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TATCE WL T &MY, XERR B R 22 2] 450, H S 808 A8
EZHOY LR R IR X TR, FEE T R 7 03X — 25 2] S5 R g AT 1
o XTIXELLERY (ARG ARG LHSHD TR, B 7 /A%0E A
BTG DL, ZHCR AL TC L LA e, BIARAE S5 T Cn H b ki 4
B LT, TS5 A B PR 25455 Wit & BRAIEACHRNE, B W0 & eyt
1TthiAb. FRATETI$E B MEM&A VL. &40 iE. MCMC. SGD, AR F—#E
IR TDRE VLGRS TIX M 7. IX B8 7 #8278 45 F AT 25 1O fie =2 TR0 A5
B IFRILAE B AR SR A, DR TR Oy B T HE R I AR AL O ke

TR TR BE, (A2 H bR 2, S A, 5
J6, X2 EIRATREAS B B fE A AE B R 2 R, DR R ReAe 2R T A
efdgs S—7J7H, —SSr MR Ak, S aME BARMETHS. #linSGDRR %
YATIEMHE B B, (B — 55 BARREUR AN IES, XIS R TG
AT, Ha A R AR vk, R E IR LB AL, WK H R ok Fon) e
AR AR AE, SRR TR AT,

-] (Evolutional Learning, EL) 24t T B —Fh22 3 71k, &XM2E>
J7VEAS 2 8 I HE B R E A AR, T A BEATLAE B — SR BRI R, P X EX
SefR AT A IR . X PR A -k 07 R AT, B RIS 2 R R, X
B Try-and-Error’ )5 ] T A AT ROy SRR . MHEBVEARLL, RFEAR R E
W, L LR RSN J1. Rk, ELGH ¥ —8 N T8 et 7t
W SKILR Re N EE Ty vk. AFRH EEHe A A ) Tk iE
ik (GA) MBHEgRFE (GP). [FBY, BLAEHFRIHNA BN : Bk
HIBEALACA 0 7 J i Feiss F B A T e AR TR e T A AR TR
AR 2 5] 5 R BER LR AL 7 725

XXiii
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9.1 ETRENMILTE

XEPLER M S, ST SEI AR vt & B AR AR 22 o 2 L s ELU
00, AEDO ARSI AT A0 A DU S AR X DAY P T e A% 595 77 925 35 T L0 e 1 L 1y
R ZHNRAAE, X —TE AR HEBAL A 3K — T3 30 fi] BB
AR, BAESEPRB I, REMR A REARH 2%, WU SO AT HEEAE
TEARF R, RFEPUAIE B BERLA SORTE . IF3 A i g2t AT DAL i 3.
XA TTIEA SR SR I B AR, BRI ] AEAE f AT 55 d M. b2
FALHR HRBEAUACVERS 2 A REAC B8 5 A, TR HL R R s AL 5 ST TV
e, A ST R RO AR S ST RBEAL AL PR Bkt — 2D dh e, R e
Iz KA LA E

9.1.1 %3]

BHEEZATMN T RE R IRIT 4 RE A AL Ir A, b A AL I R
74 VAR KR e AW R R G2 A s R 2%, AT REAT — FhdfEER
W7 RIS X — RG> RRCEIREAT, X —HRRGH
77 I L BATRE R A B 8 (I AW 223087 A R AL & 75 300F A ik %
e N B SR S I, S RN R AR 2 5, B AT SEEILAR 5K 2 (]
S ARREAL [13]. N LR RERISBIRE R X Al 31 5 sUSI A BIFLER 2 2
FRONBEA 2] (EL)e 31X — % ] JP iR ARATT LLRT A 435 192 2 0 58 A AN T«
AR 057 33 07 308 — P ERARAL, A — Rl d SR B s 0 4 20, i AR
FTPAT B2 —FeRAE 22 2], R BN Bk SE LR BRI LAL, 3
S8 b A DR SR A 1) 2 2

FARTTF, A 52 SRR W) 2 DR g A 3o e o A Y i R kAT e 4K
X BRI T DI f] B 2 A, SRR i 4%, st R R A IRV A A
R [EIRE, X BRI R AT DL fAT S A S e R, T DR B AR R R R
Fo BLREAE— MGG i s s i R A v ) — AN, A — S BELR
REHA, JEFEALTTAE O N S H el RS2, PR HARE 55 1D
FRTA RN AR, R AR, R R A R IR I, B
(SEUMNT FyibE = (G BUR i
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b, WAL N TR Z BN - I B A AL, R
WLV R Es R 2 07 3 ln, B RAE19484E ()5 /F (Intelligent
Machinery) —3CH 2R [63]:

There is the genetical or evolutionary search by which a combination of genes
is looked for, the criterion being the survival.

XS R R R ) AR, 19504F, EIRE—DIRH [64]:

We cannot expect to find a good child-machine at the first attempt. One must
experiment with teaching one such machine and see how well it learns. One can
then try another and see if it is better or worse.

N BE R e IR DR A 27 20 B Bk 2 AR T3 — D5 i S B0, B8
P FABATT S N T BE A9 2 JE 28 3l B R R 20 1 R i B i - 0k 9 2
21T7E, BN B E SRR 2], AR TWAEE . A
B —FE I 7%, EREANR, (HREG LRI, 5inT DRk
FEATRTE SCH) 2 2SS e RIS TAL 7 AR 2 IR R A B [21].

A% 5] BRSO AR K LK (10, 5], XL RV TR Z P AE T
SRR AE VA R R AT B0, [24, 12, 201, 604X Rechenberg & H 44 5%
(Evolutionary Strategy), it MAAL 7 FHAAME. Rechenberg ) TAFE{E 155
WE TR B EA. FIFEE60EAR, Fogel# it A4 fE /7% (Evolutionary
Programming, EP), X A BIRA B3I (FSMD) BIZ 8 iiEie s>, il
42 T SEAF R FNALAY [22], 704F4X, John Holland J¢ F 27 A of e A S 1%
7 T AACEE I I AT T — RYVEIRIRYS [33], AL )15 DUSOE.

R GEHITE A 2 >0 AT DL e o i 2 () R RE AL R D508, g — N aEs
SORMIL A T, AR B B 2 H) B BV E R as A, 23X — il 42 [a]
R BRI X — T VRIEE RN IEAE 5 (Genetic Algorithm, GA)  [33].
BE—, AL B BT, BARAT — AN ENURR AE Ad a) rh  —
AR RS T A TR A AT BERR b SR B AR, X — TR
R EHFE (Genetic Programming, GP)  [44].

9.1.2 #H4R¥ 5] HREMKEAL

BWAE T B S B SIRBENLIL . iR S E AN A
ZIARAE HIE IR, PRIES ARSI J7 AR E ;s BEMLOCAL AT BLEIE B i
A, WA SRR R R B R . X RR S S U5 R RN AR AR
PRI BORREALE, DA R SE IRMEEA B bR BN &
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BRI AR B MR BENL S FE R S FE M. AR, X BEHERRA
2 S AU AL ER S TR R A, BOXEANMAREAT BEALAE e A AL £

BT (P FEAR 22 2] T VA B R VB S VE (Artificial Bee Colony Algorithm)
[36]. HiFREMALELIE (Particle Swarm Optimization, PSO ) [38, 58]. A Li&
5075 (Artificial bee colony algorithm, ABC) %%, 74 ) B HLA AL J7 25 42
LR K&y (Simulated Annealing, SA) [39], WA EA FHEAR A S RHE
2E S RFVL (Tabu Search, TS) [28]. FIA# R 5% (Harmony Search,
HS) [26]55. X ECHEFMAY A I TTEA TANE, — 2B AR
PAEAE R, RAEE T IR AR (B R ) BE A
PRAZ ). SR, IR LTIk KR 73 #AN T AR VIR BRI S 24Ty (i &
AED, HASEE T AL 2] R A £, DRI AT LA g AL 2 S 3 <40
Hik.

ARG B [P AL 2 2] iR AR EE (GA) FFURTHE, FRRZ 7%
T RINEL R (GP)o S5 A KA 21— L B (R AR 2 2] T i A BE LA
I, FEHER eI,

9.2 BEHEE

BAESE (GA) R TR EERNEA STk, & HEEM A
AT, ESERENLA S AFIRE, BRRE RS AMARARER A B AR E Y
fipfo JEIT R PR R B MR BT UL, R T ISR R A A AT A
NEATAANAAR S, AR AU, X EE R R . b
Rk BATERIEART, fdE T R AT S 200 R,
0 fo I A 1A R N H o i i A A e GASELVZEE H F 3 4 RAIC A 7 v 3 LA
RIS R i, 1] 9.2 — AR GABR T 1 WIERZ&R B 1. 1 K
TS MIE, BMEETONESETRIG B R&ROIHER 2k R
FRMGARFHATIR —80it, 2 —RIEMTI)E, GAKRIL T WmE xR
AR H = 2R R 2,
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Fig. 9.1 HIGABEW 12016 NASA STSF 1 KM KL, #ONHIL KL (Evolved Anten-

nad.

