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TATCE W T &M, XA R 21 450, HSHEEES
BT VER IR X TG, LT SR A T 0 G AT 0. XTI eE 2
1 (BB S R HSHO TR, BT D%E R s, %
R RGBS ns, BT A dsty, RS (a0 H bRk
O JUATYER, AR5 A S IR S 2645 TR T — DR A, Wit
EARHAT, EHNEL L. RATATI BIFEME L, A%, MCMC.
SGD, PAK F—&EN A TDHE LG S T X7k X ER R0 H
F4ATEIE S, KIS B BB SRR 5 4 1

X —EHENNTTEN A R B R, BAAE S ok Bk, X4eR
oy i BERATTREE B 0ME B R RN, FIR 2 6% R 615 2 R st
filgs h—J7H, —Uen] LA AR, AnfarA 2Ok R RS B IR B . 1
WSGDHEHHMEE S, (H—B{F 51 HARREUE A IESN, XEHL R
Path. Wan BRI AR ki, AR 22 5 RS R SR T EE e U B 5 AR R A
B, ok e kAR L.

H2: 3] (Evolutional Learning, EL) 24t T B —Fh22 3 71k, XM2E>
TEARBEEE TP E, T2 FELA R — 2SR BRI iR, XX
SefR AT AL IR B, WEAR BT B R A A k. X P Try-and-Error’ ()%
SITPEV R REEE, G EERATTVE AT RO HEBR V. AL Gt )7 1240
o, REEW R EMN, L BRI IS ). BRIk, BAZ
— 8 N TR R D 2 LA B R B 1E 7 V. AT R P Fh T
BRI T AR EE (GA) MifedmE (GP). [N, BAJTET M
AT By BRSSO A A 705 A 5, ST Fe Rl o b i
TR T e AT TH AR VE R B 2% 2] T A BEN LA 7
%o

XXiii
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9.1 ETRENMILTE

XML IS, TSR kiR st B AR AR 2 R AR B,
(EUOT AR TR BEAT 0 U0 A =24 DR M (1 ) R A% 8 07 9 2 T L B0l EL Bt 55
R ZHNRAAE, X —THE AR HEBAL A 3R — T3 30 fi] BB
AR, BAESEPRBMH, REMBB AR B2, HE RIS
FEATAT o RAEAUAIE I BENLA OB i, IR X 2B R R BEAT DAL L %,
BRI ST FE R, BRI T T A A T D AAE 55 s M. SR AT B
IR A HAC TR SR R, R R EBE LA 21 T ik HR, B
Rl dl o ST T e 2 ST RTRE A LA P AR LB — D3t e, R IE T2 (0
KA ER 8.

9.1.1 %3]

B FATAN T B F s 46 S AL A 1) B, e AR Ao
PR THATR K Ko AW RGUR IS 2 2 %, AT EeA — Pk
5 LIS — RGHBER 5. BRCE RN, X—HE KRR
77 3z LA AR G A BT 0 A8 A B 2508 1 B R 4H & 7 O A i
PRIE N S SR A SE R, G R (R A A 2 S, B AT B R GO
DR 2 S A A dEAL [13]e N T BB IR S RS K A b 2% 20 07 05 N BN 52 )
W, OIS 2] (BL). 3X— 2% ] Jik RIFRATT AR A 4R 3o 10 25 ) D7 vk e 4
AN DLRT 2 ) 77 O — R R Ak, 2 — P B RAHE R ) I m 22 ), AR
VB BT AT I 2 — PR AR5 o), s B AE Bk SC B BE L B
b, L bR 2T

BRI S, A TR0 A 47 35 DR A Tod R et 485 28 sl ok i AT A4
X B AY AT DL (AT SR A 2R MRS, SR e 2 I g, BB 52 A R TR A A
R [RIRE, 3 R R AT DA R R S e, AR T DA A A R A i IR
o BLWGRE— Mg gk s R A b 0 — AN, I—NBEN LRI EE
R, EERTME (EBOIRE) 3T EATAE R — AR R 8 TR
b, FEEERVREAR R B BEe s, HEIRDAE NS s L.

F b, HAFIN—IFERZ RN EFZ IR AFMEN, LB
IR SR RE L AR ) i 2 7 e B, B RAE19484F 134 /E (Intelligent
Machinery) —3CH 2R [63]:



9.1 FETREEMMA T % XXV

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

X s bR L AL ST AR 19504, IR PR [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 A TR A 7 21 1 Bk 2 AR T3 — D5 i i s B0, B
YSTARAT O N T RE A 2 R 2 30 FH ) R A 201 T A ] P 7 < ok 1 2
AWTTE, BN B E USRI N R ), AT T AR . AL
MBI MBS, EREAR, HAESLUEWIG, BT LL#
PATAT R E X% 2RSS e IR IR AT A AR I B A RS (2116

A% 2] BAESOFE AR K LK [10, 5], XL RV TR Z e b
SN A it A R EAT AL [24, 12, 20]. 604 fCRechenberg 12 Hi #E 1 5
#& (Evolutionary Strategy), i id ™A% 5 4 4F F-# AL AL . Rechenbergft]
TARAEAHE AL 7 S TR Z B AL, [FAEFE60FAR, Fogeld 1k 4 A5 7 12
(Evolutionary Programming, EP), 18 id XA FRIRAE B3Pl (FSM) 251 ik
PR3 A% 2 3T 15 B 5 4 (R TR A [22]. 704E4%, John Holland J% 2% A %o} v
WA T A IR AT T — RAVEIRIRDT [33], AR AL 5 I 45 LARR
o

F G R 2 21 W] LA R 2 o) (B LA 207k, Bl — A Es
SR T, KRR B P A 2 B i A BV E R s 1), 23X — i ]
R R R . XTI E RO L L (Genetic Algorithm, GA)  [33].
=2, AT LCRHARAT— SN AR 0 Hbs, 72 7T B IR 5 23R
FREMM, X —TTEIEERRNEEHTE (Genetic Programming, GP)  [44].

9.1.2 AR5 5] G

WA TSI B ARSI RBENLIL L. iR S E A A
ZIAFAZ EIE R, PRIE S A ST A AR E s REALOCAL AT BLBIIE B (194>
W, B S R R R AR e L. KPR SRR RIRE &R AR R
ARFPILE - RBGERENLE, AR SRR B AR; BN H &
TR A B CAMRIE R R 00 & M. (A3 VLA, X L BHE R4
) RBENLRALEIIE T RAE AL,  BIXEAMAEAT BEALAE AN Ab i 5%
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SR B 22 2] 7 AL FR e E 598 (Artificial Bee Colony Algorithm)
[36]. KiFHEOLME L (Particle Swarm Optimization, PSO ) [38, 58], A L%
BEH YL (Artificial bee colony algorithm, ABC) %%, MR EEHLALLL J7 02
FEAE K B2 (Simulated Annealing, SA) [39], A% B A §9REAK S STHRAE
HI2E = R E L (Tabu Search, TS) [28]. 1= &R &k (Harmony Search,
HS) [26]5%, X LLFEMMA A I TEA TANE, — 2B A R
WA AL RE, RS T A ST AR (EE AR A S BE A
AR, AR, IR LT VR A R o A T AR AR BRI 84Ty (R B
A, HAE: T2 ) Ak £, BRI AT BAA A s J Ak 27 2 3 46
i

A ER IR AL 7 ) D7 R L (GAY JHIR TR, N AT
SIFEA RS, PRz R BB E AR (GP). ZJFRATHA 2 — 28t
R REAR 5 ) B A T, IR R eI .

