARAPHRAIRER, SRKBEFEIT R,

(2) SIARBHERBEHBLEE

H5HRAZRERWBEEERFE, XHESREARLERERE
BH BB 5 R BESIARBREREERETR, MBEREETH
TXREERBE#IT—EHRSHE, BEBENEFRBTE “HR
RE” WEE, FTERATRERRFVRAAEREEAT R, 5
AZSHREEE, FMETUER “HERE", MARFICIZIEE,
MR T MR R, XHER—-BATRHXXAET, ButE/
ZXHFHN TSR BT

HA TSR B T HBEH LT LAFAR N

145 WRARERE, ARERTRESHE, ORI E.

F2 g ABREERNELENETHE. WRHE, FILR
W, WHER, TURELDTHR

35, BT YUMHBBITERERE, ANEARERKITE.

4. A TSRETFHTEN:

FHR4-1: HTFH—PEE, £RO0, 1 ZEMEVE -, W
Ror<p, (Hpp HEXME), Ninpakpxts, THERAET.
n it 2 AR AR

FHE4-2: MHEHXRPEEFTERE, FEHHTN.

FHE4-3: ULRBAETYERENBEKF, URAERY
BRENEBHE, BRREA—ZEHRE,

FHEE4-4: MRATRPEAEEEMEMRTHEEKF, WHE, I
BHEBHSES, ZFRRAEFHEAT K BUHEAT—F.

FHEA-5: METFREAQERAEERS, WEREaEEAT—
R BRIFEAT—F

FHR4-6: EFBIFHXARBEIAART—HF

$545. BTERRE.
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/6. LIFMFBLRES 2P, SEREHERE,

AR, UEBRERET, KXBERRT “BER” 5 “BE" 8
B, XRESHRNEARE; HEXBARKAZTENSETRHERE
%, BRAGEREDSREHERE, FUKN “SIARBHERBEN
BIEBEIE

TSR EFHZELBRRE: TXEMFRT, X THRERAFH,
HEH#AT R, BRHZRBRESNMA, MXATHEKF (KRB
FRfE M T 3MH) o X TR A, NARKIBEKFY, Ram
RELERT, TEEBIAREE, XHETURRFMHHENSEE, #%
HEHER, ETZMBREERTHNEHZINET, REREHNER
LB, AT DEEREEXRENAXL ., SEERXEE
FEEXXNE, XHEOEAEXEFIATERRRBES, MATLK
fE TSR BT ‘

/MR A KRR A EA B, FlwFEe A TSR ET
1 TSM B T4,

4. FR/BERE KR EARAR

RE 1993 4, Fox XB AR SR RABEFEREBIRTX
%, Glover % (1994) A\N: REFXBHREEMBLEEARANK
B, HB —SRERR, IFETZER KR E RIR& R A R T
. WG, Bp/BERANRAKEAR T ZHEA, AFRELE
ERBREE . BSERFHERSERE., BERATHRESHAIR
o [ 555, 45 A I 6 T A G B AR (R L ) A T e J) i T4 9 B T
A RARNFRSEAREREG UARBEMT ST MH, BEHE
HERNBFRRGE, MNRAEEHE 2.

4.5.4 HfvyikAx

UEABTHARBEREE. TR BHREBRURKR/BEE
BAHRALER, XA IGE T RBHRE LML, NANT
Bl i) B Bz, AR SETRSERABNBARE, &
S vk BB M R R, B KR A R A L BR , A
R Z R —ERE, TESsHIL6TF,

L BETHMFTEMENRTTR

LXEEERED, RERREENERERARE LKE T8
WORR. PTREEEERSEE, REBRNEE, REHE TR
A RBEYLE R, MRERETHMBERGHE,
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Bl A KBREAFRABABLERNTEERNDER, RAEAHRRE
REEIN, YZEBHERBIBRNEMBESBERERBAEBRNE
B, BT MATHEFHBEAEEFNEEREA, MTAEHR b Bk Rk
REBRBEEMAARR T EFETEER. £ R HR44 R & TSP 58 %
iE, IFHFETHEAZNWESESRAMRTFHRSEMIMLIES . FHkE
FANBHERAEAERE RS, HHERALBRHRBEERBREEHA
R

XERBAMEASE (Insertion Method, fAjFF IM) 2 — R ik )3
RRXE®, BERDH Rosenkrantz F AN WHEFE—EEE P K — K
] B BE TSR, JERE2NBEBE AN A B IE X A R RA R
[ B B s e v LA R K B A A

2. REBPRALARBHERNVAZE

AR I LA R, WRR B PHREERRERERARRERS
EHBUEKTERZR—KEN, WEAPHE R EE LBK, XTHL
T, WA — WA R SRR, B LSIAR
ftbfg & R B gk kS mE R

—Fh o R ER3E R (Fast Local Search, K FLS) B HKF <R = H
R4y H B4 FA88R, FHFESR LR BIESHRE. BaRER 0 HFPR
BomES AR, BEERMTHE; BanEd -1 W TFERBHIA
EHFHE, RARABRY TS, MHBNIAE FSBRKREERLEO,
MEEREENFRREERVEMELRRE, WA THHEKED)
HEBN -1, BMiZEFARGEDIREMREN 0, BERNARNLGHE,
ESNHTFASR MR, BROEEEEER, EEHA T8EE SR
EEH -1, MRBTREEMARE, PRERGEH,

HAES ARXMRERTERBEEIADZRBHERAE TR, #
% 0 i AR 4 4 B ) T ZE B DV 0F RL R AOAR A, R P FIBRAR X LK R
FRBESRE, BEFEIREFENESRMZERREG - N— @Y
Wik, ZERIEROFERBRAETHOBLT, BRFE AR, KU
FMEBESSESHRBEENA R,

3. E e ERERAE

Eugeniusz 32t T —F W EF MBS RARE, TEREESR
W R A DEGER, RESXIMMEAERNEL . HAEBATH
g — s RETERMHEE RN, BBRCLRTENA RN
ME, REEXAREXNER, NEEATFHRMN KRB ROBRETE
R, BEE LR E, AERERTHAXE,
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X—FHENRGE: ERELSENSHARIANBLIHREERN,
RBTHREHNE . HTHRIXAFE, EREASARERERREY
B, BRI EIVIIEEM B R RE ., AT job ~ shop ML
WETHIKEHEE, XTHEARAEEARETETFEHHORETEXER
AR,

4. LARRANBERRRNZE

KA E NG AT 2 00 A TR AR /M 38 53 o 18] B BE LR, 4R
THERERESGREARX Ik TSHEU) WBEH%, ML TRABRERS
Ao ER (iCk TSB&B) By, RUPMMBERLRBEARY, W
TSHEU HEEEE R,

FHAT ZALRA TR /b8 oL 6 8] o) R T — K TR R, 3
FRAFENERSER: ARTAZREMAMEINETA 4 T
F, —NMILHBEERATHZEARTEENES, TEEARATHZ
EVRERES, XNBET NP S, —BERKABEEDHIR
AERBEXBARBEET

Bt xof LMK B 18] [ R A B AR AR AF AN AR HE R (R TR
PUA B X SR A3EE), KBFEARE THRRENEE
REL, HHZAESREBHRABRSARBLEHSIFE, BRL
BRI AR R AR BT DR A B s Wt 5 R R B O R AL
M, TN B AR — R0 A AR A 55 T AR R I R A, KA
THEREE

5. Hite WA 5 RENE

XFHRBHERNEHARAEERAERE, TUMRERRRREENS
AEAFRHHTYH, SRNEBRNRETE. FSRNRESART
R, BRMERERE, FAMNILESABERRURNERTIARLER
BREET, SER—ERYE, #T-HBALRMERE, BRHEE
FEMERAGTRHHEER, BRBEEMRTHBEEHEI

HRBREESHMBEENEAHRUERARS, ANARERE
EERTRER (PSO) BE. Z2RBRERSNIHHRARERS
2 RTEIE, EhAE——5%, MESHRBERBERANELE
R EEABEEENTPHLITHA,

4.4 4 FPNFHEFHUHRB A, —BEA R BB KH
¥, R AR RESHIRE R HRBEFENRER LN, A
BBEMEIEMREY, REBHETRRBUS TR, REATHMAFE,
XEERI EWNERARRARTZMMA.
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441~ 443 FAAMNBEBHRFERELETF, FEEEE
BB R R REEA SN — LGN HTEE, A, HXBTEERT
AFEATOLE], & XA R HE M RS IR E B AL BBLE, TR
REBE B RIEA T A BRG], S5 3 B0 77 T A AR 3R A B9 p 1L Rl G
%, FHXERHERSI TE N ZRMA, MENABEREY K
W%

ok, NFRENFRENS, BAEFHEE - BRASRERETF
9, BAIE M B R T BB B E M FFIE . R REF R E
R, gt Eet EERBE, HELIREBE2RRMME, LD X
FEBR IR A KRR EOR , BBOIRLE LhEOE A I, SUE EATBOHRTOR
BB, AWPEREANBEPERARAFTERR, REFEF®
EEATAEEREFATMARENERMD . MRRAERAIFKNE
R, D0 AT DA B A5k AR A He A AR T R AR

4.6 FEEEF LR

BRMRAER - MERNAARARBEE, Clover & F HEH
XAt R X R, (AR, EFEREBERE BN AL
EEBTHSE, aEERRL (Ehb) S EnRAREN KRS,
B g Ec i

4.6.1 HATIAHLEE

1992 £ Hu KA BB RELT BERRBMATR, 2FHER
 BREERERBRKLREEBT —ENXE, TERELEERE
ZH.

1. TXEAREE

FRAZSEREERE RIS, B B MR i R R B Y
FIE, BB, METH » WP BHEXHIU 2 BP0, r AERE
HIER, iCN B(x, r), WTIFTAMERE s -xll<r B9 2 82 = BB
i, | - |BRBEK. B, hTHES 9 MFERBEETEHEA
AEBEEYS, TUBEXU xR0, S8, rp, o, 10N
A2 -1 AROER, BB ER ¢ N TFHRE, EE—-THEP
Pl A, XAE, B g AREBA (2 s at-sllsr, i
1, -, nt, HFr=0,r =r

Pl E A BRI A RS m AR, TRRLEX, WHE
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LBEO TR ALY, EARERNBEERRAESL T AR,
BT MR x = (%, -, 2) " (n HRREL) MR (1<isn)
T A

2, =%, +s (4.8)
He, s ¥k, REFTE, s TUBERPHARMLWRL, R
AR R 5 BB F B

A, HFRE (FREZL) DEERE (RHE) 2EZEN,
X FREBRZEHANSRAETHNEBRE, X8, ERERABRMR
f—EEENEANERBH, BIMERITRM £0.01% %,

2. MU BBEREEATIRUE

FrBRLAREREYE, BAXEBIASERREBEBNIFILME
HAF, BARAEREREERFEZHAE min f(x), xcE"
AR LRI WMT

1% WILABMBTITH, FEBEE " =2, BAKRK
k=0,

2% MBERARAEAKRE, MbsR, FILEE, SNgE
PTER,

B35, FESRD, FITESHMRNERLE.

A%, EFEFEEBRNRGHs, v=x, k=k+1, BHERRE,

W55 MBfA(x) <f(x"), Wa® =x; BUKZEUTHEK,

Hok: BEP2HUEEE.

MU EEBATE S, MR REEPURERKABNEIL
W, DGR HmASEISR, YR, NEERMEESEBRTETEN
ENTFAERE, BANEREEERN., IRMNBEERRNT, 5%
B, MASATFASMHALNESBERERGTHHAM, EEHRFEHR
H 4B IR I E

EAESEP, #R (4.8) AHPER, HPEPK &K

s =t (4.9)
M, Ei, FERRE, r FAEEYE, B ERERK S E5H
BB KEIERH S S XM, " =", H 0 <c<l HERHEN
b

MBI ANEEPHEK s THREEDE, SBERTE
KTIER L. FTREEM SRR, IR, G2 % s HERD
—AKEBR, RASREENTEDATESKENTE, BEERL
T AR P R B R P8 AR AL R AT T Bk
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3. RAFAERNFNERRENERTIMRKL

EHUHERSEHAUERBAERRERAESTHESR, ZREL
KELEEZWIERD . £HHBERH T YETHE R B BB 8 480817
—HHER, UERHL2RENHE; SHEEERATHRERXSE, L
HEBAHRINER ., HEREARBRAN, SHEEEREREH
RIim, B RWRINE. FFHEERESSIREMREEEY, HXE
FIER, S E X R SR AR RERE BN — R XA
M, EAFRTREOHRLE, AHRXH BN ENRBRRAE
MARARNLHAREBRKERDMARTES SR

W—BARBET S —F LTS ZREERRE, X5 EEMR
W, AR AEREES HTWARS, —HoREFHITE, HTHE
PR B-BAREAETRE, HTESEERER, $RPEFHELR
(7 A A A — R R R P R R B, TS HETR
WARRE, %ERENE, BERETRHEPETRERMEER, W
R TR MFEILER

BEIFHBZH, BEREPHEIETRLTRE BB —F. ER
HES, SPHTENE DL SEMUE, WRA KBRS B &
IR T L — s B B R BRMM, W DL=DL+1; MREKENR
WBRREFSETRS T E—RERFBWRNHE, WDL=DL-1. 5
b, EWAARE, BERETHEFEETHTENEHETR, E
SRE—

M@ RRAREN, REFEPHRPHTREE, HNAHET
SRR ROERMEA; R2, YROEERARARN, REFRET
RMEHHETEME, MNNESEEEROBREHA, XF, REER
oA B S A A R P R S SRR, BT
R TX—XF)E, 0t TSP 0@, HEAXMAENRINERE
REESHA IR LM 2 RNENEERET T LR, SEIERT XM
BHREERTHENSHE

T FEEARERBRERER, BE 500 TH AR ERR
. W% AT R B2 B R B R R AL 2 P R B AU A B
i, Hp—HLRFTAFWT,

(1) g fHARENEREEIHENELHREL S BiR
kAR R, B

_ 1< TG - 00) | .
f= w2 17 | x 100% (4.10)
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H, n FEEASATE, TG MOG) 2FRE MDA SR B iR
EMEbSEE, DERREE AR SR, SEERNEHERE
ERREPETERAEN—AB/ADMERE (FW+£0.01%) BFEPEE
- IS

(2) L. EHEMELFEMRE (BY5®%) 84
TERNEMEME—-NMER, PR—-1SEH. BXBEEREH
max_offser, BIEBRTEXNBAMEZNYSMEEILAER.

(3) BEMER: XTEPETR, BREEERB/DNE, #
N +0.05~ 0.1, EFAZXBEFHEE; HTFEHEETR, BXE
ERBUR KM, BB £0.4 ~ £2.0, HiyFEwLE FiR 8 E MR
SEH,

FRAXMEREREEINGMZNE, SHBPEEISHAEMNE
BT A, MR RN IE X B HA sine WP f(x) =sin(x)/x, HRXF
BEmitRETSHR.

XMEREEREENBEOBEARSIATETETEMBHEETRY
Ba, FREERWAEKELASNRBRFHORNILE, BFRBRT
RS EREEZEIRNFE.

4. WEZEEEXERRREX

Chelouah % (2000) R T —FHBEERBBRERE, iEX
ECTS, MEiIXAAMWAEABENNFNESEREEMAL, ECTS 1
HEREPEEMABMAERWESENE, WEHVF, ECTSIERTHE3
AEEHS, PHBER. BEFERBHER. £PRARR. Hit,
WMEESEEEEREENIESETURARANIE 410 iAW RERE,
BHEMX3ANTESBEEEN, —TSRIERNE—TEREE
%, REVERESE —SEHRPVUEE (BXH), F—PEREM—
Bk AL, B3 A FESRILERMY, 8- EESRE
TUINE— TR THEAEREREE., TEMNX 3 MNEERS K
i

(1) AR

ABABREFIRTHRRESN, X5IAT “HFEXR” HHBES. R
NG E—ERBERPEZHSER, MAEERPERERS
MERERE., SEREWMER, BEAENIHETHERNTER
AMENT NS EE, EERLERAELBRRPIAEFTERTHR
RARER, FERT —EMRM YR, R EEE, HHEHREEE
AT ATMESNEAN, EFEERFHNERERXI, TiXnEH
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AEANRX I ERERERT L, ERAEFERP, FERNER
RMAM, BF -TMRENKE, YFNEFERBHFARFTERN, &
EZH (FFE: AREREN) AHFERSMNFERTEH . MRERAEH

BHEERAFTHARFTERE, WELIBAER, EAREHFEX
BER

| memmie: wEsy |

[ #enwx aaxax |

| REHEE, BTREFEXANEK |

I s

E 4.10 ECTS HEAKRE

VR PSSR R B T, BT AN — R
ERAERHNERNEERRTE, PHAKZRSEABMNRNEREEHE
HEEBZA, ZWERARXINN.

AUED, XTEERE— I ARER, MARKRERNARE
®, HPHERFEHENTURRIEENSER, REXBARRE—
AER, TRFBETHENE (FEXRKE) MRIEEGR. BRBRM
FURMNFERER, SR RTENA N, BEEEHER, N
PRI T AL E R '

(2) BAABEXBHER

SEMABRPCLEAT I FER, IR “BRERERHEMER”
HABRRE, REXCLBRAEN. BEFEXHBBRNEESR
mF.

$ 1% HERERPIARMNH IR RBERFHE,

24 MBEAERTFERERERTPHHEOMR, BHLBRE
B f# o

3. WESREBREH ASEINRE, HETREAFE
WAT PR, R RN WRETE. mRERELT ™
EERRAERER, WERAZRRBESHYNNEFER, TUAE
o MEBAFEREWRSE,




118 F4E REBRRANZE

H4%: NRERTENERFERE, HE 1 SREHR; TN
oy

(3) H£PER

SPRREHY “BAFERBRBEER BIAMNEEFERRHET
M, BX—RHEE, EPEENSBTUHENT .

B1H. BEBERE, WHLERERESH,

B2 WMFMMAT FELSEMR, EHBERELRR, FH
HRE" WBRE,

$34: MEEFRENEEATERKEABHTHRE, #8528
EEER, SWNHSEUTHE., ‘

A% MEBRBEREEATENKEARERERE XD TH
EROEAB R, W L 7 K T R AR R K N AR B BRI
¥, BE1BREBE,

AMUBEES, XRE— M ERBEQHMR, Xh—mF P EEmR
W, BHBRERRM, EHR2EE” LTHYFREARERES
B4R, Hit, SHAER, REAERBEE. S PRESERE
RMERERITR, MBA A ECTS LM E 28 B A

Wk ECTS ERHEAHBAEZHNER, GHFE—EHHALSHERN
BHSK, MXEsKPEERER AN, FEEEa BT,
ERSHEERERNEALERT, S5, LTSRN FEREFE
ABARBIF TS, XA T A2 346 3 30k

HEHREERATIhK, TUREEMANESRRBRESE,
WA B E N ECTS 24, M FRHTHEE, REBTERBELEE
WA AR RERRREE,

4.6.2 METF%HRAKEE

ALAERES, REREHREFRIL—BREE, #HAZ BIRRKL
B&E, A/NFAAHEBREREENATE BAARAHELR.

1. Z AR EE

— i, & HiniiRIBER L iEE N

min/max F(X) (4.11)
st XeS={X| XeA",g(X)<a,h(X)<sbli=1, ,m,j=1,,n
Hep, RETBX A fWE, F(X)=(/((X), -, (X)) Nk

Hir#&, S HATHRNES, W8 n MAEXAREM n MEALH
B, aMbRER N TELERER, A=R; ¥ THHUER, A%
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AITRERNES. BARRE F(X) ATARSE A, ®aT IR /M,
HEMERS A, BT HREESE, TEITRS REER/NME
O, B min F(X), BRIEBFFHRIE.

ZEGMARETREFEERTEREN, XFHREHRILE
BEAIE—, MEEA, MXFEH “RER” CARBFTEX LY
Biff#, TR Pareto BILM (ILALME) . Pareto BILME, MR NIERE
(Non — Dominated) &, & XMW .

— A X' €8S & Pareto IR, HEHMNYAHFE XcSHE

Qf(X)sf(X"), i=1, -, k; H

Qf (X) <fi(X"), die{l, -, k}
BAEY, MERAE—NERYE B iR ED BB T —
AR, BARABRRE Pareto BiRH . BATHE WA FHELL Pareto B
R ER, k8 & B AR 4k ) £ e 3 N 2% F 3R R VT BB £ B9 Pareto &
.

2. ZEHREBRBAE

BHRBEBRAEHFERE-ENRRE, ZRESXETEK
M RSERER. EETEERKBTEFREENRE (LR
ERHES) URREFRNED (NBERIEXH) F. BHBRHE
SEHEERE, QERSHEMME., ARMEREERHIR, DERE
AR (mNRRIESR) %, FENNIE, BAE-MERHTE
fSERBAMEREE, ENARMNBRBEEEANL BiRFEE, o,
B DAk B iR RS AR RBRERENFR, JLAHRM A
R\ETARAREHFSTREFERNEE, KW, AELTHEHIR
GEEEEEEZHTRER. HeMEBRERURAREKNE, FH0Y
AW E RPN TR,

fEtE, ERASLAHRBR—HEESHERTERERRENE
x, RXRARESW. HTRERME, RELHKAATELINEN
BiREERk, . TROBRE (BEdL), BRAR, EMEEL
BOERUALE, %%, XNARSEWIMNFAR, b T RRERMNMATE
X R, R T —RARMMKETEEN R RRE®, AlnFfqa
FHEREREE., BEEE. BB AEES, XK, ATFEX
X E B, RATUR RIS, Adl FEXERHE
#AE 4. 11 FrRBER.



120 AW RESRENE

RN BB

AR5

IR R FJE, UM R i,
MR BRBFR A, 7 LMER S BoR E

......

R R M T 3k e A A

5

A e 3, BT RS P A
£ 8, U ER RSB R A,
AR ), AT A RO

......

411 BRREKRSEHREEHEF

MHAASERAEERELZBEHEE, BEAN - ERARELS]
ALEHLE, B ERAEANEBRAE, RERE. XFHETEE
BFZHFRAEKLRE, REFANEREREESEENRRERRE
BEE LMK S, Gandibleux % (1997) HET —METHNEMGH N
¥ (Scalarizing Functions) K% BirB 2@ RBREE, AR RBHSN
{L[E]fE , Hansen (2000) R —-FEFEIMHEABRKNESERA L,
BAMABBAECHEEER, FSIANERIFERZNEXEE,
Ehrgott#l Gandibleux X F R FiIE BB REERBLZEMAES L THE
MR, XBRBEFITE, RETEHANHAE -MEEHYHE BT
HRER MOTS B,

3. ZAREZEER MOTS ®Hi%

oW REEAS RSB , BEFESNPEBE, AFR
EESHN B EKEREZET SR RANERE, EEZXTRHAN
J2 %, Baykasoglu % (1999) M T —FHKN L BIFHERER MOTS B
k. Baykasoglu Sl K : XQIHSBREEXHE, ARERENLR T
EEMABE M ROEE, CHEEARRE - MAENREER, B
ARE S AERE L BARRALRIAR .

MOTS 1, BT HAZREBREEPMEREZN, BIATAIH
A%, 48] Pareto 3 (Pareto List) FlfE#EZ (Candidate List) , Pare-
to R EM BB Pareto LA, H o) Pareto BEMER Y £ K
VENFFE (Seed Solution) A 4R, BEER KGR FRER
BWEMBIESER, MREREZNERF, EMNNARET “BEZE"
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R, ATREE M FERMIEA Pareto B, MOTS B 5 - BB BHERER
EMHMFERFIRBNERSEIHRE, TEX MOTS Exkd L%
HETHBNA,

(1) ¥VitR#

MHEBEBBEREE—F, BILAHSARBREE=E—-PTHH
B,

(2) PHEMAH=%

BRETEEREROAR, FIMELEN. BHK. 0-1 8%, P
BRFEETEAR, XS5—BASHREEREFTART. HREA K
AR, PERNXABEITBNSREBELARAZETHFR (HITH)
B, BNEERNBIFMES TR Pareto i, URAXUPBMBREUEEER
B, BEXABIX—A, TUEHERREN=EFE, WrlEAEMmE R
BISREE, WMAGMRIEE,

X FERIRAE JE AR Y T AL, AT A 4 5ROk &
BEH, X—AELEARHRBEREARN, LEEARHRREEN—
TEEREREEZSE,

(3) FhFRMEE

PEEERD F R BB 0 SE W 2 Pareto B AR PE SR BE . Pareto BIEMER—1
By RS, EWHLTE LOXREEME . IR — %R Pareto BILKY,
WLBENMTXRENBELE: ELE-MPREXNMEER, MBEE—
MBI NMBREEZ, R THOEFELFENTEE,

®E. NTFENEEME, HHEEHERE.

$2 3. WSS PEBREM, REHERMEX TG KPS
f# . Pareto 3% P (8 FMERE R A9 % & Pareto R MI -

w3k, NMEEBPEILEE - MMERNT TR, WREERER,
MM EEEFEE 18 ‘& B (BREHBAREEN) BIENF
FiEo

(4) BFEREFH

YU RFEE, FIRMEIEN Pareto BARMBA Pareto P, ES
b, MW FHASBEN S, ANEEH Pareto B AR M Pareto 3£
(RBEE) PBRE. EPHFFHMAD Pareto X, mmELRAH
HiEgEm, MmARERES, UMFRIRENR, XTERENR
BRMRAESEEREBER -,

Pareto EFBER XM K ERERE, X—H5HIRREFRAM, £
fil—MERLHE B EXTA P E KT WRY, LEBRBRERE,
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FHEHNE ZARHR Pareto BLMF T, Pareto 3 Fl 2 5 & DA K& 4B 35 + ZB
X

(5) BBEKFE

—BHBBERRATERRENNE, BRNSERAEEAS, W
B BEYE, RERIVRERE. XHBEAT, AENERXNR, /£
BAFARIK YRR, BEARARBNHFE, T2EEHRMTHEEN
BN, ATRBAREIFNRE (XEUBERRE), FEREBRE
K¥E, TIREBENMEERIBESR, RN EFRRARK B
EYE, BALERBREKY, RRBERREA TR ERNERE
X,

(6) 451k YN

MBEFHTHERENBRRENEKYE, REBRERIZEELER
BT —/1FTFH, WEEEILE,

HTH—FRARHTFEBOTEMEHENES, HH—- RN
F., HEREREER K, RETEN IR, PEADER I,
WL FREEN (4.8, 46), HizREPMEREN (52.40,
40.93); HM 3 A EMm N (6.3, 6.1), (6.0, 6.0) 1 (6.4,
6.0), X5 B bR RBE BN (60.08, 47.09). (58.79, 46.54) M
(60.39, 46.86) , FJ WLFFA 4RI AH X F #h 7R #F & Pareto RILHY. T
HEERE®, N3 MPREKRE, BHRRBER (58.79, 46.54)
BB B Pareto BALW (BB THMM) , RE; AAESA
ME S, MR Pareto ERBEEER, HIRMERN (60.08, 47.09)
1 (60.39, 46.86) FISKIH ML 2 Pareto H LA, WX HHEEKE
R, % Pareto BB ERTTEATEA Pareto BRIRENBBER, X
A M8 2 4 TH AT B e 4T — NME R BN A Pareto ¥, F—PIMARK
wFp, WA, BENHBFREIENALIRP, BBRFHE “E7
WTERBERE, XM—BRESEREE .

MOTS B HHERBRNE 4. 12 Fix,

SHMNAZEHREERBL BNRARNENTERR, X4
MOTS BEEEAEEAMETRAGRHZAMNNERR, FREHR
ZERRSL IR —BRER, MEEENARBERRENEHHET
wx, MH, HeNATZERNAREREETHTERBRRER
(BER) BHEBE—L2H, T MOTS BERFEMBINBHETER
BnE.

N5 MOTS Bk B T Seh4k, T Ak B4R I i 35 1< Fn 4B 3 i /b ik 3B
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ol

VIEhfk
U ATITRER TR, A
BRfParetoXh, FERES

AR

s e R R R BLARR

FsHParctoB R B4R IR IR
ey
BTN A T A EAB AR . Pareto BERT
R AL R parctof L) SRR s

HWEMNTF#E:
B PR —ME P F s

BEHAHE:

ParetoR P BT H 248 TP B R
B s MAR SR Pareto®e; HERE
MM IRIE R

N TR ARET

Y

>

Ba4.12 ZEAREBRERAERNRESE

RHRREE, MEEREEMEME KA, WK E B
e AR, MRBRMBA, WESBSRER. KL, XMTHRER
2 A s 2 AR LB o

AH— S EERE: HEERSE, SHALHPRAFREF Pareto
BACtE R LR R W = WS A k. Hik, ATRAECLH
BB R K i 3k AR BOR IR 3 IS

Baykasoglu %42 iy MOTS B ki &N TR S BAR M, /5 XM
ATFEgERk, FEREWR, BUST LHBEREERB S BiREE
R, XM MOTS HEARSCEA —SENA, BEANARLHL
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B, HE, EA—MFTRBNBERES BB T %, XAHE
RBAESBARFHERE.

4.6.3 BEFEBHMBERITHINER

BERRERAREN-MAKBTRHENSRIMEE, ELELR
FEZEBBENNE. TESA S —FNERMAKER, DnREE
MNEBRRBEHER,

1. BF@HNEEEahrALnE

HTETE BoC BFHFH—FMRALA, EBERTBNHALH
FEBBMEHTEROEENZS . IHEARELHTR, NHE
ERBEEA NN, HERNARMNGNEESN, TREZS TR
Ml X TRBERHRITEEA - LEERTTHE, THSH—
AEH AR MER, HERAEREREERRITRE.

T R e R B A, RO B B R M EEER
WA, FEEREN ARV RIN . R RIS
BT AIR, MRS R — MRS A mE, RFY
3t VAR, RSN 0 ~N-1, HhETHRSH 0. EXARE
BeB=1{b,| i, j=0, -, N-1}, Hdb, =1 FmeE& (i, ) IEF
fEEE, b, =0 BERLMBER. & XAREEX = (x| i, j=0, -,
N-1} REMMH—FaEEEH, Hd s, =1 REREE (G, /) FIE,
x; =0 RFEFEE (i, j) FFE.

GEAREERENER, FUMBERER - LNE. NEHE
WE X A T B3k W T2 5 B e D R 3

2. HXMERBRE

(1) BEERW A

ST AR T AR R RER, & XARERGERENH
Bet: ., TEARXTEEEHTHRLHEALFSBEEMEFHHERLT, XML
BAGEEAENTRERMERK, XREE G, ) BTEE

H(X) = smi—yi,j = 0, ,N - 1 (4.12)
inlc
(2) P AAH
R T B4 BT 3k S A P H TR B AR BRI R TR FT BB MR 2 .

FpRF M AEEN B RS, HEFTETRENEEILTEAT
BB, XEEERIEMNERE, WAPERRATRRKEEARGRE, X
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HHBRE—- A THERIETENRERZ. HEBBIXEE XN

KEATMIMETA R, WL RRAN A R RS ER .
REGBH AR, TUHETIYER.

N, =f(X),i=1, ,N-1 (4.13)

L,=g,(X),i=1,- ,N-1;1=1,- N, (4.14)

Jy=hy(X),i=1, N=131=1, ,N;sj=1,-,(L,+1) (4.15)

Hep, N RRPALABART i e ARG LABIBRIT  MF &

BREFRNEEG J, N B AR K I RBENS PR RTNES.

TRMI : WalsEitBEARXA

Ny Ly
P(X) = z ]—I Hl]j,+1(X)”’ = 1""’N -1 (4- 16)

BB gﬁ%ﬁ%ﬂﬁ@ﬁiﬁ,@%ﬁ%liﬁ%?ﬁﬁo

(3) FHBARHE

#r(i=0, -, N-1) HMT i WFHTRNE, ES5ME KD
MR- EREEAR X, PR i WFHRARE 7,535 KT
BAEZFENEAE EMEMTNBANBEEX, HREAXN

N, Ly+l

un:%ZEﬁmml . N -1 (4.17)

(4) MG m 2R
R ) 25 IR 55 28 7E 1 2= — BY A 18] 1N 48 11 /4 48 — I B0 4 7 ) PR TR B
AR (4.18) HHEM TR

Vv,
Q.= 55—,i=1,-,N-1 (4.18)

ZV
Hep, Q NPT i WiFMA; V5t E— B E PR ¢ i B R
3. HEER
(1) AP EL
T E B RN, R 2R B9 R TT R R B KK A A A
N AR, XERAMAXERERHHAR U, V.(i=1, -, N-1)
IHEREE

N-1 2_ (U,-—E)(V..——I;)
Coo(U,,V,) = ——= (4.19)

> (w0 zw—V)
AR PSR RS R M, 699 T L I SR 0 B R
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REKE, FR, NMiZBRITEMMERTIZHEPTEEMNT, RER
AR R E M TSRS S MR, 55, FEMNEREN
BErMZABMAE, TRETNTZARREEEY.

N-1
max f, (X) =Cov(Q,,P (X)) (4.20)
N-1
max f, (X) =§gy(0i,(Ti(X))“) (4.21)
N-1
st > |x,-a,| <R,i=0,,N-1 (4.22)
f=0
w1
> |z —a,l < Chi =0, N -1 (4.23)
ji=0
%, ~b,;20,i,j=0, N-1 (4.24)
u;, -%;20,i,j=0,-,N-1 (4.25)

Hep, R (4.20) RABKAF AT XS MT TR ROMHEXHE, K
RFRE QN EY, AEEMNERSEH X HREER,; X (4.21)
R B R A R BB A B A B B0 S I T R R AR e K (4.22)
FR BRI H 1 F A TR B B N BATR, W a0 P R
R EEM, RAFEE; R (4.23) ERFENT LR NSRS 8%
ABAER, COHEY; R (4.24) RREARFEERNTLUMER, ®H o,
EREREEER; R (4.25) RREMMERAT ENZAAMX
M, B¥ou, =1 ZFMEIMjHELEX, v, =0 KA MjAR
EARHER

(2) ¥Akz B BiREE

BEBFRER (4.20) ~ (425 WHEBRI (F, ), FiK
E(X)HR(4.22) ~ (4.25) MM T ATi, RALHES B iR F-EHHRK
B A, FRMEBRT LA 5 B AR

min A (4.26)

s.t. Xe E(X) (4.27)

i -A(X)sA (4.28)
fr-f, (X) <A (4.29)
A=0 (4.30)

BB AR ER, RER(4.26) ~(4.30) KRR NIEF
B (4.20) ~ (4.25) WBAMME. T, REFRS BIRER-EENRE
FEE S B BRI

4. RBUZ

My EgmanEnEis, BERABENERRE, EF
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B FT SR PE AR A B ] Tk AT B ok Rk, BOELUUAEERMR
WHERRB, XBEMEAZESHRBEEORRMIEL B 57\ A A S LU
BEALEWBAEREM, KE\ESBEPHWHECH T HEMEMU, £9hU0HH
mF.

(1) wWEFTR: RREBHO-1TE, FUEERXRAO0-1 45
il

(2) Vilsf: BENMGERBR M LA@EESEH, MX=A-=
la,l o BHME, XFHENTHBRTITN.

(3) SBIMEEH: EERELHAE X F 00— T E R ETE KB
BMBRBAIE, RAEHEREARKMAOMEFE, BTy Emt.

(4) BBEFE. UEAAERTRYTE (i, j), BIRMBURER AR
HENR, BREKERER T W, SIAPHRRIEZRER OCENR
W) &% (i, j) HARE, FemmBEd, /(X)) =A(X) -w -
penalty (i, j)o

(5) WEKF: YETHEBABH, HANBRTHEKFE.