9.2.1 H:ER

GASLE IR MBERIM L. DMREEE, MBEEMT =108, @dsRs
KB PR M. BRI

o FREERIAGAL: WIURAL —DFPIEEGy = {&}, AR ARE AR
%, MHRA YL (Chromosome). ! ZEGAHR, —ANFEEEI XN H FRAE5%
R —A B AR, A RLNAL R R OB S, BRAS AR AR R R ) — 2%
BIEBRARSE. IR T A~ BURBENLAY, ] DU T 5630 MiRa 2 5
SEA AU, DK g 0 S e TAE R, AR AN EERAL TR
FEVEREA . BEEERECER RGN, R T RS T R R
I ARE— A EER AL

o MRMERE: XS ATARE R AMABEAT VRO, AUORBE TR MR, RN
AMEERE XA PEAN I 75 0 E — A &SR EC (Fitness function) f(+)o

Uik skin, — MG kh s 2R, AEmd, LA EERREEA X 5
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FEAYIBEA T, X — B A TR s S A AR AR RE s FEIARAE
o, R BRI RIS, — REBUESS B H b B B Dy bR
B FETIX A NRRE, O VRO B A g DA E e R B LR IE
16 AR B AT B v R, (DN S 3 A A 55 AN AR 4 DL — s
2, DAMRUEFEE S AMEZ J k. X —ig )5, BIAF 21— rh e
WGy XSGy, X —Ffierh 60 & BRI A L B AN

o FHEEEAT: F T RIAEEGH T MR OB ARG . BT — A
PIRTT R A BT R A XCEATH, BEHLIE B A AME, X
PR ARSI R B AE ORI X — T O A 1 . 1
AMRAR S, BEHLIE RS — AN, 0 LR R e e TR B ATL AR B0 AN T
AT MR X R R . 2t EIREATERE, BRI R
MG

EIRA R R AR EATE RS AT, AR SRR REG, ZEA LR
FOREG), R EATH S+ UUMREG . R BIFE MR B 1 b B B
A Z R gaET,  DRET— AR 2 1 R T S e o A A A
IR, X FSGERENLEEAT R, AT A R AR — e MR ik
FEREERT, DA mT ARGt f s 18] () 2 2 VE B, AT B SR B e A O XU
2 IR AR AR IR B 52 RS AR B B B BRI (o AR R o i LA
B O 2 R, GARATE AR RE, B Rt o 1) dme DL A A R T
T8N H AR S5 1 B AL

EiRGAMREIE 920K, HAEANRSHER DK, BSHAIE
AR R GER R EED. BT A 2, ARSI Gl R pR U E
D AT S OB ROE AT, IR SR BRI AR, B T
BAG, AR el s F ARG X R AR, AR
RELAEZ IS BFmERRKAE (B R OF R RS AR,
[ IS R R TR A BTS2 S 1, ORI e B R AR L 2

922 Hxkm%H

GABLIR I R A BB AR M 5, (EA e SCHLAH Y v fE 4 2 3 R M Ik
BATHRRE, WENPINEE. XSRS RS, wIanfe s, A
W FETE, MREEATT A, A AR, FRATX X 28 A Al — AT,
EZERZ% [67].
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Fig. 9.2 GARET /ML F SRR EATLR. B LM, SRR MR, &40
BSRE—ME, BSHINRMERI R CEMBHE), HHERNETRRIE
A R AR, URB R EE TR Sk $E AR AR,
B PR A I 58 X BEAT AN A e 2 T AR X — U - BERT AL A8 4508 L3 7 1
BRI B A RS AE T — AR P A B4R AR M E S,

AL
B

| s
——
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HwES T

BE DK g b U7 AT BE SR GASRLIE TR s B KR 2R, G Al 7 sUA () B4 o
SE A8 AR S PR B AT I SE BT, 2 B R SR R S . B e
gy RO RIS (Bit string). X iG] IR R KA E, W
A Sk KRB E, IR Gray4ifiy [32]. FET ik gnAs, 2 X ERAE AT AR
SIS e B e R, AR R AR v SRR N TSR A AT R %
REFEHLRFE. N — T B 5HE I Holland HEAL BE S AR KRERE 36T — 3] B 4wl
(33].

B 7 b R gD, e R R TR A AR Y, X BT
FHRLAE AR 4 e, B0, X PR 128 5 A R B T A AR A A
Cans o0 A, AR R s A8 R 0 . SEIRER I, T R gnfidfE
— BB 4% 1 I b 3 ) A R 4 RO (3506

B0, FREERIL YR BT RS S IR D CnfEal. HE
e B IEFRS). TEIXLEYmAD b 22 XOMAR S48 /E 3 TR ARk v it el 2
GEAAT S5 T SRAEE T AT £ 1T

iR gmaG Jy R B gD, B S AL ERIRESE. WK
T E R gD e B AR AT g, A5 B0, — AR 7 1) I R 2w
BT X — IS GA ] LA 2 AT 5e il — AME S B A2 A7 2, R 3RAT S 1
BB E AR (GP).

IR R

M B REGHEAT AR L £ LUE B P R ARG, WA IR 2 AT R &
L P R B R S Ak — A R IR B RS A R R B B PR BB IE B B
A A ) 3N BR BOR fi ARRETR BT AR @ B BONF, A A
%ﬁﬁ%%ﬁ%?nzéo*ﬁﬁﬁ%ﬁ%@?:ﬁ%ﬂﬂ%%ﬁ%%ML
K&l i | r, SRIE U HR i — (i) VA — [ AR X EHEAT BEHL A
flle B, WRr =15, WERKEEEH—0, 5 LL0.5J9RER X EHEIT HEAL
RHillo HULE BRI A1243 MR 25 4750%. 402K = 0.5, MEANAT50%H)
MR EH 13, S 50% M BER AL e X P IERR N AR B BELR R
(Remainder Random Sampling ).

AN I PR RS T B RS R R e IRX — R R R, e
SCMAGARI R E . — P A] BRI J7 V5 2 0 & B pR B ALk, R 9 MR A
SR i A BEALIE R, DS ASKE Bl 0 38 ML R BB AN S0 A A e 8 7 A e )
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KREIFEM, A — M) BER TNERATEE LI BARME, R EG B RR & B
PEHER?, BT RN MAIR P — € R bR, KBS B MEE . ©F
RS AR RE NS EM, At AN R IR A R RE A e
2 WMAKRERT, —MIEBILER R AE BN, FE-AE
REI MK A RER M IERE /), X — I RE W RE eI 1 AR SR A RE AL
SR it 2 ML ARG S DR A A, B IR B g A (138 7 R £
e bR IpE BARFT] LLAE — @ R E _E R oo 2 R KPR TR L, (HGASE
A OUE T3 R B R T B AR S5 b, R — AR AN B 2, W
RE 7 2255 e L e A R B i 5 2

e, B9 ARIE A DR FE ARG N R BN, T B AR S5
FRRFERBR A, AR/ AMARE P, FE K ADBR 145, IR T GASE
TR, 7 EARE AT 55 X 1B SR RS v

SITRE

A8 XANAR 2 B L (R PR P AT M. 28 SO 2 PR A S ] 4 B
TEBUBT AN I 18] 51028 USRS 2 5 i 28 S, RIH PR AR AE SCIR A A 55 A B
Pk — AN X R QEEDNRARTER K EAH S, I8 RO X A
FEPRDE SN AL E 1D, AEA XA R I SCAREE K] 73, FFREAT 2 v BUA
e, W93 (a) From. FHE A —He a8 XORME & R M A8 o X FhAE X7
EBEALIEFEPIANZE AL, BOXPIANAE X A] i) L D8]y B B AH AC #e, 4] 9.3
(b) fizme. HEHRNE RN SCRIEHA/RA R, 2 S8 X4 /g X
(Universal Crossover, #—RrS7ZFENL B #) 25, (HIX L7735k AN i

F¢ 18] 5 PR A8 S SR O A — N R B ST R AT BE AL B 4. X T R i D
Kebt, IXAH YT — A R HME AT B s X R AR U, — RORT
TN AN B L P . B R AR S S A R 3, 9 ey DL B
WU e B — A28 e R R B, i Be R AN R R il AL AR 4. —
SERE AR B, A8 XORBS T REH AN EE, E—L84F 55 TP AU A AR 57 S ms i m] LATS
FIBAF IS5 R (2116

AR SGERE S, HRIET ARG RS BN R, I EAT5 3
B R — OB A A RE R . R, XSRS A S AR,
FEHX M EENLE R E L RN S ECU TR ME I E R, T
PSSR B s o /N BE ML 2 ok 55 P BE (0 A 22 ek, 5 5 B N ) A i
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Tz sl = 5] [Ae els E ]
+ = s]oe] [Aeol=+ =]
(a)
| | |
15 sl =5 [REcls =
["[ec] = 5] [aAlz s[5«
(b)

Fig. 9.3 Z35Ng. (a) B piZZ X BENLIEFE — R (Otafido, WX R
B RAGe A, TSR B BASBIPASE R k. (b) PRI SOHNg: FEPN A G
B PSS X e — N B SR — R R B R k.

Mo IR AU ST A A P P BT 2 B T8 0 2 >0 S35 I 7 2 B 5 25 FE Y I
.