9.2 IBHEEL (GA)

BERE S (GA) S PR B SRIE S ) ik, X — BB AEY
AT, E SRR S AR RE, PR R AN AMER AR — AN B BRI
fifte JEIS AL B E A, TR S A I T A B AT R
AR T AR, S TR A S RIS B A R e, o A
ANAREI T S2 H A ] B AR GATEVEE 5 F T8 AR AL J7 VA HE DA U )
R ] 9.12 — AR GART B A% il R fR I 4 7 FHS R HGAR R
KL 112006 NASA STS 57 Ml LI RZk, &id— RINEARME, GAK
LT W s R 2 2R B R et =

9.2.1 H:ER

GASLE IR MBERIM L. MR EE, MBEEMT=10%, EdER)s
NiZ PR MR . BRI
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Fig. 9.1 HIGABEW 12016 NASA STSF 1 KM KL, #ONHIL KL (Evolved Anten-

nad.

o WAL W — DTGy = {&}, HHEANMEE B — N EER
2, XN YLtk (Chromosome) 'o 7EGAH, —NEERINS M H brAE 5%
) — N FARRE, WAL o) AR R 28, BR AR R I i — 2%
EIEBRAR AR, VIR T S ORBENLY, ] DR EE T Se e AR 2 1) 2
SeiT Bl g, JEDN gAY 7 SO 2 T E A, B ARER AR AT R
R RE. BEECENBEE R, R e e m AR AR E AL

o MAGERE: R FTAORE R AR AT VRO, R R R A AR AT
fife X—PFMTHRE—A TGRS KEC (Fitess function) f(-). fEAMRALH,
X — BB MO PR TG B B AR AR R T, R S, X — R 3
RERE— LIRS, — BIUES B AR R B E NGARIE Bk 2. 2T
XTGP PR A, R SRR A 4 DL e R A ALRAIE 5 AR
T B, [ IR PR 55 A A gh DL — 8 MR, DLORUERREE 1) 2 7

DRk, AR E R REAL, AR R a B AR, AR, AT
PR A A A X 7
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P, X —w#E, BER—ANhEMEG. HXG), XMt
CEPN=A LWt

o FHEEEAT: F T RIAEEG T MR O A EG . BT — A
PIRTT R A BT R AR BT, BEHLEEER A AME, X
PR ARSI R BAE R M. X — T O A . 1
AR S, BEALIEFRIE — AN, b FLI PR e R R PR A AL 3D AT
AT MR X R R . 2t IR EATERE, IR
MG

ERA R P AR EATE RE AT, AR ARG, BEA L
FHEG,, FREATH AR+ VI G o VERBIAE /MR PR 72 b o B85 1
MEHE B R gaET,  DHT— AR R 2 R T S e A
IR, X FSGERENLEAT I, BEEAS m A MRR IR A — s B il ide e A
FAT, IR DA AR A 1 XU 2 B s AT Rl B4 e 1 AR
BUR R EORIN CnpE AR e L MR R B R 540D, GATLIRSER, A
IR PR R R AF D H AR5 IR e DA

EiRGAEREWME 9207, AR SR -AME, BSHRNE
AR R GEN R EE). MW RTLAE R, LUl Gl e ${E 4
D MR R PR FE M AT, W AR B BRI M, BB B
BAG, HKARA NSRRI R A R, A
HERAE LIS B ERR AR (B R R b 25 /O,
[ I DR R ) 22 A PR R 22 54K

922 Hkm%H

GABVE I HE A R B R0 87 5, (HA L6 S0 Y W] Rl 2 S5 38 5 e BV 1)
IBATHEME, WEAFAIEE. XL ERE R VIR RE. A
PRIERE TR FIEFEAT A B R RS, FRATTT IR e Y 23l — T,
BEZERAIZ% [67].

AT

B A 25 15 7 AT e AR GASRLIE 2 s K DR 2R, Gt 05 34 /) B ok
SE A X ANAZ 4R K L5 30T 52 325 5 M B A S0 SO, e ] . 14 2
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e

G2 I}ﬁﬁ

Fig. 9.2 GARET /ML F SRR EATLR. B LM, SRR MR, &40
BSRE—ME, BSHINRMERI R CEMBHE), HHERNETRRIE
BN, FEREAURRED, BRI LS WOLESE: R T — AR, 3
PR AV 1L 58 ST RS AR T A RT3 - ST L ) 15 0 3 17 P
SRAMABIEE A LS AE T — QB B ghR A SESE.
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107 02 i gwtD (Bit string). X — Rl H KRR REHAE R, WrlHk
RNEEEL, WO Gray4ahd [32]. & T bl gmtt, 28 A AT S0 N
P AT B e A, AR R R R T SRR TR SR A A B4 A BEATL
KA N E L I HollandiZE AL BRI AR KL B b5 T — b il B 4wt [33]0

b7 b HR R, — e A I T SRS, X R R R
AH LIRS SCRNAS S4B o, IX PPl ™ 38 S 4 A 75 BB T 48 o0 A
CanE oA, A Z RS b SR A, SEEGR T, ¥ i gm AL e
—UEAT 5% R I b k) g 5 B A (R ROR (350

W=, FREERE YR BE E RS W TR gmts (e e, HE
Feo B PEREEE). FEIXSe i bR AE SORIAR S 454 S TR ek ik, Rl 2
S B AR5 T RAEHRE T AT B XS 1 &t

RaR G ALY 7 AT B gD, B S, HRIRESSE. R
K B i Fe BN AR b AT S, WA 2S00 — ) B2 7 i R g B
BT X — g hSGA R LU ) 4] 58 i —AME S5 i AR A7 20, B2 R4
BOPe R s (GP).

TR

M A REG AT AN A e B LA b (B ARG, AR 2 M T R &
LU A ABVE S A 45 00 4 A S R 10 e £ 2 5 A AR IR 0 B BR B IE Bl 1R
SIS BT N R BN fy I AR S S SRR BN F BB A AR Y
ii?%ﬁ%%éﬁth?ri:% — AT R OE IR S B R ) |
B & H i s SR E B 3 — [ri]s Chri— | | OREER XS E AT AL R
fillo Biln, Wkn =15, WEIKEEH —0r, HLL0.SABERXTEAT L
e BRIt 1200 A3 FIREZR 4 50%.  Wlkr = 0.5, MEANA 50%H)
MR E S — 13, SIH50% MR AL b XA ITVERR N R EREILREE
(Remainder Random Sampling ).