(6) 1A &8 B R BT E LN,

YR, R UFERAEENENE BRERER MOTS AR HEK
BXA£ BFREE. RET U0 A B R R RR TR R AR
it B 2 AR AL AL . ARG s REES R R E X R M, B an
SBEEM. TKINE; MESBRBEERAOHNEREXFEORE, B
hARBEFETUARENYN, RERHERFAITRNBEMRTLUT,
A BRHBEBEREERKHREE

5. W5

B4 13 FmAI— TR REREESH, MnERRE41, &
1t — Bt Al A R TTEUT RIRBO L 4.2, PR e L& 4.3,
FRA4AhBRTERUSTHNOMNTEREES, AR,

0

16 17 18 19 21 22 324 25

26 27 28 29 30 31 32 33 34

413 MySRREEZSH
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Alava BELRTULERRE, BTN EREH. BAEHE
(R,=C;=2, i=0, 1, -, N-1) MELT#HITTHELRE, #3K
HEHERWNEAS5, RS HHR ol BE f, & 0.381 #m3A 0.736,
f, 810.251 3 m#E 0. 672, MHBIRUE,

Fa. 1 AR L ET I BE G B 0
(0,4) (0,18) (0,23) (0,26) (2,6) (2,17) (8,16) (9,14)‘(15,27)(17,30)
(20,31) (21,34) (23,30) (25,26) (26,0) (26,3) (27,1) (27,3) (28,1) (28,4)
(29,3) (30,0) (30,5) (31,5) (31,7) (32,5) (32,7) (32,8) (33,9) (34,6)

F4.2 WMIHBERY

v, 0 1 2 3 4 5 6 7 8 9
— 120 19 38 3 72 52 6 33 15 23
10+ | 23 13 55 63 34 43 15 16 7 12

20 + 21 38 14 64 24 35 92 51 11 22
30 + 62 41 32 22 36

£4.3 MAMFHNKHE

T,/s 0 1 2 3 4 5 6 7 8 9
— 5.28 3.64 0.26 6.20 1.50 9.94 2.76 5.44 0.88 8.56

10 + 1.24 16.04 4.14 0.78 0.74 0.78 7.26 0.88 27.64 0.54

20 + 1.44 (.90 2.62 3.88 2.54 250 292 29 1.56 1.66

30 + 2.18 2.90 1.72 3.20 2.14

X7 558 B0, T ATk A R A B T - S5 P B ) 3R Y o
MR RAABIME 4. 14 FE 4. 15 iR,
0.09

0.08 K

0.07
0.06

0.05 ﬁ\
\

0.04 ’ \ & ViE#E
0.03 1 \&A o TIAYE(%)
0.02 '

0.01
0735 7 9 1113 15 17 19 21 23 25 27 29 31 3
WA RS
A4.14 FTAXESHRBHIERXF (cov=0.736)

,._-"'
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0.09

0.08
0.07 ’K

006 ji N 2 2 ]\f_
o VAV LAV 7N A N

0.03 A BAEE (%)
0.02 &
0.01 :

0 1 i L 1 L i I ! I A 1 1 1 Il

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33
R F S
Ba4.15 MARANBEHERSHREHTRERXR (cor=0.672)
RALET G M N R L & 4.6 fim, Hob “+7 f1 “ -7

SR I AR A R,
Fdd4 FTHEXAIT
R SR BRI B #5 M 7
1 2,3,7,18,20,22,24,25,29,30,33 | 16 17,28,30
2 3,5,6,9,11,14,15,21,26,27,31,32| 17 18,19,21,24,26,29 ,34
3 4,6,7,13,17,18,19,28,30 18 20,23,28,31
4 5,7,9,13,16,18,20,23,30,31,32,34 19 23,30,32
5 7,10,11,17,23,29,32,33 20 22,23,24,26,29,31
6 7,8,12,18,21,30,32 21 24,2932
7 9,11,15,17,21,29,30,33 22 26,33,34
8 11,13,21,22,23,25,27 23 27
9 17,19,23 26,29 ,30,31,33 ,34 24 25,26,29
10 15,20,22,28,29,31,32 25 29,30,33
11 14,19,29,30 26 29,33,34
12 14,17,19,28 27 30,32,34
13 16,27 28 29,30,31,32
14 15,32 29 33,34
15 26,29 ,32 30 31,33,34

£45 BBEANTHEUAR

Eily HER 5/ B SHENZE
fi(x) 0. 381 0. 796 0. 736 0. 061
£ (=) 0.251 0. 757 0. 672 0.085"*

T " HALE R EREENBRRR
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DA EEILEFIGBFTH N 88.4 s, XEH ., /NEMBKRAL TR
AT AEZN . IRH Java BIBAT R REMK, W E Mo sEB AT L

ERAMEREFME, HAEBERSITRERH RN,
24.6 RUNEMMERNITLNSR

+(0,30) +(1,34) +(2,13) +(3,8) +(3,21) +(5,8) +(6,1) +(6,24) +(7,12)
+(7,32) +(8,0) +(8,1) +(10,9) +(10,33) +(11,17) +(11,28) +(12,2) +(12,3)
+(13,25) +(16,3) +(16,6) +(17,4) +(17,6) +(18,29) +(20,5) +(20,7) +(21,4)
+(21,9) +(22,29) +(23,21) +(24,7) +(24,10) +(25,11) +(25,13) +(26,12) +(26,31)
+(27,11) +(27,14) +(28,15) +(28,19) +(29,16) +(29,18) +(30,15) +(31,23) +(31,26)
+(32,23) +(32,26) +(33,19) +(33,24) +(34,31) +(34,32) -(0,18) -(2,17) -(9,14)
-(23,30) -(30,0)

4.6.4 Z{/AFGIHPAKA

1. (o] B RO 3 iR
(FEAMNERITHEN MRS RAZSE XE (11], X2
HEABWT L BRNIRER.
min f,(x) =4.9 x10 °(x,” —%,”) (x, = 1)
9.82 x10 %(x,> -x,")

3 3
x,%, (%, — %, )

min f,(x) =

min f,(x) =x,

s. t.x, —x, —202=0
30-2.5(x, +1) =0
o
3. 14(x,% —x,%)

) _2. 22 x10 2, (%, -x,°)
(xzz_x12)2
2.66 x10 2x,x,(x,” —%,")
%, ~x,”
55<x,<80
75<x,<110
1 000 <x,<3 000 .
2<x,<20
EEIDEE4 D REER, P r., o W3 PHESER, o, HEH
B 3AMERER, BEAENREREN (FR); RERRMELE

0.4 =0

=0

-900=0
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Z5h, BEES MAREN, HPFAEERY, ZE—MEAL HIFMR
B,

2. MOTS X9 R % 1B (TR

Baykasoglu (2005) {#F] 4.6.2 WA F L BirESEE MOTS
BEMZEEHERBTRE, SHIRBWT.

@B A/ 20,

QBB IR . FIHFE,

QHERERKE: 20,

@EZMERLEK: 0.01,

OB TERILK: 1,

@K EREH: 20 000,

MOTS BE:M A C ++i5F LM, B17HHER Pentium VA ANIHE
¥lL, CPU: 1.60 Hz, W7F: 256 MB,

3. MOTS HiEHHER

B LEEBSEMETHE, MOTS HEIEITT A 10 min, KRB
5 9644 Pareto B, TEM Z R, Osyczka 1 Kundu 3R T X P
B, ARV E (Plain Stochastic) 83| 7T 19 4 Pareto FL#F,
B E R 20 000 RABAI T 133 MR, TR, HYTHE
BEPLI R AR LG, MOTS HEAB R THYE LM E B & Pareto &
R o

R, ERAXZFAFERBHREB (Exteme) &, BIE—BRH
BB, FIH Ak 4.7 Fom, oAb ER s %t B A8 BIR AL B A5 R
B, TUED, KMAERT, MOTS B NS R HMF T
FHE, RE minf,(x) NREEAHEE KR

£4.7 EHERBBBRALLR

K@ E Bir k¥ F(X) =[fi(x), f(x), f(x)]"
min £, (%) [1.79,2.77, 2 920.9]
— Rl min £, () [3.76, 2.24, 2 948.4]
ax min f, (x) [3.25, 2.80, 2 309.2]
min f, (x) [1.66, 2.87, 2 982.4]
B min f, (%) [3.25, 2.11, 2 988.3]
min £, (x) ' [3.91, 2.86, 2 255.1]
min f, (%) [0.131 156, 41.353 2, 1 183.29]
MOTS B & min f, (x) [2.166 56, 2.15, 2 981. 64 ]
min £, (x) [1.153 09, 10.850 8, 1 000. 03]
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FRHHTHIRBRERAENMAELA, 4.6.3 FHLHIRNAK
REAEBREREYE, RIHARB T EUFHETBABHETLHE
B, A ERBEABRERAEHN TARBENOMABRNE, 4.6.4 TTHE
PR REHMEATE BRNERER MOTS ik, BETREESER
BAEBER, AEESARBREREN, ERIANLERNETE
DL T SO P i Hofth 7 ik . ARBLI SR R BB AEERMA R BIRA
G, MHT2ERBESEN . £ BRI NALRE,

Il 5 8%

L FRORE: THMEONEY o MER I w, (i=1, -, 7) RARH
BMERN 120, Hx =1 RREBVE, » =0 RFIFEEUE . AAXBRER
BHEREBEH, WHEHX= [1010101], $RERERM 11 2%, #5 K&
R, BBRER3 (RRAEHRR).

2. RAFRAES MBEARIAL 4 AT W HREHRS A R, =9,
R, =8, R, =4, R, =5; 4 ML AWM A BIA P, =3, P,=2, P,=4, P, =1, ¢
AWMU RS ER 70, BREX= (%, %, %, 2], 6, =k RBAL] i EEBS
k, MM R X= [1324], AEFZKBEREI RSN, ROBAR, BRKE
B3 (RAEHR).

3. ATHREA R T : #—&KEE n MRTHKE (S MRFLERA
—®), HBMEREER, HP, Wh i JRMERA 4 ERR. RITARBRERER
R\BEEABHEE, BEREHAB IR . SBRERGE. BRXIR. BEKFUR
R, HehRER.

4, THEERBREROT: o MIETUE n AT ASHER. TAiSERT
BB ) o (R0 AT ZEHE AT 48 0 TARS X EIAR e B BOF AL, FFEA
BREZRITRBAESNEE (BEABTRX, $REFRE., ZBXR. BEK
Fo bR, FELBFRER.

5 REHRARSEERAARNREERI B A2

6. HERHRAESHOBTBRULAEHNREERINEM 47

7. WRABEEENG, REEFLARZBREE, HESRERKEMNER
BRI, RAREBRKENENMRE?
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5% BEPEXEE

BB &k (Simulated Annealing, SA) BERE—MEANMMENLE R
By, BEXRBBREENY R, 5—-BRANMEEREEARE, SA K-
E MR EFESR B P BREMENBARE, R—FER NSRBI
By, HERBABERRETHRAZDRBIGIRIEL, ER—-HEW
BT, B8 THRARESE, SHERBESIAMNEIAS L —ME
UREE . BARFE 1953 4, Metropolis iR THRAB KH LKA
18, [EE ¥ 1983 4, Kirkpatrick I SA R7 F 7E 4 & B O 4k Al &R
F, ZEEETIARMBELER KB E, REENEBURLE® K ER
B, B, THER. KEESTUREREA——N4,

51 & B

EL7E 1953 4F, Metropolis ¥ AR 4 T JRIGHY SA Bk, HEH B
ESREM, EF 1983 4F, Kirkpatrick AR H T HAK SA Bk, 3
BRI A ERBRAAENA S BRANE, B THR SA BRAEE
BN M LA NP R RS, Bk ARE, MR E R %
thh, BRCEIBRTBAT ZHMA, ¥ VLS, £FRE. &4
T, Plaged . HEME. BRLEESEE . BEEKBRHEFE
BABRTHAEFHBASE, BEEENME-TRAOZLAPHERA
W,

5.1.1 #AFEHPBRATE

SERYEEMAT—TRER, ENFASTERSERAHED,
BEERENZEH T, S TEBERARKRE, A TEHEHBTHT,
BiJ5 LB MO GEMIHES o P pi 106 Y 1) A VR 2 R R 3 O A4 B O AR AR
HB K. BAE—FYEEE, 768 AR R G E BT D,
AGHEBMREMREETRE /M, LHEHR, SRYENBERSE
R IMEERE, BBENIET. —NMEASR—BH T =R AEmR.

1. mRdE

HEWREHBRITFHHRED, EHMETPHLE. HBELBR
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b, EHEEBRIBE, 2TFHITAERFNERSETRITF OB
&, WMHEERGFRETRAERIESSE, EHEHTHRHTRU
R-FHEARS. FPRIBESREANBYIEHERR, REMEHE
I8 B 6 T+ TS K

2. FRIYE

EATSBENTRIEREHEE - MRETHREITPES, REKT
EAHES, REXATEHSHARENRIEER—ahBE L E/R:
‘NTFEHRAEFRREXBABRMBEAZNEARE, REARSHBERE
LB RE AMRRBA KT MHET, HAmRAIR/ T, REMRBET
PES

3. #HTE

HEWRES FRRBIBHHFEETF, REBRZHTE, 5
BERELZRBES, 2 TFEHERTEERERINRDIRS, B
BB AR B RS, AR BIMERR A RIS

ERYEBMAE - EREF, FRAREKEE, WYk ARREE
HEHSHERS, XRERLCHELRFEOFEKRB . FALRE—FHY
H®, BTYREXIMEBPIHEERANTES, HUREREFA
SRPB/ME, WHER, EREARFAGERRS, BREREHRA
BEFIBEEE, EEMSEES.

Bk o
oR: HE-DETH e om: mETETE ra.
HHERE (AR HRERE (B

BS. 1 Bk kTR
5.1.2 BAEHEMLBRRN

SRWIERBIGIRER ERERMERENRIGREE, SEHREEER
FHREHTHEEEFNEEARSHIRE, mBAD, FERIERSA
EE—TEERETHERIRESHHFE, X LB LA Monte
Carlo W FEMMUBERL, ZAEBARLEME, HEFERERFEAER
BEEBERNER, HTERE K, L TOHERGHEN THEERMARK
A, MABHNGBEEREISESNYEES, RENATEFER
R oA BT ARAE BT B9 IR 25 T T Bk B AT M 45 R . 1953 4F, Metropolis
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SRET—MEZEMEREER, PLUBEREZHIRE, BAEATSE, AR
B, HYFRE I FEHRE), WENRBESN RN EME, &
ESE, MEZHFRE) FYRE; &M, U< HWHEp, =
eXP[:ﬂi—tﬂE—i)}ﬂE%j{’%?&j, H o kb Boltzmann % ¥, X B, exp
[«] B RIEHER . YXMHIBREKREE, WEIRBIBRE, &R
SGHBETEERENTES, SREVEESGFEET —ERENS
fi o XFEZFORS BT EBFRN Metropolis #EN], T 8B KKK
HRITEE.,

MF-MRBMNESRARE, REBREIR—1 ", FRXT
Vr,ed2, FEfEc(x") =min e(x,), HPF 2=, x,, -, x,} HEFH
HRHMREMEE, c(s) N« MM BEREHE, FIRTROEL
Bk R RFE XA RGN, AERIBPRESBARKLR, REH
WP K . Kirkpatrick % ARIES B YA KB ASRBSH AL
IF1) R 2 B AEAE AR (U, 3 BLZE R4kt 72 SR A Metropolis #fE W 4 S 18
RER, UBRKARBRENL, HEBEXKETRENERBNR

£ SA , AL~ v, RHBEGER c(x) 2BITLUE
R R A AN — A RESFEREH, MRAR " AERAREER
HORA ., MIRE—TWIHREIE,. 2T Metropolis ¥ 1| 938 28 5 Hi 18 B
SEW W TRAIALSTYHEBEXGME. FRUALHLE, RS 18
BRT - HEHhaRE ket RS YHBXIBRZ PR,

#£51 A/RADEMRBSHERA

1k fk. (7] B ¥ ELHE K
# RE
B B fE 2 oR 3K
B BEERARE
BEVHER IR ERUR S
HF Metropolis #E N 5938 & SRTE
BESH: BT BHAE

5.2 B EFHEHN Boltzmann Jjf2

R, B RE R Y KRR R T B ST E R
BERBHER. BRAERES PAH n PR, ERXEHREHEL
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ARARHSN, HPRE WEEBANE., ARETT, £ B EEE
PP, B TRE RN

P.(T,) =c,,exp( _Tfi) (5.1)

AP, CER—-ISE, BERECHMRMFITEHRS, BT S P—HHH
n RS, HERET,F, SOKLTHAH—TRES, BBEER

i P(T,) =1 (5.2)
RAKX (5.1), W

n _E n i
z Ckexp(~];—’) =1=>c,,2 exp( TJ) =1
= 5

i=1 k

LA B R

F2, X S.1) TURRA

-E,
exp( T )
k
Pi(Tk) = n _E
exp .
2 (1)

BERX (5.1, WFEBHIERRSE ME,, HEFEE, <E,,
WAER—-TEET, T, B

(5.3)

c il
X
Pi(T) (7, =exp(_Ez—E1)
P, (T,) C.ex ('Ez T,
+EXP T,
HHNE,-E >0, F
E,-E
exp(— 2T l)<1, VT,>0
k
B LA
P1(Tk)>P2(Tk)y VTk>0 (54)

XEHAER—BET, R (5.4) R SLHTREDMOREHBER
At FREBAMRSMERELR, WRLEN, AR—-RET, BERS
fEEEBED, HERESMA, REZEAFEERAELHRR,

& (5.1) MR (5.3) XFHY Bolzmann 82, MTHARL S &
BEBRET, LTERSHEES M, B Boltzmann J7 R TR
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SEERBEELOA®, 3 P(T,) KAREHTH, B3
rary [T/ (%)

3T, 3T,

-E, E, “E, E\ & -E,, E,
exp (| = exp{——| —exp{——|" expl—|* =3
(7)) () & () E

WE
= , - (E, - E;) - exp( = (5.5)
T{ZexP(:]f_)]{Z ook ep( Tk)]

Witk S hRGHBRHRE, WV, FEE. -E<O0, W

i Es]

HiH, P.(T,) XTRHRET RREBREMN. L&
_E,.
exp( Tk )
P.(T,) = 7 —
_E,
2 (7))
1
= (5.6)
. “(E -E.)
2 e[ ]
BE, SFMERETIEY T,-0 8, WfHE P.(T,).
(1) 4 S PUBFE—-—NTREERRS "6, WRRB, EHREH
AW — S RRREN, WY 7,08, MFVi=i", FE

- (Ej —Ei‘) B (Ej _Ei*) _
b

E,-E.>0=

i A

— — @exp[
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1
i exp[_— (EJT: Ei')]

j=1

P.(T,) =

1
= “(E.-Ey; ! (3.7)
exp[————-———Tk }
(2) HSHHFE THBKERERSH, BETEEPH—TR
A, XHYT, ERESAPHEEETI2RERNR. BELENES,

fEB M, 4T, -0
1 1

Pi‘(Tk) = = — (5.8)

,-21 exP[_ (Eka_ E,-‘)] R

AR, Y7008, ST " REWERR1/n,, BT SHHETER,
ARRERRS, B, Y7,-08, SETRMKERRSHERE
] 1,

Eu, WEX (5.7) fk (5.8) WH, HT,—-0 5 S 4 FHK
RERREHBRART 1,

FE(T,) RFERBE T, THEYERE, W

E(T,) = Z E - P(T,)

j=1

m= (5.7) X (5.8), BHY T,—0 8, E(T,) —E.,

E.
RERX (5.1) WA, MR TMRKE, -0, W P.(T,)~

BARRE, HEEREA, S LT HRE BRI, SA T i
FEMBEIER , RN T, R R P, (T,) MEATRY
K, M T,-0 B, T, OB E, 5 E 2 [ 8 #Oh 2 B0 238

k

P(T,)F P(T,) BRI,
. B E =90, E =100, L@ T, =100 &

%0

P.(T,) _Ck « g 1@ 0. 406C, 0. 406 _
P(T,) "¢, .eiw 0.367C, 0.367
M, P(T,) ~P(T,)o
HBET, =15
P(T,) C,-e’' 8.194x10°"C,
P(T,) ¢, .o 3.72x107%C,

1

n

=20 000
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W, P(T,) +P,(T,)=P(T,),

EEEKN/AE TR, SEE T.5T 100 i), S FREBRS E ML
THEAERE E,WRILEAAS; MHBRE TR/ 1 nHE, S 4T
RS EMBMBEHATRERS ENERKLE 20 000 5, HHT L
B, AEET, SAULAFEMAERRE, it SA 7l LIF REEH#
ISR, UDBEABARK; BKET, S HELTHRER/IHR
&, W SATUERREMBDEER, UETHEBAL; YBREX
RBIETES, SRELTR/IEENRES, K SARKBT2EE
o, FEXAMITFhE—HBIET Y T,-0 6, SSUEEIBET
BIKREERS

5.3 BB XAELRPOEERER

SABBRR-FMERANMENINEE, ERUTHHEBALE,
H—ARENMBERTL, FIHRA BRI Metropolis ffi#
W TEM = M P REALIT R, FHEBENANTHREIMETE, &
KBHEBEHLRRARE, XRE SA BENERBHE,

5.3.1 HEWERMR

TE SA BT RS, BENBCRBAT —HEHS B EE,
FBBEARAMBIH B EERE MM, FTANEEEANAZTREE
TP —BER, QFRERE, P82, BVHEEDIRER 5
FHIBE

1. RERE

FRTEILEA BN BREREE (GA) MERER (TS) HFHHEST
AR, REREZRFA-MPEEARBRREILEN —FFREER
Bo ESAH, —REFBRBA— M, TR H s o 508t B
FREMBRER . ¥ AKRERETEAERTH GBS RS
M 0-1 HIBERE, BT TSP REMEERENBRBRBRNE
UREHTEMEZRABRANIRRERSES. RERER SA K
AT, EEREESBROMBIRD, —PEENRERBTES
KRBT EE R, WERERER,

2. PHENXEB

] TS —#¥, SA W RETFMBEREN . PIlE LA H A KPR R
HEXE PR e R B AT BN |, FHE Oy 28 R i [ R A TR BT
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RIEHR), FERISCTAE TS FELX B E X FTEMT WA, XEH
AEMEMBTET o

LRE—TBPOSMZIE, TR EE M 2R 5B R —
AHBHATBIHEI T SA BHERA T —MIFERAY Metropolis HE U 7945
B#ahrE, WRER, KE - ErBRRRE YRR ETE M #,
7E SA 1, SSEBEARFHIGTR: BRUEBHINE RGBS SHE
MEFESEDT YRS BFERE (FTRENVERNT LIRS
RIBER), W#TEXRGEREZ; &N, KE-EWHEBHRTERHE
B3,

B AR, JAHSRP AR, BB s R ES 5 KN
FOYHSFG), AAREREMNKBRERER, A=) -f().

£ AF<0, MABRKEKMEN BB (Bt j 5,

A0, MERKEEEp RERERTN i B (BB i b

ﬁ) y :“Xg Py =exp( _TAf)’ ﬁq:‘ Tk%é'!ﬁﬁﬂ@ﬁﬁo

KM TR ARLH A ETLRBRNABRE, &
WIRIEE B B B R R B E LR RN . N TARKE, p,
BET 1, W SA EAFF R, ©oBT Ui b nEme,
B RE M AT AR 2 . T2 TAR/NE, p 83EF 0, BhiF SA ¥EFT
MEEREE, TSR MRS E TR,

3. HF8AE
POF R0 B Y T EE kP SRR, R NAERE

T,F, SA 2T Metropolis M HTHINE R, BAXD—FFHREN
B, XESABEPHAETIRE, ¥TRIFREABTERS, W
BRRBERGAA . HEELENAD S BB PEHRERANT
ey, RAREEEX R, B LAY B R P R B B B —
W, 75 EE, WIEFEAMR RS BRI i AE A 55 R
AR, AARE—RARARES, I, BEM—RREARR
R, OVRIEEEE TR AESR R, N TKE, A
R, N TN, RAREREOH .

4. BEBEY
BB ERE R REN TR, X2 SA BEHHIMERT
B, FREER TR R EAR SA A, NEIB LR, SA

RERBERLBTO, TABEENTREEFBRAHARN, EXH

AEGETUME TRERE, A TRENKNIEH SA G5 BB R
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ERFEBER, SEEREN, SHSRFPILEFRERNERSBERE,
SA AT R MR AR, 57U PR B A B R R A
SA HTEBER . FRETEESWR, SAKREN T HERER MR
BEE, IRBETHEERLEABARBRICRE, HTBRHRE, R
RESE 1T 38 0 N B PR IR BOR B, XIS R AR INR %k st B 19 CPU B,
LR, MRBETHREIE, BRI NERKE, ERHTIME
FWE I, BSEmBEARY CPUR . AR, HHEAHNE
&R S W ERE SA Bk,

B R R B PR

(1) T,y =T, - r, Hre(0.95, 0.99), r BRIBE TS
RMTENRARREST, RES—SHBUMHRKNLETE,

(2) T,,,=T,-AT, ATREEE S TRHRKE. XHHTEHHE
SRS THRMAE, METURERERETENSSE, RES-P TR
RS S

AN, WEE MK IR E R RS SA BN BERS AR
B, —BkiE, MHBETEEBR, BHRME
F'Ozo
DR IE SA 76T 36 I B AL 72 — PPV B RS . TEKBRRL A, BAREL
ALK, BXRETHRRAE T, HE, MLERE TEEBE/N, LR
TFE A R R KA R, TR/ BT LR &R R E
RAHE, HRBEBRN T, =T, - r, WATLLHE TR~ TRADHIE
¥, 5 T,,, =T, - AT, W7 LAAR 58 90 56 5 9 M B 030 4 4 1R B
T, HEMKILRE THHE,

5.3.2 HEMNTHEHSRNAER

— A4k 18] B RT LA A
min f(i), ieS

Hi, SE—AEHERRASE, i RFERE, g XFE—RAR
B, SABENITELBREHERRIT i

%1% Wik, EXRNBEicS, AEMNKRET MAILRE
T,, 4%EMRER k=0, T, =T,

2%, HHIEE—PBRBjeNG) (NG) Fom i laE), it
BEHIREEE A=) -f(Do

3. H A<, Ai=jEHBE4E; EMFEEE=UQO, 1), &
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exp( _%{) >¢, M4 i=j,

FA4L: HERABTEH (NEFREKRT (T,)) HES5$: BN
BE2H,

BSH: BIKT, k=k+1, BT, <T,, WBHEEE, BTUHESE
23,
BEERTESR, SA NREEEBERRVINES. 2 B,

FFik

[ mxiesk-01-1, |

[ 858y .n=0 |

FreEie S, nw--ntl
HEASF (DG

| k—k+1, BT, |

T,<T,?

Bs52 ERBKBERAER
5.3.3 —/HEBEHEG

T — AR H TR BB SA REATIER.

1. EERY

A — A 1] BA 59 B LR /K B K B 18] B HE R RS R 4] . SRR AT
HEEE—SHELEMT, P, =8, P,=18, P, =5, P, =15 35 & X
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A BB TR TAEVUR ER i Taf i, 6] B anfal ZE X LR B HES
T A TR, 8 T4 00 T S K B e /e

2. Bi&AIR

TR AKRE (Flowtime) EP THERSFHEEENME, MK
HEIATERBRANE N MEBT RO, RRLHEIENEFRS
Mt B, ARGy, A LASERE 0 Rk, W T HRKE
& Bt % F B 858 TEHE

X T3 F g3 2K Bk 8] [ &8 AT AR T 4 fn T e e e 3R SRR Sk 1A BE
#, WEtRELNBE M T EERN (SPT M), 34 SPT M
W, A< G AR IR S S K A 1) B 0 Y R AR Y A i E R R 3—1—4—2,
T B K e E) F Rl A E T

Fry =Py

Fipy =Py +Ppy

Fis) =Py + Py + Py,

Flyy =Py + Py + Py + Py

F&, F= [Py, Py, Py, Pl =4 x5+3x8+2x15+

- W A

1x18=92
R, R (k) ERHEESFMEHTANERS. 0. ITH 3 HE
gh, W [1] =3,
3. FA SA RfRix A e
(1) RELZX
ARG HORAS R — MO RS ke ik, Mo TR T BF HE
PRy, Flan, XtF—A4 T8 s
2—4—1—3
EINSER: 0B -3 5]
[2413]
(2) S X
St F R AR FHRERRERBHTERE, BB AP LIE LN
THIRF R HRRRALNES. A, A—HETRE
[2 4 1 3]
SR R RS TSR (2 5 1 #4780), WRBT —THRE
[1 4 2 3]
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XEERTER T —KREBBBH

(3) RESHEE

BRERE T, =100, KILRE T, =60,

FMREEENAH T, =T, - AT, K AT=20,

P 1% 3

B HEANBEARERRE A (T,) RELAATE, TBER
n(T,) =3,

4. SA FkfAdiE

BEML= A — s i=[1423], HERKEE (i) =118, SA
HIRETT ‘

(1) MFNREET, =100, #HARNER, SHBEFRRE =0,

OHEFEE n M1, BEHL=E—N4EE=01324] (M4
F3ar), HAMEEIE () =98; HH BIn REEHEA = -20,
BT AF<0, BHFITERGHEE, 2i=j,

@nen+1, j=[4321], f(j) =119; 5 Af=21, B FAf>0,
HMT A &R, HE

e % =0.810 6

REHLFEAE £eU (0, 1), ¢€=0.7414, BN

e T =0.810 6 >0. 741 4(¢£)
RTS8, & i=j.
@nen+1, j= [4231], fG) =132, BN
e 7 =0.878 1>0.399 1 (£)
AT E KR BFE®, Si=j.
g, a0, RRERMAK, BREAREEEK,
(2) BEERE, T, =100 -20=80, n=0,
Dne—n+1, j=[4213], f(j) =135, BH
e 7 20,963 2 >0.341 3(¢)
R AZEITAR BB, & i=j,
@nen+1, j= [4312], f(j) =109, BNK
Af= -26<0
HITEEEERE, 2i=j,
@nen+1, j= [4321], f(J) =119, B A
e T =0.882 5 >0, 928 6(¢)
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AL, A#EfTSEBES, $i=i,

W, O, BTN K FHRBEE N, FUR
GoEER 4312 RE, BARETRN 109,

(3) REAEIEpE, T,=80-20=60, n=0

Daen+1, j= [1342], f(j) =95, BRH

Af= -24 <0
BT R&GER, Si=j.
@ ne—n+1, j=[3142], f(J) =92, BN
Af= -3 <0
HITEEMHERE, Si=j.
@ nen+l, j= [2143], f(j) =131, AN
e ® =0.5220 >0.7105 (&)
BRLL, A#ITEREBE, Si=i,

SAEILEBFT, MBBRAR®i= [3142], BB, KETRE
3—1—4—2, BAREEEN 92,

BREXATGRMER D, SAKRETRAE, HEALENAT
RN — A, ROSERREIT SR P RN E T 5 &4

O MHBEBERER.,

@ et E 2Bk,

@ & 1-iEE R B,

@ BERIBEREBES.

Pl &R R B R R BRI E, TH SA S8EZH
HERENM, UEBARETHELEESRTBINRFRIEESE,
HEE SA EI 3B PEEECFBINRETTR (TREAE),
W giE L Ef, WX R RN

5.4 BIRAMCECES Y
SEAE B B GA FIZARIRR TS M, SA W—KIEAR
Wit s, TEBRET Markov SR RAHT SA B ¥k M BLHE

5.4.1 Markov i

Markov &% 8 %) £ By Markov T 1906 sEHFRE T H 4, £E4F HESE
EBRHNBNEANRLSE, HFARRY. IEBRKEGFEHEL I
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BEZEMBA, A5 H R B Markov #E A iR A 5T SA BB
TE, BAEAME - BELXNEE,

1. Markov #

RE: 2R8I HAFHLETFREPH—FFFE A RRAERE RS
HHEE, EHRTHEREIEORE ., BRREHEERREE
B, TH—-IM, —4BE—nE (BHEL) Rk,

REEBER. RAEE -HAMRE  HBIRE; WTee.

TERE: MRARMNARESSEE, WERXNZ LG TENRE
AZXNZUMSBERESHE W, BAER, 28— MREE, R_RER
HSUMELREAE K, MEURKEERELR, HETsCRER SR EH
—ABE . XMHRBARE TSR

BEFRES, YE®HEKT=10,1,2, | =N, REZEN
S=1{0,1,2, |, MREIFEN{X,, n=20} NFFTEE L, i, -,
i,, i,,,€8, neN, &

P {(X,=i,, X, =1, -, X, =i} >0
I

PIX . =i, | X =iy, X, =i, X, =40}
=PIX,, =i X, =0,] (5.9)
MFRE N Markov 88, 3 (5.9) Zili T Markov 8 EERME, H S A
B, MFRHKABRIRS Markov 8,
MTFVi, jeS,
PiX,, =j| X, =i} &p,(n) (5.10)
% n B2 — BB
EX/FVi, jeS, HE
p;(n) =p, (5.11)
Bp 5 n Xk, MK (X X, n=0} HFWK Markov £, iL P=(p;),
P (X, n>0] M—SHBEEER, Bp” =PIX, =j! X, =i %
n BHEBEE, PY = (p) N EEHEBEEERE,

HTHEWT @ Markov IR W EEHMYE, TEA-TFHEAX
EREALBRF B TR XA B, AL kREARE, X WRREFE
R Z n A IG K, (X, =i) RRFEEMNZ AEAL I EX—H
PLEA, MBRETZ . BMgRE AL, O, 1, -, n-1 E N
“xE”, WMZn+1 EFR BRT, BaRX (5.9) RrELE X =
iy, v, X, =i, JRHEX, =i, WEHT, FHEEKRNZ 0 +1 BB
fki  MEAFER, REBTREZENES (X, =1,), ME5LE
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BRBaRESIHEGFLR, MMaZ, EEM “HE" WRXEFT,
HkRT 5 R BRMIIK. p(n) RABFEHAENZ » BAXL i
K, Toizla+1 BRRGLREAEE, WFEEp,(n) =p,RTIE
BHMREHZ n X,

2. UBERMAHORARSRBHE

RTFEETE 3 ook EREVLRBkE) (A 5.3 fin), HBESHREX
EICENES, BRRERRE. RERBMPERE P A
r1

L |

.[;I.—- N|»—- wl

1/4

172

53 HeEpRsiER
W () =[7,(t),m,(2) -, m, () | RA  MAFHLEES AL L
MRS AEE, I (1) B—NMiEE, WE:+1 25
I(ce+1) =) - P (5.12)
Hed, 7 (1) RR o RZFELEAS | ERBEERE, n=3,
L O RIS 1 AL E, BAR, EORA, B
mo)=[1 0 0]
FE, RERSEBEREE P ITEFEENZL, 2, -£&T&A
sk ERBEE N &

(1) =H(0) .p=[% % ﬂ

m(2) =1(1) - P=--
BFRRGEE +1 BZEEDRS, NEE
limfI(z+1) =}_ignﬂ(t) =

t—> >

B, O=[n,m,, -, m, ] AREZARETHRERES A H R, &
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REX (5.12) 7H
O(i+1) =II(¢) - T=>M =M+ T
X

AT T LR
[771 ’77'2:""77"]1) :['"'1 sﬂzy"'a"n]
[ (5.13)
T oA, v, =1

HBEENER, A PREEBER PR R(P) =n-1, HHEA
(5.13) FFFEME—HIME .

7 b T 4 3 /B

r1 1 1
?'71+7'72+T°73=7"1
o T Iy

<3 1 4 2 2 3 2
1 1 1
—3*'7r1+-4—‘7r2+?'173=7r3

m v, vty =1

fExA R4, KA
-167"
57
20
57
21
L574
M HESERAUEY, YASXIRSEN, FERAT=0nkE
WIS EL %, MBRAE Ak EOEERRD,

3. SA ¥ %Ry Markov #ii£

TEAE - FTEMBAERENERIEIR, BELA-TUHRE
Fi)E, B—SREBBYRAELIRS i WP NG PREI™
E—ATRE, REU—FHNHEERTEZN, TR, EZHE
MERTHERAEMYSETRS, HaBEMUESR. Bk, SARR
f B — > Markov 4%, HHEEE—HE T,, BT H Markov )2
WEHERRAME, AERKBE, WHRXMHSABERFRY. &
XEXBETEEHZAPRAA, HEERE -—ENERTRHE,
WXF SABEREFERBBEIEFRM . XEMMFK SA BEHK
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HEHIT T,

Markov A I —1F @B G(V, E) &, H¥ VIHFERS
HWERETBRE, E={(, )i, jeV, jeN (D)} Rk,

T e, AHAPRE i BZRETRBER, HRSAMHETE, &%
RN .
Y i>j A (i) >f(j), SA AT REMHER, o,(t) =1
Hi<jWEfG) >f(), SAHETHEMHER, 0<q, (1) =
_FJ) —f(i)) <1

t

exp (

Kb f () NBWRE, t HIRESE
PLEFERHNNEERS iC2EFTRE /W EZRE W
R, WAERS i REFAEZRWBEREERRE/R? XRETEEIT®
i [F] 8
it g, MERA | BERE 7 WEE, W
g,={5%5;_)’ jeN(i)
0, je N(i)
H
g(i) = ‘;‘)g(i,j)
TEESRELEE, EFRSEYRENBE S UERMBEE, N
gli,j) 1
g(i) IN(i))
Hep, ING) BRE | S8R RE BT
RE RS WREEBEENRGR BRI ER,, CpH
BURA i BLRA j AR, MRE AWM ER g, o BEBITE
HBME, XTER, j, B
(1) Hj=i HjeNG) B
p; (1) =a,(¢) + g,
(2) YHj#iHjeN(i) B
p;(t) =0

(3) Hj=imf
p;(¢) =1- 2 a;(t) *gu
Hi, REFEBERERE PN
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[1 - Z 2181 &1z gz & ]
by
& 1 - Z a8a 8u &an
P = k=2
L Em &m &w v 1 - @ 58 i |
=t

(5.14)
EAETE XA — AL R A
min f(x)
He, xeS, SEARE, RI|S|=NERSEFHITEIEHIN, %
o —EMHRT, iIbRSEEFREEH#ATAFHRS, B
f(xl)sf(xz)s'"gf(xzv)
TEAFMFLEITERESEBRMEERE P,
E—MEN: Xit—ow i,
XFVi>i, Aigm TS
J>i=f(j) =f(i) Y - £ & -1
}2_jm)tﬂ )

0=~ + —1
t— o

Wk
a;(t)—1
MFVi<i, BT fG)<fQ), FRUBITREAHERE, LRE
a'.].(t) =1
A
Tlimaij(t) =1,V #i

P andd

RELEOES, HHY —omf, AYFRE i mRESE S AHA
FiAMRSHTHEBHBEEHFHEEERT O, HARE i WPE
REBHEHING) I =N-1, H

&= N1 Vi#i
WRER (5.14) ATH, %> Bf
a;(T)g,; =1 -Nl_l = Nl_l,jsﬁi
py(T,) = 1 .
1-,‘2’”¢z,.,‘(7",‘)t;rth =1-(N-1) 50 =0,j=i

Bk, e f, REEBERER PN
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1
LN -1
BFELL: % o0 mt,
MFVi>i, TENTHES
j>i=f(j) =f(i) ) =fG) D=0
o

o =>e v =)
t—0

Wt
a;(t)—0

StFVji<i, BFJ<i=f() <fG), FB#TEREER, BE
aij(t) =1

B '

i, () -

0, j>i
{1,j<i

RER (5.14) a5, H-0m

a,(t)g, =0-g,=0,j>1i
aij(t)gij =1 - gij’j <i

p.','(t) = o
1 - Z a,(t)ga =1 - Z BurJ =1
k=i k=1
BEit, %06, REERBEREREP N
1 1
1
gn 1 - Z B 0
k=1
2
P =g, &3 1 - z &3
=1
N-1
Lgm 2973 & L S Z Eni
k=1 =

Wiy, PA—ANTZMAERE, ERERNEPHE-TMTHER
[t 0 - 0], AARY:—0n, EARS-BRAZRE 1 HEERE
H, XFEEFRARE 1R “HER, AR LFENRIS 1 A
K EEMAEBRDLT .
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RN EFRERENER ERE, BB KERELHALRARS, E
WIFR R U &4

O RETEHE, R, TRESWM, EFACRESERET LA
pr.y: U

@ vEEEYE, BTHENESAFERROEILE, Hit, &
HERB 2 RBENNEARBBIE.