B 1A XOMAR S, 38— ST RE T B EAT ARG Biln, AT ROREAMAR
M, AR D HRYERE, R TR R A AR AT 2 SRR 52
I FOVFAS 2R IR R BOMI X AS, AT $2 e B S PO RE RO = 1 RIS BT
—ARAMAETT LA R E T 2, — e R B R AT DA AR O T IR R
R 3k R R B ALY REBIMRE IR, AT DRI 2% SR 5 S A B P o T B
(1]

HEEGARIEY T BRAEAT — AR MR B A AN R 58 AN 57 o 7 o R BE AL
e E 2k, BRI R R ER L — A TR AR R RN — A XA
TIERCONREJERRE (Elitism)  [3].

fJa, GARZAEVHA IR, HERSLI R R L EZ 26
Mg, HL b, —teBATR BRSBTS BB
R BlUnBATAT BL AR VF 2 AN SCAIE L A A B AT A A R, XA 2 5%
FAAEE M R RAAFAER, (BAEGAH AR 13 BIAES (I PERE (1716
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EREMH

AL G T HEPL RIS AN TE CIEM, A2 70i%55) ANIA], GARIYCSR
PR TCIERAE R, PRI 75 B0 — S 45 SRS A SR A W it A o 7 2 15 75 22 45
W WS AR RAF R SRS, — 2% WA 45 R 2% A B

o B CIA BRI B OEAIREL

o YHIANEER ORI T AR N A

o R JUACRIE A AT A DL U A A5

o EB|SEFMRMIERS], WsiTmfE, HIHES.

K B3R 45 R 2% A 52 I I GARE R HF A RE DRAUE S 23 B A0, TR L IE T 22
XYGAIBATHT TR LU 2 2 T 58, WSR2 AT 13 2R BL K 45
D5 2 B A A SE R AT RE R AL VERGA— R T SR AT 30 2% 1 i) A,
N R 2 Ty e A AU e A, R L 5 P T A B R ) A S )
e, BB I8 Ty V2 R AR RT3 R

MR ZHNAEEF A IE—F, CGARENSHETE R E. XS
G (D MEERRDN: () MEIEFEMBRIE R (3) 28 AL 7 5wk b
MIBERLIE: (4D SoREARREL K B AR 55 1 1% 5 A I S ek 250 B AR T =K,
X SRR SRR A R R BB A AR ). I8 T DU T — AN TR R B X
S, RUONGATVEAR G HIBENLYE, PIRET 22 I 1TGA R # L 5 —
S, R, WEREERE S EENSEOE. B, R 2R
T 0003 7 1 B R 2R T DU 19 28 ORI R S SRS (I BE AL . IX PP GA S 4L
5B &R AR HiEMNGA (Adaptive GA)  [61],

9.2.3 #ALHE®

B L, GATER A BB Rl e I #8 2 ie FE FUR AL R AN AR (MR ),
FFIE TR R R AMAREAT EAT AR, ik, W MERGARE L
ML R REAR R, AW, £ LW PGARA A EIFAR
Syo WERUEAERTIAT T — RIRR, KIAEFLLR B FT
BN R R R, T ) ST S, A B N R R D, A T DU ST
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FIEGAL FE I FE S R (K], A5 LLHolland [ #3 *F TH BE WL R F£  (Hyperplane
Sampling) Hig i, THIGAMRA Zit.

RS- T A LR A ARG AR S (8] O AR R 0] 43 2 AR )
ST, ARSI S T I MR CRTFRORARRFEA), M ix st
AR IE S R BE T35, BIAS B0Z08 T & R R A T BLIER], GArp
A e 0 R o s B DA — e R0t BT P [ 2R AT R R AR (R R, L
HH AR AN ST 1T SR A5 A AR SRR 26 0E L T 12 S TR 3 B R . RSN S
THI )3 B B B B ROR 2 P T b (B R R b AR AR 2. 22 A
A B IX — SR AL JEA ER RIS, R EFEARZ YRR, £}
UELEREAN - 1H b R AFERE A 5 08 N R B IE B K R A 2l B, DAtk
GAIEAIS AR AL A o 1A AR T i %7 R 28 v 8 1 1 SR e

DAL= g R 2= (a o, IR R 1) 3R RS N (b1 babs), I3 2R 2 ) ]
FORN =G B — AL, W 9.4 Bior. WRIBATRVFZ IS
— o B AL AT AT S I R B AR, Wz gm i i R — MRS,
X LCRE A oy A AE — AN EE P10 b 88 1 1 A B 280 e 2 i v 3 38 1 A5 1 S 280
S, A AN EHEEEA ISR — I P, S A e R A AT 1) R A AR
K nBrEE 1. BN «0) 2 — > ZFriE i, fER 9.4 RIR N A,
[ N —A—BrEFE, ER 94rh R i IRESES], M—A4
KALR) il gats, wTLLE 3E — 1N, B0, 1« =Fhik
P, T [k VR A A A AN TR NP

TE—AN 4 o) EE T RAHGBE NS, GARE R b i A4k
XA R A A RSP AT R A TR AMAE R 28 — 1 NP (B
—ArEROR B JFE, BB E, HACET A AL A4 S AR, PRt AT
AT B ELE B R B, A T2 — AN T T R IO — N SR A
fEe SR — AN T H (038 SRR BON fir > TTZ08EF T 9 BRAE B e TR
MAmELEEAMRIESEE, H N BREER A fy BORK 7 m 4, an R RATR
F AR B BEATLRAE S, DAY SR 30 r [R) Ao B P 45 A e 1 1T H PR SRR By
W x cgo P 9.5% H—Mol ¥ BRI AT g0, A (AR EEAE AN RS T
RFFHS 3 T 18 B R O A5 B R AR . (AR, R
B BEATLRAT I DURE — AN A 1) 3 . R B5UE A B 2R AT AN A 2 ) R BE B AR
B TR 75 8 BN T SR AFER AL, (X — SR i S A 480 M A ik
P 5 P BT B A EC S TR R 2R T ) Y pR AR B B X
S K5 ST NVAT R A A ] N N IR il e o G = A s R T e A
K.
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A
(0,0,1) (1,0,1)
(0,1,1) (,1,1)
(0,0,0) (1,0,0)
(0,1,0) (1,1,0)
Fig. 9.4 =45 P 1 3 G PR T . STo7 BN TSR — /N L 4D,

BB —A T, B EO—A—Br . i, 3 AR R AL« 0]
AT I RS, R TR B [ 1) ARG Y — B i P T

Schemata and Fitness Values

Schema || Mean | Count | Expect | Obs Schema || Mean | Count | Expect | Obs
101%...% || 1.70 2 3.4 3 FORELLE ] 0.991 11 10.9 9
I+ | 1.70 2 3.4 4 00%*..% || 0.967 6 5.8 4
el | 170 1 6.8 7 0%, %1 0.933 12 11.2 10
reF | 1.38 5 6.9 6 011%...% || 0.900 3 2.7 1
L 1.30 10 13.0 14 010*...% || 0.900 3 2.7 2
R 122 5 6.1 8 01%%...% 1| 0.900 6 5.4 6
TR 5| 1175 1 4.7 6 0*0*...% || 0.833 6 5.0 3
001*...% || 1.166 3 3.5 3 *10*...% || 0.800 5 4.0 4
1R 5] 1.089 9 9.8 11 000%...% || 0.767 3 2.3 1
0*1*.. % || 1.033 6 6.2 T 0% 0.727 11 8.0 T
10%*..% [ 1.020 5 5.1 5 *00*...% || 0.667 6 4.0 3
LA 1,010 0 10.1 12 110%...% || 0.650 2 1.3 2
e ) 1000 |21 210 | 21 1*0*..% || 0.600 5 3.0 4

100*...% || 0.566 3 1.70 2

Fig. 9.5 A F i (fHSchema®/m) WG M KA (Mean). AT FHEERFEEL (Count).
WIELRREAL (Expect) IR T AR BEBEHLRE B 5 A A ) o I 2 128 F T ) S bR
B WFRATTH, SXEATRITHA AT R ISR M=i R R 24 TR R B 5L
BFRE 4.
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ERGE IR VSRR B T T L SRRECAM (H 1),

b+ inter IR F 1 AT RR B, e T A SRR SR A 7 3 T
DECESP

f(H.1)
7

SCoP F(H o) SRR B e A AR 107 SRR 136 7 08 B B8,

PR BT BEAS 0 .

(AR, IR 2 AT BEE A i 3 — 5 L T
2 R A SRR AT, (RS AR, T 7 A R,
TG NEATHG. AT R . ARER I, (RN A Y
Hems, EDBNLE B AN, AP R AR E 5 X RN,
A PR B e, W93 () i,

A% 5 AT T, % 5200 258 XM L 0 76 %60 F 1L 0
TRE. PIOREERE], MBUT A URMGSS, I A R T L
W T T 7 A A, B R — FORBEAE 2 P O, 4R,
ST — BT, AE 50 YA SR 2 P T b A A, [
58 XU A AR A — MR R P T b 00— R P T [ 55 5]
RAE TR TRRAE MG, DA b REAE I — A, R R
R T REA BB —AMBEAR IS — BT, A3 5 —AMOREA A 75 R T
T

S T2 U b R T, 50 S M 2 15 A R 1 R A B P T
R S T 7 A R, S I BT, R R R B R R R B
PRI R, AR BT AL G BRI, 58 XM 2 B At
. R A T

M(H,t+inter) = M(H,t)

©.1)

INETEETE [1 % % % x1].