R AR B S T BT SE S eR H fe R — RO R AR, T
S PEE R RGA R RO, — Bl ] BE B 77 ¥ 2 0 3d L R B O AL R A A ik
PEAR S B A BERUIE R, BRI AN B8 38 12 R 200 I AN 2 A i 43 7
AERERIRIREE . B — AR RER TR R AN TS A RARE, N ZEAR 2 AME
SRR, BT A AMAIR T — i R FEE A, Sela P A Ak
o A MG O LR RE N TEA B, BAgd —AEAR I A RR
WA R R MAKIENT, —DUIEZLRE NI R AR FI, &
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HoANRRRKIE A R I IERE /), X R B 7e i 1 1R 5
BIRELIE. X 75 2 MR R SRR & A, BRI R A1
(38 N R KU 3R Ik BUARERRT DL RE R B A RO L R A1) U 5 i) AL
HGAT I — R AUIE 18 5 bR B BB T A 3 5, S 2R — 2R A H A AN 2136
A, AT UARG B B e A T ik B A g 5

e, FATIER ARG E G A AE N B, IR S ST
FRRFERBR A, AR/ AMARI I, FE R g AD R 45, RIHAE T GASE
TR, 7 ERE AT 55 X B SRS RS v

SITRMS

A SRR S e o PR P AT oM. 28 SR IS 2 AN R B B, T
FSCHT AN A dc T B R 58 SR ME  B A A8 S, RGP ANR7 28 SR AL A ik [R] B
Pk £ — AN X R QEEDNRARFER K EAH S, I8 RO X A
FEPRDE SN AL ZE D), AR XA R ISR FE K] 73, FFREAT 2 v BOA
e, W93 (a) From. FHE A —He a8 XORME & P A8 o X FhAE X7
EBEALIEFEPIANZE SR, BOX PIANAE X [A] ) B DSy B BLAH AS #e, i) 9.3
(b) Fim. HEHENEIRNAS SCRIEWAR/RH B, W2 A8 o 42 578 X
(Universal Crossover, #—RS7ZFENL B ) 25, (HIX L7735k A i

A S SR — ROV B — AN R R AL S BT X T ki ek B, X
AT X R — A UE AT BENL R B, X7 i gmfid ok id, v RE R 225\ ikl
MLARBN. B8 A (A8 S SR M AR /D 21, B nmT DLSE BEHLAR € — > AT 48 57 11
FER B Bz B S B A BEAL AR e, — SR SRR, A R K T R
HAME, IR ZATS A AL 7 S AT DS BIRAF 45 R [21].

WIHT Pk, 31X 28 S 14 2 A s 3 77 2K B DR g A 7 XA B AR AT 55 A0 5K
NIRRT SGEFRA T, HR R FE T AL RN R R AR EE, R EATAR B
TRIEEAERER . FE, XM A S E LG X
Femg, TEPASEE AT AR E AT X, KX Z DAL AR
r,pH U R AR ORI R TR A B B — N BE LR B 2 X PR R R A 0 BE AL
e EE: IRIFENE S FECERTR B MAR B2, /AN B LM 2 55
TR B4 22 S

B TR XAAR S, B — LT BRI B B AT SRS, @, AT DU SRSy
M, AR AR, B 7 I R AT R AN
R VFASEIZH R R F B CRBIASE MR B R, D m BN E
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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 [, BT —ARAMATT DLA IR ERE B 2, S MR B T DA T, X s
BRI B R E R Y R BIFPEEE, PR RO SR BT S B AP T
TFE (1.

A EEGATE R T ARIE AT — A B0 5T AN AN R 28 SRR S i A2 ) o L
eI E 2, TEEATE R poRbR b — B TR AMEE B T —R. X
JHEMONRE BEEMS (Elitism)  [3]

fa, GAR R, (HRBEE/FEEYEN, —i
FATHREE BIRAR L R A AR, ARAKIR T AAEGATLVE i A5 B 4 8UR.
BIIFRATAT LA ARVF AN XA BE R SL R 28 XAl — N E AR, X TEAE AR 2
ANFTRER, (ATEGAHH PRI AHE I ERE [17]
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HERFM

AL G T HEFL RIS AN TE CIEM. 4273) AN, GARIWCEE &
TETRAER, PRI BB — L R AR ATt A I R 2 I A5 A
PR RRAF M SRS ARG, — 280 WSS R 45

o B CIA BRI B OEAIREL

o AT TR 1Ak N R IR
o SR JUARRIE AP A R I S B FAO A

o IEFIHEAES M RMIRS], AisATI [l

R L3R 25 % A 58 IR I GATRL R JF A RE DR UEAS B A0 AL A, DR ol o 22
X GAIZATH T IR A S5 B2 B T 58, W R 2 AT 15 2R LK 45
MFRATA SRR 2] T B . VERGA— B T 3R U A 1 1)
A, w RIS, BB T A SR il A e (B, SR A 367
e RN A TS 8

MR Z BN A2 21706 — ke, GAIKISE BRI S HOR T, B (1)
BERIR /AN (20 MRIEFMZIZ: (3) 28 AL 7 R Bg I BE AL (4)
B RIEARIREL AR HARAE 55 1 1 o A B R B T 20, IX B S 300 SR 3R
I B s R R A R AN A (] 38 ] DA T — N TR R B R T X e S
NGAFVEAR G FENLIE, WA 2 2 KIs 17 GAL P RN — S8
Wi AR, BFFUE SR L HE N ST a0, ) AT AR )
L B R AR B AT DL S A8 ORAR S SRS IR . X — J7 VPR O H 3 L GA
(Adaptive GA) [61].

9.2.3 #AHE®

B L, GARERA: OB A I A b A B I MAS 55T (X
MAIAE ), RN AT 51N —%E RS AF (RS SE 308D SRARIE R — AR RER
Fi, PR DR RGARHEIE IR B D R A B . SR, ERE I
ERIGARAH B AR S WHFEAEX T M BEAT T — RIVRR, KIUHE
FUIRE ST CRfa SRR, B S AT S, ] 5 (3 . bR
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5, e ISR RIAGAT PR BLI AR AL ). A% % DA Holland 88 ~F i i
HLXAE (Hyperplane Sampling) i 4%, i BHGARIE R,

T TH] P AL A BEAR K 48 2R 2 (8] 43 B 22 S AN [FIB REE ~F1HT, AN 1R
A EET AR R I AME CRIRRAARERFEAD, Rax BN I 1 5. R 2
H~F35, RO 2208 1 B & B R . v DHIER, GAF R MAEF IS
S b Ph— 5 HOMEA 0T B A R~ T AT R R AR, LA T T SR
FFHEAS R MR I LU T 1208~ TR ) 7 o 2 B ~F 1T 1 3 1 R 28 3
fEBRR, P M AR A 2 . & ORI R IX — K
FEREEA LR R, R SR ZAEVER RIS, CRUEERASE P b
FORPEME R 50 N R B IE LR RA S I s i . R, GARIEAE R AL
A SR 1) 3 7 Ry 5 v (1) B~ T 2R e

PL= YR30 R 2= (AN, 2R DR 1K) — 2k G B SN (b1 babs], A8 25 25 (] Af
TN =G ) — AL, WE 9.4 Fros. WARBAT RS+ —
Az B A7 AT IOHAT SR I B R Ao, Wz id nT AR — M EAR RS,
X LCRE A oy A AE — AN HE P10 b 88 1 1 A B 250 e 2 2 v 3 38 1 A5 1 S 20
S, A A EHEER AT mISAR —P I, & AN B E AT g A AR
L=l . a1« 02— FriE i, 78Kl 9.4 RN Al
[ N — Bk, R 94rh R Rt IRESES, M—A4
KNLI i gmhs, ] LLE 3 — I8, AR A0, 1, —Fhik
P, T [k VR A A AN AS TR NP