@ HBAFHFALE, BRI THMANE: H—RYBEAE
Bf, H Markov MR R fifF7E; H_RYEKEHBET 0 8, H
MarkoviE B MR, HBRIUREHRBAHN 1,

TR ERAHT SA BER R

5.4.2 SA BB

531 5.1 ¥4 7,-0 8, RELBRSHKREEEN W&
[1 0 - 0],

ERA : _

BH=[m m - w1 HREEDNEL AR SR

B, Ebh»r RRAESHNEZELTFRE i ¥R, » =20, i=1, 2, -
N,
BAAHRFEHHRE, FLUA
m=I1-P
M T,—0 K
. .
gy 1 - ’Z &2 0
N 2
P =g, & 1- kzl &3
N-t
| g Zv: g S -

k=1 -

5] 4
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WSH BRLERWE

(7

[1

my '"'N] =[m m - 7"'1.,] ’
[ ]
1
g&n 1- Z & 0
k=1
2
& Exn 1 - Z 8
k=t
N-1
Em Em & - 1- z Em
- k=1 -

=T, =W W 8y T YTyt 8y

N
=m o= f Y W gy
i=2

=>Z T8y =0
o, ¥i>18, 7,20, g,20=2% ¢, >0, W7 =0,
Hit, 7,00, REFINRBENHREMES AR IT =
0 - 0],
iR,
EES 1, HEHRBWMELEEXK, XM TFVYiL), Ffe, =g M

kBT ER, WA T, >07FH

(1) =7, (T)[1 ap(T) au(T) - aw(T)]
uERA
HERE T, FREIRFHH, &
Wi(T;,)P.-j(Tk) =7Tj(Tk)Pji(Tk)

Xi=1H8t
m (T p(Ty) =, (T)pa(T})

"l(Tk)gljalj(Tk) =7Tj(Tk)gﬂaﬂ(Tk)
i

J>1=f())=f(1)=>V T, Je,; =1
X

81 =85

B LA

Trl(Tk)alj(Tk) =7rj(Tk),j=2, 39 Y N
Ei, XtFHA T, >0, HABIRFER
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IO(T,) =[m,(T,) m(T,) m(T,) - my(T,)]
=[7(T) 7 (T)ap(T,) = (T)a,(T,) 7 (T)a,(T,)]
=7, (T,)[1 anp(Ty) ay(T,) - ay(T,)]
IEHE

MU LEBAH, ¥T.BETON, XTFHEREi>1, &
a,(TH)MIETO, 7, (T,) HMIET 1, BJ SA B XN A Markov 331 #8 ¥
DR 1 B FRE 1, B ERENSRE,

5.5 M H R B

5.5.1 RLAFA I O 4 B o) B

1. &R

BHBEARFMTHOHHARE: &F m S8, BHRE T
HBF L, BIMIPLARESH q G, BPp G, Ao ML
HEAXENHF LML, CHTHMIRHNXRERA,

A=[a] a..:{l’ PLAR i AT PR
R HAt

B gn T A UM T ALy, BB B & O B UL AR AR B Bk

Ak FAT RN T P08, WHERE

k..<k<sk_
o, k[%] k=[§] (V'] BREE—AAT V' BB

.
S, AN S8 MAECLRE, W
S,e[0, 17, E-Ssj=["i+ni_"’ij ’ ’:#J
0
Hef, n, NTHBAE M)/ LM THRE; » y THAFENL i B
THHE, 260k, B8 ATAENS  fj EmI, THEMILE
MXREREAN

TR
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2

Si=5va_2"

2
7

2. BREy
WRBBEWNA: », ARBRUIE RBEEETMWI POk, 58
AREHRM TS0k, B
sz,ﬂﬁi%ﬁ?*&ki=L2,m,m
*70, it k=1, 2, =, k,,
(L, HR Ak .
y"'{o, R AL b =
BFEREARE, BN TP ORANRAMBEARANT

w5 3 o .

~ &5

s t. ::ix %, = 1,i=1,2,,m (5.16)
=

i %y < qy,k = 1,2,k (5.17)

i Xy Z Py k = 1,2,k (5.18)

Iﬂxwh=0ﬁLVLk (5.19)

7 R R UL AL P A AL , R 0 B 4 L 38
BAER— ol ARER (5.16) ATFHEE—, LRES L
5 R EHCE— T L ARER (5.17) RIES 08 LB K
EATHREARR p 65 ARAH (5.18) RIESNF0HHLEKE
KTHEATE ¢ &5 R (5.19) HRMEELR.

BRI R, KRR mx b +h A
YA m 42k +m X b, +ho A, FAEEEIZIK 0- 1 BRI R
W, MTEBRERE, DR LR, BT GE A
ARE TR

3. ERLRRWE

RAEZE: RAEARBEIENRERENE, & v, = b RANS
L, W= (5, %, -, 5] STUER—TRE, HAZH
57 R G SR S F— A K 4 (A

HAFES: B TRRER—E AR RAFE, T SA AT R
TR, HOH B LR L0 0 F T4 R
mxz= 35 S s (7) 5 - lnD - (£) 2yl

vpePp ieVy jeVy
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Hep, c MIBRTIBET; T.REESH, TRAMEBEENSESHT (T, &
TR, METLEFMA, XREIETRBEETGRB#HT R
R, ATHLEHBHTRERE.,

Po={v, v, =, 0, }@REX, TRESHWES; v, ={ilv, =k}

'é'; P,i,z {viEP,‘||vk|>q}m%§ﬁfﬁ*ﬂ?E‘J“P‘La‘%é', P”_ {v; €

Py |lo| <pl HLSEABHHLES.

BB, T XA

p=2,q=5,x=[2 1 1 2 3 3 2 2 1 3]
;A0
v, ={2, 3, 9}, |v,|=3
v,={1, 4, 7, 8}, |v,|=4
v,={5, 6, 10}, |v,|=3

B3 MHAREx =[x, x,, -, x,] PHEVEE-Tx, BE
HOE, XRERPET -PRRA, SR RDI mk,, -1,

MIBFF Y n(T,) =m(k-1), Kok HEAER.

. T, In(1 +§ .
FRIREHL:T,,, = m,ﬁqﬂa = (35f:) ),5f<x> = Z fi-p°:8
H—ERSH
AW, 5,1 =al=, THEE, MY TARKE, RETHEHER
2123738

5.5.2 ARLETHHEE

1. Rt 4L &7 R

20 42 70 FARK, MR (NT) £FHRAEBERDHBED.
BT BRI IR A P AR A, HILRT T IF S %8 KR
JIT BR55F SR A0 /46 80 4 72 o R R R o 2 6 PR A R 45 2 o 1 St 1 R 7 4R
BI/AHA R, REBEPEERESENAR, R HLBREXE,
HE R\ ZEA LB AR T EER GRS, HEARMEEEREET
SRR R e — B R, SRR, WHEEKR, 2BREK, &
BERE MR BRI S . T E AR A A S R AR E T kR
B TR LR AR, E T DBk R R, R RIBER 1 T
2RBMNE

2. BN MBAE I

ﬁ&ﬂﬁﬁE[OT]ﬁﬂi?ﬁ%mﬁﬂn¢ﬂﬁoﬁﬂT%ﬁ




160 ESE BRBUBANE

T, RREEREITR A 58 U S T RREE A ORI R . E
SR — A WAETI R, AT LSS 4R A0/ 8 35 A 7 6 4 0 PR A R AR Al

min > o, (%, - d,)? (5.20)
* i=1
s.t. > R(t,x) < 6(1),t e [0,T] (5.21)
i=1
O0<L <x,<T,i=1,2,-,n (5.22)

e, LEITHR ifARAY, MEEROZHPE 4, 70586 R
B, WEFERERD R (¢, x), te [0, T] Rz, THATRHEY
BWRF GC(t); o BREMRE. MEATLR, BREEBERREPREE
U FESFAB ML, B

(t—xi+bi)2]

C.

R, (t, x;) =aiexp[ - i=1,2, <, n (5.23)

HiiRmEs. 4 fim. £ (5.23) RERLEEEFRRBEHN—1E

KR, ﬁﬁiﬂa,:Pi(‘/?L"), AL

BS54 BHRTREHEHLKA
BHETRANRER g, THAEAENEE K. BR
£ [0, T] WEmABREIHE, HFE8- T IHERFE-EHNER, &
—Fﬁﬁﬁﬁw‘%ﬁﬁﬁ (j=1’ 2, -, m)o
Q;(¢) =qjexp[ —(t—’f") }, te [0, T]

Hhs¥aq, g, h5a, b, cAREMHFTERE. Bk, TRAHEHR
C3k )

G(1) = goexp(pt) - Z Q,(t),t e [0,T]

3. BB ANE ,
XERFAEBUR KBRS TR RBR, 43 BB S
RRABEAE - RENTER, BHAEIR KBRS BRET RAX
) s A o B (6], BN PR AT A4, SRS FBEAUER K B IR X 5 B B 45



5.5 MARG 161

RITHMA, REEME. BTFEMBXERERATIARER, XER
A—MIEER R AGES ERN M 4B Birm¥0h.

MFR (¢, x) (i=1,2, -, n) BREMTESHAHMEME, K
UATLAER A& X (5.21) EMNBEE n MREHBKME, FEMTF
[x,-L,, ] (i=1,2, -, n) W, &

b = argm‘ax{ Z] R(t,x,) —G(2) 1 x, - L <1t <«

d)(tj’X) = Z Ri(tj’xi) - G(tj) J =1,2,.n
i=1

Mo d(r, X) >0 MBWHHEBRE (SIP) MAR (5.21), MHHH
(5.21) BREARGRE s, WHHBRAHE (5.21) WANES
V= {y1j=1,2, ~, n, @ (4, X) >el, Wi, BHREAS
4R PR EIH G H AR 8 RO

mzini a,(x, -d)’ +:“‘Z &(t,X)

H p BEBROET R

(1) AR EAFERGE

INREAPL=E — T ERE, SEEBKIBEEK. R EE
B, FAERGERRRAETREX, BH T HEEFNTGER. RiE
SRk, HWOBOED, MTFEIRHE. REBRIOHITE, M

REWDRE/BHORE, BS (=1, 2, ~, ) SEHREHRE

%, SRHEHE. REEENT.
%14 WRIAT T

[77( Z P, + Z qj')
T = max =1 J=1

, max [d;1i=1, 2, -, n]
g0

%Zﬁ:ﬁﬁm=%(ﬁh2,m,w,%%m&iﬂ¢ﬁﬁﬁ

Uy, Uy, v, U,
3% Blu, uy, o, u, FRIERDHIREIT R 047 58 B
I‘Eﬂ xjo
®xj=dj’ R @ (tj’ X) >0 (tjE [dj—Lj’ dj]), %@9
@xk=1, 2, -, d-L, RRIH By, =d, -k EB &, X) <0,
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HERWER a=a,(d; -y), BQ; EMa=M (MEKHE);

@xtk=1,2, -, T-d, KKz =d +kHB &(s;, Z) <0,
HEHEBERN b=a,(z-4d); T b=M,

@ HBa, b, BEB/PMMETB 2,0 MR asb, Wx =55 B x =2,

(2) FIMERLEKEE (SA1) #tk~ (i=1, 2, -, n) JHF

BT EBGE KB B2 AR EER MR, TR ARH TR
Bt A FBE MBI ER ., SHEELR BRI, HRTFARINE
PRI AT . SRR K Bk i R i R IR R 0 P4 AR AN T RE

@ MBI . WX TR —AEGE 1 8 R T,

@ RPWEAL:. EEMEET, HHREREMILSE T SHEBH KD,
AgER, £8 25 o XHB—WENSRPH— B, HELHLHR
C, o

B SAl

W% HARARBEBVERX = (5, 5, =, 2), HER
X, BFREH F(X,), W X, fEABRITF AR

E2H. WEWHBBET,, RILBET, k=0, I, =T

H3 %, AR (EBX#H =, x) X, k=k+1, ITH Af=
£(0) -f(1),

Wap. MR A, X =X, AX) =f(X,), LEHEFRLT
R, %6 ¥,

B5%, U0, 1), Rep( -) 6 WX =X, fX) -

X))o

ok MBL=C, WA k=0%ETH, TUKE3ID.

w74, 4T, =T, MRT<T, #IiL; EUHEE3 ¥,

%3 S 5, IMERRBIIT, BARREERA AR
F, FUEEE T, WE AF>0, SEARETREERZT T8
R, 1BHMMERIEN X, $EREKBER,

(3) FIEHLE K (SA2) RELMH

ERETEREEMEEEL, B BER K B E TR e
B, BN A AR RO S . T TR PR AR R g R A HKBZR«x e
[0, T] (i=1, 2, -, n), FFL, 7E 5K (2, -85, x, +8)(8=<1)
RECE BN A, WSS R, B = #eEEh

N(x,) ={yly, =%, -8 +28y,
v=0,0.1,0.2, -, 0.9},i=1,2, -, n



5.5 WEARS 163

HHRE 3 BT AR K BRI T

B SA2

L USALHESRENNBRE X, FEIRTHRESE, i
B A(X)o

B2¥: RET,, T,, k=0, T,=T,,

B3 X, BBRAFTEEIEY = (), %, -, 1), HE
Af=f(Y) -f(Xy), k=k+1,

F4: SRESAL NEALEET LHER,

4. TG

EFR-BEFAAFAWE 10 MEEEFNITR, TREHERARREA
Fio BUA ANFIKFR 100 Ti /B, FHITLL B =0.005 g RE M. H
FASART TR PR B A T AE A fI B, Xb A, AJIfKJE 200 kh, B0
FESE 40 ST, TE 20 ARmMIEE; % B, ASFTK300 kh, B
MAERTO FAZER, TEA AMIEE. ZFEAM, AHATK, RN
# (AETNRE) EMESMNTRBERRNOZEMARES. 2. aHFMH
EEANFHEBBR A ENREHERTHE, ARHTENZESERE
FS2HMEMI. ABERETENBRRRER 114 779, AEBE
KFEIHENERRRMER 112 797.6, X F 6 MiTHEHF, HiTH
MTEERRES 3, FBREEERBZGBHER 15 154, FABHRLE K
iR BiR(E R 14 355.9,

’ #52 10 MTHHBBETHNER

TR ETRAY BESR SRNE ERZRM A 7 52 LAY 8]

i L P, a d, %, (GA) =z (SA)
1 20 400 10 25 30.74 32. 63
2 20 900 18 30 20.76 20. 43
3 30 800 12 35 41.88 38.08
4 40 800 15 40 40.79 42.03
5 25 1 000 28 40 52.50 54. 68
6 20 1200 20 40 86. 77 86. 06
7 50 2 000 30 50 84. 38 83.35
8 10 300 18 15 10. 00 10. 00
9 20 400 9 50 75.75 42. 67

10 60 1 500 30 60 87.28 90. 34
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£53 6 MITHHMBHITHER

T AFAE RERER SRME BRI A 7 52 BB )

i L, P, a d, %, (GA) x, (SA)
1 20 400 10 25 29.8 28.7
2 20 900 18 30 20.0 20.0
3 30 800 12 35 46.0 39.9
4 40 800 15 40 40.0 52.7
5 25 1 000 28 40 56.3 57.2
6 60 1 500 30 60 71.9 66.9

L.
—K)

W& 585

RARRABTERNT: R—FEL o MRTHEE (BMRHTLERY
, BAMLRREE. P, doART iS5 EEE. KRESE KRR BT

—ARBEAENEE (BERERS, $REX, HESKR), HEHEK

e,
2.

THEj

THERBETERNT: nATHETUE AT ASHER. TAIER
OB d, o [R) B0 % HE AT B A0 TAR BT H BB . AERLLR KK ER

HARBEAENRSE (BERSRE, SREL, KESH), FEHET

E@O

(1]

[2]

% % 3L WK

Ackley D H, Hinton G E, Seinowski T J. A learning algorithm for
Boltzmann machines[ J]. Cognitive Science, 1985, 9: 147 —169.
Chen W H, Srivastava B. Simulated annealing procedures for forming

machine cells in group technology[ J]. European Journal of Operational

Research, 1994, 75. 100 - 111.

[3] Fang, SC, WuS Y. An inexact approach to solving linear semi-infi-

[4]

nite programming problems [J]. Optimization, 1994, 28 (8): 291 -
299.

Kirkpatrick S, Gelatt Jr C D, Vecchi M P. Optimization by simulated
annealing [J]. Science, 1983, 220: 671 -680.
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[5] Metroplis N, Rosenbluth A, Rosenbluth M et al. Equation of state
calculations by fast computing machines[ J]. Journal of Cherimal Phys-
ics, 1953, 21. 1087 —1092.

[6] Lundy M, Mess A. Convergence of an annealing. algorithm [J].
Mathematical Programming, 1986, 34 111 - 124,

(7] ZEHE, B R4 R /2 J0 FR AL R R 5B RLER K
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(8] M, WE&EE. IAMATEFE (B2 i) [(M]. dtR: &
R AR, 2005.



%6F BB H &

BB R 20 HH4D 90 4R AR JR A SR — b M 4y 5 WL A 4447 O B4 38 B0
B EE . ZABEIAERBRFGTIE, REBRBMEEE, HERH
SR EIH . BTESEMTEEFSERA. BERNHALCLEE
BIEA DA, N—EESMARER S s SRR, M a#E
R ESERE, WHAERRRILNFAERNT BRORRITR, 8o
HNMEETHRENARRAANRE, FEEREDNTFYHRIEN
B, FHEANMA, EANEBEE, QFSTESSOEE EILHE M
FE, MNAEARBHEENBCFERE, LT E; TARNENBGER
B, BMREENBRBREERSETRGBR; EOT A %S Ay
AR ERAGEME, MARBBERSREEENRE; RERZN
BERWRBNA, BHUHERESTIRNNEA, ERAHIGHR
¥ TE B 5 B 420 ) 880 0 2 ] A BE AR b 1] R R O L o

6.1 & B

ANREBRFEHRBER, RUTHFZEERETRYARES ARG
HOR R AR R O e A T B, WA B RBIFRERE . W
BWHEE. RTHER. BREREEYS. XES2RMICEMIBRAR
R AR LA ENHE LI, RXEETRUER, BFEEALE
3fe 5 B & 2 9 4Rk (el B 78 B E T AR R o

BRBEHERRTHOHERRA, BRAERE-RENEEEE
FRAASN, EFEHATREXLGERARE, EHEAHRUBR
WEERNRE, SRENMEERILE, BERBEERTHIEE, #
ENHEBEHREIEIRED, B, BXFH%EE Dorgo M F AR H—
FBL LR B O A R AT A R A — R
(Ant Colony Algorithm, ACA)., ZEHIIAERBITIM, RAEBE
MEEE., REMIHRTENH . BTESHMAETESFFNR. BH
BREHECL2BRNS N NASE, N\ —EHSHARER LSS
LEIRE, NEHIA RS M., WBEERRTFSERRIATER
NP-C [0, BRALMBRHOEERRT HRORRAIIR. BAENEER
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AR S TE BB 58 $ RURTRD B 1 R
6.1.1 WHIARHY

MLEBARDBERMA R REKR? Rt 28R ABRA—KN
AR YK BE R Rk S0 W —F 58 F (Phero-
mone) HLZEYE, WM AFALZTAZGBERERNAR, BRAEET
B, BREEL3NBELETHEER, THERMNXFYRHFE
RIEWE, UNESACHES T H, BREE THEFERRESN
B,

BHEIEP, WEAEA R, UHAARWRED 8, EMNERSH
BERENEKKE AD RBEaY, ME 6. 1(a) Fim, WRKEHEEK
FERAMAEBY, AESEKE, BIRHARNBRESER T B
A CHLNBEBY, WE 6 1(b)Fim, B THE ABD WRKE/NTHE
ACD g JiE, BB POE T 42 ABD WS BB K Ti@E 4 ACD
oS RCR, MIZERGR ABD bt B M B R WE LR, EovB
WETHEEBRWERN T BB, FUEEHRE ABD WIBREEZ
WL, WE6 1(c)fim. TR, WHNEKTAIRAL-FHFEER
WA, BBEHE R BEGERE, TE R SR B R R R B
BERE R, W5 R 2 ] B R R B B S A B F R B AR
ZEBREKEHER, WA 6 1(d) xR

B
B @ﬂ .%m*mm BYE BN - P YR
A Ay D A e D
X

C
(a) (b)

=Y

K61 WHIRAWIR
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6.1.2 ATHNS LIS

O R R O T T 10 T A A e O 2 R A D 1 g 0 4
Fo NTHENBERES AMBOELE, SEETHOBEER &R
ft4, BFEft4a?r TEE—FBALBERSELEREKRER,

1. #EA

(1) A BEPSHREENMEHEERROEGIH. EXLBRES
SRR FETEAE, MUBME DA R, BEBREEN
FEBESFER, B/NG SR EE B SRR, R, ATEN
EHASIBELFENRFEHFEE, REERIER T AT Y
WA SR EERE, THATRE%A TBEEE ., RELNEAR
FREAE RSN, CHREZNEEBRER —FH A TIEYEH B
SHEEL, EAERBRHFARBTUMATBRFFENER.

(2) MERRIRVBRERZNIES, ELBNEI R -KNHET
AEYENREREZE, ALBREIR—FNEFTABEHNY SHE B R
Rk, PRSI R EETE RS S S BB, EERARNE
FHE,

(3) #BRFIMRIE M 5015 B 8T B vE P M BE VL 36 4% S we . B S0Ug
RO A T 05— 4 B — 5 5 A0 A S e R S
7 X EELAE SR A W R T 24 B SR UM e e 1 1 B — P O 8

2. FEA

(1) ATHBUEH DL, TELEWBAE. AT D
W 2 B RRITR YA, TR RNEE,

(2) ATHERESRBEENHEXRFEXSTEN, ZANESH
BAEMEE, H—FEENAE R I RBEER (WERT R
mr, AT A BRI R .

(3) AT A ¥ 70 B e ] g SR ep, D 5D 0 6 o A LR 25
RSB, T 2L ST A Y 7 T SR I R B BRI

6.1.3 WMHEEHARER

1991 4F, BAH|%¥#F Dorigo M % A7E R EH BB B I I — JE KM
AT 4 w4 (European Conference on Artificial Life, ECAL) hE K

MTRBEYE, 2ERS FRHREZIERFARFNZRE, 199
4, Dorigo M % A #£ (IEEE Transactions on Systems, Man, and Cyber-
netics-Part B) E & T “Ant system; optimization by a colony of coopera-
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ting agents” — 3L, BEETHHAELRNOERM, EXZFHN S F82, W#
BEZEHSIRTERFERRKTERE, 1998 4, Dorigo M HLIE I
FINGEZERBATE BB ERERHITS (ANTS® 98), R
BERASHREEGNSERABAF - RUHRBEEERIHY &, 2000 £4£, Gut-
jahr W J 2 T 8% “A graph-based ant system and its convergence” K]
R, WA EEWRSEHRTT TIER ., F4, Dorigo M #1 Bonabeau
ELAERTERYERIEE (Nawre) FRBTEBHBEEMRESR, BX
— BT EEREAR R WETH

BiEJLE, ERTEEARIEE (Natre) B 2 WA RHEENPR
MR #HFFHE, (Future Generation Computer Systems) { Vol. 16, No. 8)
#1 (IEEE Transactions on Evolutionary Computation) (Vol. 6, No.4) 4}
BT 2000 4 F0 2002 4 KR T WUBER Bk o

RENNBEEOHTELER, AMAFEREXHNEDRE, E
HNEAEFREBEENERILKENKLSSMBORN. RE, &M, &
. OEHE. RIBE. K., kBENGBEREABHIE, REBE
MEE (R RIRE R KN A) NAENE —EREN FORWH
BHNEAEE, S5 TH20]. HAT, NHEENMREEH
By TSP ST B BB AN S, N—HBSNARER L%
AL S, ABBEEIESERE, RNNHERERMRARSR
B E R E T EORE THYEEMPRRER, BRAHTHE
R BRI .

6.2 FAWRHIE

X WEAEMNER B SRR E R PLEETE, N TSP W
£ HE Sob LA MUBE B 0k O MO R AT AT, 48 R R SKBLE AR P
ZHIER., REEIAERFEESNER L, XEAQRERITER
B . BB SR EFTEBEEERIER, STHERIBR
RIS, HERAEBEEE L. SCGHEERE . A B
CR7 Y0P 2

6.2.1 EABEXHRE

HAUBEE: (Ant System, AS) 2R AATIGBAFTEBLARR
7 RS AR R RE T AT AR B — P T v o 48 RN WG I07E A 25 () R ST 3 R R
AT, SENIRE — AR BA T B DR, B RE YLk 5 — AR B AR AT
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1, FERI SRR A ROE AR, BRRAE R KRR
Ko IR Ak A T AR KA B AR, DA SR RO B i
BEBEBREMBR, HE “TEBL LETESNERR, BW
BB, TRE R B . BB R R, R RRIRER b
BEEBHHME, BRTHOWOEHEE, HLBR LHERRNS
B I A TR R, R UREEE E SR T AR AR
RRUBOBR L, CRRDTRIM. £BIELRY, LRBYK
PR A I, EBRESLA T B A, R R RS
B, RSB ELTY, REBESE, H6.2 R—TETUHA K
BN TR R G PR BB BB T

i/ 6.2(a) Bi7R, BA% BF, CF FIBEC MBFBKIEd N 1, ERE
# BEC #yoh i, BT A 0B P14 30 RIBEUA A KEI B, 30 R
M4\ D KB C, 4RSI R AT R 1, AT R
e AR LSBT L MR AR, BB (1, e+ 1)
SR EREE2EL.

0P 6. 2(b) TR, t=0Bf, 7EB i C @47 30 A, T
B WA BE, BIMALGESIE, 7 BF, BE, CF f1 CE B4
# 15 RUBHL,

B 6.2(c) BT, t=106f, XA 30 RUBEEIK B, Ef1RILE BF
RN 15, BE L{EBKKEN 30 (i 15 L BE EHA
15 FEB £ WESGER 8 F i), BULIEH BE B 0 8 4 g0 3
ffi 754 BF SR AUB(H0 2 f5. BTl 20 RUBAUEH BE, 10 LM
BF, WHEMMIRERE C K, XM EB—HHET £, HAFAAL
45 B 4 9 L B 42 BEC (R CEB)

D D D
| .‘30;1 | 308
- - 158 _- 158 10R - N 208
”/f:l,,,-c @=0.5 1:::25;,,,(:<::::: 1::::::,/c\‘;::::
F E F E F E
[ I N ¢
N 7 N VY
l ltso;i ‘13051
A A A

(o) NIRRT BE (b) =0 HEATHBHERER  (© =1 HAATRE RN

B6.2 ALNHBEERLH
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6.2.2 BEFWHFHINYFHD

TR 2 SCHR N B A B HL TR G A B ER B MR AT [al BB (Traveling
Salesman Problem, f8ifR TSP) F i, XEHNIRNBER TN TR S TSP
M RE A R AR ARl AT TR B IR O B B B AL A
EHAE, Un AT TSP RIEENE RN BEERWHFEE, TSP FE
BT —-fRBMHASGRAFE, RASRARETBELMY NP EHZ
—, EEMHALEENEARIBTREFEFEEZENEN.

TSP @@ : RE v MEHPEE C= {c), ¢, =, ¢l BREHZ
RRITEEEMKE d,(1<isn, 1<j<n, i#j), TSP MR —%&
Ras8Mii— Xk AERRESAYW. REBENER., BEHT i fjZ
EMEE R 4, #RX (6.1) Fin:

dy=[ (5 -%)"+ (3,=9)"17 (6.1)

TSP R, BRIRNEE RS RIBRCR B T 540 B R E
BRIk .

O BRAEAY, SRBRERSINIE (i, /) LBETHER.

@ Wi EERTTHRES BRI ZEMERMYm EEXB ERA
SHEEEREEX.

@ ATHRHBRH#FTEENEE, B -KAWZRE, FAF
B E TR MIRT (X BEBERRRER) .

BBEERNREATRAERA: m, BFPBRKEL; », TSP
A ARG 4, Wi ZEIWER, HP i, je(l, n);
7,(0), FoR WAERE G, ) ERERENGEER. EWREZE
BB EERRME%, i 7,(0) = const(const AHE o

Bk (k=1, 2, -, m) EEshdBP, REFRABEELNFE
BEBEHEEB M, pi(t) FRTE  RERIGE &k B B BT
MRRARBER, BESABRALIREMNEERR (1) RBEBNEE
E8 o,k ER, R6.2)Fim. FoRERFRERN SR BERE
BHCHEEREHFERRER NI @,

[r,(£)]° - [nii(t)]é , je allowed,
pi(e) = o Lm0 Inu (D) (6.2)

3sC allowed;,

0, HAt
st allowed, = {C —tabu,] ——FRFE ¢ WHZBY b FT—H AT EE
RIS (BB U7 IR B3R
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tabu,(k=1, 2, -+, m)
BT 5

o—HARABRRRAETF, RBETHBEEHIRPHIRENE
BEEMHEMNEERE,;

B—EARPEBRAXBEF, I THEENMHENEERE;

Ny RAHMT BRIWHj WPEEE, BHRAERMA,
X—ERATHEBRWEEEAL, Fh—ERWEERLIH, TSP HEF
—mBERK (6.3),

BARBEK, CRBY FERTEES

1
dij
XTIBA kT E, 480, W () WX, pi(e) HBREBK,
AT HEBRBERELEZWMERBRER, BERBIGER PR
HRBMIA v MRWRTG G, BXNREFSRATEHLE, (14
n) BZEHEE (i, ) LELEWHER (6.4) X (6.5) FimiHl
AT IR,

7, (t) = (6.3)

r,(t+n) =(1 -p) - 7,(2) +Ar;(¢) (6.4)
A7 (t) = z"‘: A'r:’j(t) (6.5)

R, p—EREERERERRH. BEHARCIZRA, BRNFEREE
SRR, BB, ATHLEBNERBRE, p WBUEEEN [0, 1),
A1-pEREENERE R

A7, (1) ERARBHRPHERE (i, j) FHELRME, W%
w2 Ar,(¢) =0,

Ak (1) —RTE F RBYEARBAPEERZ (i, ) EWE
BE.

RBERREHEBANNFE, Dorigo M 3R I T =R A F 2 4= 80
BEEA, SRKRZ AN EAKA (An-Cycle Model) , BB (Ani-
Quantity Model) J#y#45% ( Ant-Density Model) , =Fp#E 8 A & H %
F A7y (t) RERFE, FTHIEH=MEBHRA.

A (Ant-Cycle Model)

Q ; 4 k(0 i
At (2) = .’ %k RIBAEAR KRB P EEG,)) (6.6)
0, HAts
W EEE ( Ant-Quantity Model)
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Q

) k /[:l \ | T 1 ]
ATh(0) =[dv BERBRE R AZRERED 6 q)
0, HoAth
W AR ( Ant-Density Model )
% Q, 5k RUDWAE ¢ F0 e + 1 Z B 230 (6,5)
AT =
(IR P (6-8)

Af, O—HR, ErRERHEHF AR - IMIBELINER LR
BHERELRR, BE—ERE LEWE KR BSGEE;

Li——F 7%k RESEARRER P ERENEKE,

X5 : R(6.6)FIHABKRFE, BYER—MEFGEAEHITA B
rrmEag; N6 HAXN(6HFARBELE, BUESE-PHE
EEHBREEMERE; R (6 6)RUEMERM TSP RIENHREA,
1L L O o

6.2.3 EAWNBEEINAEIH

XEMEANBEEERETREER (Ani-Cycle Model) hy, I
EBA

$1%. WHEKSE, ME: = 0 FEFRKREN, = 0, RERKBEHRK
BN, A B2 (L)) SRS B & 7, (1) = const FIIRITZ| AT, (0) =0,

2% K m RIBREEYLRTE » DT B

B35 EIRKRBN N, +1,

wag., SENBRRERRINSE=1,

WS k=k+1,

6. BIEBREHBMEAR (6. 2)HHBBERIRY j HWBEER,
je i€ —tabu,}

BT, HRAERIORSHEBERIMTT, K135 3 B MK
i, FHIEZmACARRRET.

%84, HWHNRTES CHWHARTY, Bi<m, BERESR
SH; BN, HBEIH,

%94, BER6HAR(6 ) EFEEABELNELR.

W10 5. EWEGREAN, BREHREHITALER; BUNEEE
SRIFRERNEI X

EAYBEERAREGERMNESG. 3 Fimn.
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| sammue, v-o |
|

| ERR G HREHBEE, BET M EBET |

BUERE

k<m?

N
[ BER . BREHEHTEBE LNFRE |

N

R A R

[mmﬁﬁwﬁ@%]

B

B63 HEAENBEENEERER

6.2.4 EXQBMENERESH

A A AL R AT LUBE A2 B R B AR, Mot LAet
AR, EMERETENRBEAERRERBH SR, WEAHK
Ie) R S A BT SR 3 B R AR A A R AR R AE R BT R, El—
BRI RH S AR T AL L PR R — E T . W0 TSP RIER AR, BT

wmamnens T s, Bume By EARE, UEE

(oo DLy o oot e g AR . IR BB L o FTLUSEAL 24

SRTH A BB B AR B, W25 NIRRT BT R 24 50 KB,
RS H BRI RRLEGE 1, MM E B mA 30 4k, HE
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B £y 10.8 4F, CEBMTEZKTEE,
6.1 TSP EBH AT HOWHY S i HHEHXE

W 24 25 26 27 28 29 30 31

HERE| s 24s | 10min | 4.3 h |#4.9d|136.5d |£910.8 y| #4325y

ETHZRBHRRBERETARAT TSP RE, BERHF TR
MR MBEMEEGERE, FREHNEREHH ISR E, RRESE
(DY RAZ S & 8

1. EREHEFHS

AR ENE ZRESTREER EXBOEE RN BEMEN D
Bro FI4F REE kOB IR B 2 B o T S R R BE S T o

EX 6.1 (Bepntia 245 R M %0 58 8 T A B 5 T et E
B3 UNE R AR

FEELbR, ER-MREENFER REAERBRERSM. 8.
. BRADELE G RAGE B A BB R B R T BT R A
HEMABBENANERRER, BTN _HEHEARKEM
B ERTE SRBEREMA T, —REESE T LR,

EXN6.2 (BuHMESAERE): BRBERNENFAREFZME
BB/ B RS R ERE,

TESEhR, BRI T BT BT & R R R T UV AR Y
SEERE. BTEARBERNSHERERERR, FRMIN
W, WRICER [20],

TEANERNHERMNRERE, BhEXEREHTRS,

EX 6.3 (HER): AEARY » B F(n)M 6(n), HE
WEHFEE—PEFER K M—"n,, EBZHn=zn B, H F(n) <KG(n),
RIFREH F(n) LR G(n) KR, iBfF F(n) =0(6(n)), BHR F(n)
2 0(G(n)). WAL “07 RAFEBZNBEZ.

B A R R O R RE UL AT RO o GO BRE, R E R R EICH
T(n),

2. EANBRAENHBERESN

ST AR BB E B, n O TSP LS, m H AT BAUEE,
N, RERNBRRE, ABARRBNEASRTUERZREESRT
mEfRIE &EE, W62,
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L A% 1

LRy

262 BANBRWEMEERAESHE

Step

RE

T(n)

iy Rl A
set t = Ozset N, = 0;//t JETRIHEER N, HIEF TR
set 7,(1) = eonst, At = 0;// REEREWE
Hom A BEEEILET MR L

0(n +m)

WEIDRERR
sets = 0;//s BRI

fork =1 tom do

BH k RIBE RS T BB RE taby, (5)

O(m)

& I8 U T R
BHAHAEDEERRE // KBR/F(n - 1D K
sets = s + 13
for k = 1 to m do
BIEHBERE p; (1) BHET T
B BTl F S j AR B tabu,(s)

0(n’m)

BHIEM AT EFHBNITE
fork = 1 to m do
Bk B BB & rabu, (n) BB rabu, (1)
HESE b UBNERKEFFRBERKE
EHRRER
W B LI BRI Ar,

O(n*m)

HERRYERERES
HEEABZLIET - REFFHETHEIRBE (G +0)

sett =t +nyset N, = N, +1

0(n?)

HERBXIAE KM
MEN, <N, BERREHAELAR
FE2BERE
iR [ step2
=
ITER B S B2
£

O(nm)
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Dorigo 258 %§ 25 JL i TSP [ IR 8 & 2 FE 4T T RABE ST, gl
B REN, BEREONEEZRENT(n) =0(N, -0’ - m); YBE5BR
BB AR m KBS REAE NS, BN AEREN
T(n) =O(N, - 7’),

6.2.5 & %%k IE il B W A RO R Il

& (Exploration) FiJF & (Exploitation) fE 11 B4 & 5 B ik
HEN—ITEENE, BENBEEHRWXBAEZ—, BRENR
BN BREEEEAS A PRI RAR KB R - BEEN; TR
BRI EEE T EFENRERHITERERNE . A&
mARERBEETR SR, THRENFRENRFEHR? X
B, BRESFREFLIBRENESNHENERERBIANRERER
fES1 o

BTN BEESESAMERENS SRR, RERE
BRASSHHENBEERBEERE, 24ERA T NHERKE,
KEHRBRATEELREKNEERESIN. BNCEATHRREE
SR ERREEH RIS REARANECHBEETE, MRS
M ERE R (Ant-Cycle) M#], HBHFHRABRERN

O<a=<S5, 0<B<5, 0.1<p=0.99, 10=<Q=<10 000
BLBEEABRARERNESSEN—BFER? X T EHEXHE,
AT UTSECT SR TR W, '

(1) EREMDERBOTREE BN E N

BERE L EREALEEROBE, TREER ,WRERIERKE
BRRE, TIEEYWIEE LN SRR RRBRE,

(2) EBEREE T BRER MR

Mo ERBEATRERATF, HAPMEELRPNBHEENLRHE
RENREKNEE; 3K 1-p EREREREART, RBTHEAH
> RAMEEHKRE, FRAERRBET 1 -p WX BEHERHK
S mIAEE A, 7£0.1~0.99 AWK, 1-p HEAKHE N, ELUR
EW, SEAF1-pRA, BREEHNREFESEFMBM, FERIER
BYERAMA R, HENREIENR, BB ERNRSEERE.
=1 -p /e, FRBERSE S0, BROMIERS, FBK
S ER, HETHRTRIERE.

(3) BB NRRE RN

WHAE RS MEEBARNBEEFLTERBREMME, T
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DB R R m SR EERE — WM. BYEE m K (F% 43
L), cERUREEN2RBRENTRENE, BRELIRE
SEHAERHERINHBEAE LHERBEHBT Y, FRERBHTEN
B, BEVLUEER, WHEERE. R, BRHEE m /N (X4 H
RERME), SENRRFERIANELNELSBB/NAZETO,
LREBROBEERS, BRKSGEE MR, BaEREENREERE
E, HAMREHAR. 2REHTELRRE: SWTARKEES
PR R 1.5 F5E, BUBEE R 2R WOBUH: A W S0 BE AR LB AT o

(4) BRRAEF. PEBEABE T, FRRBENHBE L LR
W

BERBET o« RBBRAZHIBDFHANFREEESHHE
BRPGHGEERE. o B, ¥R LIRTE B2 A AT 8 R
K, WROBEHEESE; o8, SENHEEIREBRARNL.