X5 — AN, WURAE U2 U E, WA TREAR S &F
—ANEZE I b, TN T8 AN, A8 X RUELEAT AT A B A T Re AR
PSS JE T i T B FFEAR. i AS [B AR = ) R 1 T E 28 XSRS T
WREREE, & P IHIHAHBSEE B (Defining Length) A (H)NH 14w A% 9 2
— AN AR RS — AN ARG OB B 0, ] 0 (RO AF B 15
35 ok Lo x Qo 1| [IAHBRER B9, 28 SO P2 AL IR 5 A (H) A IE L
K&, Rl
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RONAE SCHRME P A IR, LAZER gt K. 1R BIFE A2 XA, A
REEAR T BIRE — D NHPBEHLESE, B A 550 — DR AT Z
i B, A S AEROR, B

h= %(1 —P/(H,1))
Forh P/ (H, o) NI H B BT REAAE [ AR op e o5 gt . st 9.1mT
Sin

P = e T,
HAP(H 1) —AEE AT P R AR A e TR H R e, R
LA, D)
n= o (P20 9.2)

RIS XA R AR WA p MRS 55 X RAE,
MAS 5 XEAIFEARRAT B E S WA e+ VORI 2> A A
THH RN EON:

ML (’Ji’” A-nl. 63

f(H,1)
S
R AT — NS, R RIE T80 18 158 SCERAE B SR B SR
L bR R b, FEEE R OR SH R IR I R R AT B A 2 SR
PR BRI 15 5], 2432 F 00 o IREAS 5 [10000] 58 SR E HL2E XA
EAEE — AL Jai, BT A s e RS — AN E T N, K= 9.24RN
X 9.3, I, nrfg.

M(H,t+1) > (1—p.)M(H,1)

1 Y

f

f(H.0)
f

b AFRONEE T B U5 X ) SchemaiE HHo

W= H A R PR AR R, R — RS R N, I
P IHHE B 2 (BRI g b b e DN E0O . No(H). B 56TE R BINH T
AT e« 57 (0GR B8 57 # 2x F BUBR, R I AN 9 B IR i R 26 9 (1 —
p)H) o BT A ORISR PR A SO HEAT (0, R P #AR 2 AR R
B A B ORUE AT FRA = AR RHIR, DAL P 2 (R R e AR OC R FHUE T 43 3
TR RS ORI BE AL 7 (1) Schema g P«

P(H,t+1) > P(H,t) )]
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M0 - p T - pn - py.

I8 3d Schemae B HE T LR, FRATE BIGAR K@ i A A £ K i B AE
ANV T SR RE BB, AT AS A [ 3 I bR K05 v R P TR R AR AR, 52
XA AR AR AE SR BB A BRI, A AT = — NP BB & R L
Bl & — AT Fre X — i Rt AT LA f# 9 —Fh ‘Divide and Conquer’ J732: S
SEA R (0. AEAH B EE B . R 0 v 3 0 o (R PR ~F T A3 8k B %2 R
FE BAT, JERCON R IE S T AL (FRNBuilding Block). KN B AT
BURE N R BE, GARRAE I R RIE X LB Pl B ZAEA TR, BT
BACMAHRREE RS, & XEATE A G0 H = A, T HAMRH 1, X
BT L EMHE GEE, AR GRIE), TERGEEEP g, AT
733 5 FLAK () fif 7 1] o

SchemasE P45 AT THE M T —INGA R M H L ke, RARBHNE R
No AR, X —HEIRARKFRRE, FldedaHEaEsEimdiEd g
TR (B AR B OGZR,  RI AR MEA5 B0 GAR 35 (1) 4 JR 1t i ke 55— A 11
J X — BEAR XS AR S SR ME FEGA T A AR AS /2. FiSchemalE B, A2 7%
PR — R TIR (1 — p)°W)), X — R It 2 B mi i A M o P
MBI, AT BB + VAN AE AN B~ T b 10 23 A1 355 0 2 SR A URh
B, SIEEEARE. A, AN, RBAHZXFOR, GAFERT
REAR TREEN R B L, 7 A AR B (Prematurely Converge) BL%. 1R
ZHERI, AL ERAE AT gD X R AR SRR, s b, B A AR
BeAE, ] DA R RV BUT 1

P(H,t+1)>P(H,t)

9.3 BRI

FrUEGA R AN o2 B, B 1) S8 A AT 55 Th kAT, R
A VRARAERS R — LELARAE, FRIET IR I, B AT S0 4
PERERER 2 > SXMRE T A S D B A i R AT 2% 2] W D7 VR RR 9 8% g 1
(Genetic Programming, GP). WURANTHGALLIEGERIRKI T, GPIZE4:
E BRI AN s T IE R GPRT LA R GARIY .
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9.3.1 H kA rh

FEGPH,  BEANMERS R — N EIERRE, GPHY H AR — N A5
%, ST RN B R e oK fe. B 9.640 X — R Hk
I — N RIE, A RS NAOR N — AN RIS A N R Bk
AT RIESE, b SR G B pR SR B AT 12 S A B A R AT VR
HFESERA, A SCERTANAR 5 S R O MR, 38 —ACUR . Eik
AMEIEFERFR EATE RS AT, BERGIIFEEWIFSEE. GPRIEL
HFEMGAR—FER, RAAEA AT RANE B ek £ A BT Xl

R R

Run()

z=0;
if (y > x)}{

2=y,

% @ i Jelse{
I ® z=x"y;
§ % ® (& ® % @/%@ ®/®\® o
FEEIAA(L ME FPEFELT AL

Fig. 9.6 GPILAKERE: UL —FIBE, JOR A MAMAR L — ANk, BTN BT
OS2 LT (45 B R %A PR IE S R B 8 T V00 7 R B 30474 e i
B, TR SURVIS S A AR B, 2 R ATIEAN, EDRTARSIOR LR B, Frb
NI R4 S

ERE G

GPH i 51 B (1) 7] R rVfr) o SRR AR AT S . FIGAAN R, GPH 14
AAMEIE N AR, XA S EEEEE, X L(E S
HEAT S O E B, VRN g i GPH B H w7 e RIS 4T 5 &
BFES T HAERF AR EN R, BT REMRREN, X e 55 M4 (R
NTEIERD HEGE R RN — DR AR B 9.74 H— MEEW T
FoAr A i (8] 95 UARR —MRAERTF, X IRAERT N 49 s AT SR AR, JF
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S RIENSH il (MRRIERD i b — 2 8AE. & U BidiEEI )5,
FEANENE R B0 R ME— — AN, VR, IEEN T IERIE R AT LR R —
ANRREG DA R s IO B R AE AT AT AR = s, B s fER 24T
Tnde LRTEER ST LU — By e, Bl m] DL AN ) mO— R
B, Z TR A TR, W 9.8, KEEM R N BRI R E
SMIPAEEE N, EMRAEGP R [ E T HOD BRAT LRy — ML e
S 514G, DRI ATAR KR i o ST R

()
ONNONONO

ONG

Fig. 9.7 GPHIEEM &54, Hoh &AM 795 fAR —MRIEXR R, AP sAR —1
BAER, TAEEMARR A FERAE, TR M 1. B R iEvE R R R (K 5
BN max(ax (x+y),3/x)o ERKHA [44].

et

R G b5 A AR GPIHT U A0 BB I R 2. B0 A AT Ua 1k 7 A B Fl: 4
PRI FIIG KA a6 4. A RIEFRIA6 4L, # TR E 48 E W R Ed, B
AR RSB R K BR AT i, B 9.7 gD R B N3, K
BAEN Gmax,*,+,x) F CGmax,*,+,y). {EEHEWIRLS, RS S H A
Bld — 1Z BB T E S AR — N ERER, XT3 d)Z 115 sUB L
EPEERAEN S R, X —HIUG 7R BRPE VA AR R sE 411, BT A i
BRI Rd. Bl 9.9% A AVIAA I — A s i i 72
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Fig. 9.8 GP i T W B EM &5 0, H oW ey — 78, REW T Nae =
min(c,d)+ fo B KHE [44].

FERG RV T E T, A AT R AT AP AR AR — A
PEX R, BB D ERAER, ZIEFERIER R, &3 RO P AL 2
WA RAERTI, % SO e BT R AR T U B AR
FREEAE — T AR (49 /D, BRI A S 2, A8
KEANTdo B 9.1045 I KRG — Ao Bl A

Xt R P RTAR AT 3, AR I A B S, B KRR
PR I AT 2 FE . A RCRERE P R O SR ek, — e in
e, H—F KA, TAGRE PR R, 53 Raia LR R
(FxyRamped Half-and-Half¥J4a 46 ). F BRI AR 7 AL X i A RT E XA 4
P SR [42], BT U AR TR AR 1L 2]

MFIELSE

GAM — i i TH BN AR IR o I R 504 o 7 1 PR A X R e Sk 1 s
WA AR BEAT & 48, R EFEHLCRFE . X —J7E WM U TGP, R
A GPH AN ME R —BIRT, W FEBITE MM AERNET, I
TR IE AT 45 R AR BIE N R A, X — R IR LR, AN IE A M
BIGP%: 2.