E— a2 E AT R A A GRS, GAREM R+ Ak
X482 7S () P TH EAT SRR, TR MR E 2L — 1 NP (B
— AR B EAE, BREE, BT A I A 2 (R D, DR
B AT S ELE B R O, M 2L — NPT RIS N T AR
BB A0SR — AN T H S L B B0 frr TG YT BR AR ey, T
BANFEZ S MRERESS, H WIERFER A fp BOR M7 ) 4. 3R AR
AR B BENURAESRNG,  J0AT A EI e (R A 4 A8 1 L H RN G 1 9%
W x cgo P 9.5%5 tH—Mol ¥ e AT g0, A ()RR A A AN RS T
SRFFHS 3 T 08 B R B AR BR i, ERERERE, REMILE
T SR W LR — AN AN IR I8 S R B D FE A3 T MR SR BE LA B, %A
R BN R FEIG O, (HIX — SRR A S A3 20 M 3% )5 Bl
ST B R AR K S SR b 1 T I S R B B T X SRR T ELA
ASANAGE B 0K B, RIAE 24 T (R B BR P TH 55T B A S T 114 3 8 bR 4L
.
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A
(0,0,1) (1,0,1)
(0,1,1) (1,1,1)
(0,0,0) (1,0,0)
(0,1,0) (1,1,0)
Fig. 9.4 =420 b i) 3k gm0 FAE 1. ST R TANRERE — MMA L R i,

BB A WP, SATHA A . fli, EORERRE[«01h
ST A BRI, A LTI S DA [ e 1] S ) — Bt P 1

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 10 10.1 12 110%...% || 0.650 2 1.3 2
e ) 1000 |21 210 | 2 1*0*..% || 0.600 5 3.0 4

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

Fig. 9.5 &M@ T (FHSchema®/x) WIHIIER KA (Mean). SATFHERFEE (Count).
I RAEE (Expect) FUIET A8 BEALRA: SRE A2 B A v AD RO b2 8~ 11 b ) 2 Bm Rep:
o WEPWH, XLARREHAMTRR: M BRI E=E N RO S BT RER PR
KRk H [4].
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bRgsw At F . WA _EWRFEECAM (H ),
PAt + inter NI AR B G B P R AR . K 4 5 SRR SR 1 AR R ) g =K,
B

MMMmﬂ:MWMﬂ?O, ©.1)
HAf(H, ) N EARFEE PP IH 5 B BT A R FE I8 bR BT ¥ 1H,

TR FEA KT EIME

EARERRE, MG FOUE LT MR R ], X — = HILH AT
A2 U BRI T I ASRBE R 0 A, B A BR A NP AEReRAE,
TEATHNE. FAVE SRR EART TR L, A R A X,
BIVBE AL — A28 RO PN SR TE RIAE 1258 S i Ak RN DT, P AR A e
S BEBHS, W93 (a) fis.

PRI — AN TIH, 7558 5 i 58 A AN S R 1281 T L )
Kb FERE, BPAT A SCRMS JE,  W0SR ™ A RS A R 1% T
VPR ot 2~ T A B B RRAR T — AR AR il 1 R, AR,
XTI, AR TS ORI HRAN 20 18 V- 1f0 b A A, R
B E A BUE A — AR SR Bl — B m 1o+ ], A
VSR AR 22 SO, DAAZE 1 A 28— FEAR A O i — AN SCREAR, AR A
MFREARRE —MES AL AT DREARREETFH-— T
[18

X200 LA L K T, S8 SCSRI 2 A A4S 2R AR R A R S 0 T i
DAY T X 1 T A BB Rp ) F, RIS R Rl P I, 58 SCSRMg 7 A R AR
RAF. Blhntn T w AT

IEEEETEY [1 s sk sk 1],

PTG R A X RIEAE 2N G, MR PR RS —
NEAZEE T E, T 88 AN, AR S XOR E T RE AR A A
JB& T % )T A KR, Al 3 M A [R5 2P 1 1 78 28 SCSREmS R 1)
WAER, #ATE X — A MG EE 2 (Defining Length) A (H) AH %
T eh s — AN dEs AL S — N AEALIEE RS, BIAN, [« 1 0] (RAH R FR B4 3,
[k T Qoo 1 AHBRER B ON9. A8 RIS = A MBIA S5 A (H) A IEHR &,
BT



9.2 BHEEE (GA) XXX Vil

MREFAERIBIR, LRGSR, HERRERL e, — AR
FHB g, R R E 25— AN SRR HZ 8 T A P2 R, A2
AR, PRI

_A(H) /

h—thU—PULm
HA P (H, ) RAE [ R R P HH PR ST SR fl. K=o, W]
Eaip

ﬂwn:Pwmf$”7
HAP(H ) 2 AE S8 AP R~ T H PR s i s, DR A
CAE), L fH
n= o (P20 9.2)

B R AEA S 5 2 BRI Aape, NS5 2 XA A EEAT
FLAEES, WA+ VAR b i H R HO:

f(H,1)

M(H.t+1) > (1— p)M(H,1) FpMEHNTZZ (=R 03

f(H,1)
f

ERZ AT AR, A R S 1058 R AR R iR B g s -
A Bt JELLE LR AT BEAT R IA (R AE S SE A — 5 He AN 2 SRk
o BILnRS R P [11 %], 43Z%F [ H AR A S [10000] 58 SCAE H A2 SR
IR — N Jam), P RE K RE — AN e P I N X 9.2RN
9.3, FHME, w3

P(H,t+1) ZP(H,t)f(}{’t)[l—pcw(l —P(H,t)
f L—1
Ry T 5 R 58 XA Schema g #L.
PAER AGI N et B, et —Ar B R IREE Jp,,, JHICEFERIHT
B CRRZmbd <140 No(H). & Jeid & B HH R HE«F4F (08D
728 A2 SRR, LA BEBR MER AN (1 — py)°@)e HhF28 XRS5
e AT, HA EEA A RORI A e IRUE BT AR A AR BOR, R e P
MOREZ R RAASC R MOTAF B4 5T 5 f058 SURIAR 57 ¥ Schema i P -
f(H,1) A(H) f(H,1)

P+ 1) = PH.) P p T 1= Pt T (1 e,
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i1t Schemase X HJHE SRR ATE B, GARRIE IS AR £k I B AE
BN THTHRAE B, AEAS R )3 S bR 805 vy (B P I SR AR AU, &2
XA AR AR AEAR AR A B RN, CRIFAE N1 1 o 0 35 R B B
B & —AF Fre X — i FE AT LA f# 9 —Fh ‘Divide and Conquer’ J732: 8
SEACRI ) ARARRR R B AL LA B v 3 L R U R ~F T i ok B 22 b ke
FE AT, IO R B P I AR (RN Building Block)  [AY B AT
5 ey ) 7 PR BB, GARK SRR CRAIE T SRR gl BE 4 AR el TG
MIAHBGEE B, GAMAE X EATEFEA G0 =B mn; T AR, X
SR AT LA G GERE, AR XEIE), TR E R s, [
SEAE P B AR A

Schema’E B TRATIRAL T — NGA PR IR R, AAMRBMIEFE
o BRI, X —ERWARKRREE, Rl e A % Ea AT &4
P TH 2 (B AR LG R, R AR MEAS 2R GARE 35 (1) 4 JR 1 i e 55— A 11
R I — B 0 AR S SRS AEGA T IVE IR REAS 2. iiSchemase B, A% 57t 44
PR3 (1 — po )OS —FhFEBC IR IR, AR5 500 (AR I 2 2 ) R A 81
AR, AT BB+ VAP BEAE B AN T b 10 2 A0 A K Ml B9 B8 AR
SIREVEATE. M, SRS, WIREAXMBIR, 58 ARER R
RPN BB, 77 A FTIE 1) R WS (Prematurely Converge) B4
IRZOER R, AR S w] g D X A =y AU S e 3R, sz b, B R s A
R tRAE, W] DR B R R 1 .