WHEARRNETBRBTREARFEEERSIGHERI R PR
BERE, XHRAEREERANIRABR P ERE. BEEEK. B
Bk, WTERE A LRI RERAN TR, RAMRT K
SUR B, EREE TR, BTRARBEMK.

FREBE O NBYBEF—ANBRERZBRELNFEERER,
Q ARk, WHANTEEE PR EE B RN RBUSR, MIRBHF RN IE
Rttt , A B TH B RERH.

EFULARSEMERRREQER, BISREE T REYHE
R ZHE WER (BRXM [20]), HERWT:

%14, WEBBKHE, BEREN: RS/ BEEE~1.5,

%25 SEHA, ABRETEZANGERERAET o HE
BEXRAET B URGEREE 0425, UBRAKARNR,

%3 4. SHHA, ABRRELERNNEERERET oo

6.3 BRERIBIRERIE

BERSEZRRBEEN— LB RRBELEER, ZFPHREN
HERLRA, BREEK, BABRRILEREN, JHEETRAH
WA, JREE TSP M@, THREMARSTEEZERS HLEER
W, HBETARAROESEE. ETHXLRATRAZN, BTH
—TEREYHHEENAL.

(1) SREAEIROTERSR, EEERMERK, HEY
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HEEAEFEEMUESTE, thin TSP R BB E&ENRN O(N, -
n’em),

(2) BEASHAEHIS, BRI -2V EBER, FA
BRERINBIEE B, FENSRF—-EHTEERE, FATRAE
v

(3) EABRMABEEAR EEEHN, RERTAHSMNLBE,
MFEZEMARE (BBMNAL) TEHEENA, R4l TERXRBNA
WTHl,.

XM E R, WA ENBGEMIREEZEBNEMA . — £
EEHEMERANREERHBE LIRS, AEH2RRHH;, —2F
HRBEE LY A T i S Inl B,

ENFWBE UGB R 200, S8 T i U8 58 35 W SO BT 5T B0 BR
B, BERRAETR T O SGERE B R R R RIENE R

6.3.1 WEIZAKBEFR

R B AR AR AL B B AR S M W R, BB R ABIS . B
RYHEECLEEMAREANRHEEF RN HETESEE, |
KA RAZKREHLBIT, RS LEWHEIDAELE KR i 5 A
R, RELIAMHMBRLGH TIRSHMEEY, XERAEEL
FHAS TR BN RRE

B S TR 0A OB B B W S HE B E B0 2 Gutjahr W I, f A BB B A
B Y — b i B9 & 8% B B GBAS( Graph-based Ant System) 4 Uiz S5 ¥
#7 TUEH]; Stiitzle T 1 Dorigo M 4% B4 41 & AL VE R i 4% /ML [F) R 42
HT —HBGE R Y ACO,, , , FFxEH ST T HR T 4
it b R R B R B R P R — Se R, RIEATR AR B R EH AN
(AT, Gutjahr W J X HE FFH 0 GBAS, HINEGAEERRY
GBAS/TDEV & #: (GBAS with Time-Dependent Evaporation Factor) 1
{5 B E T # GBAS/TDLB & i (GBAS with Time-Dependent Lower
Pheromone Bound) , ﬁE%Tﬂﬁﬁﬁﬁ%ﬁE@éﬁﬁ%ﬁﬁﬂﬁ%%Bﬁﬁ
AT RERAD LR BA; Hou Y H EX )" LBHRFE (Gen-
eralized Ant Colony Algorithm, GACA) #E4THIZEE T A3 Bt iy W s i
A087; Yoo J H 23— 4 A 245 MY BE ey BE ML 16 M S PE B 5T 5 Badr
A BREEEBEAN S IHMIEE, A ZHILBREM?X
Wiener A B AEHRS THRKAFTHILE, HIERT ZIB IR
AATAT 5 PPAR T — A o] B WU B IR BB RSB B T B
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Bgt; T @SSt —Fpilfs - SRRSO W SUERTT T Markov B 4
¥r, FFEA AR HEREFF R RAR B SG Big 5 SEX B A R
B 34T Markov S 17, = FHE# 8t (Discrete Martingale) B35 1.
B, 38R Bk ket IR A R SO, TR B e AR BV TR B A I 1) B
BEET .
BERREETRANHEARBEANERFEENEBRY,
WEMBHEE:, REEEBFEAEREEMNALERE L. WHE
ERESUERRRE-TEEEENHRAT.

6.3.2 FHUSNE W IR HERR

Eish, BEEEBERNRARAERRBE, NAEMEER
. ETEREYHOBME R, BT X NRMARKKNBHA
V. SENBEERE. ETAERFEINNEONBEREE., ETRETAN
PR, WERLHEMNREYE. BTEABSHEEREE. RAR
PRV B R . AR IR B . BT R
RIS, XERGE——Z, NAFABEBRRLRENAE
7B R

HaRaENEEE? BXEBEENREERBHME. FERE
BET. (56 8SHEERA G E Y 5k 0 — R H A Yok B A BGH
By, TENMEAENNBEEPRIRSRNTE, —TRUHRR
(Ant Colony System, ACS), BoAREBK -B/MBHAS (MAX-MIN
Ant System, MMAS),

— . WHZAS (Ant Colony System, ACS)

@B FE S (Ant Colony System, ACS) A B JEH Dorigo, Gam-
bardella %5 A ZE R AMUBE B B (AS) MO HRIE, TEAE ACS B
B SRR O P RIS

ACS Bt THANBEREMER IR P, BIERRRERNE
LR R s, REBRES—RBRFNILRERE LNEER
eEF, AURAMBERIEELRRANBERES, RAMAEIN
s, BABRKEENER, ACSHELEER.: BNEIRREBRTEN
AEbAGFERREEL, HRARBGEAMEE LKEERETHA
%, EFAHFINNDRARBENERE, BRELNERRSH—
Wi, XWRAMRELRBER, HERX RS R RN R ERE LK
EEEAGME, ACSHAL ASEMNEERXINFE 3 A OBRAR
AHBANAF; QLREHANAFR,; O THAERBEFLENA
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BRRBEFAN, TERERFNHA,
1. ACS IR EHEBHAN
AT EHEEFNEHEI, ACS KA T e k& MLtk 4
EENEFEER, HAEERIBEPHSHABEREEBHE, PXATH
T i B kRS (6.9) BEET —N3T:
. {arg srenjfgg)i['r(i,S)]"[n(i,S)]ﬁ}, q<q,

3 (6.10), HAt
R, J,G) BEk RERAEGRPET  GHTEHRKETES, oK
—AEXE [0, 1] NEBEILE, ¢ B—TMEESH (0<q,<1); ¥
q>q Bf, WBEERIER (6.10) Bz T ¢ [ TR BARHTI
DI TGN e,
z [7(i,s)]% - ['ﬂ(i,s)]ﬂ (6.10)

sETHD
0, Hit

#® (6.9) P HmuEE# T — B8 R RRh B &L O BE LR
% BEMI (Pseudo-Random Proportional Rule) , ZEXFFALN T, &Y
0 Y e R ) R — IR TR R A, s A— A [0, 1] ERENME
LI, BEXAFEILERADEAR (6.9) B PR 7 ¥k 7 A 45
BRI,

2. ACS 2REHAM

TEACS BB LY, 2RERAFATHANIGE, WERNE
— WAEFF P B AR R . ERTR M AT A

(6.9)

,‘_
Py =

T(i,)) (1 -p) - 7(i,j) +p + A7(i,)) (6.11)
H
Ar(iLj) = {1/Lgb, (D HNeREREEE L ERERE
0, HAth

(6.12)
e, L, RESRI AR PR BN REBERE; p¥—1 (0, 1)
RKENSH, EEXHYTFRBEEEFAHEAPRE ENFERRER
E-S /8

3. ACS BB EF MM

I 30 B 3 ) R E BT 95 B L — IR R S AT

7(i,j)«(1=p) = 7(i,j) +p - A7(i,j) (6.13)
Hep, pH—4 (0, 1) REKSHE, HE LMY TR LESRR
BFRgE ERERERERER. Ar(i, j) WBUEITEA THI=ZFMITR
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®Ar(i,j) =0;

@Ar(i,)) =70, T, N L E R BARME;

@A7r(i,j) =y * zgljf:g)f(]',z) , o J,() RRE b RIS RAET R
BT M ERINB T RS,

EREA AT (i, j) BREMNEQM T EM ACS HIEBFRN Ant - Q
BTN HEE., SREREHS ASEABBREMELL, Ant-Q
system BB AL —fttE, MEEAR T2RER.

Bk p e B R AT AR ERR

begin

PR

neycle =1
bestcycle =1
At (i, j) =7,=C;5 a; B; p; 903
n,( BB REXBEHE) ;
tabuk =®;
while ( not termination condition )
{for(k=1; k<m; k+ +)
[ m A~ 90 BEALBCE F A BRI s
for(index =0; index <n; index + + ) (index HURBERTE
258 13 W R T A0
{for(k=0; k<m; k+ +)
{F=HE YA ¢
wAR (6.9) FIX (6.10) MM E T A BEHE
BROALE;
e R R A R T 7 IAED cabu, 5
HAR (6.13) PUTRIBEFHM;
!
!
B EARIER PR B MBS L=min(L,), k=1, 2, -, m;
BEX (6.11) FR (6.12) HTLRHEFRW;
ncycle = ncycle + 1
}
ML RERERER;
end

— . Bk -8B/ ERS (MAX - MIN Ant System, MMAS)
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WX BRI R R, BB BEE RAT N8 5 B B A 80 B i
LRSS R R SGEE, NS ERMEE, EREXFMHEERY
ASEREETRRAME A RBAR, XA EE, ®ES%E Stitzle
THl Hoos HHEHKE K - B/PMNEBE FS (MAX - MIN ant system,
MMAS),

MMAS EABE: (UL —-RPRHBEFMEERRENFERR
Ed%, NMEFHFATHERFER, IMRIKSER., BXFERS
WIS RRBMERAR, A TREREESRERATIELRELRE, &
BEBRBPINEEERWERE [T, 7wl W, BHXNEEH
EEFERHAEEEAFENETR, XBEWTLAER bR G ARELE
HiEBRIE K THMBETERNFEBIEHETIIR —&BEL, A
T EEAREY 8, MRS, MMAS &2 TSP, QAP S BH#{R
AL R B B B2 —, BEXMWEBEENBGERERBEE
MMAS p B4

MMAS SRR R ABHE Y (AS) MR E/FE T =Rdt.

(1) BRVBUELR 7,(1) =c BABRKME .o

(2) HREHEANBWE—-KBEIRE, RERDREHEOBECA R
BHERETHWEELBRGEEZE. &

r,(t+n) =(1-p) * 7,(1) + A7 (6.14)
Ao =Q/L,L=min(L,) ,k=1,2,,m (6.15)

(3) BEH 1,(1) BREE (100, Ton) ZEo MR 1,(8) <7pu
W7, (6) = rons WUR 7,00) > 1oy W 7() = Ture

BEg a2 e LA T R RERER:

begin

PRI R

neyele =1
bestcycle =1
TowiTamiTy = Tma ATy = 05
n,(HFEMPRREERE) ;
tabu, =(J;
while ( not termination condition)
ffor(k=1; k<m; k++)
D m IS REPLECE TR RIRT £ |
for(index =0; index <n; index ++) (index A Y ETEIHF B
2 & i T E0)
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{for(k=0; k<m; k++)
{DIHER p (1) BET— MR 7, je allowed, (¢);
45 b1 Y 35 B B IR 7T 5 0 A B sabu, s
}
}
neycle = neycle + 1
WESKMER P RABEREE L=min(L,), k=1, 2, -, m;
RIFEARX (6.14). (6.15) HHE A 77" (neycle) , 7,(neycle +1)
R 7 (1) <7, W or (8) =70
MR 7,(0) >70, M 7,(1) =7,
|
WL RERERER;
end
BT LA EWIR EE RN B SRR, EERSEHBEGESGER
B, BRAXEHHRBONESNKEERIAR, BEXEMRMEA
B, BB ARE, FaERNE, REVHEERN2RBSEE.

6.3.3 ELEEWBNENBUHAR

RE LR EMEEREEE®RI N~ EEHBNMEE, FEE
D) R LA 08 K LA B [ R A B Yy S A BE SN, XA AL BBk Y SR A PR RE 3R
R R, T EA SR R R R 2RI R R
ATERMEAHRARE. BYEFAQUBAENELRET. HENE
. A 1 3 EOUAR R S i S BB H AR 3 A SR8 T R HEAT Y, BT AR AR
ByEAAREAESEHEASRARE, BBk RRE T HEE
SRALTHF R, EEEEMEARERRED, HBEREZ-HX
BEEWRRTR, MARUESHMEERETH, Bit, HEFYHE
BT U0 o e B R T R 5 TR A4 R AL IR AR R BB R DA R = R

1. AREERNERT. SHRFEAN

REXBEN— K, EFAGRELRAES, FRRFETHITRER
BEPRASZSEFESHF RS Z AN ER L, BRARIHRZH
REERRRERRERE, s, WmER—MahlMER
B, B2 RESR P RAEER R BT AR A R
HENR, MATEEEIRWENPREE, EXRFEF BRI
B/, AEEEHRBHBESRI—TRAFS, BRUFFE
MEpERE, ABREBREREXCERFSR, ERAIRY, R
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RYRUERBESEFELHEIT TR L, 8—2KBEIBRPHER
R A EX TR ATt SR E R W R, XX FRER
SR 7 A HE I PR R

2. HERHMNIMFTR

HFELBAARFENRFFSEFRAENERRREMEY, ER
Warde, FUEZRSRINLR S, AEES B RE 25067 B Brxt
RLEfE BB, B R A A 2 A1 0L B BT X R 4 E X (B W R BB R
5 BARER R ELEE,

3. MEHHEMITHAR

W 508 A S AR 25 1R A R 2 1) Bk A PR AT i O o Dl A S R R S (R
HARMITHAER, B—RBIES.

EAEK, MEWHEENANRR, MR AT RN, &
ZEATELAEBELE T —BERE, #NUT =K,

(1) HSUREER SHLE RS S, NTSHAESMATR.

B ESB A MR E Bilchey G A % AR T XM BEWRE,
3R A 1) A o] S PR A N AR S AL AT 2 R R, R FIHBURERIE
st BT 48 45 AT R AR AL, BRI TEE AT R P H & BB O
—ARBETEBREROEL, BRTHEENNE; HBFEARKT —
FhoR R SRR AR E R NBEL, BERESRER
B, ARGREREARAXERHEBUBIHT R, MERRE
BB PBRATREEER, UBEIREERE, MRESCGEE.

(2) ¥rkgezs B, AT IR I B 5 A Sy — D B Bk R
4R J5 R R A B AR 1 T 1 DU ROR %

B AGR T — R T R R A R B SRR R R EEF
ARBMETFEREM BB ELRERAS; FHRESARLT -
T S R AR AL R R AR BB R BRI A R — R
T RI# R4 UG 6 38 R B ; BRIREAREH—METX
YA RERENESREBEES, RAXMHTRRFRANERE, BY
P R, SBELE, REKNRASEESRMR, FREE
R AN o o T R R 0 3 5 AR A 10 R 3k 26 Oy ek B L AR A R
— B

(3) XTUBEAT MR ITEMRAN ., TEHOBR, WTHER
HOBCREE B, BLA TSR BRRE.

Dréo JEARBT—METFHEEFBHRMWEEXTANHRE
CIACA, MEERALBHEARNBEAFFRNMTERN, HEAFEER
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TR BEEEFE PR TR IE FIBW I, Pourtakdoust S H & A
T—R{UKEER RN EEHNEEE; KEESARE T -FHATR
R LR A8 2 H bR ok BUR AL 5] B Y 3 S I R B B

BFREEIR, XBEARE—-—%, (LAEBEH, B (1) &, &
BEARHMBABEERERAOELEBBPEE; (3) P, Do JHA
REMETERIEBOERZEEFER L CIACA,

1. AT EE 8 A0 E S Wt

BAREHEENEEZBUHARESRERAES, AAGER
BEMSAXBEHEBRNES T E; TERFERIES, KAT
HEERR, UREINEE, Wb,

BRI N max Z =f(X), m RIBWEEPLHAEE LIEW, B R
Wi RE—NBR, H¥Eh SABNABEHTERABTER,
YA R RREERE, BRUMEREERRBENE RXRECE
SREBRASTES, TR—-KBEHE, MWHETERRBENEN
HHE,

(1) AH#ER

REREREES LG A CRSERS B NHTREIER. BN
MEARX, MRFHMEBEKFERBIAREER, MBFALE, &
M4k, BRERREXEN rWREA#TH, HrBEEARENE
mwmsL . A

X, ={X,-', AXD >AX;) (6. 16)
X, HAth

(2) 2RER

AREERREEABYHZE -KERERE, EREEAERD.
HBBH MBS RRHFTLREIER. 7 Aa() IFE i REBIK
WENHE, f,0 m RIBRKN B RECFSE, WA

. ERBEIEER, (X)) <f..Ne<q
Act(i) = {S, ol
i, ¢ h—AERE [0, 1] AMBELE; ¢ B—TMEESH (0
go<1); SHEWMTHBIN EHENE:

(6.17)

p(i,j) =—de T (6.18)

Sr(j)e T
Hep, d,=f(X,) -f(X,), BYi#juf, d;<0; Tixi=jBt, d; =0,
R (6. 18) MRIET 55 i FAL U R 1) 3 A I A B M SE K A MG A Y
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FEBED, HPRBETHRDMEETXMRERROFIE,

B mENMEERRERN BN, TRESEEBERREPH—
TRV S RAF YR, SEEEESCHAE mBENLERE., 5 Rig
BE 5§ RIS B REER AR

X ={X,‘ P <po
oX; + (1 -a)X, HoAth
H, 0<p<l; p,>0; a<l,

(3) EREBRBEFEHMN

RBRERE, EXERRERE#ITEN. EMNRNN . mEH
n RIBI B ;A3 (BEAMEBIER), UE

(6.19)

r(j) = Br(j) + ZAT,. (6.20)
K, mrfuj0<ﬁd%ﬁt@%o
UE3IAMERENTARAENIEHNSRE, BEEEDRITRE
MERIRAYE, REHNAGEEXRER, REL2REBRTE. 2
RENEENIDN AEBREEFTEVENES, R LR ML
HERED,
(4) BAHEHER
R REEFEERBRERMK. RBSEREIBERS, H
WAEDESAREERR, MHmURH, XESREAREEER D
WEHEDE, ABEEAAAREGEEANATEMAAREGR, REAEXR
E¥EL, GRER, HTHE, B4R TE. THANEREAR
s, MAEERE., “ARBRBRES, XPRATEIBREPHS
Ko
EEMEEEELFRRENEM ERBERKN, GFENE#ER
FMEREBHFHERS . HARRIBLETRER, RZAFEMNEEER;
MG AN S RE B ER R E, NmREEET RFEILT
MBS, RZAEXBH., EEULRESE, EIFENEKRDTRD/DE
E¥ e R, BESRSAER [3].
BARTHERONBEE, RERBERN U—EMNHBBARAL
EmEE#ITREEER. REBEEERAMNT:
__%5&%%&&%%%%%&@?, v <,
"{ﬁmzt (6.16) BITHIHEVLEE,  Hib
B, » BEEHEEHO<v<l; v, REERBHEO<y, <1,

(6.21)
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BAREEEROUBHREENRELRNT
Wk
Loop;
5 DAL T RREFRNITRAE;
Loop;
BRIGEFAER (6.21) #HTRHBER;
Uniil BPA 9558 R R & 5
Loop;
5 RIBRHITERER, HX(6.17) ~ (6. 19) EHFERHTH
ek
Until i IBB N2 RER;
A (6.20) HTERRBEER;
Until 9 1k &A%
2. BEFEEIEMMNESEZTERWBNE (CIACA)
EFFEEBRNHNEEXERABBE L (Continuous Interacting Ant
Colony Algorithm, CIACA) B E T X H MR R & L BUBAT AR #
EERA LR E N RE RN BN E— SR, ZEEREIBRENER
EHEATRABYATERN, FEAERRXRMEEEFERMY
Rk a1, CIACA B—Fh B H B L, 4 CIACAZ
B, ETHE-—TEHEEEENWEYERE.
(1) FEIEBY RS H BB %
O HHEIEBB WS
“gEE M (Dense Heterarchy)” 5. f Wilson E D F 1988 4E4R
o “BBRE—TEERNBREN, THRINIEBNEHN. XERER
EERBTMERE-SEE LEREREN -, MHERRKYH
EHSEBRKATSRARENERER", X—BERL THMER
Eil, DETELEIERREFEEMEN M EREREE, X
FAEET TIRBEREEEE, “FRIERR” HATHREBNFR
hES AR FRN—IEAES, §RERHFATEEERZS
HAUG BGEATEE S, TR HEEREESZ MEFEEESEMN.
HTHLENEEELINEHSERENNARE, 35K 6.4, 2
REMB—FSTFIBEHEN, RERBAPERESHMK, MKk
AHBTRE, EADNERE, MEEEERERD, “BUE" HAESS
B, MRENBEMEFHEE—R, XHRE “BK” A
G EARIEMN B HARINBE,
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=20

(@

Bl6.4 FEW4MEIEENEHREE
@ 1B i Ak 3k B BB vk
XA IR, RE A TR R E R A
BAE, —MEGEEREGERENEN, THXEESHMGEE, WA
6.5 Fi7mo

=R

Be.5 {EEEESEE

15 BB E M EAYEFRIT o

a JOME.: WP ERROZRFR, WBPHE—-THTSSH
— PR R AW

b 77k MMERRERE P OEE IR, F8RTER—wEE
MB—EHRE .

c. B: BERRERGETHHMAFTR, FRETEL -/
o B — RS BT, WAl A E R

FREFEHERTR—EEEY, XFERBRTHFESARMENE
B, MBGEETRIT ARG ERAZMIER, B RRERRR L
HEFMEER -

(2) CIACA {5 iH

WRR ARG EEARR, &X T ZMEAR CIACA, AIfFERX
Wi CIACA, FFAMEZ A i B BE E ¥ CIACA F1—F PR Ky CIACA.
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® FREZHH CIACA

F— WA ) CIACA &5 Bilchev G A S5 R GH I i F TR E L
AL S O R S EEBNANEAEFER AR
Br—1TEAEE SREBREAERTEANE - TALBR—E]
HEAE, TRENFERBSHIFIEEINBFERERE K, X&E
BV RESBEBPRITAEMARE, SFBHHK. BIURERAZES
MBEREENEERRAERGAEFILFERNH, BRSMERFERA
KREMEL GBS, MELCERBTE A WELE 7 REBRH X

B 0, RRWF:
¢ =3 [ (6.22)
- z w,

et (6.23)

@, =

Hep, n RARWREE; » REBIDPWARME; 6 RAYUBTHA
BRREFIER; 6, RAB i MR ENERE; §,RRMNERB
WEE AT RZEMER. EHESHNE, 2TRARVTR LB
HFACHEBAFEERAKRENELES ., BX b, §RIBHREHE R
PSRN SHARTEE, 8 REEHREI—1AFEEAREYEE
B, OyeUEiERyERaERELMERS, HERXRETHER
ARES IS B s R AN E .

MAESB B BE SR A R MR ERTT A, % CIACA FERERRTE
ERERMT,

a JEE: HEHPRAEBNET -EBNFERRE, Hb)59E
AR B B E BRI

b. frfl: X—mEIENFEEERFYE - HERE TUBREZ T,

c. BE: ATEBRERWEFERMEM, HENAMWEBFERRAH
B

@ FMAMEZ [ # H#E{F A9 CIACA

B RBRHEAS — RIBWRE “HE”, REKREXEFEHE
MEER “AXE” XM, BRTECZBRIANBEERINER
FREIRT, MARTHREETHBEVER. AR REH “HE" &
BRREENME, MEFRAE. FRERESHRAIERRER
B “WHE” SHAESKEEMALE, UARERTRAFERREEN
NEHS, BAUEHFHAE—TUBREREE T L. FRERE

2|
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WEAERMEREN, RAEERERER “HAE” #TEHIFEHE
BEMLE RS S — B, ted, ZRCACATHEEREERBENT
.

a. VEFE: MBBPRHERBREL “HE” B, XA —-REWNT
DIRERL “HE” .

b, fifE: E—mREIBEAGBERFTUL “igiz” B BREERRR
G,

c. BR: FIFHENERRBSH,

@ —#PhFIAY CIACA

EBEXHN CIACA A AN EZ W EREFK CIACA RE
MAWAR, BELNERTHEREERY MEEARBERERKNE
R, BFX—BH, THERFHIRAN CACABEE TR A ER
BEMETF—NESES, AT EFEERAFZNH, FFULHER
RES

(3) CIACA

CIACA WRBFEMMBME 6.6 fin, BESBRFEQRELUT
34,

#1448 RESH.

B2y BRI,

BIY. BEWEEREE, BELER,

I RELAEGEEERETHIAENBRAGELHESTRY, FER
B4 1B

Dnel0, +w): AHFBRMEE, HETELA (6.24)
e

n=nm,,(1—e‘%)+no (6.24)

Hf, dRRHFERBRHEY; 1. BERBKRBYKE, —BREE
Do =1 000; m, B BARRAEER N O HHBREE, —KRXE, =
5; p BEARDEEWHENEENE, —REEP=10,

@ oei0, 1]: BWRERBEMNE S, F¥XEIBNBHEED
TR ERE, HERMENO.9,

@pel0, 1]1: AREXEBERNFAE, HERERNO. 1,

Duel0, +=): “WB" KMEKE, TETELAR 4 =5
&1&0
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6.4 WHRRILESHA AT RN ILESHE

H A 20 42 50 SFARLIE, AMMNEMHALKIETZABR, W
BT RS ERARE, MBEEE, WBHEE. B THREXE,
HRERBES. ENBRET-RXEUARRAEYRET HVRIRA R
AL EE R . ENAEECHER, B ARXRNLIFEE,
(A7E R B0 7 I8 ORI B0 8 T SE 3 b % 49 5 4 0 A AR AL 38 0 RO 1 R R
MELREE, ¥ENEXLEERESE—E. ENAXERMEREZ
B, Seatrx&EfiERERE.,

6.4.1 WHENEEHMHEERULEZENEER

RREEERERE. NTHEE, HRERBERRTHEMML
B, ENEBRT-LXEMNARRAEDRR. TeBKBEDEREFHE
f8. B IR I AT N RMAIAEFRELERFFRTENRMMAE
BEE. EfNANTHRER.

(1) BE—LXARENBENLRRAEE, HERLHEEHAR
PoE RN ETRMN, HEESEIAMIER, AESHNL
LSRB\BLERBRNH, LERE

(2) WAKRBTRACEE A S W EEFEER, BRAETRER,
FEAR AL 7R R IR T AR AL I R A & AR BCE R (W 1
ARH) UEEREHRMARAGHBREFEHR. B AGERK
BRmoEZARREN, REERTHMKITN R, TMES EXHE
%&ﬁ%%ﬁ@%ﬁoEKE%&ﬁE%?ﬁ%%ﬁ%ﬁﬂﬁ%&
R .

(3) BR—FETENE AN ERCAE, HERAEET
&SRR 2 BB A T OMER BB R R, R HIRKZE
HBE T

(4) BHEBEFH T, HERCBEBERFRFTERAERT
FiE, —REERLTERAERTE, MHEERCERSSEERES
KT, “RGERAHENNSITYE, ERGERARERE
DA R R BB AR R .

(5) MEBFERYE, HFERLKERLEBERHTRERES HMHE
AMEAT R IB S B P RIHRA

(6) #EA ARSI, ERRERRKINEF, HAERML
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H¥HEE B I ARERIE P RS ER

BMIEHEE., BRAEDE, RTHAER. BRBRBEEARTRTHAE
RABRE, BEMNEEENE., SRBRETEFEFSAIRZL.

(1) #fEEE: URRERNRBENSRENS, HLETEYFE
Y e R, AL R A P YR A B SRR, RAME
PR RBGHAT B, ERAXN ., BRETFEHONME, EEE
BEERAMREEMTY B, B8 RED—ERENEERIEX
K TARER, RERRBRE,

(2) BBEE: RATERBRIMBRKFE-FERUEIRE,
BIFHEHFELRZDBLRATRRABENER, XRMBFEES
B FHMGERAERBE N BENES B IHERRERKHE
RETE, HASHASHAS, BREEORSHEENIHLSHAR
BB,

(3) HFREYE: RE—HEESSLAXRARAERHE RN
KRB, SHAUERCERAL, ZERFRTEABNSERSD, W
B SR A A O B D . GRS BT BB R I JOE B AR X
5, GOERAEBEIL T,

(4) BERBEREE: AR—FMEENIRITETE, FRLE—
FTERBERNLREROEE., HEERNEF[YRATNRZER
R ERE, RRBRARMBRERBHTREF L. —EHGEER
HERREFR, HRARR, A¥BEBARKEFRS

6.4.2 WBNZSHAGERUNEZARE

WREEAATREASEE. RROAERITENH . 5T 5HMA
FIRE A% A, FIABBERD B, BH SRR AR
&, BRREMAENE, NNBHREESREAEBERE., BHAEKS
BTRERMARERSE, HTHEENRR, MAFERAERSREFRN
A SRR :

WRNESRENZORE

WREE S REERAMSRUBERSHERLABHERET
EFRER AR W— 13K, BB T Abbattista F 253 th iy
KB Y: (GA) MU H LRGBS, FHHE Oliver30TSP Al
EilonSOTSP g {5 E iR BB TRIFNGER; W5, KERBIIOH Y
k5 GA HRA R B EORAE S P B MMRALE, FRA TR
S BB FABUR . T 43 B B U A I SE R P U A S il e s A
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BARBETRANE,

(1) BEBURBUHREHS

Pilat M L 2R ] GA XU BHED 3 NSHB, p, g HfTHRK, H
B, p, qo BWEBERMEXN T o —HWHE, o RBIAE, UK
BXRHEE 4 T HEE R, B, p, ¢ WERIN, GRBAERS
TSP W& R BEME, $XTE-, M HBFARRT —F KRB BRI
A in] B OB B BE 8 £ B B (Ant Colony Algorithm Genetic Algorithm,
ACAGA), HEZLEMNH GA M BHEEN 4138 (a, B, p, 9)
B, HiEH MMAS BUABBREEN I BT R, ULAMNBRS
MER . Pt eI,

SR f B #UR AR AL 51 U ACAGA By DAAURSINT

For iteration =0 to Generation do

B MFERBTTENER o, B, p, 9 HEITHEILHGES;

WA BE AL B 4 A

BESE®4ABROME, REVERBE, 84N HHELT
TSP 3485

1% MGk

t=0; //t BitBtEs

N, =0; //N, RIGHIH4%

XtET A (i, j) ERERBERPIGEME (1) =const, AT, =0;

¥4 BN B TE n TR L

2. s=1; //FRs RIBN EE-KIBIBPENLE

Fork=1to 4 do

B b BRI RARA tabu,(s);

J(s)={1, 2,3, =, n}—tabu,(s); //J,(s) RIGYL k LR s 3 B
MRZEH T AES

B3 s=s+1;

Fork=1to 4 do

BIER A BERAX LR L 8T —BW R /B8 k7 iy
ZIAETESNT A i = tabu, (s - 1)

WD k HCE TR, FR R BARA tabu,(s);

tabu,(s) =j; J(s) =Ji(s-1) -J;

St E B AT R ERE B R EH;

BEEEIL, HHs=n

¥ 44:. Fork=1to4 do
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K gk NHT R tabu, (n) B H] tabu, (1) //GBEIBFHET R, 5
R —K Bl i F42
WHIBE kMR E L, HFHBHKD;
RBBEKE L, S HX R k0 tabu,,,
MW T EREREER;
BIEREAFDNERRREME r,(t+n);
TS t=t+n,
N, =N_+1;
(N, <N, )and BHEHHTH
Then
{ A tabu 53R
BREERIEE 2 5
else
¥ F2 )5 00 B 08 B AR 1 B 1R 3l B R A
BB 4 SRR 2 MRS
BEATAE UORAE B ARAEAE R 2 DT MK
B4R RER 2 4, BARFHELRMMET
End for
W RS R
ERBARBRRS, dXSnBEEENe B, MIHEERT
W4 A~BWa, B, p, ¢ HATT 28 bit G, HPE—SHAEH 7 bit
(2) FESBMWHBREHEE
BBmEAREY “FAFLEEFENNHRERE 0 E
FYA0E, EFXEFsAnRmGEFHE, HFEXS N TERNYE
ERE, REREPREEARNBEHARERMEEE, BAER
MALALRER, BEALELRBMAERZRAMNESANESR, Bl
ZEEENERBHEBHYIMOERSE. XETURRRELR
WS T BEYE; TIRAIMBEE T “HRRRE” WBE, TRIEH
mipdRE KB AR (KR BETEE. BERIHDIT.
Be R E LT .
max f (=) (6.25)
s. t. Isx<su
ot x = {x, m, s ), o BE LR W (L, ul I =
(L, Ly ooy LYys w={u,, u,, =, u}; f(x) RAEREHE, n A%
B, ORISR R BN RS TR T
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@ o % 1B] 4% — 5E ) JR W 2 LA T F 5 18]

St Xt £ JRy B R TR R B) 4 H0FN 48 — HE S SO DR/ x2S [ BA 43
B XBU_ZEMMLEBEAN, B x={x, x,}, HEXHRHIH R
[, w (L, u,], BB ABIMNAITFEME, Kii=
1,2, =, M, j=1,2, -, N, BFRENREKEN

u, -1
D”’zf
(6.26)
u, -1,
Dzz.:T
EUB‘JEEﬁlﬁﬁﬁi'J?ﬂ Xps Bopu M Xig, Fyms IS
xliLzll +(i_1)D1L
X, =1, +(j-1)D
2L = by (J ) Dy, (6.27)

x =0 +iD,

Xor =1 +jDy,

Q@ WmYEMBEIHRER T TZR
a. FHFBEMTE . £F (1) SHHENENTZEFEILTE
— A, FEARE R . 5 F AR E R R A E XN
A (1), BEBEPH L FREAERNE A, WaarmdTRA A
{A,(1)}, Hei=1,2, «, M, j=1,2, =, N, FBAB N M =N,
b. FZEIMMBEE: B4 TFEH EHME—MBE PRITE,
&AF 25 45 BB KW IR0 b PR A A IR R S N BE R o X
A4, (1)) >0 B, S Phy(1) = C,f(A(1)), Heo C, K% R

C,
ERERE: M fF(A,(1)) <08, &L Phy(1) =T A Ay

KAk AREREE. C 1 C, BERER Cio

@ R BESEAT BUBERAL AR

a BB HERENETEAMNEITERERRE, URR
£ R SR AR, SRR E R R ERAGELBER. BERA
b g A 0 g3 v 0 A R R R R 7 BE B AR BT AR T TR 4 B B Y B
B, BEEKHMEN M x N, 8 kR L REDIBEEN f(A(R)), T
Bkt T m E— R PR E M B RN Ph(k-1), WA BOE T
EE )

PRECE - DFPCACE))
Pk = o : (6.28)

> PRI Ck - DFPCACE)
i=1
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b, WX#HME: EXBRERUBREBEEPFEFMMBOEESE,
LA X BRI R, AR 48 4 A 7 1 B K TR 2 8 & b R B S SURE R 38
R,

c. BRBME: ERBERTEF TENBB FE, RNARET
WERBAREENRERES . 52 XREMM, T 5% R 8 B 2 R
BiRgAE R kM R,

d FEEERENER. MEMR -RR#H#L, STERNER
BHAKMERE, ERRIBRPULIANBRENFERBERANX (6.29)
HTEHLE, FREE Q) PHEHE - RPEFERANEEE,

Ph,(k) =(1 -p)Ph,(k~1) + PR}(k) (6.29)
Hop, Phy(K)ERE kRTEM § EHEAR; Ph(k-1)EFE k-1
RFEE§ ERERER; Phy(k)BnE FRRERESFFEH G WA
WiEEE, RBRAEFSNE G E, 8k ARLARTEA B KE N EER MK
H A, BERESE, XXMERRER, RARKBNEHENMEN
A (B) o BB F( Ay (K)) > F(Aguas) » W A = Ao (B) 5 B, Ay,
R, X f(A,) >0 8, BX
PRI(E) = Cf( A ) (6.30)
L f(Ape) <OBF, EX

Phi(k) = (6.31)

Cz ‘f( A‘ijmax)
B, €. C,. C, HBBRAERREHEEE, B C,>Cs fApa) N
A A BEREE, MR RPE—FERBEMNME, WA, R
A,

Fosi] i R B OE B KR A, R B R R A —
RABRE TR, FURLE—REBLR § FHEMEROENEME, R
= WA AR RIS 5P AR BT R O SE BB (AT OB T, BB
FaEAMmmBELRME, AAAR (6.29) TRIEFTERAANE
BEEEAHFMTABRRNES.

@ &R

ek T BB AT R — EERRBRBCK B —E RN, FH
AL BRAE

6.5 UERR LTI

DABCRE B v R R AR BEE A M5 A A T8 e A ey — 1
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AR, PR BB AT AL HEER . £ R RE
BB, ARERAKER “BEKR®K” (Swarm Stategy) , B|RH
MEAFTNETHR FEEKEEMETRRE; NEEKSAEATN
ETEBHAENEF T RMEREA, BXERNPFHEEEREARETR
HEENEHEERGSE, REBURMERFRES XRS5 R SHE =
SR AR BEH BRI

HARULRBIM XN AR RYRHREEEHATEOKL—f. £
H, WHBEEEZHTEAERERREL, M. KITERE (TSP),
RIRFAE (QAP) . EHBEAZNMM (VRP) . FREWFABERA (ISP) .
MARGK. EHlSHEMAML. SEFR. BXah, HELSH. 8L
. PGB RE, S ASE., BELOE, TR, ERRE. &
T TR, T, AafE, TRAA%E. ATHREHR, THIER
NG, N BEFHRRERENERNELAERNSE, FERAHERS
S o 170 R B9 T 2 B B R I A SRR

6.5.1 HFEHBWB M

ZESK& 4% ] B ( Vehicle Routing Problem, VRP): i #% “ZE it
%7, BEA M EPHMNBLIEMEYER, EATRERAEREER
BHENLKBEHART, EFREEAESHER, RRETEPRANER
EHEEEBES, ERUBRSHERE. BN ERBTREZRREY
PIREES.