GPH & F AR e B 7 vk 2  LE G i (Tournament Selection, TS) 1.
BIANFRATVE G H — M EARPAT AL A, TSTEELE 4 a0 P R BENLIE B — A
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Fig. 9.9 GPIEHEVIIAIERE, FOoREMRD IR, ZYIH L R AR 2 52 20,
W ep BT AR LA 4

/@\/\/@%
SN

Fig. 9.10 GPHIE K RBIRILIL R, (FOoRAERP B, ZAHIR A e AR R R AN 58 4
i, B B AR A,
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T, ETEPPE DR IR, X TR TR TR
A SOE N R EUE, TR AR N0, [, d T ROGE T
P BRI A, TOANR IS L bR K LA, DRI AT ARSI AR5 3R R OR 3 B
PEHEATHERS T AN XSRS TH52 2% (Rd BE R B o 52 AT SRS, [+
FERT AT TS J5 308 Y P A ACREAR .

TST5 i — MRSy BEAL T, E AN 4 BT A b 10 di A A P HE
15, TSR TR A PO FEAR R s BB R X — IR A A
WAL SEPR SO, T AORKR 208 IO MR SRR, R I8 & OB R (1
pEi A

XX 5L

BT HRCR i, GPH ) AZ B g AGAH 1 22 3K B AT 5k 3 X il
5 FH IGPAE X A2 T A8 Yo FEIX — SRME . 78 AN SCFE A (1) 18 V2
WT AT H % B BEHL E — A3 X s M, T H 8 Ly AR AU 7
S, KB Ty 1 LA AR S TS TERGHT AR, X — 28 B
WK 9.11 FrzRe B 9. 11 SCMET, Bk 25 1 Sy, (1358 53 FI T 1 (K1 S, T
DAREZ AN, tn] DUAH &SRk oA — AN B M.

IRAE XM SREA A X R R — FROR B IRATT A B 5
AESOI R R B RELYE, PR E B T AR K, — TR R AR
AT R 2 RN T ST RN, S T R R 1 U TR
K, BAROZY R D B, BT —/BE, afUET s Bt — "N e 55
AEEE, AEAF T BBR R 719 s e AR 28 ST B AR Bk )N, AT 4% i BEATL XL
(58

KT FHEE, —FhE W ERBENE AR S, Bz R s bl
AR B — AN BENLAE B X — BT AT 42 B AR 5 e Ky 0
ARG ERRX AR R T AT A 8 58 ORI R, T oy — AL
FOR,  HAS AT iy R T AR e FIAE SUSRMEAHALL, 7678 S 5w p 3R AT 1 4
T B ) A2 S SR O BE AL, DR S AR A D /N B T R AR 35 ) 26 4 A 5 AR
FRREIC N EE, S R R R R A e, B BELSCRER
FEAT R, AR EHRVIGE ML TN, e rr AaEA R LR (Hoist
Mutation) , 4572 % (Shrink Mutation) , BE#:%F % (Permutation Mutation)
&, BARTWII [44]. — S EIADE T E DO R ERAE AT RE R AN L E),  WKoza
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/
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Shz

Fig. 9.11 GPH)7 =2 X 5kMG. FEPIANSCAMAKT B Ty AT P BE LI 358 X adhy Ahy (41
KPR, T TS, BB R I THS), » TEBGH MAT.. T AIT H R BEZE 5 ) 6
oy ORGIRED) BiEFH.

(401, B R FEH A B/INBL I AL S A B . B — BN 48 K HR 2>
AR ROZ AR A HRAE (90%), RAMNMDEERIERZREIE UNT1%),

£ ERIaaAe. R XAL B, BN SRR S5 (A A
SCRR . Blhs, W TEER AR 1 R AR AOERAE,  HPTREIR S 1
RAERE, I i X EHA R RIREIFERIG . X R
BN IHFEINAHE, TRAEA RIS MO A,

GPE LI P & 2B B —Fh kA2 (Bloat) Bl fEGPYINY], FifErh
MR GEZEM R S 80 RFMHXTRE, HEad— B Er
HAE, X PR EZSBRSRIGA, (HREASFRE 103 B ok B IR
BERFE. REWUGAUNE TGP RN H A, WK 78RNy
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Jett. BEALE N IX —BLREAT TIRABETL, 1R 17— RIIBR MR, Nt
T-SchemaP i (AP 4 LB Q [52]0  — b i) SR AR I 1) ] 57k 2 %
MR PEBAT IR, PR MAR SRR TIOR3, B> 2547
AR ITCRAMARI L B [71].

9.3.2 GPH A EA

Mg

GPAURT AR T S a3, SR Z 2] LLE s A s SR, 1%
FEFFIRE— D PAT — R AR, ST SRR A e st (155, Wil
XHE R PP 2], RUATS B8 AR S TR %, M T 5E
T B, AT, ARSI E SR, R M RIERCRA
s RS A A R AR LUAL IR 2% R X A AN 25 5 2
MR ds, WEAEAGE. RPN R, RGeS bR
F e g A AR 0 R i XA — 3k ) 2 G R R g 2 1k e

A S5 R i AN TR A, b b A 60 25 LA 3R AR it T 18 n
H ARG, PP IR O N EERIAL) ML ar 47 2% s iU
PR TSR A RAF R — S A ae . HeR)ilil, AEgnidh A a4,
FEAT SR IR G Y P ORAT (K198 2 U AR IAT . $RAT 4% T LLEHLAS I CPU,  th
T L2 U SRR & RS, — LGP H Zh eI 2% [41, 23],

BT bR g U5 3, S SORAS SRR ARAR AR ) B B AR A X
Bettrh, AT LA WSE X i 77 AR AN SR R B — A B IS A B
PRI SOA AN BEAT A2 0 AT BB M. XA AE BT O SE AL CRIT AN QAR ]
X A B R R P B T L, BRI DGR ARSI (. X T AR SR A, mIxE
R EIRBATRENL B L, (H T B ORUE 405 I8 2 2 FE e 10 S ik 22
R A a5 MUY BUE T 5.

14w H5

AT RS, BSR4 S GPIERE I H T B, L T 2
A GBS S, SRV R T U A A, Wl 9,120, WL
B2, F£TE (@) sl aiigmis s, P KES RR T AA M
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Rk, FULR G RE DT H, IR HERRM RN R b, B 7 &
(b) P IS, XA Fo v 5 ML= 1 ity sk 9 1 G

Ve Ve
AN &

\@ \@
(a) (b)

Fig. 9.12 GPHIEIZAS 7o (a) APEMEEH, HPPIAREL B TR TH; (0)
SEA B, TS R R[] AT

BEEGP

L GEGAIGPE: TN A #5828 e Ta) A B, 9 3 T 58 SORIAR 57 28 o i
FEo 1 HFRATE W 18 Schemaie BN H2 2, X — i FEAH 24 T 00 BA S8 & N
PR P T 45 DUE 2 R M. AR, X R R R SRR, — M AT RERY
RETTVERARMUIL R, X S RAREERE, M2 & T Aar it
AR IR L R U S LR A BN X — 07 VR AR AN A B A
AR IR IE — MR HEAL DT 78, BROMMEZEGP. MR A 157 (Estimation of
Distribution Algorithm, EDA) & — Ml T AJRERGP k. X — H 53T 400
FHEEAE BAh T — A REE AT, IR T A ELRER A T —AOM R B4 4.
TERD, XX SRAE AT BE G TR 00 3R A0 32 R A e AR, e R R A ) T AR
FEAT B R I R HUE F BT MR T B A EDA B AR R v BT R R A 2
HAHBNSLIR, 2% (IEDAK AT 55 2 SR AE L PR A7 18] G S 4 i AR R M. 34k,
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VS EDAR H BIGPRT, 75 EEX AR AN FE PR AL B R LB A FF EAT A, BN AN ]
PR AR AT I IR H AR A B AT R A [43].

RE RGP ] LA AL — Rl 8 AT SCRR ], DRI M 8 A e A4
A R FTREME R T A AT 55 BRI AR, BT AT ORI R AR R, 32
R R, R, WEREEAME SR S, RIEH AR, A—T
T, FRATH AT OBAT 5515 BAE A —FiE VR RIE SO 5] N B R, X
SN R DU A E 1Y), AR AT DL BE AL, I AR AR TR AR R A A B AR
SEEVEME. L A REVE RIS SO AR GPLE & ok, BUR T AN
ROR (5716

GPHYIBIL R RE

BT T 0 18 1IE GARISchema 18, 1X — B8 [A] Ff 7] A K fif BGPid 2.
Schema 1 4 il 7 [8] 73 % AX 22 B8~ 11, JFAili v B AN 8~ 1B 0 BELAE A
#[33], WA EY R TR — IR RMBEGPH 3 & AT AREIE [50, 511 HE
XTGP FRAS AR A 35 D JR ] AT RN G 1 HER FRAG28 [14, 53], LR XTGP
fEBEA — 2R FE N, BHERZSHERRAIE T ESRMEE, X E A M8 N
AT NI B Z A B