9.3 HfE4mIz (GP)

FRAEGARHAE X RAZHIE, WK SHEHE R ES T L. R
BATVRERAERT R — HE SR, BT AIGAH AL TE AL ], B 4
VR FEREAT 5% 20 IR Fh 36 T Y8 A0 Do D) 48 4 e R 3R AT 5 ST I 7 R R B8t A%
%% (Genetic Programming, GP). 41 R AR GA LA 1% 35 e 1F B FHUR #5 HY
wERF T, GPUIR%S 4 E — UK, 2 ) W #8 % 36 5 1 1) il #.
GPHT LA GAY JE.



9.3 EfEgmFfE (GP) XXXiX

9.3.1 H kA rh

K 9.647 RGP AR, EGPH, &AM —MRIATRE, GPIY
HFR IR —DNE RN EE, ST Sk 3 208 B briloat ok,
9.64% HIX — W RITFE: B HATIRL —AFIHE,  FlEE b &SRR B — A5
s R EEARARE N R BEEAT AR, o B I R e R B I B AT
GEEF R SURIAT VR s SRRSO, N RS ST RIAS 57 S A ST
MK, FFET AR RS EER R AT AR ISR, BRI
R AN RIS BRI EMGAT A R R — B, RAEAE
Xt G N R B B A BT Xl

BRI
Run()
=0;
if &y > )t
A, © A AT A
0 0 ® 6o ® O 00O © }
FERIIG(E AR FREFEDT =i

Fig. 9.6 GPAANELE: WA —NEEFEE, XHEAAMOE T2 17 HH 0 B S R
TERN R BUE;  BE T 208 B R BB HEAT RIS, R S SCEEATAMIA (A AR S 48 1 A B
B SRS, BEIMRAKIFRRE, Hrh R R R RAF R L %

E R

GPH £ 5 EE K i J R n e SR SRR AT S i MIGAANH], GPHAHE
AMETTRER B — SRR, HREREAEN, HiEERESEE. 1§
20 g bGP Y 4 507 e IZ MBS T 5 R AR TR AR AT AR AR
R, KX RS IS AU R, 2T A, X — 45 H R ar
TR — ARG B 974 — MEEM B E] T, b aEA R AR
—ANRIERE, FRXT LB 7Y mOEATIRAE, BRI AR NS S e —



x1 9 L]

R, 58 X EIRTEEIN G, BN TEEAON B — — R R 1
AW AR AT R R, B DL T 7 RO R, T
BEAZIER AR R T RE R 2 T Rl R RO R AR AT I R 2k 1 th
FREAIRARZ R LIREEM G Lt — D R, A R R —
K, KRBT wE o8 HERIS N ERIHE TR AEAEEE
S B AR AEGPI R 2Lk i H S L T AT M N B IA S S AL, IR K

PR SRR

()
@& O ® ®

ORO

Fig. 9.7 GP FIEVEM S5 RN I SL AR, B39 iR — MR E R, A
PR SRR — MRERR. B PR EVER T R max(ax (x+y),3/x). EIRKHE
[44],

et

PER ISR GPRIAIAE L BN 2. B0 - W RGP Rl &
PRARHIGEACFIE KA a6 AN RWRFI a6k, #0248 E M IR EE, R
AR AT B F  ERK B AR. Bln, B 9.7 g IR B N3, KRR
N Cmax,*,+,x) F Gmax,x,+,y) #E THIIRED, EEEYIGIIRS,
MR E RN — VER A a5 R L 85— MRAERT, BB KR
TR, BENLEFREN G B, KAWL OISR e A, B
A B K R Rd. B 9.9%5 &R AW aa L I i 2.



9.3 EfEgmFfE (GP) xli

Fig. 9.8 GPH i T I B M &5 0, Ho W rah — T B, KREWTHIZE N =
min(c,d)+ fo B KHE [44].

FERG RV T ET, AR R G BERT DL R — MR &, th
A ULIERE—MRIERF. HIEFRIEXT RN, ZEAREA, Bk MRIEN
I, R ZC R PR ROF YRR — R4S AR R . TR Rl
Jr A BEAEAE T B RUE R B, AR BRI AN S 4, A7 R
KN Tdo K 9.10 45 I KRR L A 2.

Xf b ESR AT A AT 3, A AR 2R KA S A, BT SUAE B A
FEE A DM, SRR DU R NS Al ke, — BRIt m, 5n—
K7 A (FR Ramped Half-and-Half). & 4146 1k 77 A 46 % By
A3 AT RERS A S SR (42], Bk T OURAIREEAT WI4R1L 2]

Mk

GAM — M e TH BN AR 1 3 IV o 504 0 7 1 PR R X R I SR 1 s
WM AT R, WARERVCRFE T, X —JrEW U TGP, A
HGPH A ME R — B Y, BIUILFREET BN METRE R, IFE
THIEAT 25 kb AR IE B bR A X — ik PRl R ARFERT 1, A IE A M
HGP: 2.

GPH ' AR LT 7 vk & bk i (Tournament Selection, TS) 4.
BIANFRATTEL G tH — M REARPAT AL 7 W, TSHVETE ST FEE P BN LIE B — A
T, ETETHE—DMREAMEEAE AR X —TNEAT XA
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Fig. 9.9 GPIEHEVIIAIIERE, FoREMRD IR, SR TR BN g i 2 58 22 10,
W ep BT AR LA 4

/@\/\/@%
SN

Fig. 9.10 GPHIHEKMYIRLTE, (SR AEROP IR, ZHIR L TS LUK A2 A 52 40 10,
W eh AR A BE AN



9.3 EfEgmFfE (GP) xliii

ASHCE SRR RO, DT AN S BT RN B R, AR S
TET A BTN A, AN G B R B BARAE, PR RT DR — 283 AUy ik
RISTERAEBATHEY A ZSEPRS TR MR IR . X3 AT
S, [FIRERT LU TS T3 HACKHEAR, RN & ZHHPTIXTS, 432 SCRE
Ao

TS5k — R R~y i 751, ETﬁ%%ﬂﬁﬁm%ﬁAWMLﬁﬁ

s T e A A 1) £ HLAH L AC e F5AE T 1o ot B ) M. X — TR A B4
éi%ﬁ%m*hfﬁ,TH%%E%%szﬁﬁ,%wﬁéhﬁﬂﬁﬁ
HERIHELL