AR F Ui, TSP [AIAH R VRP AR AY AR, 7 VRP MR RE
T F TSP, MW BEYE KM VRP 5 TSP FEF T 3 M ARZA.

(1) FEEEWE AR XA

FE TSP W, BRI ES A Y &A; £ VRP 1, § RBEARE
BEEFHAY A, B, ZER® VRP MEREA T, SREBEBIIR
WERHEN, REEKEECEBESENEEMESRIIRE,

(2) allowed, ] X 5

allowed, (I E R BRHEBRZTRP - EFXBHORME, &
TSP b, WEBN AEZERAEEMEEE,; 7£ VRP §, B
BEAHEZEEREE, 2FXBRERETEHRN.

(3) WAIATHR S5 A X 5

FE TSP th, 4§ RGBT R M YR — 1A 17#%; 7E VRP
g, 4 DU HE A B B BR LR AT AT AR BRI, BB ER
[l R Al G GRS L A R — W H 17/, LR TATRSEFE, Hik,
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BT anAe] 5 T B8 ok R B 5B 4 T T AT AR B Y 1 B A B A 3R BT 4T
BB B fF VRP 453, A 5 0 65,

THENMNEETIGENER - B/NMBI RS (MMAS) HAEEEE
WPE 2 b B ( Vehicle Routing Problem with Time Window, VRPTW)

ERHE S ERPEZ B (Vehicle Routing Problem with Time Win-
dow, VRPTW) R—A NP ELl#, FEEEGAEMHET KA. HE
s AN RMGHENERK - B/MUBEE Y (Max — Min Ant System, MMAS)
kfE VRPTW, FIARIFTHESS A, #TAREERAER,

VRPTW AT UMER T : B o M HYFRR (BHHEE), CHE
AERENERBERME, BEHRENDPLEE (HERZFL) 3
BEXHERE, ERLFECHRFAEOANNEIES RS, WRKRE
RABTEPFREN, WOHEE, BAARFIZREPBRENIL. W
RERER—F, BABKABEIRERER., BITHRANFTRLY
ME R e —WRERELS, BHRRE/MBHRETRERMFTER
WEHH., XHEBR/MUORERHITHRERENE—BiR, B/MLER
BHEERE B

1. ®Zigit

MMAS 5 ASHEERHAETEIHELZRT LHFEBRRHZE
[ Toims Towd ZIE, BFHEBRTHRENRDIWEH (WERARR),
BWER, 7o 5 1 WIREZXEE, BASKERBE EHEMEK B

jt%.@??a[(—ij), H L(s) N2 BRI mBRNKE, FUEYE

FEirEn, BERNESF 100D Two Tan SBRENEER (1 -p)
PAF L(s®) BUR B, Tl 550G 0 00 o 0 B B RLOF Eh o B OB VT 5 DL T S 3l

BHIAE Tou( ) F Ton (D) 0
QEBNEEERAABAERN (WEEE—RRET), RAKX
(6.32) FIR (6.33) BAE Tou(D)H To()o
1 1

Tmax(t) =2(1 _P) : L(sgb) (6 32)
(D) ="’"'“2*ét) (6.33)

@ —BEREEFZE, RAR (6.34) BE 7..(1)
1 1 o (6.34)

Tmax(t) =2(1 _p) ‘ L(sxb) +L(sxb)
R, o MHEBRHNE. 7. (0) WRESR (6.33) FH.
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(1) ok - B/NE S % AR B 1

BREYRET—THHH, EHEERTRANEEARNGETR
T, REZEBR T HMEE.

OEET—-TRTRWBEKEURBE LERRNEBD,

Ot B B R EARYE, BT A% B e & B BT A
PBET—-AEFF R EEERRE, XHBREQRLCENS: &
45 iy e ) 43¢ 48110 58 Do ) i 1 9 2 /ML S TR o

GEULTWFEREE, $FABEEQEBTERT o, EBHEWRD o,
mBEmRA (6.35) RE

{ 1

_ (7% (p ) _ et —-a |+ |t - b,
k s T Ur + @, ‘,, a,l ’;, ’|,vje!2
Pij =) Z(Tij)“(nij)ﬂ Zl
hef) . he )
‘tih —ah‘+ |tih _bh|
o A (6.35)

Hebt, 0= {v | v, AT RGIRAT] U to, ), v BEHEF O (depot);
o Flo, HNEEHR, WEO0<o,, o,<1, Ho, +o, =15 [g, bIHNE
PR b MBS i BIEE D ETE (BRTFIR N E S i R R
2+ &P FENRARE + NES § B j BBRISEER ) 5 o F1 B A E
B RRSHET R ERYG o v 5 o ZEPGE LR

BB n WO EE, XEW n, =, AR SE ) ZEME

B
(2) EREMEHN
EERENEFERTEFMERENMM IR, XERHLRESR
By, REBRIFRIBET TR ROESR, BEEERENE A
B LA AR 20 U TR B R EHAMAT .

o-1

o= (1 -p)fr‘;ld + Z At + oAty (6.36)
=1

]

(S B (v,, o) B kA o FROB R AR, HERRAMM Arj,

Ary=TB L rHER S MBI o BT R T M R B T

F RS BERENE oAr) , KT oAr, =Li,,, L* 2y 3430 05 A B 2
k¥,
ﬁﬁﬁﬁ?ﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁ,Wﬁﬁﬁ%ﬁ%ﬁ%&$%
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Bo BT MBRIEGHERE, Rt XARR2RUAES, EE S8R E
HWRBIBNR, RERBE—MHUHFNERREF . BTV ERE2R
WEREM®, BRATYREEXREFHNEE, BREBNRSKRENEGRF
MREDJLA, INMGEEREFHMARMAKX (6.36). wERLBEFS, Xt
HEET ERBRERBLTEE, 5T LRBHRRBS TEN,
MR T H S . X EFLNERER AR S EIEEN T
Lnew =L

(6.37)

(3) R

HWBHEETREARBBMIAES, SERWENBHTHSH, AT
H— bR ER BRI KE, WP R kSR . X B RN E
REBFWmBIT RN, BRI A WIS E 2858 5%
B, BEEELREHZAT. XBERMA2 - opt KRBT E,

(4) B HA 35

FEREME BERE Tons Tou . BEENWEE LSZWH
L(s*)iME, FIUEEMRLAE - BREWETM. AT VRPTW
Bk, FE—ATITHHGEBRARE—GESNEE. XERA-FE
FE o EE T RE/MEERRET EMEROER, HRBEREN
O0(n’log,n), MBMFFAE 0", EEBEFET —-IF P HKMRE
¥, NYRTBEMEBEE TR HE, BIFAEXRVINEHNEP PHFHR
St BRI E . RE 4IRS ot a8 A~ % 5 6 ed a8
W, AEEHFRE—&KE, XARBRIWNESPEFEEB KA,
W5 A SR 8] o 0 2 0 P TR G IR 5 1) B B B IR P R R BT R AR Y 5
—NEP. BEH#HRWT

14 Wt

. WITARSHAEMNESBALS CH.

B3 C={co, s €y 5 €y 7, €| 1 }; C PHITTREW
THUNAEREH . WEER i<j, WE W (¢, YHHERNBEE—T
BP) sW(e, YRMBRERHABE—TEF); ©k=1

wAag. MRESG CHE, BETH,

W5, WRW(c, ¢,)=T, RELWKE R, EFFHF—KE
2, NYRIREHRNE S PREILEE -NEF o EAFBRERHE
H,C=C-c; BE3I X,

WMo, MBERP c, HUMBR RNKEEP, ¥ o, MALHETR
BRRYHF; C=C-c,; k=k+1; B $,
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FTH: WBITESR, BFER,

b, W(e, ¢,) MR EEY max(c, BITHEIR & BFHE +c, BIIREFTE
BEE + Moc, Bl e, MATHETIE a,). HRE ¢, WHREIKRT b, W
W(e,, c,)iBEI—MBRKH TH, BREESAEIMARE,

2. WBINHT

# LU E gt MMAS B 3 3 B T Marius 78 SC R 5 BT 3R i 25
VRPTW 3L 4], XLk 56 A~, X 56 M ERFHEITHTHEEH
100 MEFR—AHLERE, HRETERAR. FF 6T EE N EH
BITRTE . SEM4r R 6 K2, H RLFfIR2 hIZE A AMENLA 7, Cl
MGQPpPHEPFEREBS, RC1 T RC2 WK A REMCAEY
FHE .

LR, AEINBRTHRE - HEE, BT RSEPREE
WA, #E «a=1.0, B=50; FREERARp EAE0.027 0.3 2
B o WEE—BE3 ~6 ZHEEE; o, Mo, BIZEFRELEE
wmiE, —MKd, 0.5<w, <1.0, 0<w, <0.5, }Z FEEEVHL
H T e

#E MMAS 7, — Al pEAE FMFEERWHEMAAN ERE 7., XEA
HELEEFFEGNLREERES . T HBEAXEROTL, XBEHDH
MR 1o, M 7 FIGERBT X, WE 6.7 i, B 6.7 o 5lHliik
TXFFE R T 5TsL ] RC101 Fr LB P R KRB ERBE—-BHH
FMREXR, TUEHMBAN D RME R RSERE, EIREBHETH
B, HF DVERMEBRAEACHBRRABENET L, N RREAK
. #6.3 FLETERM MMAS H5YGHG 1 MMAS, REE, RAR
i&fﬁ‘B‘J%E?E?gﬁiﬁ%ﬁﬁ‘m%Wﬁliﬁ)ﬁ*ﬂﬁﬁ?%%%o

DV (%>

BT REE R — B REED

1

10 2;) 3b 4I0 5I0 610 70
N
B6.7 A5 BRBBAEN 7, T 7, EERAT I
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HOW WHMNE

& 6. 8 Hik T A4 RC102 P RB I — BAR{ES CPU 24T H A
MRFR, NETRATLAE N, BT 030 50 g8 6 24 il 48 SR I O K
#, HHKRSCGEEBER, XRERSUMOHZRNMOLBERE 6.4,
Wt e MMAS B F E R — LB #HTT 10 REBFBREOFE, &
6.4 g KB P A,

—BE.

‘7 ZRIASE— BRME,

2230

2060 -

1950 ¢
1870 |
1790 |

1710

%63 MMAS KBMBFERSHEMERRE

10 90

25IO 3;50
SETHA/s
6.8 ZBEE—EIFMS CPUBATR 2 K% R

410

490

I ZENE

Ryt 89 MMAS BH S B MMAS

LB
DV(% ) N DV(%) N
RC201 2.4 64 0.7 51
RC203 2.3 57 1.3 48
RC205 2.3 69 1.1 63
RC207 2.6 55 1.0 53
€202 2.2 54 1.3 54
€204 1.9 67 1.0 62
206 2.5 68 1.4 64
€208 2.3 58 0.9 57
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6.4 WtRMMAS HEMERTRBRAES CHRAMa LB

5B

R101

R102

R103

R104

R105

R106

B

1650. 80/19

1486. 12/17

1292. 68/13

1007, 31/9

1377.11/14

1252.03/12

¥

1701. 58/18

1554.91/17

1338.57/13

1050. 72/9

1412. 14/13

1303.61/12

1660. 71/18

1503. 47,17

1307. 74/13

1032. 29/9

1374.03/13

1266. 74/12

]

R107

R108

R109

R110

R111

R112

1104. 66/10

963.99/9

1194.73/11

1124. 40/10

1096. 72/10

982.14/9

1148.15/10

1002. 17/9

1247.32/11

1161.25/10

1133.94/10

1025. 88/9

1121.94/10

979. 64/9

1217. 09/11

1155.43/10

1120. 57/10

1004. 71/9

HEG6. 4T[0, K MMAS WEITFHCOLMEERILE, T3
LA (LA R101 ML H) R105) ME —BHRELXRE FHWRG#E,
ULBAR Al MMAS 3 VRPTW BIEHE RN . ZREFWTRA:

OB i) MMAS 7] LLJ7 (8 st i s AL F R BR 2 R B, %A B
#HH VRP, REH o, TR 0 BIF[,

@k kg MMAS o] g A T £ £ 4% 55 VRP [{ & ( VRP with Multi -
Depot) ,

QLM BEREBELEEENLTR, TLLREEKATIHEE
BB VRP,

6.5.2 ZFEIMEL P ERE

ZEE{ENTEE (Job - shop Scheduling Problem, JSP) F B &4 Xf—
BIA R0 TAE (WA= HE), HIWTER TR R AREKML (3t
B, TZHEE. WERA) HRTERT, EdTFTREFES, BHEAR
B4y (ERME) HRIMRLEYRIR . Hon Tt Boin TR B, LAREB ™
i ) i ok ) B A B AR AL . ISP [m] B2 L AU 9 NP — hard [B]EH, HETE W
Sy CIMS 4uisk N B E BT IR . ISP BB R AEB BRI A iR AN T -

OFTEj NTLAE (job) Fim AHlE% (Machine),

QBN ITEH—FRFIRIE (BH LS/ Task/Operation) L,

@HAERIIRAT IR IT BAE A& W BT IRT .

@EREeE, SMERE-SREINSTR.

OF G LB R —i 2R 68 R B 52 A R # T

@R —BZ), F—TIEM &N REREFRIIT,

@Al BRI KRB NE — M RIEF R BIRE — M RIEL KB/
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[&] A% (Makespan)

1 WHEEESRARRLEAE

BMEEL (Sequencing Mixed Models on Assembly Line, SMMAL)
BINTA=FRXWEENAZ —, BATREARHM™REFENZMETH
RRAPHEZEATR., MBRAEKRL, BREE—-ENEN, E—4&4E
FREEFHEMARES MG, 70 el DB % % Ktk
i1 A

(1) Bkirit

RAFHAFBRHEAEAEBIRRE, HREHEANG, RITRHARF
BEEFHIRY, FREHAERFNESEFHRENERERSIL,
MERAFRBMEHBREHETHAOMERBAERE . 2 RS ELH
B g% SMMAL, W 5] &5 o] #5349

min z Z z Cka, = b, = B,y ) % (6.38)
L b FREREEE AR (6.39)
”"{0, HoAth

z dibip
o, = =5 (6.40)

Hb, i BRERENERES; n EABEERMERE; m RARKRELK
FEEHBHGFMELYE; p EAETREPTERNNS; jRAE
HEAFER (MHFMLE) ORS; DERE—TEFERPREL
EMUAMERPEM,; d ERE—NEFEAPEY  HER; b,
A EREEERMS p WEE; o ERAFTHHp WEEEHE
;B R EERAE D -1 EENETHME p HEEMN, N
ij =Bj“,,P+xﬁﬁip, ﬁ“?ﬁo,,,=0 (6.41)
AEMERBERMR (6.38) iR, RANEGI IRWBERSE
L, FIRRHEFNE (AiER), TEABITHNBRTH/EENE
B (Hi#EFR), ABRMANERESEBEENRDN, BUHFBEERESK
mAEEER RS, BEIFIRABENTITE. 20 HMBRREREEHEF
BERSAWATF, B3IMERMA B, CHF, ENMETBATAER
346, BERI2H, CER 1K, NEMEARKLFT/ET6WE (D=6),
FlFER 6 NN, TEAAIHERTLERE. 69 (a) Fim
MRBROERS, BEHERBEREMBESATE, B6.9 (b) £
REFETRERZE, BERSEEL, XHE, S EBROATHE
B-A-C-A-B-A, FIFAXRERMRFET AR SR 0L, &%
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RIEME N O(n - m), Hn RERE, m BHFRE.

Qﬁﬁﬁ&”“” SYOyeyO

w WI m w I X W'\v
0 U 0 0 UHQ 0* 0’"+
‘ ‘ A Vi \n/ m vw
A
A A m % M i A ﬂ\ A\ i
f \§ AN ASNAPNA I {\ ,/(:\ / \\ ,/ \\ I\
(a) WRRAHRE (b) WREEE

B 6.9 fj 5 SMMAL HEFF RO R 2 R 2B
ORHBBRIHH

nif b n m 0 (6' 42)

2

kzl Zl Zl Cka, = b, =B, %
Hrp, b RRE L REY; QB—TEE, AW 9,0 K. BEEEq,
FREEE (SEREME—-B) . BREMENERE, 8—-FHN
LETAT BB MR P B, B AR R B A RN, RITERE S
n+ | BEWMERN, A ZRPERTHERE, WAPEE-FFR,
FEn+ | CEWAEMNBSERNHNERARBREYS, EEPREEY
BARE, MAZERERRE, XHBIANEREENRBHRMAME, H
RIYBEENE- P TREENER i B, BEHSESERAENE
B, BEEERNTE,

QREHBHE
REHBBEAR
ary * (=@M () o rabu,
pi(e) = 2, (amy + (1 -a)ny,) (6.43)
0, HA

Hi, o BREEEMANESENE,; (o B, | FRBEE) M
KEBBEENSRER; 2Y) -1 MERPFHEE, B i FHRERE
J R E BAR B BE ; tabu, (0) FAREIAE ¢ B2, %k RISBURTT A
SEMI S ph(OFRIE TR, 4k RISAGEEEK | FRBCETE ALK
EEmE, |

QB REH AW
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Z-LB
0, FHoAte
Hp, AryRanfE e W2, 86 RUBWTE i E8 Bk BB RSB
R BBRERIEVREWTRE, ZR EWBEFEHRNEHE, 2 .2
HETH) BT R BUE . KRB ASIRIC T T DR R A B P kAT 47
BEFEBENES, #adRaiks, W se. 10 FiR,

Zcutr_LB ; 1 X
_[,0(1_ E ) ER L IEPEE A (B (6.44)

Ty

zZ<Z

2=Z

_to

B 6. 10 RESHHBIRE

i Ar, = z At . ERTHERREGEBERY

r;(t+n)y=(1-p}) * 7,(2) +Ar, (6.45)
R, p EREERBMENHBEER,
(2) BBt
XERAXE [30] PHAMEE, K65, 2L EMHEAFHE,
BANBELEBRRHAEGSH N p=0.9, «=0.2, Q=20000, N, =400,
n=5, BFrA%{E 2859.8, HEFEHRNMC-A-D-E-B-A-D-E-
A-C-A-B-E-D-A-C, 667 TXHFHIUBELES XIS
B ERERE . BEREMEDBABENHESER, WHEEEKK

BRIt THAR ERAB S,
6.5 EMENHUHERNBROFLES
pg | ETEFERE E
FHERERI | x | 2, | | 5 | % | 4 | % | % | % | %
A 5 0 17 9 0 4 0 0 18 0 0
B 2 12 13 0 11 0 0 0 1 17 17

C 3 2 4 0 191 0 12 | 6 4 9 3
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g&
- BEERT A T ¥ K
FERBRERIB | & |, | x| x| w5 | x| % | % | % | %y
D 3 0 |15/ 0 [19]0|15]9]|9)f0]F6
E 3 00 |5 |7 | 8|10 4 000
BAEFRIRR 30 [ 168 | 60 | 157 | 44 | 111 | 57 |131| 61 | 61
MR
£66 WHAZSHMBREXAENI I
B®RAW B 7 R HRAEMNESE (%)
ERTP ARz S 3293 13
wERE 3073 6
L ESERE R 3162 10
LVE 3RS 2859.8 -

2. MU SR E S EEELAE

HTEBEBERHEE R, MiA AR B, 7E Job — Shop A&
B E LB, EERIORE N, REEASHERTAHN
E SR E L, BE T HEEOBEM A,

H T E T BT W SO B s 5 B AR WU B SR AR ISP TR,
5% ] Muth 1 Thompson 7E 1963 4E 42 Hi i) Job — Shop 6 x 6 FE#E[MRH, W

6.7 (FH: REFEFHTEE) .
% 6.7 Muth & Thompson 6 x 6 B £ 6 5

B m, t m, t m, t m, t m, t m, t
Job, 3,1 1, 3 2, 6 4, 7 6, 3 5,6
Job, 2, 8 3,5 5, 10 6, 10 1, 10 4, 4
Job, 3,5 4, 4 6, 8 1, 9 2,1 5,7
Job, 2,5 1, 5 3,5 4,3 5,8 6, 9
Job, 3,9 2,3 5,5 6, 4 1,3 4,1
Jobg 2,3 4,3 6, 9 1, 10 5, 4 3,1
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# 6.7 #, Job, W% — T % Task, T7E Machine, 58/, HEf 1
BRI AL 58 N E % Task, 7 Machine, t58 %, HiAt 3 > [H &
£, DA, Job FHREFEFARENEEFERZAEN, RF
Job — Shop 5] &, %R 4% 8 — 4 Machine, WEXK EMEFKF. L
AREEFEAEERRINK (6.46) ~=X (6.47),

SEETERSNTLENEESREINF, B PR AN F R E E
B, RAXHE [7] PREXFE, B LREZHERKREG 11 fin
BISEH

T= (6.46)

P-= (6.47)

B 6. 11 ISP s EIBALE L
6. 11 Fimigstim 37 AW R 4R, HmT—TEMER0, M
A0 FEHATI LASR L@ A Job,, Job,, -, Job, MYBLREIEEE, MWAMKT A
P, (1<i, j<6) F& Machine il T PAHRM MBI R, BT, K
Machineft 5. BHi, B 6.11 P i 17 (BRELH A O LISH) REE
6.7 PR i D Job, WATHEMMENMESBAMINERE, HFITTHEZ
(8] 894 55 i 6 1] S0 #E
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X 6. 11 Fros BB g MAEI T & X
REM 6.4 (#RE Operation) : #EAPRERR, & XBIEHN
Operation = (sTime, eTime, isDone, NEXT)

H, sTime #1 eTime 53 i 2 4 # /6 i FF 8 R 45 3R Y ] ; isDone IR A
TERENBRERSELER, SEBRETCEELT A ; NEXT R
R F—HHEN, A8 T AATSEERKRMNIT R RAMBRXE AR
BEFEBRNERER.

REX 6.5 ([ Graph): ENBEMNES

Graph = ( Operation, Machine)

HoHt, Machine 5% 6.7 P RREEN ARG RER ., 7 Operation
HEPC2ATEAZANESE, RERFEEXTAZEKXE,

EN 6.6 (BH FE L S Start Point: )

StartPoint = {( NEXT, nextMachine)

BRI A RERESA THENSE —NEE, BIER S MK E M NEXT
LEH i) Operation AR B, BH Ik BB BUR 36 s8R & FI4RAE BT .

(1) HEBOT

SRR S, B RERBEEBNATEZNMR, X
FHES, S SHANRRBLETG S RER, BFERERIAR
WAEG REMEILS, NTTmEERS KSR, FTEREMEREL,

O4 f— R

BIEEEAENER NG, FRERERFS TEMEERT,
e R FREANEES, SAHANENTANTRETEL%
R, ERMWKEZTRHIEAYSMRERYFTA TS, ERAGEERNK
BEVE MR F — 4 Bit, 7E BARMBBE RS, SEERERERTH
R & E (Roulette Wheel) BAE . 4 UENEBGE Fi i UF #F & Job
BAERMRFER, ERTIEL.

a. Job I —1THIW A5G FAEEER N ACHEERERR

b. g FATEAT R B0 5 2 1 6 B 421X 2 B0 B 18] 1] B Makespan ff, #
SRS ERRE, EEEATERBEARRESFKT,

c. WIF WA LAETTHE Makespan 1 B BE 42 L o

TE XL Mok O BURE B poh, BT SR — 2B HR X T — 2 R PR
ERMTHERF AN, RARKTIHHER, 2R THERNE, [
B, BEETERSEBEENLE S, REREANTEEBRERE
EEAEN, BEBRNAENIBIRSEZCEESNER, BYGEE
T — £ 7T BB B2 IR 75 e 0 HL T =2
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Pij(t) = Tij(t)T 0 (6.48)

j € adlowednodes

QI TR _
LA ARBOGR P I BT DA T R AT 1 B P TR SRS, R
B BT B BTE R AT, HEUTHANEREEE.:
7;(t+At) =(1 -p)r,(t) +Ar,(¢+At) (6.49)
K, R (6.49) WE-BHEFE—RBREELBEHRERFRE
MER, MHBRRENELRMILAL; BoRIRRERENBK, it
RN W

¢ b4 n R BT

f( bestRoad)’

At (t+ A1) = Q’ _ (6.50)
" 7 (bestRoad)” ' T AEHFHREME
0, H g

H, QR BUBEENEER; ORFBUBRRENATENRE
HHERE; fORTEEFI B,

HEE ACOHRASZERVR T ERABERBARBHRM, TMHTE
BRTRAENSEEE, BESB—ESHEXNEF—MREFE, MK
TEILRE R WO A RS B B R B T AT R, RRERE
G T X SEEREL, R IR T B R RS

OEF AT

MREZUHTFRAELEDEHRERAR, BERBEHRIIHHE
BER; BN, BELSRO.

@I Hr F ¥ :

WM RS EABRE: HESABRASTKEEES, a7 <E
FHERNEIASEEEEYRZE. B THNEISEIBTPELERIAT
REETETREERF, 4R B R7 R R TR E R
Fo REBEEIT:

K B 6] (8] f& Makespan

7/ BIIR A SR — I BRAE B B[R]

0,. stariTime = 0;

0,. endTime = O, executeTime;

MQ,. Time = 0,. endTime;

Makespan =0 -

For(int i =25 i< =m «ny i+ +)//AR 4895 GO B2 48 2 45 7 $R 1
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B &S 1k i ]
{ .
O.. startTime = 0, _,. endTime; //ARE/AE HBERHEEC LT
BLHTE BT $AT
R3] O3 R HLER M, 5
if(M,,. Time > O,. startTime) then//{NRX A YLE8 8 K5
0,. startTime =M. Time; //ZF P2 BB G H1H

0,. endTime = O,. startTime + 0,. executeTime;
M. Time = 0,. endTime;
}
for(int j=1; j< = NumberOfMachine; j+ +)//3R B A TIER
i [A]
{
if Makespan <M. Time then Makespan = M,. Time;
|
ﬁ)ﬁﬂl‘ﬂl&ﬁﬁﬂﬂ?ﬁ%ﬁ”‘litﬂﬁﬂlﬂ%ﬂﬁﬁ@mﬂfﬁ%,"ﬁz}ﬁﬁ
H4 £ Job - Shop B, MABX MR, X HTA WS BEAR P BRI — R AR
EH—&HERAR (6.50) AERBR.
(2) B#HlHth
i B 3% A Muth Fil Thompson i) 6 x 6 Z¥ERIBIERNFEBE ], £6.8
P TR SO B B R AR E R TR B, FTRERA S K

SR f5 W 81E .
%68 WHKGNMEEMERNHIZTRAROILE
HER W e | BFRE | BRKA P WA S 5 R
AR 36 3 000 108 000 | 0.010 55
X [5] iz S50 B O 0k 200 311 62 200 0.017 55

hiF 6.8 B 0L, XUEUCSBREE R T RSB EGATT TR R,
RETHRIBHERRRK, WATARLSHARETHAT ISP R,

R 5 85

| REEANBERE (AS) MEFSHREES BESWBRAEENYHBRT.
2. X EA BB EHITER RIS
3. WEAS (BAPRAE) 5 ACS (WBHEIE) . MMAS (&K - B/hLR
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BE) MARR, FEHENLERAUE=FER,

4. EREBMINER L, BIXBAHEER ,MBERRXET o, N BHEE
YRR B HRESH o, 8, p, m, QHIR/ND, FHHMHFFEEBOR W,

5. BIRATHEE, HE MRTWES, m MRTBARRBRT B &, o5
E—KIRTERE, EHENRTABLNE - IRTHET, SERTEERE, i
HEEERITRBE TR, HERK - BABEREE (MMAS) HH KB REN T
Ho EREHARSHBEE, FRRAVEHRE, HFERFER.

6. THEEREEHRNT: » M TAETUHE n AT ASHER. TAIRT
¥ j BORT BN d, . [R)4NAA 22k AT 4 88 AR B Ak Bk /. BT B RAL, 3 R UOH
BRI RARNENEE. EREHRSEBER, GRARNERRR, BHEF
HEHE,
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7.1 &

James Kennedy F1 Russell Eberhart 7£ 1995 4F i§f) IEEE International
Conference on Neural Networks 1 6" International Symposium on Micromach-
ine and Human Science L4 B) &% & T “Particle swarm optimization” Fi
“A new optimizer using particle swarm theory” B3, IR EF R FHIL
4t (Particle Swarm Optimization, PSO) BH:MEE ., ERBE AFEIH
REER,

HFHUEBETHEENEE, BTXH, RFEEELS, 350
SR RATEE LA R BB BB P HERE RIFRHER, R
BEARRKANEHRERESTAESRARE., EEKRENIERL
HEEAASEMEHRT] . ERENELHETE, AMOHRENE
BRI T 00, ESMTREB N THREESSH R
&, GFES8OW, HINEH, K FEREERS, BEBSMERILE
%, BT REIRALTE B B BN T 3R 4 i 4 oR 00 I AL A v 2 ST R 48 Y
Y%k, EROBPEATRIELRMAEE . £ EHFNARE., sHhEBMRILE
B, ERETE. BERE, BEXRH ., BE QS HE, 2WARSK
B2, REAR. FS4RE. ILEAER. REFURGTEMASEY
REHE, BRAB RGN ANE, BENEABRRENFECTR
FRAMMEEONA, BHEMATHEEKERY, FEEENPR, EH
B, ARGRINL, FFERASRA, TTEHERAERE.

BT BEMMACE R B TR SER R,

ARAFHFSEYERAE—EWRETH, ATEGHNEERRHA
B2 —HEERBRFEYHBARITN, AM7ETEDL R
B, EEBEERTHTUS LA RO ATEE, ek, SBE,
BREMNMEEAEEHANTRIAN, BERFETAFIEFTER,

— Rl XM S HRE AN RAREITA#ITTHE, SFEITEN
B E . Reynolds Il Heppner, X N34 % %7€ 1987 4£ 1 1990 4
RFRRICPHRXRET SHBATIIPEBRNEZE, MIILKE, A%KE

il
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EROMNMEABWSBECITF IR N, BFRENERWELSE,
B A— 2 RAMWETER BE S S AN RIE T X B[R MT R, Xepe
FEAN ERITHERETRAMAN LI ST R P RREDSE. &
XERMHEA PR RBRET MERENLE L, BRRLE
B MEZ R RIS

1975 48, EPtSF K Wilson E O MFX AFRRBR, EiRXT
Rii: “ELCEEBE, AR MRARER S THAEAS A EE
FRBYHIBRPHERIAMUBNKNERE, SHZEEHUEN, EEHLT
MEZ RIS FHERMAZNE, FAEEMEEEYREATHAN
ST ML, X, AMHEYZERERRESIEERg kg,
X & PSO By,

SAKMMSTHOEMSHERR, BRXJINETHRE! 5%
MEXERTEMNYEES, RBEAXH, FREY, HAFRNS
¥, LmBES, ARAVTHANEYHED, SABRNANELB
B, RNESHRAVECHFEMASE, RAtESPH ERAYRE
R, RERAEFRGEF LERAREBOART -3

XMARSBTHENGELNER, E2F-THENER.: &t
B, HAREERAEAE—R, hEEHRNSERNEM, HEAR
& R S AR RE A RE I T 7E 2 ) P SRR AL R . XRE RSP R
E=R/WYESEFES, MARTEHMRPERLHESFES, XH
Eri#E BHEK (Collosion — Free) , ‘

Kennedy #] Eberhart X} Hepper RE SRR TBIE, DE
BFRE REREE, HAERGHRLEE, MBI TREFHRL
%738

7.2 H Ak JE A

AWEENBREARTRHEACER, IREROMGHES; KE4
AR TR LE R AR A, X2 BT KE R E B AR
ZRENEENHRERSTR AN, REHH—THRESST.

7.2.1 BERFERLEE

1. WEFEE
BENERFEHETUHERI T,
—AH m 4B F (Particle) HARABEMAE (Swarm) 7 D W RT
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HPU—EREE T, BTATFAEERN, ZRIATHECHRIIND
PR AMBEAN (RSEHN) Bt FRIREFR, EHERME
HATME CRE, dE®) Wk,
FBIMBRTHMERRR: x, = (2, 25, =, xp)
BIPTRTHEEERHK: v,= (v, vy, =, vyp), 1<ism,
l<d<D
BiIPRFLIENIRRFEERHA: P, =(Pas Pas s Pio)
BN (RPBHN) AN THE&dNBRFNRERR: P, =
(Pgs Pps s Pep)o
— SRR, B AL AR i R S R BT UE
BT B 07 B FE EARE T rR#ET A
”:‘D“ =va +Cl‘f(PfD _xfu) +02"7(P:D _fo) (7.1)
foH =xfu +1)?D+] (7.2)
Hep, ¢, Fflc, KA¥IHAT (Learning Factor) BRHIHE R E (Accelera-
tion Coefficient), —BAHIEHH . ¥ IBWFHERETRAABRSE MM
R FENEE I EES, i B C 5 SRR A U R4 BRI
R ERIEARE, ¢, M, BEETF2. £, nell0, 1], &% [0,
1] KRBV BT EEREE— R KEE
Vo FITEE A o
24 BE A BT R T AR AR AR A B, BB TF RN 2
FRRAS ;M4 B4 AR R R 4B 1 B 15 B R F B R AL B B R R AR
&, BEHEAS, —BATHFXARSE, —FHERIISHSHET
HRABE, B—FRABEMSKMB ARG B TR AEE RN BE
B SCHEME XORT DARR AR T B B SRR I A 1 o
2. WiEmRw
HAN TFRHAAEENRBOT
14, EVHRABER, SRTFRETHILMAL, SFBEIAL
BRERE
g2d. HEEB MR FRENE
$3 4. MFEMRT, BHERNME SIS H BT AR 88 B
AT e, IRER, WK AR T ME R BEE, AHEA
BEHNBHEBRIFUE,
A, HEIRTF, BHERREENESHEARSRNITE
e BT O B S R AT L, HEF, NP YR EREBEF
(VA=



220 ETE RFEAENE

B5H: BER (1.1) A (7.2) BRTFHREMNCRIEGTER.

%65 HRBALIERME, UHSE2 5,

— A L e R S — A A 0 O T (B R A B — A B R
BRI

3. HFMHSF RN

WHTHREEEF B (7.1) TR, H4AR TR %
B, RO 5 S AR AR

(1) BT B2 BE

X (1.1) AMBE—T, FRET T RNREER, BRTES
BT TR A RIE,

(2) BRAMEGTS

X (1.1) AME=T, RRRT CEHERAAFNER, W
B0 2 1 B B AT A S

(3) HEZRHIS

X (7.1) GEMS=T, RFRT CHHEREMLNSR, 48
LR BT, MR T AT I S B BT SR BN B
o S

Kennedy i i #1224 Y 4k B S BF 52 T BT R AT R AOTT o, 7E5K
B LT B B 8 R 4 BV BT LR -

(1) 524#E (Full model) : BHEFRMHAR (7.1) HATEEE
#.

(2) A MRS (Cognition - only) : Bl B T HM A% 18 L3
% 1 JAE 2 W,

(3) AAALBEE (Social - only) : HIHEEH A R%E RS 1
WIS 3 .

(4) Fofh (Selfless): HPFETEHHES K% I8 LR 1 W% 3 I,
I ESRFER T A S |

XEEE TR WHELEEY, ERAHLZRGEAT, W
RRT HSRBN S REERESRRER, BARTERSHKE S
BB G S R RPTRE], AR IRER LR, XA T
DA £ 4 B EA BB

SREREY . O THE NN, BAEE V.M % S8
RGN, TIRAH Vo, KERT G B, XTRERTFRIE
FRRIR, B, BORTHRR. © ks ERsms: ik A g
£ FE W ER KBNS RIS KKK
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REHS2E <X <E2BER < IF BRI

XEMEMENSGKE XOR FE, XMW, ¥ TREAERE, REA
HELRBRE T DB HRE D, XEREIE FEEHSFEEMH
BREBEEMR, WRE AR ANMER RS S, XIREATFE
METERZFEEXM, BAHEFEN’E, RERIABRNBHEE
Ao

AR, BEERORE, WREEASRRABROHE M TER. 1
BIEMFEELNEE, AEBHSLE, BIBORFRETRERS, A
mEFRE: REBNMESER, HERFERERN, HEELd
B, HXME, T2ERERFHNER.

7.2.2 RERTFEAMLEE

KB E A RE, Shi 1 Eberhart 7£ 1998 £ HIB XHFIA T #

HREHES, BREEFTREEAIRX (7.3) Fin

”?dﬂ =“’de +Cl£(pli‘d —xfd) +Cz7](Pl;d _xl.f.z) (7.3)
Hi, o FARENE, HADRE TR FYHMERARNEZD, &
EMEERT R FEEHENRERIES (Exploration, HIJ”Hi# Rk
F1) #F KBS (Exploitation, BIREIBRAES), TR, EFNTH
MALB BB EANE o =1 FRHRIEDL.

AW RER R, W V,., Q1R LUE R AUE KRR R K
B, RERBFREEEREER FER V, BT m5Rk, B V. BEN
FETRMELTEE, WALHTHABHERSRHT.

BB, %R TR AE BB K & AR ST E R T B L
L MR BTN . TRABIE, B K S HcRk R i
B TR SRR TR R AR EA, SEFR iR AL
FRGALE S TR TR LB R AT b F R IL LB /&
AR FREEALE L, BUEFROVRL T B LB B BB B0 AR A o

7.2.3 WEHEREX

KB FRAECEENEREZRTER. SEHRERLA
BEHHEESH. BELD, 2IBT. BAEE. BERE. 0
B P AR L AR SBIRIAINEH . BLT A 1 M A AR AL R R
U

1. #E K/ m

mBIRBSE., Y n BAOMEE, BARKROTERERLK &
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M, #ESXEISBOTESEIXEEN, FEYHEAKENKRE—EK
e, BHEEKERHEBENEM. M m=1 WEE, PSOHETHE
FAMEBROEAR, —BRBARK, BATTREBKE . X m R KB, PSO
IR RE I fREF, TR EBERIEFHIE,

2. #3AFc, M,

2IRFENTFEAFAREEMRBEPEFNMEEINESD, N
T B A AR AR ARMR AL, ¢, M, BEET2, FTEXEMTH
BHHAWBE, BR—ffc, $Tc,, HFEEBEEO M4 ZH,

3. BAKER: V,,

BAEERENTE—KERPEROBHER, V.. 8K, &L

fE IR, BRBFAS CIRFME, V. B e, FRENWME, H
RESBBARG. AaWMHEXREY, WE V., NERTLHE L BRER
EREBRTH, FTURENERELR EEH V, T80, # V.,
BENESHETRGTILTE, MALHTABHEESHEY.