933 LeEHFE I F ik

F=TERAINAETGA, AN H TGP, XPHHET R ED L
BRI, T I — R A A BRI 2 AR, IR Sk R A S A g 5K
TR BT PR SRS BT 2 R BATDR I B IR A E — — I UL
B, A H AT ) — L 32 EERFAE

o Ht{t 4 (Evolutionary Programming, EP). S5GPZEAL, {H7E 4 it
HEFRE, ARl ZRFaSl, R a8 F s ms 22,
EPHFogel fE60F AR HE i, i BL— PN BRAREH (FSM) A#EEX R,
TS EPE 55 N Z BRI mFSMIF PN B8 7. EPT] LAIA N 2 GPHY H- 1]
.

o HELIEME (Evolution Strategy, ES) [7]. ESHiRochenberg [55]557E605E4%
feth. ESH R iy, I R R A E A TR R
PIESHRHE AR B —NAME, X ST 2 e i, BRI 2] — N
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SRR A, B2 N — AR . X — 7RO+ 1-ES. 1E1,A-
ESH, PATEFEAEGBIANME, REMES 5k, mIA AR E
FIF A8, HUETMEYES. ESHEEHES FRGAMN FIHER.

o FL[KFKIAYFE (Gene Expression Programming, GEP) & —Ff3k T2k M 4w
TGPV (18] FIFRMEL A ISGPANE, GEPIZWAD 255K, Hewhd
o U 43 3 DR R B T B R IA BN CRIAE BOEVEMD . R — N GEPY)
FERTRIEZNMAFRKI L XRBT NRER P RE DRSS
Tl ek th ke, R [R] A9 30 266 D] 7E R it % v 2 28 BOAS R P IR A A4
CUnXUMI AR ). fERME SRR, FER 4 =008 5 FR N Genotype,  HHiZ%gwiiD
Ik H AN RE H FR 9 Genetype.  GEPRIZ I 72 K 1Genotype R IA A 5E &K
f)GenetypefIGP /7%,

o Z5FHHL (Differential Evolution, DE). DEJ& % —Ffi faj #. (1) 8 Ak 2 > J7 2%
[62], X —vEZ H T HERAEEF . @ FDER E NP B ALk
WAk, BAMER— AN BMERE, idx,a,be. THHy=a+ux(b-—
c), Hruel0,2. ¥xSyMBENAE X, HrodE—>4Er) a8 HEAEH & AT
BEMLET. R IA T X — I xHa, b, e FIAZ X, XY TAEZIR
AN B A XA W

o 1 (Neuro Evolution, NE). NEZSl+GPHEP, {HILHE:AEX %N
— NP I 2, R T A S SRR AR A 4 X 4% 1 S BRI 25 [19]. R4
P22 X % 2 2] — MR FH T BE 1 B IBPALIE, 31X — D7 VE ok LU A M 2%
ghk,  HOW B RS WOE R U 2 2% ok Il 25, BETNE, R FEBE
PR A 22 X 2% B 5 A RS 5, 1 3 8 I 28 PR e A1 55 BT Rg,
RIATik HARAL I 4. 36T, NECZHE ARk 2: 3] — S 5 0% R N 4%,
T T B T A R X 4 (27, 371

o NREHS] RS (Learning Classifier System, LCS). LCS# 5. HiJohn Henry
Holland# i, FHGAR VLKA BN KR RN [34], X —J7 v 0k T4
B, NN GRAE A g — B B N, Jf i o 8y & AT
FEAR, T8RS I LN R, 31X — 75 ¥ F% IMichigan-style LCS.  804FAX,
Kenneth de Jong F1Stephen Smith 4 & £k 5 3] 7 VA UL [65], 1X— 51k
FK APittsburgh-style LCS. A& HEFH /7%, W] FILCS#R i B ik Il 25 %L
i 45— RIJE AN TIF-THEN BRI, 56 0 000 Fp o PR AT AR 01
FHEE, XL S NGRR3R AT 4
fE. 90EAR, Wilsonit— K TLCSHR %, 5l AQ-learning 3% H i) ;i
S SVERIEN KA, 2 n] DL Ak 2% ST AE 55 [68].
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9.4 BHAZE STk

BT FRATT I A8 AT A 2 20 5002 32 R AE D i A I B X — AR
LURFIEZ — JEBEAR 20, 38 P ) AN [F) A AR 28 15 5 OR T I o 5 1) 4
A TT ). X —FEAA 2 21 07 AR AL BAL A R T, RV 2 W
IH G e — ORI, BFEYRNES B ke E i RAT T30, X
T RAT 9 B B AR > TEAEPIR @ . B AU AN ) [ S5 38
EHAT NG EARAT N7 IR EEAMASE ALK IE A s B3t Ak ) B AR FR
BED. Fm Rt (WS EARTE S BEHUAT NS 4 LA AR R
B TAERCR S e IR TAMASE BLAT AR BT AR AR R IR AR AT
NFEE B, R NEEAS EE (Swarm Intelligence)  [8].

AT AU B T R RE RO S, IR B BE TR R A B A 2
>, ABAE R AN B bR E# S A SRR AR G, 9] At AT T R I T 8
PRECAMA AT 5, EHOBEE MBI RS E], DO i 4 R i
HERIE.

9.4.1 BEKH &

Dorigo 19924 & tH WA b % (Ant Colony Optimization) K fif 4 &
LR BAE RN [16]. HE, ACOLAH) ZH THEMMES |, Wik
TR [6, 251, BRAZHLK [56, 15], AE550HC [54], BIRALHE [45]%.

ACORIER MR TR B R4 877 X A RSB B — 5% Rk 4%
G, SERERTEER, BERNZDEREKE EHEEED MK,
et STV I E R AN b e T SR S M EFSENIUE 2P P K a R (i)
34K X R AP AT, B 080 — RS, A % 5
UG EME R TERER, AT -SSR AR AN, 225
FRER,  WISATRD AT R B 2 AR AR 5 B R R AT AR SE B
FEITA, RO AT S I AL ARSI, K P AR R A A E Sk
5 BfR R ER, RACOF LM FZ Rk,

AR AT 7 1] 25 9 491 K 6 BHACOM) B A4 25 3R, ik AT 7 17 & (Traveling
Salesman Problem, TSP) HJ H HJ2&EH K T —F M iKE, XFKHAE
AT, HAAAT R 25—k, ACOH I T A R M TSP:

L Ve Wl O BN — MR = 6, Hobi fARER 5.



1 9 HLE]

2. JEFEN A, MG mOT IR AT BRI R . RN DK IR
HRIEFE H bRkl -

a
ijs

Horhd g3, j AR K, o, BASHL. TSRS H bR,
T IINTSP ) #3 f EL AR, BRI 5 CREAN I 17 I BE 2 — K

3. RePTAN RIS AR e G, & RIS 3] — %k e B AL IRIT IR 4. L
NP E R NS N Y

Dij &< ng

N
1

Ti=(1—p)Tj+p Y, 6ij€§,,fa
n=1 n

HrbpREHSH G RIAT IS T A S RNERRLD, MR
Fn ISBGE AR, LARE SR, ExUEY, RSO I
PR, EH T IE SR

4. REIFEE2E, YRET - HESBE R R A R, BT e 4
BT TIRZAMERGER, B Rsmammli.

RAUTSPRIZL LA IR A RER R A A R BRGASE Ty R . ANIX 2Ty
EAHEL, ACOH)—/ME S ERAZNEF e . 10124 B8 42 hn AN HE 4=
T A RS S A S DR 2R, TSP a3 ) e A0 A Bt I [R) B A8 8 4. ACOT] i I R
H ST ST S BN 3 P B I R A 2. X FOE B 2] SR IR T ACO IR Al 1
R B EOR E S, FERSEE R, XA TR MR
SRR, IS 2 AR AT A B R A, R SO R A i) B
B NS LOE NOFT AT X FRE A 11 7 7% 5 FRAT T M 2 >0 Hh i DL 30
FELR % 1A AALE, AR5 JE 3R 00 B8 A SR AS B B — AN & 3L J5 3 Al
it

HAR—4E 02, ACOLEIRATHT I $2 2| FEDA (Estimation of Distribution
Algorithm) F AL AL: = F#Z R 41015 B 2 (Ao = A6 v, JF2
Tzt AR L P] gk S R AR IE . ACOSEDARIANFITE T, EDAKT I
RMERAG S BB A R 2 (B R, TTACOH Fid MR 5 7 s 45 B4 Akt kK,
BB R RS AT AR AR, PR TR R AR B AT AR A



9.4 FEARZE>) Tk i

9.42 AT¥SEE X

AN WE#E57, (Artificial bee colony algorithm, ABC) & 7 —FhEH AL
Ji1k (361, ABCHIEMIMERE W TAETT e — MERF R G55 = RIRRE N #
1. SR#E 1 (Employed bee). 3F5F#§ (Outlook bee) FIK#E#E (Scout bee)s
RITIRNS, A TR ERIR T 2 FHREE, — BB EFERIF G RE, X
L3I e A N 1 BSOR B . X SR A R B F vy el B, i SR
RS B R i, TR RX e JE B S, RE R B EREAL
IEPEA R EPEAT R &, HIEH PR, IREE A REN T TEEL. M
IR B —E R, HBTR2EEH N, ERRAIFRINMEFRSSE. X
B — L R e Y R KR I, RO R TR I . 2