BT HRORE R, GPH YA XA AIGAH 1 22 X3 B& A7 5l 3 X il
i i IGPAE XK B 2 128 o fEIX — SRBg 76 A SCFE A I 7
BT AT H % H BELG E — A28 X rih Mhy, AT H B LAy R T R
WSy, K B Ty o Lhhy AR BB TSy, TR ROHT AN, Wil 9.11 Firaws
EE, B9 RAMET RS, BIEE 7> AT IS, 7T A EF A, (HIXH
o3t AT LLAH S SR N o — AN A

IR AT SO PRGN A SCREA R A8 SO e . — MROR B RAT 1A B A il
AESOI R R B RELYE, PR E B T AR K. — TR R AR
A XA R B R A E RN, B SO 1 T
REHBROK, BARZ R 5 B . 12 PA T R B — AN EEE I S BERL AR
A4 1B BRI 719 R VR 58 ST AR /N, AT DA 58 il B AT RS o

KT Hms, — P W T2 B LE R — N R al, Rz RS
PAR B 70 B 4 e — A BEHLAE B, 35X —BEALRE A 42 2% 42 77 20 (FulD
BN KT (Grow) A2 plte VERX — 4 A2 57 07 RN A2 58 ORI R
B, HD— DBV, H A8 X Shy T RIAR T e FI5E XS A
8L, FEAR S SRS T BRAT AR TR A AR Al R A BE AL, AR T RN BT
()35 S MR 28 53 A0 0 AR S Y RO SR N B, 5y — AR R o AR
s, R BEALESCR R R AN L AR BRI R. HER R T
NEFEARA R (Hoist Mutation) , 46828 5% (Shrink Mutation) , & #4557
(Permutation Mutation) 5%, FAKW N, [44]. — L8 FLIIRE L8 A\ 938 R R v]
RER AL, WKoza [40], {H 5 RHFFTE K I /NFU AL S 2 A 4 18 1)
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m (62
()

§ &

Shz

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

IAE— RN LG 7 (AR RNAZ AR A8 SUERAE (90%), RG> i A 2 A8
FEAE UNF1%).

AR YOS S SRS AR AT AT A A A BRI, IR B A R
SEANBLSL . AR AUR — MRE R, XA R BT R 1S BAE P
FoHIL BN REE e R XS IRBIEEYIG . A BRERAIR
T BN SR, RIEA R ikt

GPiE LI FEh &% 2B B —Fi R4S (Bloat) Hl%: {EGPYIM, Pt
AMEIPERAE RS T 5280 GREFF AR E, (HZ 5 — B 8] 14k
JG, XTI S AR, B AN B (S I R R T R R
W NERE BRI T IR 2 R, 13k T SchemaTR it (1 Fh B 7 35 K i F1L i



9.3 EfEgmFfE (GP) xlv

[52]. KA G AT GPHIPEREIE B T AR, AMUINE T8 fdH, IR T 4
BRIy . —Fhds ) AR I G 1] B VR AR FE AT IR ST, PRI
AN B R R TR AR R, B D BT R R TR AR IR AR R
F [71].

9.3.2 GPH A EA

Mg

GPAURT AR T A3, SR Z A2 ULE s A st SR e, 3
g — B PAT R FEA A, 0 B R AR A 2T, AT AR B S U E
FHTHENRER. AT, BN EREILIFAE SR, RIEMER
IRRCRAN G, REHRAEME XA R AR LA R 2%, R 7 B A A R
we, HHITEATS, FEPHE R R Rs 1, AR B SR IR A Y
I gmARACE W Rt , RO L Mg .

A SR AR, 2otk gt b AN & BRI B PR 8, T Bins T
NEAEREN, B ITES O REERA) WL 27 47 8% h e Ut 4
B AR I A e A, ZetEgmidh AU S HERS, #F
AT AR AR G A Hh ORAE R S MU AR AT BT 38 7T LU HLER ICPU, T
DRSSO SR (7R 2 R i —SE MU IGP E SR AEHL AT 275 [41, 23],

BT bR g 75 3, S8 SORNAS S R AR ARAS AR T 5L, 5t m] AA
WAZ S g J7 RAE AT N B — N Fr B, 3R 28 ) BERT DAAE P AN SOAR TR BEAT
A LA BH A A, IXPP A ELA] DI SR B A SO TR oz o 6 1 2 ]
BT E S, W] DU ARSEAL . AR S R AT AN I — A B R AT BE L
e, BT E LR SR 0 LR R EETE (A7 85 s BUBP . B
{ER(AGEE DN

E4mAS
AIHEISE 2L, BERACAE RGP LS s TEREM T B BB b A

TR IS 5K, SRV ] DO S50, ] 9.125 k. 7T
AR, £ () PFroaWaifgmidr, PINKESE mRoR 17 W BAT AR R 45
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H, PR RE DT H, IR HERBMCE B, Bl (b) B
NI SEY AR L W R U PR EY R O[S E TN

Ve Ve
AN &

\@ \@
(a) (b)

Fig. 9.12 GPHIEIZAS T (a) AMEMEH, BEWDFETH RES55D; o) Fi
P, TS ROEEEI R — AT

BERGP

1 LG AIGPHE T AN A 528 sl b TR AR, O 3 T 58 SORIAR 53 26 s b
FEo AT FRATLE B 18 SchemaE BN 42 2, X — 1 FEAH 24 00 AT 80 il B
BRER 25 A 2 R M. AR, X R R, —MRTRem
B IERAMBUE £ 5 BATE A ERAE, T2 5 T S i A B b AR &
N R HUE B EHERFE AR X — 5 AR A A 3R, AARIR 2
— PRI TV, RROAMERGP. MR A TH5E (Estimation of Distribution
Algorithm, EDA) /& —Fh iR [ MERGP 7 i, X — 5 k3 T 4 ai A5 2 4
TE—AKFE A, IR T2 BECR AR T — AR B M. ER, X
— SR 5 AT I A (0 0 0 32 T A e, A L R A ) T A LA R
e PR S T A A TR BRI EDA R 1 A 35 [A] o B 8 DR 7 4 ELAH A 57
[, A EDAMKAT 55 2 SR A 25 R [A) JdE 5038 2 (A S 534k, KFEDARY



9.3 EfEgmFfE (GP) xlvii

FIBIGPI, 75 BN N A 0 R S TR AT R A, B AN Rl T A
BE LR P (R AR B AT R AR [43].