4. HENE

AT ENBHTRTRY, BRENMFRENNEERER
XEM, dTRFRMEARERE, XFMHENHTFERERRENE
LW, BAWBEEREEREFEACERN TR I RABRIERE,
WHEBEF M EVFER, BATHFHERES; BAONRERERN
FHARTRAOHEF ROEE, N ETRIEL, RAEFNITREN.
EH SR E AR TR REN

5. GilEmRINGH

SREAR TR CEEEENREMEIRFHME, EER, A
HERSEARBERL; REEARTFRACERERT SHIERENL
Eﬁﬁ%%%ﬁ%ﬁ%%%ﬁ,Wﬁﬁﬁﬁ~ﬁ,$ﬁﬁﬁ%A%%§
He B8R, 2REANRE FEMMAEETURERBHRAR THILLE
) — AN, BB BRI D AP

6. EILAN

— A R R AR TR B R T AR BT AR A AR R

7. ¥F T AR EL

5 M e BB T RO B AL ZS 1], M R K4 S WS [ o X R () R K
i,

MEEHAETUED, CREBEFRACBEARESIEZHRERA
FHSBH ., MRS, BENENSREXBEINER,
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7.2.4 HEEG

T DA — A T B 4 ) S 1 R O T R AL B s el TAERY .
1. A4k EE
KAFELLT ML REAL L (Rosenbrock pR%Y) :

n-1

min f(x) = Z [100(x,,, -2 )" + (%, = 1)*]

_xe[—30, 30]" (7.4)
$oh, SR =S,
24y B 4 AR R B BT A0 7. 1 B

B 7.1 Rosenbrock HH &l

2. EERISH

Rosenbrock f&— 1 F & MR R ¥, B FEBE, HIFRRZE
BEREREEE, 7£ [100, 100]" ERE-I2RK/PR, BEE
4 JR AR /DN AU 3T OB DX AR BB AR A iR O R 18, W TR s A
RYERE, XAELRIEIEEE A T oA FRECE ok, KB
FARRUERUA R R SR, BRI i I F .

kS . BN EERERR S, BT MRTN S L imi.

PithieE . AREEIEESR, BEHR [ -30, 30]. RE\EAMENS
By, WLOK R KB BE N V,,, =60,

BN BT HBE, XERA—-NB/DRMERK, m=5,

e BE R R AR E 100 W,
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BENE: RAEENEOS,

PBE G ERAERERINGH, DR RANETHIL/AL
Wi,

3. |

B3 REMXSH, EMGBAEERN, M THATHEINSE
b, AFEREYAEMERE,

24 HESMRETHREME.,

83 35 EHORLF IR DI S B S E P BB 0 A DA BB R G D SR
B S (E 0 85 17 78 o

¥4k, BER (7.3) AR (7.2) IEFRHEENCEETER.

858 HERAREAKKE 100, MEH2 F,

4 —RERER
ERTHMRARDT

x) = ( —15.061812, —23.799465,25. 508911 ,4. 867607, —4. 6115036 )

xJ = (29.855438, -25.405956, 6.2448387, 10.079613, -26. 621386)
x) = (23.805588, 19.57822, -8.61554, 9.441231, -29. 898735)

x5 = (7.1804657,, - 13. 258207, - 29. 63405, —27. 048172 2. 2427979)

x) = ( —4.7385902, - 17.732449, -24. 78365, - 3. 8092823 ,4. 3552284)

BB THERENT -
o° = ( —5.2273927,15. 964569, — 11. 821243 ,42. 65571, - 48. 36218)

v2 = ( -0.42986897, —0. 5701652, - 18. 416643, —51. 86605, —33.90133)

v = (13. 069403, —48. 511078 ,28. 80003, - 8. 051167, —28.049505)

»¢ = ( —8.85361,12. 998845, - 13. 325946,18. 722532, -26.033237)

% = ( —5.7461033, ~7. 451118 ,29. 135513, — 14. 144024, -41.325256)

BARLT R EENEWT -

f9 =7.733296E7

f5 =1.26632864E8

o =4.7132888E7

2 =1.39781552E8

f3 =4.98773E7

BR, MTFIERETRATREFNMEMBNME, ¥HENFESD
k=272

St —WERE, BT REELS
x! = (2.4265985, 29.665405, 18.387815, 29.660393, -39.97371)
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x) = (22.56745, —3.999012, —19. 23571, - 16. 373426, —45. 417023)

x, = (30.34029, -4.6773186, 5.7844753, 5.4156475, -43.92349)

x) = (2.7943296, 19.942759, -24.861498, 16.060974, —57.757202)

x, = (27.509708, 28.379063, 13.016331, 11.539068, -53.676777)

MNEEMBETTLUED, NFAERTRBEE THHRLEE. FER
AR, EXFERT, —BARTENFEHFR AWK SE, B
ks RB R FR4RER, B, BERFHROMBLEE,
REEZRMHET, WREMBAZSENGEFRBFE, BahFdhn
Pl B ATIR B B sk = ] .

THABIREN, BEERsRARE N REHARER, B
6 K5 B B AR R AN ERI SR AL S RIPY, B F B BER BB

Hm—wERE, SMRTRENEN
£l =1. 68403632E8

f3 =5.122986E7

f5 =8.6243528E7

£ =6.4084752E7
fi=1.21824928E8

I, B8 BITRMRRN T 2,
5. 100 KiER &R

100 RERIE, RFHAEREMNENT:
x'™ = (0.8324391, 0.71345127, 0.4540729, 0.19283025, -0.01689619)

x1® = (0.7039059, 0.75927746, 0.42355448, 0.20572342, 1.0952349)

x!® = (0.8442569, 0.6770473, 0.45867932, 0.19491772, 0.016728058)

x™ = (0.8238968, 0.67699957, 0.45485318, 0.1967013, 0.015787406)

x® = (0.8273693, 0.6775995, 0.45461038, 0.19740629, 0.01580313)

£l _1.7138834

£3% =121. 33863

3% =1.2665054

Fi% - 1.1421927

£ =1. 1444693

MWERAUER, BT 2 KEMERK, X2ER 100 KRG
FRABATSBN,. MTXEE—ERE LRFTHENSFME. A
7.2 Rk s B AR B8 B A R B i AR AL R . B D (3R
fhat K, BT RAXE B &,
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BENE (BED
© = N W B W & = ®

1 1 | — 1
010 20 36 40 30 60 70 80 90 100
AR

7.2 @EREME

7.3 PSO Bt 538

X—HE, BENARENZTHRERKEEMET . BMER
H, FEEINEHMEIEF: ABABBTHUEMAERA N —1TER
WA WAEKEE FORTFRICAES; BaXEERLnE,
HHRHA UGB BN FRRAEE; 28, THRILMETREE
BB RN RN; BERARENRERIFEPHBRTR:
AWM E BRI

7.3.1 fRENE

BENEENFHECEEGERSNEESE, BEORBRK
BREF LR TF RSB EBRIEY .. T @ B E R E s LR A
T,

1. BENE

AR T EAR A — DB B, —RERUL, HEEOM1ZHE. B
SRR EFERTAE VTP RABEHRANERAFRED. BAR,
s FARRB RS, RERFRLRRENXEERARY, BERAXAS
HEEXRBHER., BATREAHR. BEAER), FENRENER
F, ANENMREESENEREERMETFRREORE, S
FIRH KA, MEBEAERL, BEXRRENER/DS, BAESMRFTL
FEEFHERECHEN RS,
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2. HENE

—BRBE, FEBTHREVIHARNNBEEARTNERES, W
BEEERRBEAE I, HANBRECCTHEY, FHEHAEARTFNTEE
Fo BUFHEBBETHRENE, TLGBESRAREAREREHR, &
BHENENREBEN: [0n, 0,.], BRERKRECH her_ max, N
L REAE KB PEAE ] LB

Wy — Do

X1 (7.5)

Iter_ max

X REB/N AT R AT LR R AR U B 5 ok

BRENE, BB EERHEERANE o, TR/DPE 05,0 &
P B AR A H R 7E SE PR N B T — R

3. BEIE

WA E B AR RERSISAWIRENE. a0, XER [28]
FEAMTEA 9 FHMM ., 2 MaAF 1M AR RS,

BMATR: BN YAWRIFHEMNME (CBPE) FMNFIHRERE.

WHTE. 1, BREREMNZEL (FFLERR).

X5, CBPE MiB&ME PSO RBIWBIFREBEE, BT AR
AR A AFE RN ETE, LA TR REAT ERE
Ri¥E, W LM RRHE{LH CBPE (NCBPE) . {8 AR 4k a1 & /M b Al
=, W

max

W, =w

max

NCBPE CBPE - CBPE,, (7.6)
" CBPE_, - CBPE_, |

He, CBPE,, Jfiiti (SEB®) B/NE, W CBPE,, NI MR
CBPE, {£{7 CBPE ik T8 % F CBPE,, ## R R/ ML EIRE BT A BE
ZHIE o

BIGARBHEEX T ZAEMES: K. . &, AXNEARE
ERYS N : EZAKR. SABNAZAE . KRN, X=14%

B RBr e LT .
E=ZARBRERY
1 x <%,
fleft triangle — i T, Kx=x, (7 7)
- Xy T %
0 x> %,

ZAREE R
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0 x <%,
X —Xx X, +%
2 1 x1$x$ 2 1
X, — %, 2
f;n'angle =1 (7.8)
Xy =X X, +x
2 2 1<x$x2
X, — %, 2
0 x> %,
H=ARBERY
0 x <%,
x —x,
fright__triangle = x1$xSx2 (7.9)
X, =X,
1 % >x,

XE, x M, RREREEREOPROXESE
4. EYE
BEDLAE R — & T BB N B UL . Al n o] ABE a0 F

Random
2

HY, Random X0 ~1 ZHBFEILE, XH, MENEHEOLS~12Z
EFEHLAE AL, BHENO0.75, ZHUXRBE, BATHMATIHSMHA
R, KA E Y MR BN A E B T 7E R A A R AL A
RN TFRHESRALENHBERERIFNERIRNES, NIERRESN,
MEZAEREARFWRI IS, BIFREN. mXtTask
AR, FEBTENERESHHENFRETEETNERENIECRE
HHIFF RS R, WS REREE—EHENEILEL,

7.3.2 EEHER

WA SORLF RSB AR, BRSRIRAInThaite, REEEZHPH—
AFEARE, £7.2.19HFT, ~BARHTREARSH, —FHER
SIS ARSB AR T E AR, B —MEMUBEMASKRTHREE. THEXK
P40 UL BT X T S B IA F o

1. EFR3ISHHIEN

24 T G5 B K O AR A R SE A I R FRORL T (R B AR X L
B, AT S R AR R R B A

(1) HBLEH

FHGEHR—FEAN PG, BMRETREREEN K
ANEBEAE, B, SEBEFRISHIERN K BT MR IZORLT 8 65K

w=0.5+

(7. 10)
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WG B, HK=28, XFRTF i, EXHEBHAAN: BFi-1
MRLF i+l (AR EREAR B ERN ), BERIESR,
AP ARREAE. B 7.3 BRIEHEIEGRHRER,
FAEEWT, BEA—-RITURETF R, WA
BERETARPBR, REFRERR, #aIRBARL. SEREY

B —A— e, HIBRKASEFMBREM— MBS RE, REHE
A F R

B 7.3 ABIHIEH
AR RINER P IMATI&ER (Shortcut) , BENHHHEREH
WBHEINEW, WE 7.4 iR, BR R THSBEERL, BPHEILMD
PR B PR — MR TR B CHAERARR, WTMET AR FH
W RSB, BRSO W48 T 4P A 9B A,
Fh B AR

H7.4 WAHERKNHFEHINEH
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(2) RiEEW

RESHMES - METENER, RN THS ZERTHE,
Tk T2 @ AEE, B 7.5 R, SRFERRETHRARSE
REFRTERLR, FRHKA TR FZRNSE. QN T HEH
WK (BPEAFH) PHRARTHRA, RERTEEGWTHER
BRI, XMEHERETSRTY BEIHME T, FFUARRT
RIZIRER I — B ES, WMIB TREFHBEME DT HEE,

H71.5 BEMIMNE
FiRE LAl IE R R IN G P IMAPI&HER, BRAFHRENHE
WihgH, WE 7.6 PR, WHEERNREHINGH L= ERL BB
BE, —HE, BB ERREIB (Mini - Neighborhood) , AR &R F
BSER TR E RS AR FHERRTHREW, XFEXRRSRXT
A Ve T RIBE P AT A BB B, £ RORLF I 58 o 38 SURT LA B 1R B R

B7.6 WAESHREHRIIGH
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HIRWSE TR H—FE, SR> AN, SOEFRHFEROEK
R, ErmHAMHETEE, BT RERe. XEFBUERX
WD, EREEMHMEAAERRBENMBIRNFHRSE,; BE
M AR T A F WO B ERRFRBHRIIER

(3) BESH

B IMEHRE R FH SRR R R R THE, BRE
AFHBEELECHEE. CRERREFHREENSRBAE. IHERT,
AR FRENFEARMB P RARTHOREFHFER.

(4) BEHLEH

BEULESMRAE N DR F IR B P |, BEYLHE ST N A HRR B
E#o

2. ETHEEMHIEN

HETEERFEIMNENRESUGENRR, HHHE—MRTS5EE AL
BFZREEN, REREXLEEREERNTHSEMR. THEHR
— P EENERTE: SIBEERIAEINEN.

ERRIFHOEE, ETHSEAERLAT, WEDMRRLEEY
PMBRR, REEERREWN, BEHEASE, EERFHH
P BT A R TR B O BB o BORR 4 4R 25 A AT DA B B9 4R
RbeRE, BRI LIE B It R R

S EESRORT i, HHEESHBEPEATERLTRER. %
BFSRTF I(1#i) WEBEIEH dis (1], BRKRKEEILA max_ dist

L —A T AT RR B B frac (BUE 2/

3.0 x ITER +0. 6 x MAXITER
MAXITER

% frac <0.9 BY, MR TH KRR TR RS T i A8, B
dist [1]

max_ dist

% frac=0.9 B, M RPEE A BT R FAE 0 S ADRLT £ BRI
7.3.3 Z3JAF

2 HF - REE IR, FEAREN 2, HRBEHAEFZAT
— s A fy B 0 LA R BB 7 2

1. c, fc, BT ME

Suganthan 7ELHK P, SR ERENENRE %, B¥IBET
BREBWT: B¥EIEFc, M, WBREBEN [cun, Cunl, BRERR

(7.11)

frac =

<frac,
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By Der_ max, MF i WK K2 T HFECY

Cmax - cmin

¢, =¢,=c;=¢ X1 (7.12)

max

Iter max

XE—MHENMEIRTREBPEEBDOEMLTR, FUXBERZH
B2 i A8, 4% B, Suganthan E LB PRSI EN: c. =3,
¢on=0.25, BREH, XFMEET, MOEERW T M,

2. ¢, Mlc, REHE

Ratnaweera BRI T H—FE B HEIBFREHF KX, EFH¥E
BT A B R R T AR A AL, BT ERZ RPN AE,
XA EWHNRERLMMRSRER, MAERREHRER TR
HT2RENSE, XAHEETLLEZEEN AR/ AREIRT
c,, MAKHEARSEIEF ¢, KEH,

(1) TEMRALBPIRITE, BT EERRHERY¥EI BB
o2 e, XARF LM E TR MRS T, MARRR
k6 B R A

(2) ERAWED, RFEERANTSEIRNNBEPHER
23 8EH, R THERET LRLERRTRE,

B AmT

iter
= (le -¢y)

+cy (7.13)

Iter max

iter

+cy (7.14)

€= (sz - cZi)Iter max

KHE, ey oy oy ey BEE, BN e e, WATBERRAME,
Der_ max HEKEREE, iter J 4 AT RE o Ratnaweera FIEFF I T
BRI, WFREEAFMENT BB MARRBES

¢, =2.5, ¢,=0.5, ¢,,;=0.5, ¢, =2. 5

EERFAME, BEMENEIHTHESRER DR ERNERS

R, BREH.

7.3.4 HHEURETFHORTHAELEE

AR FRMAAESER R EER YR i A A E FAnA
P45 B F ( Constriction Factor) o BUENENRES DRI ERE, B
BEEENEAFEREPNE, WHERFREBEFTNER

Clerc TER IR FRE AL B AT RE R FHBRE, HIEHZ
HF A FEENRBRLER, E%ﬁ%ﬁﬁ@?%ﬂ?ﬁﬁ%ﬁﬁpp,
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BEENEHFIBMRX (7.15) FixR.
”fdﬂ =K[vfd+61§ (Pfd—'xfd) +cm (Pl;d_xfd)] (7.15)
XEB, KZc Mec, MR, BEEEXRIRX (7.16),

=c, +c, >4 (7.16)

K= 2 -
PR
Clerc ¥ S IBE N ¢, =¢, =2.05, ¢ =4.1, FRAT8 K=0.729,
B, MREIRERAMEFRRLCEERSHE
w=0.729
c, +¢, =0.729 x2.05 =1.494 45
WA ERANR FREALEESHAEWERFRORFREAEERS
fro B R WAHERE FRIMATEENIFEREBEIERBG—NREH
Eberhart F Shi 5§ 55 S8 8 1Y .
(1) MRFEHFARERFRNFHELEE, BEREEV, R
SER X o
(2) MRFEAFEFERENENRE FHAEAELR, BRESX (7.16)
K& 0, ¢, ¢, BHE,

7.3.5 EHBEENEFRACHEZ

R, BFREAEEERES T RBESBARE, WRER
BAR LRI R R E R MR FTE, HAEBERAELSIN FHRWL
BEHEERCEERFEOERG, BURAFREIEHTE, W
R X — BB B RAB RN LT, HElA — S REESS
FRZBEEBBRAPHBIITR, THAGH AP RB K RRTT
R o g B RO 4 S o

1. Zi# s

BHURA KB F BB IE R R R H Kennedy 211, RAHZHGI%H
B, MRFHMERBHE—MRENOZE L, T HE SOk — & H %
BHEEHETEHFARXII TR (7.17) ~K (7.19), REBFAR
28

vli‘;] =de +cl£(pfd _xfd) "‘0277(17;4 _x?d) (7.17)
1, random <§ (%'
=] ) (7.18)
0, HAth

1
S(vi') = 7.19
T T () 7

K (7.18) H19 random R—A [0, 1] X&) #5504 8 Do BE
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LB,

BR, R (7.17) BLESEARTFRENVEENEEFTH AR
(7.1) 2ME. (AT _#HEEEEEET 1997 £, YNERE
WHBRENENR TRHAE, RBRERAR (7.3)), BEEFEHL
A, BENEXH{IENBERET k.,

XFMBHZAER o pls PR FIRTBBFIE b WA B
HRE . MEFEERETBEMSRRMAE. BEXETRYRED 2
£¥WH 0 FE 1,

MUEXBEAFRER LD REANEF WITRE, HEXET,
BRI O AR ERE L REN L EE RO R, X MERE R
BOS(o") FBRFE, AL ERERNBETFHAENOERL, Tk +1
WEARR 28  BEA LIAER Sl ") B, DUBEZR 1 -S(0") RO,
XIERRK (7.18) RKWEL,

S (o) BoSTMER. TR A R R R RS ERAR S
RIBREE o MERRLFEUER 1 MR, EEEN J EHEPBRTER
B RE S MR MR [0, 1] XA, FFRAEH of ' EfTAsHR, L m
@ [0, 1] XA, &S, ERANERLBEHIIME. S(o") 2
— A S BIRB, W ok ST I BB UG W DA R R BUE M R

EEARFHEACEER Y, BFREERBRHE—HEA, W&
KRV, 0 TEFEIIRA D, TRBEXFHBRE, B o' < Voo
B AE R AT IUEGE, %05 > 10 B, S(of") WEERD, B
AP REN0, XAETUMERENE L. FU, EAV,,
4T — T M4, Kennedy ik KW V,, BUER 6 84F, MEFS(ol ") BUE
Wi EI7E 0. 9975 ~0.0025 Z /i), EATEME, ENATELEAMNE
AR TFRMAEE D, V. RKUEFAENWE, AREBRLA, KT
ERFIFMREES,; WMEMRTRESSEG #HREE RS, WIE
AR, V, Bk, TTEESBUS LM RAR/N, BOovEE N R 0,
A EB A, HRZER (7.19) HERBHDIHBERRAD,

2. IR A

Hu X 4R T — M R FRM A B Mo R W E, Bk
L4 0 L U 5 3 4 o 1 U SR S TR, 3 MR LR A I B LT
B EE., TEE—RBOET,

X=(1 2 3 4 5 6 7)

HBHBKEYT, BEETHAENELER.
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FE KRR B A B B A BR8N BT AR AL B 18R
Z, MEEHERARBRFERAE, MREEEK, WEFEATREEL
H—FHHHIFF . XERELSROERMURE, BHE [0, 1]
X, BFHEHFLEEHMT, HREMTEROMREL. BB A
HEAEEN n, BFHRBER 0", MHEHMTN

l k+1
Vi

B, Swap(dh) WERAETEEEO, 1 ZH, BHRETHRT i K%K
BREFE DT, MWRUZERTE—-IRHR, WRBRENTi$
AP N BB BT MM ALE, XM BATURRNOE 7.7
FFR o

Swap (vl ") = (7.20)

v 50| 5 |10 |40 |25
% ..{10(01{02{08]05]--
P, 1i1u1|317]6s
X lulsl7]o
X+V |-} 711} 3 [17] 9

7.7 RFEFHREE

7.7 PR FAEETEE N 50, HESRERRN 40 WAE, BT
BHT, BEHLEE—A [0, 1] REAYGHHEHHENE, DT
0.8, FiMZBH LIk, RUBRHERRE P, WIERN 17,
HNTEXBREZMNERES FBBAME P, BB, BERMUESHT
BAER 17 WA B, BRMNERIBTHINLEX+V,

B R T B — B R S AR B A HES IR, BT LA R 5 4R
BRBOHFI AR, BRERE, N TREXMER, SIATERRE
HAR, BN MR TF 5B AETIHR N, L% S PR
B, KHBELE, mE 78 Fin.
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-1 1113 (176 |21

B7.8 BRFAEAE
7.3.6 BT ik 5 RE Fud B B RGO JL R R MR

TR BHOE B AL T ok, BEHEBABERERNERRME
BENIGHE TR, ByBEEEEER VLN AR ZHERRATT
%, HEAKBEER, AR, AXAERFECEBAANCIFAR
BT RIFMEARE, UM TF—RFHEER, REETESHEIMARX
RERISE RS R HEFTER, RERBEERFMNEE, BERFEREELMR
e M EEEL, SN, FREERUEETHEREN. i
DL, MFRTFRME R, S RERERE N R EA
BEER, PAAKEEEEYE, XEMA - LETRERBIHE
5 B BGER FRIMALE .

1. ET&EHBGEEE

AR TR L E S, BTHIRRRFERNRERYE TR
SWEBILE . ESRAEIEHPER R, XFEEULH T REET®
Kot A G & A Ve, T A4 I A 3 3k op e B 1 O 1 T UK ROE 1)
FHREFHEE, AHEBSRERNER.

Angeline ¥ B A EF VB SR FRAEAEEMHES, RET MR
LRMAE Y (Hybrid Swarm) , KB AR ERRAMNBIR R EE T X
( Tournament Selection Method) , B4/ 8L T4 H 4T B FMENES
Hpth kMR FRE ML, D TREN TS, REBEMRTHEU
SHMEBRHEBN . EML R, R EARE T B RRE. BHARHERF R
B, FABEEP BT A — R i Y AT A B AR R BR R E NN A EM
B, FHMEEERANEFCIZE S REE, X8, BRERE, —
A TR B B R S A B RO B, MR R B ROR B
$ER, METTFT-ROMEEH.

EREFEFENNAGRSBEEEAERNEREN, BHEXNT
URTER R BT R, EERSCREMR, B2, MmTRARRK
T BB o
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2. ETZXHRHHE

L@vbjerg F AT HMUH B P RN BERH THEEH (Breed-
ing) FITFHEE (Subpopulations) HIR AR FHMAEE, XEHR
EERMEREE W, S5XXRAL. IHBESHERNESEHMET9
B o

Begin
wE
while (RiEEIEFH) do
begin
PR
IR Eapiaprdis
Bz
f2i:1

end
end

79 ETXAHWBERTHAELGH

B, #FEATEFNRANRERENEMEAETHE SN

=, X (7.21) i
v = h(wvyy + e, (Pl =) + (P = %)) (7.21)

#®ah (MFERTE) TRIHAK (7.2),

FROBTRIOT : SREAN, KE—SHEE (FRIEHEER)
TERL TP — 2 R AR F A — P, bR REL R B AT
R, FAEMMEENTFRET, FAFRARTFRENRT, ErHH
HAERRF AR

P FRALE BN EH#ITERZNITHE

child, (x,) =p, x parent, (%,) + (1.0 —p,) x parent,(x;) (7.22)
child,(x,) =p, x parent,(x,) + (1.0 —p,) xparent,(x,) (7.23)

KE, p 20, 1 255 A P BEALEC, TR (0 3 FE ] 8 o A

BREmEZNH—{EERR

parent, (v) + parent,(v)

child, (v) = | parent, (v) | (7.24)

| parent, (v) + parent,(v) |

parent, (v) + parent,(v)

child,(v) = | parent, (v) | (7.25)

| parent, (v) + parent,(v) |

FHENBEREHB M TR —HTFHE, 8 THFEAH
TN T R RN, LR X RETUER —THEARET, B0
UERR TRHBEZRST. ZSXREMTHBERE, TUERTZET
R, WEMERES, BTFRLERRK.
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3. BTERMBEEZ

Higashi I Iba ¥ 3463+ o B B 2 B B AORL T BE RO 01 B R 19
EF, kBB ARK. MR FERRRXBEHI S —MER, &
BAREARXIPE RKELEREE, AZHMAREFHOER, MEELEHN
BRMAT—EWABENE. TROTEARN

mut(x) =x X [1 + gaussian( o) ] (7.26)

Ho, mu(z) ABRERFHMNE, Ro IRERTRES-HKED
0.1, LBFEYW o MUENBRETF. BEUMEHNBBREELR
MK, FUBHHRBEECINMIALE. X, EREWBEAHET
KAEEMER, REARENTEPETZEHE/NERERRUGEER
ME, EERERBERE NN L0 LER/NO0.1,

ETRHETROBESBEEEASGR S RN, FHIL7ERED &R Haf
R BT

Stacey E A A T F Cauchy A RFTHEFEBME, KBRS N
BREH

e 1

fx) = ) (7.27)
1 x +a

He, a=0.2, Cauchy A SIESAHHEL, HREERHEE AR
B OXREE] AR A E A A

HEH, BEMBHEFBREE N 1/d, XB 4 HREHER,

4. H5FE BN B0 BOH B %

PR L B g —BE, ARVERFBEOL AL B B R FH R EE R HEAT REVLIE
%, RELZEEAREHEE, AMEHBERGS. TREFREEES
HirAE M —HEERFS.

St F R (x) ,x=(5,,%5,,,%,), RBEETURRNHN

V) = (2L I | ) e g e gy o 4 R

0%, EN
TR,
FERBEETFIABSEREREWR THEENERN, WiET —FH
ERENENRTRAEAESE, SRETHTERMNVENERN, &
MRFUBER p #ER (7.3) M (7.2) #HATEH; UMSE (1-p)
HEBEFRBITEY, EABEFRH#AT - RELERRBER L
K. BEmMREOREREEME 7. 10 BiR,
HAEERATEEEE, X—-FRAUERMT,
-, HRT p, MK (7.3) MK (7.2) EFHF
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PEE—A AN Baacs Ul0,1]

< oot >Y BARCYEFRTRE
N T
wob smecresssn | [ marcomseTam
1
o AT AR, @
1

bl phel L R
vitl=xl—x;

B 7.10 45 R i R E
RT@EROE, T,

OREHARE - RARRER la, b,

@ E L, =arBb-a), f,=f(L).

@I 1, =a+b-n, f; =f(8)
@FE -t <o, (o HEIER), W0
B

QHMf<f, REWHE, EWE, WEb=1,, t,=¢,, f,=f, RE
#Q; &M, FLH>L, WBa=¢, t, =4, fi=f, h=a+p(b-a),
f oA REHD,

RIS T B/ I A B O] e, SR R OLE T IRER . 7
BT, SRR E IR, AT REEFNRIE, A
TR R BT A

BB B R T B SIRA A, BRHEARE,
7% PSO F kMU QU , 182t £ I ok o FURT B, 469 R
R B8 (5 BB S LTI AR Do 7 DA 0 BT B
380 95 2 A 08 1B A N LT BB
B

7.3.7 kB E

5 BB DK 7 v A T 24 SR A — A VE SR B R T LAAE S BDR TR
&, WA AR F BRI AR MR BT S T AR A BT K. TEHE
FERLFR BB E P ARLE T EN— MR, FANETLUSES

BN THT '
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BHELEPHOMER2 (10, 11, 22, 25],

1. B .

BB S Ry o B, AR AT DUTE B A1 B 8 AP i A ZE ST R
¥, eREESTPELLAEL, KRN IERMEEFRITTEDN &
¥, Wi Parsopoulos 8 ] T 3E B %2 & B BL i IR 18 s Bk AR g 24 3R 1ol B .

2. EHERE

346 THCEUGHY, FHRRKEEBFFLABRTFENFTEA
R 47, Hu Fl Eberhart BN FREMELCE RO AT TEBR, &
REBROTTE. BETEE S SHHFTRE, HE2RRGRERETH
MR IMETIINERIE (FadEun@ENREER). AN
BTRPEAERTTE. BRARFESRYUHRATERR.

(1) Fhil, FERKNTHESRFATMEL, BARERT
2R .

(2) ZETHE R E RSN B EE, R EIRSH
RARNE.

M E e R —FE, Ll H MRS AT AT R
ATRERELLIR R,

Fl- Galled %L/ H TR MK F ik, BRERTF CHTAEE,
BEFEHFRE AN ERNBEFTTEMNME. BFEHREET,
0 65 B0 T W R A EPm R K 8.

3. & T Pareto 15 %

BT Pareto BF B TFHL S HiRARE, RERDLTAEHK
FERBRAFARAGE, Ry SERTHPERTEHREERE
UL RAL TS BARA NS, MEFB Pareto HEF R HEKLEHEL .

(1) BARMAMYARER, ETIUER, #F Pareo {7 R™
HHEIFHE T, BAGFEFE (Better Performer List, BPL) 1,

(2) BPL ZA M FEKTHEMRT EHEEN BPL TR TR
B, Bi—/~ BPL sh gk F A1 AT 3E BPL B F 4 i — 1B

(3) T KIFHBEPBBIFM (Leader) HfFRE, BHT -4
WEREMALE TRETEAL KRG EH., HEREFETHFEIM
Leader Z B MR 50% ; TREPETERMET WMEL TS Leader
B/NEZ AR R 25%; FREMETEEE LRAB TS Leader
BXEZRINBEN 25%

AT 41 FHEASHF, BEREE - EARRERT
ko
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7.3.8 ZHIRHLE

MARFHECEEREL BRNEREERNHRREZ—. &
R REFELERAEHHCBEERREZERNO TR, MET B &
BN . EZMHREREN FHEENREA, EdiBSRER
BRARET IO FE, BEHHRER, BXETES IR
X, RETEMETIEIZNTE. TEHTRELENNE,

1. fB% A%

Parsopoulos Rl T iR Z 58 M & H An &b 3 7 P: 3k M A TR F 10
BERBEZERAR: NEMTEMDRENE, AEAFTEM3. 4.7
o BT R A [E] 1 .

WEMFES, RABTERLEM L. “Bang — Bang” M
EREAE MG

mEVEY T, B SR R B AR AL R B A R PR 7 B X RL T
AT, WMERARBFRHE, 8N FYRE—BiREHHBENR
B, BLFE TP NZEEMTFIFESRENE, MmEWEEMBER
ERSBH T T, ZEHEESVHERESE, BAPE Pareto
AL M AT

2. ETRBIEZHF*E

BB PERNEENH S KX TFHEORAETRAHRAAR
[, BMEBEPETRNLERERNEH, & —FXUn#HERLEN
o, METHFFRAESBRTEERGFEATHME T, XE-FiME
MiERLXENH. A TFTARSI MY, FEEFHAERNNZ
Paretolk iR i . BRV UM EAN BREAARMNEZRETELE,
R 2| Pareto LR, (HEBIG I E:H R F B3] Pareto B ILME

fE e s B BB IR, BT AT ANMEMEBE AN LR EFREA
EEWAER, FTUMBEEERELRE, S 4F 8850 LB R
Xb, MFMEFRFELR, 9T LLIER FiCi2E £ 1) Pareto B AL KR
B, BRI R TEEPAESBBE B PRI, BB LR AT L
S RHETER,

(1) e BB

W EHRESRNLINEW, ET.3.2WHEENET —EEEH
SRR, L HARALE S, ] DL — o RERK A AP I SR B

(2) MARIE B — P R ILGF BB F1E 0 B AL

BN F BN R R AR . B, RBERTFRR SR



242 ETH MTFHRRAANZ

WA REEM; KK, BEEER Pareto MENRFHREIHEZ
RGP XIKP R % EBERERM,.

Okt 1

REFE T AN TSN EEPRERLT UA—TE, Ri5HREEK®%
BEDLER . KRB RFIFSHE,

QE i

FERH- S EERBERERTEBSIS RSN, WA
pri% 238

XTZERLENFEARNETUSELARESE LR P HHEXES
(4, 5, 12, 19, 21, 23, 26],

7.4 Rf Al 5% B

AFHRT HARAEE, EIFE &R REARB RG> A
AR, kAR TREAEERBIR. NET SRERLR
BHRE, TER IV TR ALHE R 0T R R AR Hi7= wh 4
ABABREOR AR TR E R R R BB LA,

7.4.1 R EH/ERL

1. E@ARY :

XE, ZRITPFMEERETEORREMALRE. BE-TTFE
BT o AN HL%, iBHAG=1, 2, -, n), MISHEE NIRRT
A%, AR mE, AL, 2, o, i, o, mBER, BRI M
MRTEAT RIS R, FE. 7. B5. R, ki, X%, &
YEBARMEMEIFEORE: S8RXXNREEARR IP ik A~ §d R
FHBAMKREEF, TUASENRESE TR RE K FY H R
B, TRk, ,BRE/ERNT i FTHERER,  RrERERNE
Wi T4 WaEHEER, o TR HEHER L. T A R
EEPRERNTEERE,

2, MEER

TENE—ITBAEERERROMAERY, KRB &%
. FERRHS;EEHEROANER. BVEEERT, EBAE
ERECSCEAEAPER, BB TRBRXEBHER. ATEBRE
SR EISE B RREY TEFARLILERE, Wgn &50EF
BT, e E R RIS R SR ER . FTIAER R
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P R OB R EIIA T — MR, KBRS
EPNCE

mqmzzwm_%223¢22@) (7.28)
Hep, BRERTHE ZMABKE (MENABENRE) BE
BA d RSB, FTLIE ZIURE TR G | TR R B 4E
Flo BAHUE 0, Ml o,(0, +o, = 1), BETH—TAE K B iz
YorREAER. REEETENAR:

s. t. i kd;, =h; j=1,-,n

i=1

Sd;=1 i=1,-,m (7.29)
=1

d; =0 (7.30)
HEFROEH: Or&4asMBEREMNBREERE &HE
MER; OB 5B EANEREEZNET 1, QETH

RIER, HARTEHE Z h; = Z kowF, [RBEFLEA 7. SR

B4 F & E R,

3. AR TFRAELEERR

AR h AR R, AATEREN, BRI —1E
EHET FER, MEETRK, WESEM AR RS Rk SR
ANBE, BB R BEZETTATAESN . 3 H, BB M6 RS
AT RBE T RMEE T, SEREMGK. B, AXRAETSE
B, TiREARENE TRELEENES, BTSSR R T
FFEOR TR AL

(1) BFHTEL

B, FEMRESRESR d(i=1, ~, mHBj=1, =, n) &
£4, HRWTF.
d“ dln
D=

dml . dmn

B FAFRRRA D = [d) BAR, BB TFE mn G5 KB S
B, MRTHESHEETHEE V= | TR, RER BRSPS
EAGHRORETE, SR TENBIMRLIE, FEREARKA

Bz (7.29) fIsK (7.30) HIMIERRLT o
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MG 1.
Input Array h[j}, for j=1, -, n
Array  ali]l =1and k [i], for i=1, -, m
Begin
BERS Ag=11,2,- ,mn]
repeat
MG PR — T8 r;
TR AR BT

i=Int((r-1)/(n+1));
j={(r-1)mod(n+1);

4 d[i][j] =min(eli] ,RLj]/k[i]);
LR & &

ali) =ali) -d[il[j];

hlj1 =h(j] - dlillj1kli] s

Fa Ag=Ag\ rl;

until 45 Ag HZ
End

AR 1 - MR AREGRT D= d,}, XE—TF
ZHEm+n-1 PEBTENER, RAOATHESHEBGTR, XA
W T R ATIT#

. X BT R S LR B E A R AT AT AR A O R X
B, ¥tk 1 BREYLEET R, MELERERERDSHRBKRKIE
WEH (BRNEMESRE/NENHER) REETEE, WKL
BB WREH BN ETGRE, ENETTHSEATUL, T8RP
EB— A E AT MM HERFER .