ABCH A SR 10X — AT N7 R RARAAT 550 B A TR IN A
— NIRRT (A, X A TR R R AR — AR RS S R A R
IEFRAR 2 T AEX — s (E] PR T RE A, R BT S IR R I,
ESEX B A, SR E S, BRI AR R T R
el B ST ATT I X AR AR NI 95 R e 2 AN TR AR A ) 2 R B AL AR Y
i JEG R AR 2 ) ) e B AR 26 1 L T 2 M 5 ) Hh  DR AE RS B pR B SR —
A KA R IE A I, BWE ZEIE Ak, W Rz
&), FFRENLILERE— SRR A B R, X RR I AR LA
IRZAEFN, HIE 145 H—Fhidi s i SL B T2

A — PRI R AT N A AR 590 BT Pham £ 200542 1Y, #K ABees Algorith-
m (BA) [49]. X —SVEMABCH LR EARR A — 5, (ESLIIE LA W
TEM: (1D BAREH R EENLE ST I 78 3 Ok € 1) 2R M IS R,
MABCAHE & BRI A7 B AT 2 (2) BARLVE i R LA S A FE K
B RA B ERAE, NI RN g NMERIEE. Kk, LR R
AR, T ERALE RN R, A DA R T E (3
BARVFR SR 7 AR BT BRI BT A R, L B YRR IR 5
ZUESIE R, AOMEEREN LS, BRI IR, 3

2 http://www.scholarpedia.org/article/Artificial_bee_colony_algorithm
3 https://en.wikipedia.org/wiki/Bees_algorithm
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1 Input: NN\M, @, y;
2 Initialization:
3 X, = Rand(); n=1,...,N; //init each honey source
4 ¢,=0; n=1,...,N; //set extinction clock
5 while True do
6 for n:=11to N do
7 Pn= ):’: (;(’;)’) ; //fraction of outlookers to source n
8 M, = Rand (M, p,,); //mumber of outlookers to source n
9 //search new honey by each outlooker
10 X, = Xp;
11 for m :=1 to M,, do
12 /luse the position of anther honey source to find new honey
13 Jj=Random(1,N); j#i
14 X, = X, + 0(X, —X;);
15 /laccept better honey and reset extinction clock
16 if f(y») > f(x],) then
17 ‘ X, =Y¥n cn=0;
18 end
19 end
20 if (x),) > f(x,) then
21 ‘ x, = X,; //update the honey source if better found
22 end
23 else
24 ‘ ¢n = ¢+ 1; /lupdate the extinction clock
25 end
26 if ¢, == y then
27 x; = Rand(); ¢, = 0; //Research new source if distinction clock
reach y
28 end
29 end
30 if Converged() then
31 break;
32 end
33 Output: argmaxy f(X,);
34 end

Algorithm 1: Artificial Bee Colony (ABC) L% k. NAMEZ [ 4%
CREBEANHO: MOATE SR 18] F- 20057 1 8 80 (3RS i 40;
N ORI R IARIE S YGRS A 3 R AR x2S i
7 W) B B AU, f (%) 9 A 3 87 B B e SR A 2 1) AR R 21 SE AR A 1)
HRH Mok Blylt, P OE ) LOEREE T Y TEFECE
i), DRl i E B R AE. Converged ()42 W7 1% A 2 75 USSR B
$. Rand(M, p,)WMEE p, 1 7 75 58 A i 2 18] P4 200 A iR A~ 4.
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9.4.3 ¥ FH &k

BFEEH YL (Particle Swarm Optimization, PSO) & — Fiik il =E B ol M B

MIBEARAT A B AL TT V5 (38, 58]0 X ELEhWEAT ShAIIHE, B MERIEh 1
77 T [ B 52 BIAMARFIRR A /AR S e, AR A R MR R, G —
ATEN IR, A AR T AMA TS 1) R BEALYE, T AN R B AL
HEARBEALME R B Al an AR 7 DR BEE R H bR 0 R e, A4
FIPSORVE. (EZAVET, ARG T2 mA 7 m, AR
BEALVESRAE T 2 R 2SR, (A R IPSOMYE N Bk 20, %AV AT
W AR

L W MAER AL E x, A1 H AL TT [l v, AR BENLT A6 4L 5

2. WA ARRIERN RELS (x,),  FEIEE R EILAA E NP, = X0

3.

4. XSS hn, Fe TR A AR AL Ep, 14 R B AL Bt 5 H AR T

XA A EAH B AT B 4R iR A B g

Iﬁ“vn;
XA AMAR, WK B ARACTT [ v, (451X — AN 5 82 ek B0 5 om0
eI, IR R Ep,s

6. WHamitiiEg
7. RPN E N ER R R, BEFER, &R 2R,
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1 Input: N,K, @, ¢, dg;
2 Initialization: x,, = Rand();v, = Rand(); n=1,...,N;
3 //set local optimal py;
4 Pu = Xp;

5 //set global opitmalg
6

7

8

9

g = argmaxy, f(x;) while True do

//adjust each individual for n := 1 to N do
/lupdate each dimension (variable) of each individual
for k :=1to0o K do

10 rp, ~U(0,1);

11 re ~U(0,1);

12 Vik = OV + Op7p(Puk — Xnk) + Og7g (8k — Xnk);
13 end

14 /lupdate individual position
15 X, =X, + Vg,

16 /lupdate local optimal

17 if f(x,) > f(py) then

18 ‘ Prn = Xan;

19 end

20 /lupdate global optimal

21 g = argmax, f(x);

22 end

23 /fbreak if converged

24 if Converged()==True then

25 Break;

26 end

27 end

28 Output: g;
Algorithm 2: PSO5i%. NAFMEE R/, KNMRIYEE, x, N IMEH)
R (RIEMD, v AN MRRGEE,  p, o 5n A A R I 5 A
i, gNERBLE, o0, 0, NS,

PSORIEZ SR R, W4 Ry e i T340, 48 =47 B o
HRMATDT ), ATARBRCSR, (B S M N R AL a0 SRR 5 B e i
TEAM, AR THEL, SR, EREN R SRR AN




9.5 RN T lv

P T KA S H AT SRR [59, 66]. < TPSOM L AR e MEFIKL Sl
P 0] A A5 1R 2 AH A 5T [11, 9],

9.4.4 WMEHEK %

5% (Hunting Search, HuS ) J& 53— AT HHRAT WAL S 2
(470 X —SE BRIV E A8 5 A5 B AT 08, Uik HARPLN S Y,
KRR G RPN B ALY — DN RO, W0 B bR o8 BB A X B
AFE ML B S HuSHIR L — A& E ik e, #2100 B AL
REFAR NG AEE, A M SRS LS b, RS B
AR, NEEEIZAE, SRR, FIAHEE, AR E S E O
B DR, SIS, B SRR S H R (S
TGAT A AN XERAF)e BRI E R AT, H 23R B0  RER mi
fifte BT IEAL KB N R eI, HuSHE HRER AL M, PR FFAL A4S A
A2, AR E ERRENLIE R E.

9.4.5 ¥ Xk H ik

9k AL (Firefly Algorithm, FA) H48L%5¢ K HUKAT IS i B ARV 51474
[69]. FANGAGEAN%E K H 5060 BAZ 2 K OBt AR 1Y) B A bl B0, I
W9 K HR AL G2 FARIR 51 s e BERUAR A ¢ K H 4 52 B B A 1R 2 K R
W51, ) B s K BB s A P B M 2 LB AR 5], [ SR
BU% R, FAHSL ERPSOM —FAEf, WA LIPSO A A2 2 42 7 e i
AMET G|, FARREANAMESZ B BT A ARG

9.5 EEMNMHLTE

FEAARALTT iR T AR A 15 B A TSR BUREAA 22 S 7 ) — k. — 2k
BB DX IR B L B EEE S, AR T AR R
ARBENE [8). AR, A LEWFLE AR IS AT IFASRE oK B & (1 2
AR, BOMMRAES TS, BB EREIEMAR, (UREERLYERTAT
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SEBRAL 2 ST RREAR 2 ST I8 7 H AR AT AT 41T LA R p B AL A6 7
%, HPBEHUR KRy S,

9.5.1 B PLE K H %

R AL M A W R GEAG B, 23T BUCSE R deoRn, SR L BE A A PR A
Aeo X —IIFEFR N IR K. BEIFGR K% (Simulated Annealing, SA) 41
XY i, Ed —NRESECE S A R T AL, RO
FEAF DAR L i AR [39). WA B AR & e MEFE— R f (x), FFI 4T
fif X, 75 SR A (X R AX X A G R TE L S92 R R A 6 T P A
KI)x FEREILIR KB, AR &R ek v 8 AL A Bl — AN R xR —
R — N EEZMRP(x, X, T), K TRIEESH. EERLZ, xR
Bl Tx (A RERTX), PxxX,T)MWEEMKA KT ZF, BEREX KA
ATRER . MR, F(X) — fF(X)MUN, P(x X, TR A, THIMER &%
HlP(x,x', T)HITEAR, THEKP(x,x', T)Xx" — xi&AgUR. Flun, P(x,x',T)nl &
AR

e FO—FD/T otherwise.