RE RGP LA A2 — Fh v 502 A0 SRR ), R s A M R 2 i 1) >4k
13 58 R AT e MR O AR 25 BRI A i AN, DRI T AR R D R A R, 4
EE KR, FR, BN AME TS R A, RIEH AR AT
T, AT LUEAT 5515 B AR — FHEEAE SR 5] N BIAMA A o, 3
S U] AT AR B 5 1, T DAL 3 Al R 1 AR BRI AN AR T A
FRIEEAME, — LSBT E E R ANE SONM AR R GPEE Aok, BUE TAS
FERCR (571

GPHYIBEIL R RE

B T 3 1 iEGARISchema® i, X — # 18 [ £ 7] F ok R BGPiL 2.
SchemaX it B fift 2% 6] 43 i A% 2 88 P10, FEAl vF 4N 88 S T L 1 BE LS A
£ [33], WEFLEY R T X — B R BEGPH B A AT AR [50, 511, HE
XTGP R AR G135 T /R o] SRR M G5 1 MR PR AR 25 (14, 53], _FIR XTGP
R —Efe SR, (B4R Z ORI TR I8, X E 4 8
T NERBEMRRE. ARIMTIRAIZ B LLHGP, w2 K Al DA ok &2 2% i) . A
XA R, ARMEAT — PR AT AR RE L SE N 3% 5% T IGPAT .

933 LeEHF I F ik

E—AT AN A TGA, AT E TGP, X AT R R B AL
JEUo T3 — P D ) e A S0 AT 3 T AR AR, XA ik R AR G A U7 3
N RS SRR T A T 2SR, AR A ) R TR R ) 2%
e AT LETTEAME——JIF, AXFIZMAT I — L5 1 BFAL.

o HHALZEFE (Evolutionary Programming, EP). 5GP, {HA AR
FFait, R sB R o ) 8dE 240 (22]. EPHFogel /604 42 t,
LA —MEIRAREHL (FSMD NERAEXN R, B EPEEEG B S HORIE
FFSMITIGE 71, EPRIEEIS R, CEMGPEA KKKl

o BEALIEME (Evolution Strategy, ES) [7]. ESHiRochenberg [55]557E605E4%
feth. ESH R iy, I R AR A E A TR R
PIESHRHEH HOR B —AME, X ST A e i, BRI 2] — N



xlviii 9 B

SRR A, B2 N — AR . X — 7RO+ 1-ES. 1E1,A-
ESH, PATEFEAEGBIANME, REMES 5k, mIA AR E
BT AR, MATAMEME E . ESHIEFH L FRGAR FHE A,

o JERRIEYMFE (Gene Expression Programming, GEP) J&—F2k 4 4w i (1)
BAEIRFE V5 (18] FIARMEL It Im LGP AN, GEPHI4mid 255K, H
By ep U B4y B DR BT A ik il (BEIR R I, PRt — N GEPIF 2
RIA RIE Z A AFERK I E L X BT NREE R A D E KT
TRl ek th ke, DR (R 30 266 DR 7E R i % v 2 28 BOAS R P IR g A4
CUXUMI AR ). RS L, FER 4 =008 5 FR N Genotype,  HH % 4w iD
Ik H AN RE H FR 9 Genetype.  GEPRIZ I 72 K 1Genotype R IA A 5E &K
f)GenetypefIGP /7%,

o ZSH1L (Differential Evolution, DE). DE& 5 — i ] 8 (1) J8 4k 2% ] 77 v
[62]. X—77vEZ H T HAEMRAE E . & 5 I DES R R B AL i
WAk, B MEZ—NMEERE, idhxa,b,c, HHy=a+Fx(b—c),
Bx Gy MBENLAE X, Horp g — 45058 AR AE A M FEL . an R 3RAT
X — IR AxSa,b, X, ZFES T AE 2SRRI AE AR
W o

o £ 4L (Neuro Evolution, NE). NEZ&FGPAIEP, {HH#EEMEX G N—
ANPRZE 2%, TR 2 2] SR A AR 22 M 2% (R Z UM S5 K [19]. AL Gidh
228 2 5] — MR R T80 B N BR IIBPHVE, 1X— J7 VAL IR A N 4% &5
P, R B A S PR A R S TR SR FETNE, R FRFENLH
LB W LR AR I SR, IR X L 2R AR RS E AR5 B VERE, RIAT
AR I X 28 25 R R 2 8. anfE iR AR 25 b, Tk &b SRR A il i BPXY
W28 ZHOHAT 20, FEle X)W dh gk AT R %, JEIENE, RS
H A SH X — I ER A IE T8 BT R SR R H I 2%,
WL T MU B AR I 2% 27, 371

o NIREBH¥ ARG (Learning Classifier System, LCS). LCS#H - HiJohn Henry
Holland## i, FGATLVERA BN IERT B N [34]. 3 L8 A 038 1 7 2K
NG AE B 305 2], IF i BT R 4. 31X —J7 R I Michigan-
style LCS. 804FfX, Kenneth de Jong F1Stephen SmithF &5 £k %~ ] 77 1% 4&
O KR M [65], X — J7 7% FK NPittsburgh-style LCS. A~ & Ml A 5 v, -3
FILCSHS 2 38 i 1] 25 38040 2 45— R 51 JE 40 TF-THEN I AL, 5 xog 08 )
RS P PR EAT IR R0 BRI, T S 0] v e ]l IR B s R 445 3
I I8 I A SRS B AT Y. 90FEAX, Wilsonitt — P K JE TLCSHR 4, 7l



9.4 FEARZE>) Tk xlix

A Q-learning 53 Y S S 5 10 IE ML pR AL, 2 AT BAAR BE 5 4k 22 ST AE:
% [68]

9.4 BHFF A

TR FRAT T 18 R A 2% 20 B0 32 SRR AR A B i A R X — I 7R
M) ERE 2 — R AR =), 3 R (AN R A BAH 22 A5 SR i R B
HI AR TT ] X — B2 21 07 AADUA DR B AL #- b i R, R FZ
VIR AR T — Ok U, BERE YRS LA SRR P F AT A,
KR EAT N B B AR TAEMA B B S AN AR ] ) =
L HAT NI AEAARAT N XM SE BAAEE IE A) it Cln AN ] B AH R
BED. S feimt Canas i B EAHSE S ) BENAT NS5 40 e 1Rim s A mhiE
B TAE L T e IR e L TAMASE BATA M BHAAT AT R I LM AT
RNEAHEE, RMRARCAEAR 8 (Swarm Intelligence)  [8].

AT A UFP R T HAA R Re AL RS, X B Bk P A ke T AN SR AL
21, ABAEE A B AR EES A 2] AR SR AH OGP, ] T A T Y R
B AMEEAT s A AT ARG 5o 52 B ] 1) BE AL PR A BV AE R SR A 7
8], DAXTHULH A3 NE M)

94.1 BFMLEAH * (ACO)

Dorigo T 1992442 H AR AL 57% (Ant Colony Optimization) FH KA
KRB EE RS [16]. HEl, ACOCZL# A THAERATES T, W
BRI [6, 251, BRARHLLN [S6, 15], A4S0 HE [54], EIRALEE (4514,

ACOBVERAY BT B AR AT 07 e A RIS IR 31— 260 AUk A%
G, =R B FEER, BERNZOEREKE (EHEBED MK,
Hoe i 2= K J5 0 B AR Bz AT T F A B RS B R 2 DSk v e AN T
) F e X R AT AT, B U A, — s 2R e
BUGTEMAE LR TN ERER, (AT gy SR AN E1R AN, 22
%, WIATRI AT E R R A AR, (5 IS ER AR M SR AT AMA RS EL
FEF A, RSB YMRAT S E L. AR, KD SRR RAE Nk
K5 R TFRELEE, £ACOFILN I BHHE.