BT REEHLLRME K (7.28) PR, FERTATRER T
FHEAMEEE, RETAENREFREACEERE PR TEE, NER
AR, BREUTER,

EE7.1 WMRWITETRAEEE VIRERN

i kv, =0 j=1,-,n
i

Zvij=0’ i=1"",m’ (7‘31)

W AR (7.2) B/, SRR THE LR &EDR
(7.29) .
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R : WAMTALF D =1{d;} (i=1, -, m; j=1, -, a), ¥R
(7.2) EFHEREABRT (d; +2,), RAR (7.29), FAER
(7.31), W44

D ki(dy + ) = > kd;=h j=1,-,n
i=1 i=1

i dy+vy = > dy=1 i=1,-,m
PUEFERIRT (d;+v,) WEARKZGNR (7.29), EH7.14
ik,

EBET2 EXHRv,=w(d,-dy)(i=1, m;j=1,- ,n,weR)
RUEEMERR (7.31) Rar, HPd,Md,00RWNTTRF D, M
D, ML BT E,

WM. vy =w(d,; ~d,) RALRKHF (7.31) £, WH

Z} ko, = wi k.d,; —wi kdy =wh —wh, =0, j=1, =, n
= i=1 i=1

ivij:wi d”j—wi dyy =w-w =0, i =1, m
Bk, V=lol BER (7.31), £H7.2 i,

HE®R7.1 MEMT. 2 /B TEHMER.

Eit7.1 WREBEMRTFHETTBBRAMERAMN M9, HEW
mHEEWEL (7.31), MR (7.3) X (7.2) BEFHFHREFLE
WRARFMRIR (7.29),

Bih, ATEE-LERPHEBHEAREZHIRX (7.29) B
BFH, MZEFPEBEARVNTITRET, &/ EWHEKX (7.31)
MIPIMREEE, HEM7.2, WRLESHRLER 1 > AERITRT, k3K
BHRER (7.31) HAHER.

PRI 2:
Begin

BERMKL L, BE—FATAF (ELH ma )
Repeat

BEHLA R F R EE P BN BLF DI p] M Dlq],
4 V[k] =(D[p] -D[q])/(g *rand() +0.2), K p,
ge fl,-,Num}l, geR, (HRYEAKREHE)
E=k+1;
until k> Num (BRFEEEIAL)
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End

He, rand () X [0, 1] XEIAKHREVLE

2) BESER

B1E: BRAMBEL I MBL BT (BEABER Num) d;
FHHEHA M2, BEVBEE, BEWH MEH L &ERRE p,.. B
W B gy, (EEMMNEBRRZE). BEREWMHL2 PRAT
—BEF BT,

B2 RS MR THEMHE.

3% HTFEMRT, BEENESHEHINRITAME p,. fF
i, HERRX MR TFHRITITHERZER (7.30), WMRX MR TFHE
ERFEWE 4,20, WHEKENSTHOREFMNE p,.. CBFHEEM
i B R E) o

B4k HTFEMET, BHENES2RFLFHNBEHMNE gy
ER S, HERBR FRRTHESAAR (7.30), MRXMHTEER
FHWE 4,20, MEHERY g, (HFREERMCERNRE)

5 £ BBER (7.3) BN TFHESE, YHEARBK
(7.29) 4BAIRTHATBN M EHS. RERE—TDHIERK
e=10"°, MB—MRTHEE/NT & I BT 20 BHEAFHREFDT
e, WEFMNBLHEEMNMNBEHFEHRE P IHUBTH 4, TTRFF Lo
A, REBER (7.2) BURTHMNE.

oL MARBBANEREANE GEF I RBHFNENERER—
BB AR G,...), MEELE2 D,

FREESEENTREAEERINOT.

(1) WFHRKLBE, FhRFEETITHMHBEFRMATTERE, Rk
BRERMBE TR EARAGHIR (7.29); HK, I THRRNHRAR
£ (7.30), EHE3ENE 4 EHBBEMAN, MATAFRAFRK
(7.30) WHNT, RAMRTRNWHEEERTM 4,200, AKRT
TEA Do BR &roe» XFERLEE S TR T 1038 R AT 1T R M1IE B o

(2) MASEEENH. EF YR FHRETI -ENHE, B
W FI R RAS, W T AR R RET —lE, R0 7R I B ROk B
AN, BEETFE, FUKNNEFNBAREMCE, SR THRER
F1, REIMRNIEA

4. i+ H/EH

By JDKL.3 S2BL, 7E P4 1.8 G, 256 M B #L kXt &4 A &
HITTRIEOGE, IEHTERNARE. TEMMEN 10 MR,
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20 AT B BN B, BENLTEAE 20 MR, SHANIEEE SOR, B
B, BREETHSH y BRER0.02 (BRK, BRIEFERTH
FEREARST), BESHEEN: ©=0.5, ¢,=0.7, ¢, =0.7,
5k AEIRERMEHBITFHICH optr,,, BEMICH optlh,, B h
PR | K E BB BARMEIT R opt)
B7.118, 1 #R0<e<0.05 W BELERELEHITELERNE S
b 2K R0.05<e<0.1 R EDH; 3FEER0I<e<0.25 FF 51

B 4 ER0.25<e FREMESE
BEERIHE

3383

<

Btk (%)
8 (9]

—
<

<

B7.11 REHRSAHE
(. IEARECH 10 000, B FHIFFRE N 100)

WH & = (opth,, —opt;)/ (opth,, —opty, ) ENFTIREMMMIRE, It
BRRARENBHRE, HHEITHREHEO~5% ., 5% ~10% . 10% ~25%
5ATF 25% & G HE, WRRMET 11 fiR, BEREEE2%ZNA,
WHTENER AR EPERFHERIE. 545, HH 20 45
opt, /opt: . W HLAEL RO PR (H 0 0. 909, FRAEE R 2.2627, WHREMESY
BAFEARE R 10% 4 . BRIk BUE 15 1 IR AL BRI R T

B B4 R R MR E K (>10000), FEERLELE
KB, BEMMERT. BTEERE, EAORSANERE (K
171) &k, FRURBERAER AR, Bl ERERNS,

BFEE, R—ARBETFTERNRNERMBEEITET 1 K
7.2,

£7.1 RS R

B
L AR R 1§
1 000 5 000 10 000
20 822.3 833 860. 45
100 852.12 860. 61 861. 08
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RT2 RERER (%)

ERERH
BT A~
1 000 5 000 10 000
20 32.40 49. 00 91.20
100 81. 80 91. 40 93. 01

7.4.2 FHrERASRAEEA

THEERNB —TIERE L TR =RAEGRAR
R, RiGHMNFHRAEERKE,

1. FERBANER

(1) F=mdse th £

FEREEAEES IO ABE, RAY., WKH. NASAER
B, TR, B RBE 712 fin, WREN

fi(t) =at’e™, te [0, T], i=1, 2, =, n (7.32)

Hra, fMb, i=1, 2, -, n, AHFESY.

85 T IS B E

p—— T BB R B B K B B B RN IR
Ik B e (R B [
M RES o, F b, WTF:

r;

2
p:e

4

a; =

b.2
P
2

b, =

FRB AT R R T P A R B B AR S B
KSR FEZEE = o

L@

52 21 iR

>4

BEBAE

2b;

Bl 7,12 i a2 2%
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(2) FH=MHSBABER

R M BEEXIT

FHRAF HAB

Fima (i=1, 2, -, n) BERABRS,

t— R R R,

Li(8) — 5 i M S B R

[, dp] — 8 iR @REKBESAS,

o BAEREBA Y ZATBA B R B A7 0 (] RATAE T R (AT IX
BEABREWAR),

B— 7 an TE R AE B A Z BB A B ) 87 B ) £ 4 0 T R
e Z F AR (HXREER) (1] <1),
T,-,-E(Jﬁj(ﬁﬂ—f::
ry >0 Bf, FRF=4h i, jREH
ry =0 B, FHARBWAFRMAER;
ry <OBY, Far=ah i, jRERIBNR>H, BAE rni=rp
T— e HEFH A BART B, BB eREA [1, T,
PR IR ChEBEER), HEXNT:

n

¢

Ty

x;

x'z{N‘»e [1, T], & i EENZ N B&A (7. 33)
Clo, A REHRIBIABA
e X a &
X=[%,x,,",x,]
RS
1, x>0
sgn(x) ={0’ <0 (7.34)
ZBBAWPED, i ERRRERN
fii(e) =[1-B(x,-dy) " 1fi(t-5) (7.35)
o
(x—y)" =sgn(x—-y)
LT HENAS R
Sr(x,,x;,t) =sgn(x,)sgn(x;)sgn(t—x,)sgn(t-x;) (7.36)
T 7= i B A R 2R A
fr(t,X) = Z Sr(x,,x;,0)r(ft,(2) + ft,(t)) (7.37)

i<jsn

RRE S(e) Fp(r) HYULBHINT -
S(e): 4N BARMC AR H 2R o
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p(t) . BB F BRI
Ko, S WEH
S(t) =s(1 +1)°
XF, s ALHFWRRE B, r AERE,
B A FF 8R4 A (6] 58 22 BUA 7 & BV, BUA T i IR AR il R FT
RN A
p(t) =a exp( —£'/2b*) /(b /27)
WRAp RARAEFHLAFFHEB, ¢ TR T 48R
&, BAELBH
a=2q,b=2q/(p/2m)
/‘7\
g(t) =5Ct) -p(t)
HEBBIEREN, MWASBRAKEN

min i sgn(x,)[1 +a(d, - ;)" I, (7.38)

5. t. i sgn(x, ) ft, (1) +fr(t,X) = g(t),Vee [1,T] (7.39)

i=1

x,e{0,1,2, T} ,i=1,2,,n (7.40)
K(7.38) ~R(7.40) B— NI ERMEMEEMAMERY, Y EX
BI[1,T] P ERIERAE R, R (7.39) A LBRAYHR . RT3
LB B3R R
(1) Bk
A (6] 5 b 4 75 07 35 R A BB R 1) BAE SRR TR T 3L B
X =[x ,%,",x,]
RE—ARTF. Hp,r, R(7.33)EXHH», AFEE.
(2) MR
KRB ETE:
B F, AT A B AT ok SO B K AE L B AR R
z,,, =max|F_, - z sgn(x)[1 +a(d, ~%,) " ¢}

e}

AR, T
RO = min [S sgn(x)fe(0) +/1(2,X) - g(1)]

te [0, T

P4 B R
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F(X) =z, +Mh(X), 0} (7.41)
Har, MA—TREERKEEAKSE, BRFFHE M BN, XA
AATREIE DI D, WTLURIER FROZREME,; BESABRMEmMm, M
BHBER, BT AR AT B BTN, FRUE S 19 B A O 1
(3) BFEzsink
FEEPRRLT B R B RMRK, FTECRAT I AR MR F#
e

Int(clrl(Pid_xid) +c2r2(Pgd _xid))7 T =
s SV, + (7.42)
Int(Random (0, T)), Ty > ¢
,=Mod( | x; +v,1 ) (7.43)

He, oo [0, 1] ZEMER, Rk ERBIEZSESIRERMILI
Ho ¥JHFec,, o, BIEAHE, r, r,, o AATF [0, 1] ZEKEE
PLB. Int (- ) HBUERE, Random (0, T) HWO~T Z[EKEEHL
W, R—1TEEVRD), BEERIBEREPERNOEMN XEBHT
FRHRIB . Mod (- ) FRUTHBERKE, HERWERK LK FHE
TERBHEBR, BEPRHENERFUEIE R,
X (7.42) BIE K BPENBEILEUNT ¢ W#AT T BRAE:
vy =g HInt(er (py —2y) +er, (P —%4)) (7.44)
=
v, =v, + Int(Rondom (0,T) ) (7.45)
(4) BMEHESLLEN
BEHLBIFRE, BESRRBIESILEY, B RKHEER
NG RBARHRE, &HE IR kKT NG, WAF L&A 5 W5 B
fRE DB ARG R,
L.EESR
BELRUT.
#1145, RELERBNG, BFRAUE . £IBET ¢, ¢, o
B k=0; BULAERYGR TR POP(0) = {X X, X"} ; REWHRE
FREEBR X, RMEHEEREEREF(), _
H2%. HESMRTHIEMEEE, KREBINRETFAIZHITH
BGNE P, REREISHEFNE P,
®3 4. HEHhAR (7.42) #T EREDKR FHRAE,
Hak: MBE<NG, k=k+1; TN, &RHE, GH2RHE
B
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4. FREH
BISAHHRATR, BBERK 1240FE B F) PRA. MR
AT HHMERNMWET. 3 FRNER, HHHEFE, AFHREYAT
B,
F7.3 HERAFTFROSH

B | (dabie) e R P ) BRRERA BREHEA | BARE
(25,) i (dy) BE (dy) (e
1 180 2.5 1 7 90. 0
2 130 5 2 6 170.0
3 155 2 2 9 127.5
4 166 1.4 1 5 715
5 115 2.3 6 10 20
6 100 1.3 3 8 40
7 160 2.8 3 7 50.5
8 175 1.5 9 12 40
9 95 4.3 3 8 90
10 60 2.2 5 9 40
11 120 1.8 1 6 50.0
12 165 2.5 2 6 88
13 155 1.4 4 9 76.5
14 175 11 5 8 65
15 185 2.3 3 8 100

A 7 A X4 2 A R Ak 180, T Be IRl PN S A VE 2 # T U EL
H1000; YRR BRI 180, FEHKENO.1,
Fp R0 MITMF, AR RELRPUERIRT. 4 iR, B
FE—FIME—ITERT WS,
®7.4 TREXREE

FRES 1 4 5 9 15
1 0 0.25 -0.15 -0.1 0.21
4 0.25 0 -0.1 -0.10 0.23
5 -0.15 -0.1 0 0.18 -0.12
9 -0.1 -0.10 0.18 0 -0.12
15 0.21 0.23 -0.12 -0.12 0
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BREETN R «=0.1, HEHERNREL=0.01,
BENG=100, ¢,=0.9, ¢, =¢, =2, KRN FHME m =80, &t
JLRIZE, BAMKRT. S FRAIBRER.
RS it H&HER
B4 Btk Binfl
1000 7 1 3 10 07 05 0 11 8 541. 50

HELERER, ALXRTERMEXARE, RAE2ATSERER
ABIZAMEA, B, 70 6 ERERABZIHEA, HENEARSE
W, W14 ERERABMZERA, Sk —EHHMHERE.
fEWET ks Binlkis. = RBERERANZARA,

LREREY, SRR R TR E RSB RAR
et TRMR, HAHERERTRERSE; RTREAERIR
R4 A R A 1) R R — A T B R T s

85 RE

1. 3FFLAT RARKALFE:

n

min f(x) = Z [%* - 10cos(2mx,) +10]

=1

Hep, WMEMEE: [ -5.12, 5.12]1", n =30, BAREMMEN 100,

RS ARAEEAEFRACERRITERRTR, FEHALAER

2. RENTHEIRAT - RSAMEBDNNERENERSGER, £XHE
BEEHFAT, FEIBET e, WAELBEEYN: (2.5, 0.5], o WELHERN:
(0.5, 2.5], BMAENBLIEES: [0.9, 0.4], BKRBARKHEN 4000, &t
W, SPENEN 0.8 MO.SH, FFHEIETFAINMTRME? Mo, HRTHRR
FIFREBHBA G ESHA? BTHFEFEIRIBA G EFHAL?

3. RABEMERI—FESEREATR, RRERTHRERANAUR
18 By R/, ZEIER G AR R B D, TR R AR B L LR AR O
Who WTISHERITRFRMBRRMITRES

4 B TR S AR A s B RS A SRR, KA H
FEo

5. R4 AR T R B N IRAT A R R I — R RT R

£ & 3L Mk
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8.1 5 =

BB E (Predatory Search, fiiff PS) BB P ¥E Alexan-
dre Linhares 7E 1998 4E 42 R i —Fp F T A5 sk 4l A P 4L IR RE 0 & L 3h )
WETHHSEIE R, Alexandre Linhares 181 & 18 2 5 u 20 53 b H
FRUERATEM (TSP) Fi#f K #EMEE o BRIt (VLSI) [AIRE, #F
BB THRFHOHE. FRNE, FEFMELRPE XK RBEHRT TR
PEA R, #BUR T BIF R

THENEHEIYEE RSB PHITREFE,

X FRHITDYWHBRITHNBIFRBR T FIMESE ., EYEMZY)
FRENER, XEMREBESIPHERIBS N =ZARARBES:
DE%, BAFIYLANTHATER: ORE, BasiwBEZENIE
By, @RS, EIFEEEY. YR, FRANBEIVES MR
hEEAFEGMERE, UHT 6, BAEIHEMERSREBR —
BB AESHEN, EERNIBPRATERZHHEE. X TXHEH
BEERYE, ENEEZEMEEHE (AhEETRARIRE) PR
HENE (Hisiy s 540EEY) TEELHHE, MY TS
KR EWBLEHENBEROHYRE, b TFREARIWBE (AR/D
FREEZEM1%) BEHER, BRAOIBFERKANHEME, X TXL
HEHYWRE, BERNELIGTALERBEEERSL, ARERNLE
X s sh Yy B T B A R RN

S TFHEIBRAEESROBEIYRNE, KEALNERRED
F. EREEABYHEDHTELNER T HEFRIEWNE - IT U
BEEEEIFREY,; —BERABYRERAGHRYNTER, ML
Bk ECRES TR, BRISEE, PMEHKH, ERABYRERE
M1 ME R BGITE RN KRS R, BEANLELEY. BRI
— R AERAEYE, BAWERFEXHEPHXIE, TLEE
BAMESHIREY. SREZELWREMRH (Area-Restricted) K
HWERER, EARKNYMHMSE, K. FEHRERBSTHNPEA
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Wik X R HE LI T F 855 RS )40 45 B0 38 R R AN
WRE, B, WRBYERRSANERENRSHINFY, K5
IR 5 45 2% A A o PR B T AT R0 00 9 R M T 08 A A 4 R R ) B A
S, A8 1 PR, SRR R R T L N T
WA EE, |

R
(FEBIMERZREA)

R TS

X 158 PR 1 8 R
(FEZRHIRIX )

BB YT

N

E8. 1 BhYrEeE R

BRI (FHER): A MEESA#T2EEER, HEIRAKE
YREARYH TR MFEDER 2 #HTXERHER.

BR2 (REMRHER): 7B EH Y 0S50 T X
THEBEER, HIBERBRERUEERIEYMEAREER, HaHE
R1H#ATERER,

YR E W EYN, PN ERERRBHIBRRE
BEM., XEATF, BT EHLMEHOSE, HERBBREHFEH T X
BAEYEENER (ABMEESRST2EAEER) INEDREX
MOT R (EEABYHHERBHETEPER). SEHOERALL
RAEMRENRE, AEFRERRUEROXE, HEERLEAR
WHROHRE,; ETFHEBERVTUEEYEPHRBTHBBREY,
B IEIRHEEY ., HTHEZABANEAEBEYRER, MEDRE
KM FEANAERSEHEASRAEY, FUSIPRXFHHEITRBE
BEMW. XTFTHYHEBERFEGOIFMAEATUS R R [1, 3,
4, 5, 10, 127,
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8.2 J& A R H

KELL TSP MEHX — A KA S RARENFREARERRE
BB,

8.2.1 HRBREZNELRE

B PR IX R R B R R HME, Alexandre Linhares 321 T
—FERE AR EREREE, MHRER (PS) Bk, W
B 8.2 fim, MAMRERARINN, SEEMERTRHITLRHE
%, HERI 1 EhE; REESNSMINKE#TETER,
ARRBERORERDERRE, MNTIEFREER; ReBEEIH
REM#AGTLRER, WHFER, EARDARLK (RELRKE)
Hik. EHABREE P, FHMBSH (Restriction) FRTE A4
ok, B RE AT, LIRS E P, NEBTRR
BB 1 I A RE 7 H)F4 o

SRR
FEEMEZEW)

REE T

R AT

82 HMEEREE
BENREEAR-MAAGIMITETE, HERESLEREM
SRMAHTERNER, HKARLR—-HTFHERBERNSRHERG
HUE, FTUTTR AR BRBERER. RRERANLRER, TEER
MEEFE, BREFMAARERAREFERENTE. ARE
REFTOBFIETXINTFE. BARRAERENREH#TERER
RIABHFHRER, REERFHXBRETET R RER, DERSEE
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REHEE; BEERNRERATAASEAT ZHR, #EH"
RORBERABRNRFRXEHTHREF L ; HRERNRHEERSE T
RERE-NHEMRNREH#TER, FUEREERR, #RER
MERBERTURRERNEER, FRRBEBARTRILS

8.2.2 HEMIEH

T L TSP [ @A A, HEABERNER.

1. AEBHEERS

BAGHRALRBEEI—TZTH (2, Z2), XENERBHES,
B Z: O-RAEXBIBAXMMHNENENESR. BRENE s FIE
— I N(s) CR, EXN(s)CN(s), XBN(s) BEFT N(s) F
TEWS% ., N(s) P—MEAB - MEHTHREAI BB,

FEHAE N o ARATH TSP H&E S, ABMAL B r 8o BREAR
HESFREANTERRRT, TEFAENMERREIIERIRT. §
m, R&Es= (%, %, =, x,) FRKRITEURKEERN

R e . M 7

—AMMEH KRR, BE— s, KA 2 - opt BHITRER

i, BEHRTES

X x

q? g+1>? T q+T

EFEE

x

x g+1>2 q

PR cee x

MEE A Fim, Ho: 1<q, g+r<n. HEFH AR ¢ Fr RE
2 s BAREL N(s) o
X F AR HARDS s, s,,, FHEAD Re R, FE—TIFI

Sos Sis S2s Ty S, 8

m

EStFHEEBEHO<k<m, & s, eN(s,), MFHFEs, BN s/
B,

MBEXFEA ReR, WTFEELWHERSESE Z(s,) <R, M FR X &
PEAZBR M PR %] (Restriction) R, BHILAT LIKF eREL A N xR 22 ELH
Ms TTRBIBR RS R T ERIES A(s, R) CQ, XH, HE—
ABRFROM—ARE R, BRI ZRERRETURRN
A(b, R) CQ, ATEZEA—MECHBREFHEHENEHRT KPRREK
B, TN —AE NumLevel +1 AMFR&IZHNARMFF: Bf [L],
XHB Le {0, 1, -, NumLevel}, o PR H & B (Level of the Restric-

tion ) ,

m
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E83/MT —MEZHNTEE, ECLRAMBRMMAEKMIE,
AR EIR RS AR AMIBRESE, B 8.3 P, BRI EET
RE, 75 Z AR EARBE I HAAN AERE. FERHBORREARE
X R IR IEAZ P RAE, RS MR MATARETT I SR AT fR i 48
M. EES.3H, @1 ALRENM, HRAEPHEAMENES3
FRE— A BNSRERAAE BB ENRE . B 8.3 Ryl T#H
REE A — 2Pl ERE [3] WEER, &1 HE K258 12
B2, MRS (2] HRERBUAREIER 12, X TH1KRE,
FE 7 [6] # FR 5 F 4 R o 4B 38 25 1R R R R R B

MR [0]: {1};
MR [11: {1, 2);
BR& [2]: 11, 2, 4, 6};

BRI [3]: EHHETE R

N /\////

9

o X |
=y u

B [0] N

F83 MEErEE

Bl EIEEARABE L, WABEPIEE, RS R R R
HERE/ANTRRE L, I2KEERFNM, EHFH. BT TRER
HER, BROESRER MR/ TE, NERKS%. BAHE
A N(s) ENZREAMER: OXR— IR 0(n") KR,
QO E R AL T HENERE, SRTRBETR. REEENE,
AR B RS L E M E K T RO SEER, YBsE—1R
hZE, BELRESEEZS, BARARSBNG) PRETFR.

B-RERBENBHNZE, B THEHRIEFEZRRAZRHK
Bl BEHIB-AXBEZE, HWNRHAGSR L, ATHABINKE
?%EﬁoﬁLﬂ¢%—¢ﬁumWMN,E%%ﬁ%ﬂ%ﬁﬁmﬁ
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BRI A AT T ERE B R B BGEM B (Improving Solu-
tion), FTREBEEEFXEMRHAMBERIR, BLBEEI-ITBRENHE
LhighThreshold . X 4~% & WH F /R £ B ST — P BBt B B — B £ R
HEENAE, EXHE—TRENART, ERTUERBOWXE, R
Bkt J5 R BT PR A B/ I X 88

BRI HFR e, FE-HRENERE,

(1) HRIFEFOBNEH BN b,

(2) Mo FHEER—FEMER (REAER).

(3) B LitRO, MWiitBHRIE b MBIEHITHABMER,

XUIERRBBHMERFREMENNZ, XENREEERRR
RYSCBLE] LR MR A MM  (Improving Solution) , AR AR
IF % (Very Good Solution) , B — P AIfTHI M A X BB RHKFH XL
BEFABRPRARGFHE (WEXRARTHNRGTR), XHEN
fill & A48 55 T RTR T Ko

2. NESR

®1 . BEYLERE— DY B A solution, solution € 2, & b =
solution, counter =0, L =0,

852 . MR L<NumLevel, B N(s) B 5% Wit N'(s), FHEH
B /N proposal, BRIGEEEE 3 2 BMEK,

%3 3% R proposal e A(b, Restriction [L]), % solution = propos-
al, RIEFEH 45; BUREESH,

®4%. WME Z(solution) <Z(b), 4 b =solution, level =0, counter =
0, EFITEMRM, AEHE2L; FTUEES H, |

% 5 %. 4 counter = counter + 1, IR counter > Cthreshold, %
L=L+1, counter =0, RIGHH 6 ; BNHE2 %,

%64 WE L = Lthreshold, 4 L = LhighThreshold, FH¥: % 2 #;
EMEEEE2 P,

X E, Restriction [L] FaAMH, HMHXHEHEN, REEHR
AP RHR,

3. REWIHE

R4 B, WP Z(solution) <Z(b), EHFITERE, RiEHk
fETRT :

(1) 8% Numlevel K4 N IL KRB BITH b WAH, HHH Z,
183 NumLevel >3 ML {H

(2) #3X NumLevel ME 5 % B ) 5 50 W9 36 N (B 35 FRFH R HES o
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(3) BHFJE M NumLevel A~ {8 K K W& %5 BR ] Restriction [1],
Restriction [2], -+, Restriction [ NumLevel ], Tij Restriction [0] BJ{H B
AR RIFENME Z (b),

4. BHMER ,

EERMNBEREHRGS, Xk (2] ELREBT —HHENSH, X
BHMLUFH#EA,

(1) BE—FHWRNELASHFBOLA . SRPTRHOFAEEN
0.5(n” -n), XE BB MM 5% BETTIFAE

(2) NumLevel: 5 # MR # & 518 Hh NumLevel + 1, X#R [2] W
NumLevel BUH n, ‘

(3) Cthreshold: FITHKMRHBIEER L MR BRMAE. XBK [2] P
BH3n, MREEIRUSERT, BKRT Crhreshold Kk (BR—WHIR
B5%) MBEERBINIRNMR, BAWERRHEFR L,

(4) Lthreshold: ¥4 L B3k Lihreshold By, B k& B L REMBH
MRIBMAFT TERARWE BT A RBINENE, TREAERFX
wRRE RS, X (2] PHELREN [(n20], B[] K
Bl E A, B IX R o) 18 R A A A PR R 25 PO SR T B BBk 20 BRI
HEHROEY.

(5) LhighThreshold: Fmm— R HEKERfE, SCEk [2] PBH
n- [n/20], BPEEMBEEXT, WRERE [n20] TREFR
TFTREIEHRAELZAFORSNE, BLEEREL.

MNEEMSHRETLUED, EXHEk [2] 5 XERRH K E R M
M RPBHNRASERER N (n/20], BEIT:

St F RSB EE R, REERN

0,1, 2, -, [n/20] -1;
TR AEERED, REFRN
n- [n/20), n- [n/20] +1, n- [n/20] +2, -, n-1

8.2.3 MABRNEIMERARH

EAEN, RELEYREN, BEERAXMHRBBEAF. o
DS, MR BN B A e, MREETRRER A
EINTIEH. FRE, BEERUREERTBREEN AT il HBHT
BREETL2RBRMAN, HEERVERUEMRA.

UCLA {4 Boese K D, Kahng A B fl Muddu S #| A ZEH 15 (Greedy
Descent Algorithm) SR T 100 /37l Euclidean i 17 o] &L #I2 5007 /=
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ML G (150, 0.5) M4 BRI 500 HHMEitm, Fao
BT XA B2 S0 RFHEMEMZEIBRXE (EMNHNSAR
WA KEMENZEINERMRXR), BHER.: ROTEREN -
SHEEEABTFHRREABRRET 2RRILHE,

W5, Coventry K2} Reeves C R K| T 20/5/F/c,, M FL/KE R
R 50 S RMBIARE, RESW T EMNNERPES ENIME N
REMMAERZENER, FBHETHRMER. ULHFARARLS
3wk (2, 11],

BT LB L BHEEREES TRERTEME (Traveling
Saleman Problem, TSP), —4r®[6ff ( Graph Bisection) #I¥izK % [&] [6]
£ (Flow — shop Sequencing) & CALIAIER o

8.2.4 tHEM

AT IEXHR TSP M@, REANMA 4N 1, 2, 3, 4, 5, BB
BN
7
9
6
5
LS 6 7 8 0.
AT ERREN AR, HXSPERENT
(1) S—HEREESRPFEAOHEN 2,
(2) NumLevel =5,
(3) Cthreshold =1,
(4) Lthreshold =1,
(5) LhighThreshold =4,
AR L tn 8. 2.2 iR
B R, VLB — RIS
solution=(1, 2, 3, 4, 5)
0 b = solution, counter =0, L=0, ¥ KMERER
Z(b) =Z(solution) =8 +8 +5 +5 =26
RIERITERE, FEPLE solution SBIBPHRAFEA
s, =(2,1,3,4,5)
s,=(1, 2, 4, 3,5)
s;=(3,2,1,4,5)

D=(d,;) =

1
O N N O
S W W

5
8
0
8

~N O O
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s, =(1, 2,5, 4, 3)

ss=(1,5,4,3,2)

38 A B A9 3 R 1

Z(s,)=6+5+5+5=21

Z(s,) =8+5+8+6=27

Z(s;) =946 +6+5=26

Z(s,) =8+9+8+8=33

Z(ss) =T +8+8+9=32

BTLL, 1930 A6 R i PR &l oA

Restriction [0] =26

Restriction [1] =21

Restriction [2] =26

Restriction [3] =27

Restriction [4] =32

Restriction [5] =33

Eit, BRI THE-FIRH, PREROESTAETE, THERHR
BERWIE, NEB/PBRHE Restriction [0] FFif

(1) SE—FIBR% 8 Restriction [0] FRHI T, solution H)WIMALT
F—KHEER.

BEHLEL solution B4R IR B PI~18 N

(2,1, 3, 4, 5), HEMNMERN21

(1, 3,2, 4,5), HEREN 24

Hi proposal = (2, 1, 3, 4, 5), X Z(proposal) =21 < Restriction[0] =26

FTLA, solution=(2, 1, 3, 4, 5), 4 b=solution, EHFITHRH .

BEDLEL solution 43R B T~ # A

si=(1,2,3,4,5)

s;=(2,1, 4, 3,5)

s5=(3,1,2,4,5)

si=(2,1,5,4,3)

si=(2,5,4,3,1)

THE AR B RS N AE N

Z(s])=8+7+6+5=26

Z(s;) =6+6+8 +6=26

Z(s3) =7T+8+5+5=25

Z(s})=6+7 +8+8=29
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Z(s5) =9 +8+8+7=32

BrLL, 18 BIAH R B R §0 A

Restriction [0] =21

Restriction [1] =24

Restriction [2] =25

Restriction [3] =26

Restriction [4] =29

Restriction [5] =32

ZHAITHE_IIRH,

(2) B3R % 89 Restriction [0] BRI T, solution )48 FH 1T
B HEE

BEBLEX solution fy<RI8L ) W01~

(2,1, 4, 3,5), HiEpEN24

(2, 1, 3,5, 4), HENMEN25

#t proposal = (2, 1, 4, 3, 5), X Z (proposal) =24 > Restriction
[0] =21, ANEH solution, counter =counter +1 =1,

(3) FE 3R % 5B Restriction [0] FREIT, solution <17
HEEHER

BB E solution = (2, 1, 3, 4, 5) RISBIR., BEOLE solution B
R B BIA#A

(3,1, 2,4,5), HiEMNER25

(2, 4,3,1,5), HENERN?2T

B LA proposal = (3, 1, 2, 4, 5)

i1 Z ( proposal) =25 > Restriction [0] =21, F A B H solution,
counter = counter + 1 =2 > Cthreshold =1, Bl;E T BE, LUK KB
WER, L=L+1=1, IHEH/HEF (counter =0), .

(4) 5 FR % ) Restriction [1] BR#HIT, solution Ky&BIHHELT
FE-KEER,

#E solution [¥) <P 3R P BE HLEX B8 4

(2, 1,5, 4, 3), HiEMNEN29

(4,3, 1,2,5), HENER 32

fi L proposal = (2, 1, 5, 4, 3), M Z(propoesal) =29 > Restriction
[1] =24, KB F solution, counter =counter +1 =1,

(5) BB P Restriction [1] FREIT, solution Wy4BBHEFT
F_RER, ‘
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TE solution )41 38 A Bl HILER 6 1~ % Dy

(2,5, 4,3,1), HiENERD32

(5, 4,3, 1,2), HENMENR3

BT Lk proposal = (5, 4, 3, 1, 2), B F Z (proposal) =31 >
Restriction [1] =24, B % solution, counter = counter +1 =2 >1, FfLA
B BRI %% 3 HA counter =0, L=L+1 =2 > Lthreshold =1, FTLAZEE
SRIRIR IR, 4 L = LhighThreshold =4, THEWFHHE AR, NI
BEER.

(6) % — 5| FR % 5% B4 Restriction [4] FRHIT, solution fy&RIH 1T
E—-KER,

B solution & 3% H B B9 H

(3,1, 2, 4,5), HiENEN25

(5, 4,3,1,2), HENEN3

proposal =(3, 1, 2, 4, 5), Z(proposal) =25 < Restriction[4] =29,
FiF LA solution = propesal, T Z(solution) =25 >Z(b) =21, FUAE T
L bo

4 counter = counter +1 =1, BRH#ATRBHER, B —FIBR &l 1Y
Restriction [4] FR&I T, solution BIARI TS —IRE R,

M EEHITESR, AIUEH:

OBEEY BB, B FMRMBEYLER, $B Restriciion [0] Tl R
& F Restriction [ 1], {H 2 4B 18R 3k 1k 1) 45 SR W {8 Restriction [0] P
T

QTS 6 HF, HEFIRH i) Restriction [4] FRET, solution
BB ITE— KRG, BE K proposal RRBAMR T MBME,
BEmTENTYRTRBERE, L MBTRIM solution 38R % 313 proposal
&, XEFEHRRBERABHLRRKES.

8.3 H#ASER

B RERAES RSN, BRERAER, EHREROKE
F ., U, BHTENERORERIEHMERBREEERBE
A XEEE, MEMH AT, BRREEXR, BERREHES
BB TR WEBHASE, HFETEAERREKRE, WFH
i3 RBM %, Linhares ATEERMABEBRE R, BERATHEY
H ¥ (Restricted by Solution Cost) fEXFR#, S s #L 1 R % | oK /D
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HAE AL

XIS, BRSO AR S PR A B T RE S B0 R M RCR AR A
BEROEENE, FENTHEAESRHOHBEERA S, IAHS5ES
A b % B e S A =2 T G B R Xk ) 4 R s (AL AT R AR O ELRE O
B8 %5 N FH T fg B TSP [3) BE AN WK % () 98 BE R1 R, X B[R] RE DL TSP [ B
HBIN BEHEREREHHHEEREE,

8.3.1 TSPiKipeek> BAIER

TSP A Z RN EEREAR N E XERRRTE,

(1) 2 -opt BEE (2 - opt Distance)

2 -opt BEES d(t,, t,) EXAM ¢, 8T 2 - opt SPHAEERAN 1, &
INEEER IR .

(2) Bond JF® (Bond Distance)

Bond FEES b(t,, &) ESCHABTTE » W% 5 o, MRKDE

XERHE MR E L, B Bond EEF.

8.3.2 HEZH®
/1%, MILERE— ¥ 1 K solution, solution e 2, 4 b = solu-

tion, counter =0, L=0,

82 R L<NumLevel, B N(s) B 10% i H N'(s), FW
H A B/NME proposal, RIGFEH 325, BMER,

%3 4. 9 proposal 5 b I Bond BRI

%44 . WP Bond (proposal, b) < Restriction[ L], & solution =
proposal, RRIGHE S #; BUER 6 L,

S5 %, MB Z (solution) <Z (b), 4 b = solution, level =0,
counter =0, EHHBRHE, REKP245; FUKFB6 &,

6%, 4 counter = counter + 1, IR counter > Cthreshold, 4 L =
L+1, counter =0, RIGHFETH; EMEFE2 L,

7%, B L = Lihreshold, 4 L = LhighThreshold, %% 2 & ;
BWEHEEER2 &,

8.3.3 REHITR

HHEEMRB &G REZENE, PRI LRNRNELTEL, B
A AR — A A F AR RS, WEENERXEHETSRRE. @
FRZAMEEASRBAXN TYIRFBOERS, FUHRAFTNE
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WHER, WARERITERK . UTEREREEEW BRI IAT.
O 2, 12, -, [n/2] —8WR% Restriction[0], Restriction[1], -
Restriction[ [ n/20} -1];

Ot [n2] BHHRHPRS
8.3.4 BSHMERE

XEk [4] W EREEFHSHEENT .,

OE—FHBRITHESBRPHOLH . PR ROKE, BB
LRI A 10% , 5 0.05n (n-1),

@NumLevel; WHELH n,

B Cthreshold ;. %8 % 3n,

@Lihreshold: kB YX [n/20], B FRBEER, BEMWETEN
08 [n20-1], EH1,

®LhighThreshold: C#X [4] B A n- [n/40], X TFEEEE,
BREIKEFERN [n-n40] Bln-1, HEHBHI1,

FRBEMSHRE, FHEEN, E2R#ERIEY, BBEEN
FREKEFHERRERBERPEBH K LREH—F, XEMEBEER
%, UBond BEEARHOBEEREETFET REAR,

8.4 N H & #l

b

8.4.1 BATHESPYHREERERANEEAHESER

B2CBEFHEFTHREEBRBRNABERNEF T ETHATT
(BB T [13]): B4 B2C B FEF oA ER A BN EE R
IRER (NMEREFEMAEREMEBECE), MAFREA (0 GIS
HR) BEER BN EREEME, ST —EETREMNS
MEHERE, AINERE-RINWARESF (NEKTFRE. EEF
DHERARMBHS), FHEXERAR). XESRACLEERE
ERAMEF KSR/, M TETEIEE, HLEYRECEN
EARERPONREREY AHRA AR mERR, FEUTIL
OF Z3:3: 8

OEZEFLEED, BITEEPOELFRBLUREEERE—
Eo BWMEMNRERT—ITERF L.