P(x,x,T) = {1 if f<) < f(x)

FERANR KA T, TR XN TR — DMEORME, R E R ZE X
AR R, MR R XARELA R TS R R
M. fEARSEL AR, THHUEPOZHFRAR, B2 A MRBOR B LAY
3, WMART =0, RAFE) < f(x)MIE IR, IXRBTR K FE A
PULRICIL L, HBEATRER DR AR BOVERZH O e AR
KRR T R R, 5 RS0 R R A e R . —
AR AR IR SRR 3.
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1 Input: K;

2 Initialization: x = Rand();
3 /Noop for K times

4 for k:=11t0o K do

5 /Iset temperature of the iteration

6 T =k/K,;

7 /Isearch candidate solution x" around x
8 x' = Rand(x);

9 [ftest if X’ is accepted

10 u~U(0,1);

11 if P(x,x',T) > u then
12 ‘ X=X

13 end

14 Output: x;

15 end
Algorithm 3: ] f (B IGE K Bk, U(0,1)520-1 B2 50 fi. KR f
RIERIREL

FEA S 2] BRI 5507 LG, BEHOR K EEIR R M i, (e R
HREFGINT RENME. AR, X —EIEEL IR E I T O 4 2
SRR AL W, AT B R GABKPSOX Fi & A I BH AL AL 77 v [60].

9.52 AEsie %

— AL RDR RO E B, AR S A EA AL R A (48] DA T8
I H T XSS, R ESBINEEN AN EERKE O E. &
17, XA H AL RS OV BT s £SO, HaERRE . ik, AL
ASUD A AR 7 & M Ipidok B e hd £ 56, R/, PS5 T A7
i, FE/ERSE BTG SR, DUEINE SRR E L2,

FASHE R 5% (Cuckoo Search) A ALRY HVIX P& AEAT i it B 4L
FE [70). AEIXPP ST, ARG EACE —FhRE, SR PE IR T
EREN R BRANME R R, SRR, A EELE —
fa B, WA R R e Tz A A AR, R SR R OR

4 https://en.wikipedia.org/wiki/Genetic_algorithm
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B OO T4 W 7M. SN PREFE SR B B AR, R OB B
Ja, RS AE B KR, 0 2 BTN SRR B, Ppa Y
95 o B e 22 P R O BB AE T

FECSHLIE i EL i 3 22 fn ey 7 jST 8. — ] B 07 ik AT DL A )i
gy, ARSI A A —ANE T L, AT A BRSNS o)
At E], B

t

X =x""4uv; u~N(©,0).

Forhx! & S 20 AR BT B (R ZE BRI AR, v AT — 7 [l B B AL BE AL
e Yang =5 AR DL AP AL 7 22 X 22 REPEAS A2, DR b A 30468 P 2k
FLevy A LS B B

CSEIE T RN IIGF AL o 0 5 LB, F[EPEWHS D (A ZFH
Blp,—NSHO. ERCSEIET BARER TN E, ([HEARY SVRHE I A B
S, AMREE RS S R ESE S, LBA R 2 A8 — FhEE AL AL
Jiie

9.53 fmE ¥k

=2 (Harmony Search, HS) &3 B L 'RifiZ A K e H BI— itk
JiVE (261 FEAZSET, B EIRFKEE MRS, MR — AR E
CEP R B (A [ — N ERED, SR IS R ROZ R B I IUE. TG &R K
—RIRZE, 1FE M, FRZE I ANE R X RO B AR R EUE. HSHE
R IR TR {x; ), B AT A MBS X — G B LSO A
B AR T A — 58 MR p I A A {x; IO RE LA {x; } BEALE %, BRDAAR
1 — pBENLE R X BT rP A5 B, SRFIN MRS (Rl it
B R’ AR T A M b ot B A ZE A, B iz, O A AR
I, BRI FRERRET, ERWEDHBIREA R AL,

HSEVEFIGAR LA R s Al I, S SE bx/ i AE O R RIAL 4 1 28 U
AR MIERAE, AT B AR AE X, T2 e il
MMERIBENLAE Lo AEAFAERXFPAMAR 15 B A B, HIX—AZ BAH T
BfE, PUEER S ) RRE AN . FRATHHS HSE N BN 2 J5 .
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9.54 ik

25 S48 %K (Tabu Search, TS) [28]/2 —FH G R H %, ZFIEBIA
L B eAZTh R, AEIE R R T R R R AR I R L T, 7R
R CARAAEIIZ T EA T E & — AN R TS R R vk
4fR, HAidiz g — R ez, R — e i A e E 5. RIALRY
MR, MAEMREBEL, TSHFEKBGH LB, BRI R A,
PR G VA 2R N BE LA T
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1 Input: K;

2 Initialization:

3 //init state

4 x = Rand();

5 //init tabu list

6 G=x;

7 /finit global optimal X, and local optimal x;
8 X, =X; =X;

9 while True do

10 /Isearch for the best around x; and not in the tab list
11| fl=—oo

12 x =0;

13 for x € Nb(x;) do

14 if (x ¢ G) AND (f(x) > f’) then
15 X =x;

16 =)

17 end

18 end

19 /lreset local optimal

20 X =X

21 /lupdate global optimal

22 if f(x;) > f(x,) then

23 ‘ Xg = X;

24 end

25 /lupdate tabu list, and purge the old memory
26 G = Clean(GU {x;});

27 Output: x,;

28 end

Algorithm 4: 148 2R, HdiZo8ERNEZ. GhEER

N, B

P 23842 xo Allxy 7330 R 2 JRy A0 R i AL ke Nb(-) 72 7 B A A2 Bl R B

Clean(-) NAHCAZ KB R 0, N 0l I — € I IR 2.
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9.6 KE /T3

AREDG T A S 0T VE RO R EOR, AR AR 2 2] T VA BEAL AR AL
Bk, TATE R T REARNIEN S 2] T iE-8EHE (GA). GABET
AL I P B AR S JE T & LR B MR 8, T 58 SRR S (1
FEEAT, BT R B R R g b, FRATTIT 1 T GARSchema®f ity, 1X—
TR I MR R, B AR 2 Bk AR T 31T I R U R A R
6], 17 A8 AN S S5 BT AR A R A RN LI 1 (RIS 45 55 — A A
2w e b — M iz,

HAVTF e T 8L RFE (GP). GPRIGAMIAS [F/E T HAh B i (AN A FE
R TEASEE RSB R, M7 NSRS, Xk
B RAIAA] P2 2] BEE R AL 22, 1 BT DA% 3] Se i — AR 55 i
FERJTVE. #A)iEY, GPA LRI BRI, RGeS Bis, B
A H 35 2 58 % H bR RIS ERLRE, SCBl B g X R E bR IR S 1) 7
205 SR F AL 3ZHAT L PP B R AL (Neural Turing Machine, NTM)
[30] B AT 1ML (Differentiable Neural Computer, DNC)  [31], AN
)72, NTMAIDNCsEH: T w0 i S8, HHERE 751125, TGP T
KAEARAEEEREAT ISR 75— DAFENTM/DNCH LA 2] T e A 5,
MGPIlE & 1E € T R B4 B Tk #. GPH T —HEN AN b7 )
B FE LT AR 32 LA H RO S A Rk RS o, (H R 52 2
SIS BB BRI R (WS /RAT RN, AT R A X
BB R G B E S AUEE. GPIRH S WAE BRI, AU R rE &=
W, RS, (BN HTEEE.

PAVH— B 0R T8 TR 21 0718 XSS HEAR 22 ) T A A B A A itk
I 5, (R4 R 2 HOTVERAU T AP RE R B AT g, G s R 2 e (1) T
L RIS, X SRR 5 5] T ik Ay Bl I LR B AN 1] A4S S
L HHLH R m AT S5 3%, XL A VA A U AR KR &,
Wik T AL RS, R R RE TN A A EEFRAEY EE =,
W TR — BB A R, AEERG TR, F b RmBRE 7
LR EEAE.

AT 7 DU AR K R AR M BENL I T . WA EE
BERLOLA TT VL RAR RARSE | C & mT DL AR s A ),  fEAR 24155 BRI
R AR, VDR T ADUR K R 5 3 1 R B R 1T B K SRR IR AR, AT
X EAFEGATE N BB ) DT SE bR A S th 7 — @ i sE. B s 2, &
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FEO b 75 92300 A T EAK L P L 7 S BRI E (DS 1A 35 ] R 1 Bk S
FEML AR ] B — 2R A

ERFAT 3R R R A R R I A S, R X
FEIX 67592 D) T AT R T PR A AR R AR A A XA IS E I AR T
R VAR R B e Ie, (H BE E R SR R AR I e f. A RERN L 3F,
RH R, PUOMBE 2% RS ) 7 A R e dee DL el BT, S
RIERM — DA TN A A SR 55 10 S 50 MR O R = s R R R
I, A BB RRFEE, I EHERE: SRS IR LLETE 7, B EL iR
BRI, NAZE B S THEREL A 2 U5, AR SRR,

9.7 X AR

o KTGA, AFEZ% | Banzhaff]Z318 & (Genetic programming: an intro-
duction) [4].

e XTGP, AFEZF [ McPhee®s \MZ%iA L & (Field guide to genetic pro-
gramming) [44].

o KTHHAIFMBEMRMEVE, ATESH T Wiki EIAHGEE.

o KRTGAMFWEL, EHSH (29,67, 46].

5 https://en.wikipedia.org/wiki/Evolutionary _algorithm
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