QB AMMF R —MEEF O —WELT—KER R,
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BRI EWVIF . ¥k, MREERTRES —RENFERNEER
WA AR BEGE PO HSWENHH#TRE, AMkEEREEIHER
b 35 ARl SRR R .

OBWENE BRERE P LM E, TREEEFIEEREE D HFER
ALk ol o

DEEF MR E RS, REERIR-KBEW,

T4 B2C BT/ %5 P YR B PR AL O B AR A

Min’;( 2 J.EZH Cidxy, + ';(Bk IE{Ean(zj,‘) (8.1)
(i.)ek (i,) ek
s. t. z Xy — Z x, =0,YVp e S,k ek, (8.2)
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y—BTBEj REHMEXP L AFER, WRE, HEN1,
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——RRBEREHER L EE, MR, HEHN1, FUHO,
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g5,
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K—BEEHES (K., ~, K.}, B, CEREESO
EHHES, KNK =0, (i%), WERENREF—MEREH DL,

L—RABMBMELRS (1, -, T).

A,—BEE D p M R

B— %M k —WHER B BB (2% R WA 5 R R
M, BEEERA).

C,— %MW kB (i, /) BUBBMSHRT (ABERER
BH/NIHERBRROBM) .

g T L TR

d— W% (REEFL) i, jANERS, BEE (i, ) M
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O— B EWMERE.

w— R LRER (REBD) BM.

V,—— B | B L BRI
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ERERRERAR; AHR (8.7) RREBAIME SO EKBEER
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RABERE, $LEEPH m -1 AREFLH o NBRE—RE
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s 1 BBE L, 2, 3, 4 WEE, REPL2AREES, 6, TH
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R, W03 AFBES, 9, 10 MEE. REHFEARE L
BEBEHRETRIPFHITERNIR, XEFEZRERNERY
W, WG FH R, EUL=EWNER.

2. FEENX

KAWL AP RIE, NEIEEROB MBS EIIZE
B SR B BEAT 13055 18 B X9 B0 AR A — - 4R R,

3. BfRENHBE

BirE () HAEBEBED, N TFREEEENES M BE BE R
%A FLOYD Bi55R18 ., 5408 1 El 1% 0 7 & PO E H BN %
HERES T — &N, EH5HERRL.

4. BET®E

(1) BERE

1. EIEE—TEREr, SHERTHE 2. =2, REHKH
level =0, YE¥FIKEY counter =0,

B2H: WMBRlevel<n+m-1, R« WA K  TREBHI
B n+m), FBHEBDE 2, .., REEEI L, SHER.

B3 MBS (x,,..) <Restriction (level), & x=x_,., REH
WAk, FEUEESH.

A, MBS (x) <f (%), % ¥pin =%, level =0, counter =0,
EHITERY, REEHE 2, BUNEES P,

%5 . 4 counter = counter +1, R counter > COUNTER _ MAX
(BB E), 4 level =level +1, counter =0, RIEH#HE 6 £, &M
®E24,

e, MP level =[(n+m-1)/t], % level =n +m -1 -
[((n+m-1)/t] GASRHPBKLANRHERI2RDERVER,
(] RRBEBE), cWEMR+m -1 BA/NTBRE, HEFE2 L, BN
HE®RELE,

(2) FE# (Restriction) HIiHE

fgumARNEN (MRET - YUWRITFHE), RITUTRE
BB BR A

QBEr+m-2RESHIERANBTHHSE, BB n+m-2
AR

@ X n+m -2 MEEERHRIFHOERE BRI FHE

@ EHEFIEH n +m — 1 MEKKBRES RE| Restriction [0], -,

Restriction[n +m -2],
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8.4.3 TAGRSRROH

B B2CHFRFOLERNBH 3 AMEBEPOH 17 MRE R R
3KMah, BOXMKBINE S 4 xR, AitEMHE, REERPLATHE
WA =3, BRAREREQ=-10t, EWEHRA B, =400 55, B
BERAAC, =570, SKHGNERRYE LM w, =0.2 B/, w, =
0.4 M/, wy =0.3 B/, HMMXBSHIES 1,

O— mapows O— mzts ——wazmmL
B 8.4 ChTACE M4

£8.1 HMEMIAWRHWRBARER TR (R )

BE FRE W% wTRE R % TRE
1 (2,1, 3) 8 (1, 2, 3) 15 (1, 1, 1)
2 (3, 2, 1) 9 (2,1, 1) 16 (3,2, 1)
3 4,1, 2) 10 (1, 2, 1) 17 (1, 1, 2)
4 (1, 1, 1) 11 (2,3,2) || MEPL HRE
5 (3, 3, 2) 12 (1, 1, 1) 18 (31, 32, 28)
6 (1, 2, 3) 13 (4, 2,2) 19 (29, 37, 30)
7 (2,1, 2) 14 (2, 1, 2) 20 (33, 35, 32)

WRMREERA Java IBFFE Windows V& LXK, HAEHBR
¥ s =20, COUNTER_MAX =80, t=6, fESIRECH 500, RS MMM
MEMBEBERKS. 2, TURBHLEREEERIBTREMENER
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FEER — YRBLT [B B Ie B Xt E AT B3 MRSy (3R 8.2 R AR b BAR YT K
FOREWEENRERNLKF), XML EE IR,

%82 BRUHALSREBANEKR
2 # A
Z 4R A [ 3
. o ok s EWEs | (BB
N B B 3% i B R Bk AR R/ _ _
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4 JT _
JCT
18 -8-10-13 -10
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REPo L 33 45 530
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~6-7-9-18 1 200 2 085
17,16,15, 19 -17 - 16 - 15
Bk bl 2 355
14,12,11 -14-12-11-19
BEHL3 — — 0

HNTRIEHEHRBEENAERNE, ¥HERREESETRIFX
YHBAUERETFHBEERE (HBHER, XXEH0.8, TREN
0.05, Fhf¥ 80, MW H 500) Xt EREFLBFEHITE 10 )k, BB
RE #) B AR (E A e R g 8. 3 iR
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Hir &/ 7T R/ B
IR 2/€
GA PS GA PS
1 2 380.0 2 085.0 0.951 0. 441
2 2 265.0 2 085.0 0.892 0. 460
3 2 250. 0 2 085.0 0.901 0. 531
4 2 440. 0 2 085.0 0. 891 0. 631
5 2290.0 2 085.0 0.912 0. 461
6 2 105.0 2 085.0 0.821 0. 400
7 2 315.0 2 085.0 0.831 0. 561
8 2 285.0 2 085.0 0.831 0.491
9 2 345.0 2 205.0 0.851 0. 180
10 2 185.0 2 085.0 0.811 0.491
FHE 2 286.0 2 097.0 0. 869 0. 465
FRAEE 285. 6 113.8 0. 140 0.358
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mERES; (6) THEGGUS LN TIFHR, HERERN.
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BEE#MALHFAPOMRILRBERNEL, SR RERL,
B IFF Y Job AW ElE, FESBIMAZYHAEY; HEREsEE
HMEREREENTERE; EMRWERBSRETLURTES BE™
MENERS, EHEXEFEREAREKE, FE-LXDEBEKE
Rt EXEERLHRAPEEFENIREENERXBE,
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EAs) 23 E/L+ENEBR—HE) EHNATEHBSRMLRESD,
W EEX AN FROFREASBIBRSERENRE. BT, EAs AT
BANENERTHBMAMAwEERLRE, XEFEREFTHET
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B2 20 {42 80 FERF A BARZEENHARARZ—. A THEAH
PEALE B BAR REFBREZRFRN, BRARB—THER, XS
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BEE—HR, RRMSISHERBESFORACTERBR, AFET
RABTEMATRARRDEFRERRE,

(1) ZE4HHR (Frequency of Change): 5% £ KB [H 28 4k — K
(MBI HEEL)? NE, EEENR, FARZKEBEHNER
BEANR? ATEREITHEINLEKE TEGMEEHRITLE,
TMHBEHEEEAPEERBENRNEEREER, BRHERELRBY
- A6 (B UOBGE W AR A B AR RN S EREAR . BRAEX T Bt A
BB KA EER, T M PFEEH K AR 4k 18] B9 52 Bt 8] — R 2 V8 b
BRI IER.

(2) ZF4LFRIE (Severity of Change): RELLBHEIRM? U
B—MUMIBETRE— T EFHER? XFERRFHIARLEEN
BB R, YRUAERRETEMY—LER, LMERSHEKK
AN, FEEREETUHIESAEESFGEOREKE, NEFRILR
BB i B E S M A RRB. B, 7EFEELRE RPN
B, RS- EZERRTAPEI AR W FYEAEE, ¥ T
BHEEXEATBSA TERNNES.

(3) A4 AT H W ( Predictability of Change) : LB EHFE
HEABEREER, FRUEREILA? RIEYHEN W ELETEY
T — WALy S . IR B H R E?

(4) BIHRKEMAEHYE (Cycle Length/Cycle Accuracy) : iR 2
HLEPUG ML EREELMEBET MRRXHE, BEEE? BIK
BE B AR VA R I B R S R E R ARSI 205 B F R SE
HshR. MEHRBHARE—BHTRENAR, M4FH®SLIETAER
REMNBZ HNESFREBMREER, BIFKEMERETRREICIZU
MNBESRE 1B HHUHRK,

StFAFMSERE, B TFHFEAENSHISHETEATM
B, B — sk SR M X T AT AT s . B E AW PR — A R R A X
FREFMSABEHFTE, DME T RIS A3 — ¥ 5K EA fERE
WEWH, BT EEAERXSIRERMEZ, BB —FEATFHER
B EA B BT 4 407 R PRt R RS NBSER

(1) 2By A B (Visibility of Change) : AELHIREX T R G
RURBEDHE, TRFEZHRN?

(2) SBALEM: (Necessity to Change Representation) ; /M {&
R E R R BTN, iR SRR E TRk,

(3) LR (Aspect of Change): ZEE T B IF BEPHZE
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(4) EAXNREREH: %, EATFENBRSEWANE, Lo
WERAERES, FENREREBAZATECEHEBITERT, X
X EA BORRAT N MR A RE, REEFTHARRSD, A
BRI T B R B H AR PP R B B 1L .

Boh, Weicker BT H — KX FHERBHREN T TE. &
RF TS, FEA UGS A FETAE (BMEARBEEMHRH
), BEE (A%h), ASHY (HBDMARES), —BH8 (8
MEEMERENRIWEFHR BN, FEFARBIELBLAR) M
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—BWaREH—TBLE) F
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W %, RMKSHEERREKRN, FAEFRBRSHMATERN
HENB, AT EFEEHEFEFARAAEOER, FHETRE
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OHHEBERR.
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BESALEAEE-LEKATRREHEREEONWRARR, &
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ERAES L EA B A, T H 8 W SR v AR AAS .
9.3.2 BIMMR

Bahi Lk (Moving Parabola) [W)RER 5 iz UL AT oR B0 9 L) —
REFBHHE M, SHEMERANE—F, XRXRNAFSER, &
FREXFGY, TUERES %R, MAREAFRERBNER, R
B BT LUB MR B Sh R R B, H5R BEH] LLE i B 3h B R BE Ok
. HMET LR RN E R BCR R E MWK N B ST, JE3F
KEMAER M
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R—ANEESAHBENER, MWXMHEBEEELK .1 RITHE. &
Ah, ¢t BRRIDRABEEMARE, FREE—KENL (BREFET
Ae WAHAE) , ¢ BLHN 1,
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fle,) = > [x+8(0)]° (9.1)
KHEFEL
8,(0) =0 Vie{l,,n}
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BiE HLAE fb
8,(0)=0 VYiell,-,n}
85,(t) =8,(t-1) +s - N, (0,1)
TEF AL
0,i ATFH
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Y
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RzmE, BEMNIEERERERAEMEANTATFERKZHE
JSSP o] £ B A o DN 3R B3R, K £ ¥ B IR) o AL AR AR AR X B D
Bierwirth 1 Mattfeld 7£ b {71 89 B 25 o 4 H 3h 75 1 A Ia) B8 g JLARE 1L % 12 8
X, UBAEHENFHERERHBE-EXEERANYH,

HTHE AN E T HH TS EES 8 HEE R &,
Matifeld, Engelmann Fi Branke &ﬁ‘T—-/[\?'%ﬁ A HA 2 B AT A R BB
PR B R, B R— RO, BT LAOE AL B AR R TR
2 EMREIN THES, WA — AR TTN, WREKsh SR
B iR . FTAP 4 AT (E] ( Variable Processing Times) B3 FI#E &)
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BfE % (Rolling Time Horizon) R, RIH R THBEF, Wit
FFMERPSHEN RAEZL, R EEER S, FESRELRR
SEBE A H LA -MBIE, KT ELRTORMNEPTAESR THRA
TR THEEEE TR, FMARE L., TEUTUFAASKE
1Lt Bk BB T 5CR n R BILRE, WALEMSERBAEURE
AL ,

9.3.6 RFEERM

Branke FER B iC1Z (Memory) 3 EA BB WMMER FRITT —
FIRGIE: EnksHb, FEIFHME GERI=2), BRHKXEG
& mARENEBENE (BEREHEXRI.34FHRHNE), BRME
BB — ™ Cosine BEIREY . X MNE% W K (Oscillating Peaks Func-
tion) HIRREEIEX N

£i(1) =w(1)£,(0) (9.8)

w(t) =0.5 cos(zm‘ +27 i1
steps A

Ho, steps RAR—WBEHR PR HELSH. HLER, RPERFERTE]
R Z FRY o

)+0.5,i=1,---,l (9.9)

9.4 YLRBIFHE I

TE S A AL R P H A — R AR N B, RIS
) EFRIFR B T RBIE MR, TR T 88K 8 8 B AR (B R AE R
B ARESHE. N T HREAREREZEEENRS, EHIHX
MPARENEFEA— LR sEERERE (WRREE A
MBS AENTEE) WSS

MERIHBIFRE, T EXFABCF A DUE D AR EBRSE
78 L R7 S A AR N

74} (Online) PEREFIBILE (Offline) HEREM IR i Delong 32t Y
ATFRBBSFENEERE TS, BREMRECLEENREDER
IR, . e, B ¢ AGHE, TRITEBIMHEKRE. 4

(1) 7EL MR » SBET H R AMEN b IR EEKFHERA,

B w= > e o BT, T4k Al A 6 PO S B o D 45 — i
HRERRBRHEKR.
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(2) BRAERE < ML I R 100 F 9 0 RABE G, B
2 ep S e smaxlene el TR, BEERRETE

BTE LR R P UL EH R R R R LR . MR SINR
i, XMIEEFEFE—ENEE, BAXBERTERIE " REYSHN
B, BRI BRHRKBNETE, MYRRERE—KELE, KR
MEREREFEE. Bit, EHESERR TR LR TE RN

ARSI KA RS EREEO N, B = S el 3

Fi,e, =max{e, e e}, 7 RARFERIG — RAE WA B RHEKE
UREFABRANHENFEEARERLETLR P REEN A F R
A4

R SR B AR T DABEES K, HR A R 2w LIEy — R
BEIEM T, SRUEALNBRAMER, BEZBFRELEH R
BAAREE SR . MRER L HARANIRE, WA LMEH Y
F iR, B RE A DA IRE (FRER MR LR RER)
AR a3 R 2R AL B R R PERE o

TR B AR, Sk b3 M AUOUR HATET RRRB R BT,
B 4 BB S R PR DR S T B SR RS B0 BT R PRy AT LR —Fh &
EVEA AR . YE B A RESMEN M EANTE, BERERE
—SE R BE R KR — R, XF RIS TR R RE
FAHI

MNERIRE, BREBAEKXRER LEXERSENFAER. X
RETHEEENES, X&FRNH ESERRESHHELTF
¥, XEAENERMASTHBRRTHE, REEERLRRAKRY
Kigtete, s TEENBEEI R MM MEF RS ABXNBHHE
B, FrUAfEiEMi B EaER e, AR REESREREKETHREL
R (EBES, BEREIRE-TRERE, TAIHELR-1T8S
Brir), mOUHEESELSENRE BB ERERE. MREKREY
e EN R REEY, AR WENREBRAEREMKE
B RR A BIBEAT B AL

9.5 FMERESHHE

R TiEE kR EEN RN LN, CEAEREHRN
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RAEKTL, EREHRTS, TN TFRAERRRCHE, LNBTR
EREFENADNEERFIPHEBBRFT LARCHE . R, £S5
Sh— BT, A R B AT RR R R A AR AL, BRI ARS
RRGEHFWUH,

MREEBREFENEAREIDLTIRBYAHRARO TR, Ba
W W0 A B B B 3L B ART 2 R AR B AL D PR AR A B R
BE-MBEWHNF S, £ PERN, BEWLTUBHARRE
HamBEERTHORMLRE, BRRE, HIFRERBH RN BRiR
ETHHNBERESERBEEAHTE.

Branke R T 5 —fig A AR M HRMFREN I K, EHER
FHE—R, ET I GREREFRHEME. ORI PESF TR
EHEEET AL, BARTUARFRBRE T N

Fogarty % A B+ B T FAITE— 1 EA HRERH AR IOR BRI
WAL TS, MENREEBELN, EAREER. wR2R, F
BAKBAUETEENTBELABSARET . REBRME, 1
I AR BRI FIAEGR G TR

HA — BRI B, I B M RUSR B R AL, JF
o o WO AR BT S SRR SRR — B AR A AL
B SN ERFERRBHREAZEMAA, BARTUANREELRE
TAL. KNEREEHEY, EABZRER.

9.6 FABBETIL

AR, B £ I BT T 4 o< HE AL B A B S AR AL 1R R
B, BB TREBGHERFBE TRFORR, 2FETERY
Yang 7E Proceeding of the 2003 Congress on Evolutionary Computation #H
W E BB Bk (Primal - Dual Genetic Algorithm, PDGA) HITEE
M, T AR E TR AR B R UER BT A, R
3t BRI TE, HS RSB SR .

9.6.1 FRx{RRE

BESHAEFEEE CA BB RSN L T B g E N — 12
WEM LR, AT WE CAESAFHEPHER, —LHAEHARST
o R T AR R B LRSI ABI RS S. EARFHEYFET, B
WAREEBEFEN, Fl
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BRA

ARXoBRK

A ot i
YRR

B el 3

H FoBE/T
Az 4 5 R 7Y

DNA IS H (AT, GeC)

Rk, BTEENHNOER, HERAKRNEERE
HEREEAER, ERHBREEERER,

ZXFAMAM BHHLHE R, Yang BETH T 0 -1 fifLial
B PDGA Bk, £ PDGA F, BN REKEELEHEE=HE (Lo
Hamming BB H) HEX T -1 TS5ZEFBEXEBHXNBREAK,
7 PDGA BT Bd, AERHFAT —RZARREE &4 KEEH
AMMEFITHBEE, HEABERFHOXTBRAEREERDT RN
L4, XFh7e B8 3 ok 22 18] B9 5t B e 5F  (Primal ~ Dual Mapping,
PDM) BBk PDGA R REMENEREN, FHRENERE,

9.6.2 HXHALZE

FEfEG EA MEBITH RS, BEZRBIET, G T EEBEITRH
FEARKEAR (RERA) BHE, IREBHHREIRSHEE, B
it 45 10 728 A0 B PR B SR . X B EA 7E A 3R 3 A4 4k 17 KB B B T
B EBEPRIR, ELEER, —REEFHRRA BT HMEYLR 8 7%
ek EA 7EShASRBE R A HERE, BT oRA TR X X 88 77 ke AT R B AY
T4,

BRI EE MBI GA TERRBHIEM 7L, Goldberg Fl
Smith #H T HF A MEE BHEVLH (Dominance) B GA, B TRE
EWEHENREERAT RS, RIRATZSMERNTR, B
REEACERIAZERY 07, “BHELD” & "B, ERSHFE
)RR R A P, BT IR AR T GA SRR I A O PE AR

{H R Goldberg i Smith #9 = F I F iR E| T Ng M Wong KR
B, MATANSSFNERFENGEREA SN, FBUBKSRZIU
Bk GA Y, TBERMT=FMER GA KU EE K
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1%, M@ N FISC P AR E BN FRE, MAEEMKIAFE
B, AR GAVBESBBLL=FMEHE GA HiF4i#. Ng il Wong
RHET —FMFHO SN EEN AR, I T F RSN RN
i, ATRAT —MEEBHEEIH, 25— KRS E R D EE
20% i, FEMSMERMERE AR (BDABERLREE, K
ZIRR) . MITEZBRPRAXH _FEFEER TR/ EM=ZSME
B A

Hadad 1 Eick iR 32 T — M £ EEM T &, 4 - ITEHEXRE
YER MR —ER4r, EHSTFRRES, XMFERERES _/FEr
BRI MR, T HAA AR T EEERTFEAEEEE KT
¥, Ryan i T —FMin 5k, MMM ERBTRENMERARY
AR, SRR RE b, BB, AR IR I R R AR R
1, RZH0, ZEERMBRSD, X ERFEMETH - SHHH, H
B b, BB, MMARIBMAEMER 1; HXMEMKTRHE b, &,
FHHBREEA R 0; MR T b, A1 b, 28], WRIE M HEREHLE
B, SR RMIERL L AFMBET, XFHERERT Ng 1 Wong BT

Lewis %5 A 7E Hb ¢ b 3R LD 245 4k 5 B 7E R ¥ 5 1[5 A 7 % 1L ) ot
S B R P17 20 9 B VWL B I R BEARE BB A AU A BRI B AR, TR
T RE B AL B AT, WBE TREFMER. NBRTK
BREE, SB/ENTEERANESAFE DRI BB HOMEE, XE
BRENEEEGBEETEE FA CEREREFNEARE, #48
EA f i 3L 3t o 3R 55 0 PR30 4 055 O e B . (B R 7k RS A AR AL R 5
REBFHHREHE LW AP LF BT REREGHMM, KAF
A B,

Collard 2 A 32 1} 3 %7 /8 GA (Dual Genetic Algorithm, DGA) Hi R
— R B MY O T HE . 7E DGA 1, AMEREEBREMAT —A
TEE (RSpE—i), YRR EN o, BEMAAEWM, I
BAMERL, MEERENMEERE. SRBESATEIARET
WREANERER, i, Mk [0011] 1 [1100] RARKAR
R E—A A, AEHENEAR, £ DCA b, TERNERS
HRFA L, B, TOEE K —E AR RS A SR FMA
MIBKER, tERE, SRS/ T B RS A 4B A E K& K Hamming BB
B, Hk, BEY GAKMTF—RARN, MBS — (B GE
R KAL, HIt, DCA BB AKBEERMEKE “RHERE" B
gR s ik R AR AR, WX RSk B A SLEE A LB MRER
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ETHEER, AR ROEZ RS —MNERAHNE,
9.6.3 PDGA HZHIEZRSEW

NTHRTE, BENA PDCA Bk b —sfi =z Lo

Vg ik (Primal Chromosome) . J& 38 24§ 7 B¢ o B 8810 R 9 B
Bk,

SRy 4k (Dual Chromosome) : RIEFEHEEESHE T, SRR
R BT A, 02 =dual (x), K x, ' FRIRFTERE
A EY A, dual () RREXHEBRS (PDM) RHG

AW EETE _HH 4B GA, ¥ A Hamming BEE{EN PD
Bbt R, BLEE, BAYe@pkZ A A Hamming BE R B X R E
fhout B 2 B AL SR E AR AN B Bk, EERSES, —SRak
] PAFR g — %t B g e i, AN SR A AT Z B R Bt KK Hamming FERY,
WEER, ERE—TRENLOREE = {2, 5, -, 5] el=
{0, 11, Messxt@Epadk (ME9.1mR) A« =dul (x) =x=
{x,, %y, ==+, x| eI, K% =1-x (i=1, 2, =, L),

RELEE: 0o 1 o 1 1 0
powest:  f  f
MEREAs: 1 0 1 6 0 1

9.1 —-~ PD BLSHIHF

th3# ek (Superior Chromosome) : 2 $§ — % JFU % 8 Bt (& 3@
EsAmREads, MWRENHEEAHSENE,; MEER/DKREELY
WHR N Bk (Inferior Chromosome) , HI S $K78 i % B Je & {4 R AL
S i, U —4> PD BRSTREB BAR M R AR B RX A PD UL
B— XS, PDCA EA BB M R A B8 H B PD B4k
K EF GA KytERE,

RIE LT X, PDGA Bk pERIE 9.2 fix, HH N, P,
P ABIEAMBEAA, ZXRMERE, f(x) ERME HEHEEH
e PDGA s, M=t — A [EFHEE P(2) FHERFEANBEFEE (XX
FREE) ZH, BAPQ) THEBE-EHRE D) WME, FHEE
MegsHEREdk, SFEMreD(t), MREHIEREAE L EEHE
K, W BB TR AW s B TR, B, REFHW
PD Bt A BB A X B R AEA LB T —RFH T,
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PDGA Bt B3 &

T

ZHRE (N, P, P);

SRR e =0;

LT P(0) 5

X P(0) HE ARG ERTHE;

M P(0) FgBE—Ea AR D(0);

for D(0) HEEE—ME x do
HH o« ARG, X HEITMAE; /3" = dual(x)
if f(x') >f(x), then F &' &L P(0) M «;

end for;

repeat

PR E MR P(1);

%t P(e) T EHMBEZH (XX, BR%E);

M P(2) it % — 8 MEM D()

for D(¢) PHIT— K x do
HH « X B AR, 3 HTMHE; //2 =dual(x)
if f(x') >f(x), then i z’B{R P(0) H & x;

end for;

t=t+1;

until £ [E Z BB R /B, t> 1,

GW

B 9.2 PDGA BN ARE
9.6.4 PDGA ##XS88HiITiE

1. E#&#+iE PDM % D(¢)

A EEEIT ST LIEE AR, N— A EFH P() PEERRE
g R—A PD Begt4E D(¢) ) BARRLZRBAAE R BE, i
RN, MZRT BN EESBRRAR, TR, ERTR
BBETES R P(1) PHARRRGENZBERE, HERED.

B F LR E R X B A R hd, BRNREENREHE
HAREMERAEETREARN. Hit, BEMNP() FHREEH
BB D(2) o Bn, (1) AW RMP() PHEERREHL
% PDM £ D (t) Bik/h, B n,(¢) = |D(0) |, EEEETHE—R,
BRM P(1) %% n, () TRANEREEATHREE. HERTkR
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R EHHE n, (1) HIME,
FESCRR AR B R T — FBE DL v M 07 B R B E 0, () BORAD, B
n(t-1) B -1 EXPDBRFHEREER, Mo, () HHMNT:

n(t-1
Ly <8
sign(t)=<0,ifM=8 (9.10)
n,(t-1)
n,(t-1
-1,if ((t 1; >é
[axN],t=0
ma(t) ={min{n,,,,max{ (B xn,(t~1),n,]},t>0 (.11)

TR (9.10) #, 5e(0, 1) FANRER n, (1) HALWBE: K, W
IEERFERE; ER (9.11) F, ae(0, 1) e (0, 1) HH A
FHEH n, () BWBERDAMERBRBDOEE, ny, n, e (0, N) £
FARRENM P() ik h® I Fit4T PD 2B KRG AR B O &/
BE. Eiﬁsﬁiﬁf‘ﬁﬂ@f?ﬂééﬁiﬁtﬁﬁi*, n,(t) BERHE E—N

SOt B o 05 BB B 10— B e 00

o R . RTINS 5 Wi (0 R R

n(E=1)
nU D a0 MM BB, W00 REFE, TR
FEJik £ PDCA KT MIE AL HE, B BLRAE R ST, n, (1)
B I 0 A T

2. —FIERAER) PD BB

B TE PDGA oo T3 K45 0 135 PD B4 D(1) HFAh
AL RME, 75 Yang 6 PDGA i, PD BB} & HCB % 310 Hamming
s RAIER, WARRBL, A — 1 FUR BT PD RO, T
B GERBESMER. ATHSHE, SHENNRIIR SRS
BORHH . A B R, R LT SR B S
FRERE GEEBKA) WIOR, TR e IR R o S
6, SEBEJLE B B9 PD BB AR A, TR A PD BATIR T IR
HEWRZI, BAERDARRBEEOR, WREESHRNSH
f ORENFRABSRAABENEE), B4, UIHHRE T
T, EERERAE, KHET BRI 0 PD B 6K B
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HREWMHRE. BEi, AT HE PD B AR, THEHITE N
EMNENETFTHITH PD B 5 A B (Statistic — Based Primal-Dual
Mapping, SPDM), FHEH AR IR EENE-MERNSNEE, T
RBELYHNABHEMRAHEERREEREHTER,

TEX R TR PD RS g, BREEMEANSSEH MR
R—AEENTE, XERE-FARRaESERCSRENEITE
BXRHBEMSSINPD 2 HEBEN L, #p(i) HEEMLK SN
PDZEHMME, i=1, 2, -, L; LAEMBPHS s EERAMS I b
BB, s HEEAMSHHBRE, T 0 -1 /EEM, FE+
fu=1, 0<f,, fu<l, fLEEBBWEMERM SR i EMEEBERT “17 B
BE, MRS HEBETLREO, BAavgEIHHRET RS TR
Hﬂﬂf’ﬁfumﬁﬁﬂﬁ—gﬁﬁﬂﬁ {fu’ flz’ ) flLi ﬁﬁﬁﬂ%‘ﬁﬁlﬁﬁtliﬂkﬁ
BN SERE, WE9.3 s, p(i) AR :

0.5 ~f,, f,<0.5
p(i) = S (9.12)
. -0.5, f,,>0.5

oo
0 \D =—

PD BRATHEE (p(i)
ceopeooo0
R R R -

007020304 050607 0809
EHEA S BEN 1 & ()

B 9.3 HEMMSIM PD B KSR

BB, WMFoHEEEEERE, AALKITEp(G) BaBRE
—REHEE, HE 9.3 PREBEMNY A, =0.5 Bt p(i) =0 BUBR/ME;
Weo=1OHp(i) =1 Bk, WREBHEER MBI RENSEEAAN
ERED, ENAFTPDEEMNBRBRK, XFEEEERA—-TMER
WA EASBENAENEL, REXMEFEITNBRNITE, B
R A B B EX PD EEHITEMERE, 2Hp(1) =
p(2) = =p(L) =1 Bf, BEEBWE PD Peiirik, B4 HHT -1
it o i) B 8 44 f A SPDM. 5 BBl F o
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1H8%:. o1 04 08 03 07 02
BAEE, 08 02 06 04 04 06

REGH: 1 ¢ 0 o0 1 1
BEetath: 0 1 o 1 1 o
PDBRS: | i

1 0 1

T B B 4K« 1 o 1

9.4 —MENEBSHITEAAT

9.6.5 PDGA 5 DGA

DGA 5 PDGA B HEMBRETERAA P ERAF LN MEILH
DGA REBZ TERAMEFERBRSE P NEB MKW BEER; T
PDGA F RAE GRS £ D(¢) FRFERRAEAF ISR A XM
Bk, #R1M PDGA #1 DGA Z AW AL AR, FEEIRLE DGA b HE A
Btk AKBKEZTRIERN, EMILRAEN, EHEERMAEH
BLB, SEAMEPLEMREREREB K, W PDCA ERAKERBAT
PLEEEBHENSE T, AREE SR EERMKEEN ST PD R
&, TiEAUYFESR ARG ERENA S ER AT,

TEJE B PDGA o, SHEY AR RAZME—K, mHEHUIBEA PD
B St £ P A e T A HL 2 B ER B AMA . (BB B T AR B b U{LE R
Bk, BN, REASGER—RBETNRZE DNA o T
BB 4E ), BTUL Yang B PDGA L Pr E BB A T — RO &8
B, TiZEsk B SPDM H ki PDGA (FXHR=Z H IPDGA) H, — ARk
HENEERNEEZENREER, XS5ARFPHEENEESZHEM
ML, BB R E TRBP OGS RERGE, HILIPDGAR LA
R E—F SRR, XRER, IPDGA BBBRIFE R ZHEHE,
BB TEAS MR RME, 1sh, SR PDGA ik, B8 —AAFR
£ F IPDGA ERE— IR AKKES S PD 2K, XMEL TH—HH
WL R B, PDGA 5 IPDGA FHE A 9.5 Fian.

PDGA IPDGA
m UEFRRRES B UEREREHE
B AMERERME—W B HERERLEN
B 5 B hEEE
[ IRVE. ha Fing ey 3 205 B F-MNEREHTPDES
BFAMERIBERR

B 9.5 PDGA 5 IPDGA W%k
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9.6.6 PDGA WyfI g

BT RBIE PDCA HRER A BMALR B PR, —XEHR
RZANREY; 5—-RRE-HAELFISHEARNE—HERE
Rl EF ., #ZE5CL H %+ IPDGA, PDGA, DGA F1 SGA #4178, & GAs
BRA—HENBEETHSE: BRBRDN=100; BFRXX, XX
#P =0.8; iR, TREP,=0.001; ELLRBEFRE, FEHE
BHLARMTREFTAMNMEPBIFH N EREBT AR 3

F PDGA, a=8=0.5, §=0.9, nM=ﬁ, n,=1, FIAMERGERTR

2
EAT 100 WP MH
BT FRSMALRERE, FAFELE-NIERNENRLR, B
P B AR R IEAR A R, TR T A 3 R B 7E M 25 (8] P9 BAE B 3L
#, FREEXA—MEREBEF—RBTHERE «, (LHRET—
REBUBLBOTHE) EXNEEEEMIFAET. »; FTLTH
W

T
Xy =_1T"" > e (9.13)
t=1

o, e BT ¢ BN L FTIRE R B IR, T D BE 2 3 RO R 0,
A R B R S R BORBOER .

1. PDGA EH BTN X BB PHHRER

EASRP, hANREEE— S ARSI R—EEE—
ERE AT EEER

(1) #SMHmE

@ {r T B [B) 2

{37 G B[] B e — % TR 10 8 v P BE A9 One — Max [ RE, MAH)
EEETFE5 A AENFEFBMALREMMCH LR, XBEFEHRT—TK
HE 2 100 9 i i A TR R 3, SRR AR D 100,

® Royal Road sE %K

Royal Road B8 ¥(&:#)J& HH Michel, Forrest F0 Holland £ I8 K, X B
s Y fE— A KB 64 M H 8 A ELER 8 L Building Blocks By {7 &
F. BBHEEERBITREMT

flx) = ZW'&(") (9.14)

1, xS
N =1, 2, -, 8, S = {sl’ S5 S3,

Hrp, ¢, =8, §(x) ={0 it i
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Sy 855 359 S, sg} kA

s S T T T T T T T T o oo oot ok kot b ok ok ook o ok e ok o o ook K ko R KN R R K K
s, ook ok k] T T T T T T T % o ok ok ok e sk ok e o ok ok ok o sk ok ok ook ok ok ok e e ok ok K ok ok ok ok ok ok ko
s, I L NN I T I L I I T I T oy
s, mkmkoteoknokonokokokoramokokok ok okokom o] [ DT T T T T oo o ok o ok oo ok e oo o o o ok ok o K K K K
ss=*******t********************11111111****************************
e makmrkrnnsknreenrhikkrrrrenkine ko kk| LLT11 ok nnnnnescnneecnennnx
s, ko ko kok ko k ok kok ko ok ok okok ok nmmmkkokok ok n] TTT T T In e mmmmseeomnnnnn

s, SRR R R R AR Rk Rk R Rk Rk Rk ok kb ok ko ok ok wk ok kb kokk ok ko rk k] [TLTTT L% 4w x *

Hi, RPERMER 64,

@ Deceptive p& ¥

Deceptive ¥ E—EHEMEARNBEEEHR B EAM R,
X B 9 Deceptive pREX R H 10 M AEE A 3 Hr55 4 Deceptive 3L DF1 #
#MR. DF1 it nT:

f(O 0 0)=28 f(0 0 1)=26
0 1 0)=22 f0 1 1)=0
f(1 0 0)=14 f(1 0 1)=0
(1 1 0)=0  f(1 1 1)=30

AL, B R R AE D 300,

(2) FHEMAF B4

TEHNME—HBEAEHEHSRET LSS MUREH T E. T
—ARENHEHAESSHRAREE(x), AE-ITHEFEHLRE
MF: B, MY EREBREMERHITFE - ZHWER T, R
BB E I RaEK s RITHER: BT, XEOERRHART,
A 1L =0, 100=1, 0D0 =0, BEFHAR « RRLET 2L, B
LKEE 1+ 1R, B flx, t+1) =f(x@T, 1),

B LRSS AT EAA, SR REL X R EITR
AMEMAEETEER, RESARELEESERRKASRNREE
R, KIMBRBHHREMANG, BERERA, MRER
TR —f 1, IRARBEF R Gk x TEFEFT A0S B i X R 7 ) (B
BoBUR, WREDL, MOANTBM LR 0; MR THEKRE—AN
0, N x BOXERLRORRIFARAE . AT ILARAR T b 1 B Q0 i S B RE B R Bt
BEAREE AL BRI . T s RABAR 790 1 IALBT SR EE R, WA B
s (R PRI AL AR . K s %TF 0.1, 0.5 F0.9 843 LR
TR, VLRI EAR PR,
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(3) EWERS0H

BB AT 7 &5 GA B BUICRRBETHLRER, &K
BATARHP B Y 2000, IEME RS2 200 AR A —KEL, BETH
HTEHEEEHT 104 BREALERM, H9.6 BRTHM CABE
e R 38 AL 35 BE B 3l 25 £or G g 1= A i P B

100 7 100 100
90 }/7 %0}/ ool MY RV Y Y
80 1 sl AAAAAAS fé 80 1A, VA A A A
70 P VYRRV of VE YV VR
60 { 60 { o7 |k PR
50 ] sob | { so} ! AR
40 { 40 { 401 | ARNE
30 1 30 { 30f ! SRR
20 TThA N 20 T boa || 2O o aes
10 — paafl 10 — pooall 10 — PDGA‘J
0 . ) —LIPDGA 0 ) -—IIPDGA 0 ) ) — IPDGA
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