1 9 HLE]

LR A7 B A) R A 451 K Uk BHACORT A& 25 B, ik 47 7 i) 8 (Traveling
Salesman Problem, TSP) ) H B2 7E M 3, —FHIEHE, XELHEFEE
TREW, B8N R E—K. ACOM I TP F M HRTSP:

1. VIR A i 18] (015 SR — AN = 6, Hor, AR 4 5.
2. JEFEN R NI mUT IR BT BRI R . R DR T
P A Rk -

a
1]

Forhd 3, j M AR K, o, BASHL. RS H bR,
T T IINTSP ] #31) FL AR PR, BEAEAS I SRR A3 17 H e 2 — K

3. FE AN AR R A, RS R — RS SR IRIT . I
I Rt S SR W T

Pij < Ti[;d

N
1

Tij=(1—p)Tij+p ) (sijeénfa
n=1 n

Hrpp R EHSH O BLRT — LI N RIE B RMIER R B, AR
Fon L IGEGE T AR, LARE M EKE. EXERY, FIBECOR I
PRAEHAE, EE T IE SRR

4. REIFEE2E, YRET - AASEROIT R R, BT e 2
BT T RZAMERGES, Bz m < Emiit.

FANTSPRIA A AL v B — e A R A R BNGASE Tk . A e 7k
FHEL, ACOW)— MU SR RAIERFE M. Bl e ImAEE, &
a AR AR SR R R, TSP a) R ) S5 A0 b B I 1) 3h &5 78 k. ACOWT i Ik
T ISR S TS 3T A B IR0 I 2 3] AP B 2 2T SR YRE T ACO [P = Ak v ik
T B HsoR A 5, 5 R RSUIN TEE, XM Y TS AR N
SeIa MRS, DR 25 AR AT AL B R A, RN SCRT DA R I B PLIE
NEFTA S, X PR AL TF 75 S AT M 5 2] R I DL S AR 2R ) A AR
P, BIME BRI A AT BN — DS HEI R AT

HF—RHZE, ACOSIATHI A #2 F HKJEDA (Estimation of Distribution
Algorithm) FAHPLZ AL : & #f R I8Id HHTE SO i A e 2 Al v, IFk:
TN BT AR SR R L . ACOSEDAARFIZET, EDAKET Lk
MER A5 S B2 R 25 0K RE, TTACOKG iR MER 5 ) s (s B Ak, &
BRI AR ML SR, I3 TR S AT A 2 (AR A
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9.42 AL1L¥#HH % (ABC)

AN WE#E57, (Artificial bee colony algorithm, ABC) & 7 —FhEH AL
Ji1% (361, ABCHUAMAMERF I TAETT e — MG R G 40 = RERAEIN L
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
177 AR S B R i, BRI BRI B S, RE TR
Ji R LR BEA R H AT R EIR PR, PRE 5 R E NI T
%o HEPFHITRI|— R, HRSEE N, ERRAREIERNE
JERR TR K B — LB P AR KB I, R 2 TR I R R

ABCHLVE A % B (11X — FHAAT 77 2R FRARAAT S5 H B> BRI
AN AT BE M B], 3K — fif s 1) o R B A A — A L )3 L B
KBS R 2 T 1 fif s (B o o R HE AT RERI M, BN S I AR K
W, BERE X HIERA . REMES R E R, BRI BT
KRBT A, TS AT Ik T X S (R AR I 95 1 25 AN ) A 2 ) 25 R A
AT, G PR g 2 1) (1 0 B E 28 1E LU T2 2% 18] o S A0 A RO B ek 2. 4l
R KR A RIE IR, SREZEFECEMT, W EixiE
], FEREHL—ASB MRS B ET R R X — IR R AR AR T LA R
ZARM, B 145 S SE LT VR

A — PRI AT N A AR 590 BT Pham £ 200542 1Y, #K ABees Algorith-
m (BA) [49]. X —SVEMABCH LR EARR A — 5, (ESLII7E LA W
TEM: (1) BAREH R EENLE ST I 78 3 Ok € 1) =TT IS R,
MABCHE F H & B R A7 B HEAT 2R (2) BABVE A W R AN B R AE R IR
BRI A ERBERAE, NI RN g NMERIEE. Kk, LR R
AR B, T ERALE RN R, A DA RT £ (3
BABLVFR SR 7 AR BB IR A U BTN A R, L B YRR IR 5
ZUESIE R, AOMEEREN LS, EHRiICZ IR R, 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
) BB, f (%) 9 AR FR) A 52 R B o B A P 22 1) A 21 SE AR A 1)
HRH Mok Blylt, P OE ) LOEREE T Y TEFECE
i), DRIl i E B R AE. Converged ()42 W7 1% A 2 75 USSR B
$. Rand(M, p;) WML p, 1 75 58 A i 2 18] P48 208 A 114~ 4.
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9.4.3 :-FEHH* (PSO)

BFEEH YL (Particle Swarm Optimization, PSO) H AT HE H K2 1 4
EREECH B BARAT I (38, 58] X ELHWITE T 5 H AR B, AR
R FEIEEEZ 2 S KA, W2 2B /A, X
HfF e AR — P AT AT e AR RE (45 30 P ] DL RS Y 5
K, AN FIERAE TR 2 e TR PSOS L WIS VL 20T /R, %5
ARG IR

1. XA Ex, A H SRR TT v, 7 BN LA IR

2. TN MERER RS (x0), IR R EBARALNL B p, = X0

3. WA AR EAH LR B 4 R A B

4. XHEEAS A n, BT R AL Ep, 1 A R Bt A B gt B ARt Ak Ty
[v,,;

5. XFEEAAMER, IR H AR TT v, 8 43 1 — A A i R e BB G, )
ez diml, R Ep,;

6. HHr R Ee

7. WARB B R AR R ik, BT, SRR R,
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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: PSOBE. NAREIAS, KARTIERE, v, B AT
B8 BB, v S S MERGERE, po o Sin R BLI BAR
i, g, 00,0, 955

PSOMEZ BHIIE K. WA 4 RARAL AL T 0, B o 38 1
ST RIRE, ATARARIGEK, (R85 MR B s SRR AR AL £ T
W BT T AL, BN, (ERE R B R RN B9 4R
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T BT IEXN S B AT A IR TR [59, 66]. S5 T PSOBEE R & Mt A Sk
] A IR Z AT [11, 9].

9.4.4 #H¥E 1% (HuS)

5% (Hunting Search, HuS ) J& 53— AT HHRAT W AOMRAL S 2
(470 X —SEBURAE SV E A8 5 A5 B AT 08, Uik HARPLN S Y,
R BRGNS AR P AL B — DA RO, W00 H bR o8 5 D9 38 B e
o XN LB, HuSHIaG e — s EAF i i, B E
RACIAEE AR UL &, I i AU LS, R
PeJa LB LRy, MHERAEZME, SNERE. SEFEE, M
Xt H OALE WP IR R, BEEIMARNLINE), BE S e S o)
it CEM TGAT R R X)), bR FE R T, HEHREWE M
fift O NECKIAEE R ED. NPT IEAR RGN R EAL, HuSHE H A B4
Mg, DREFOCKIE B A2, HoRmis & BRI £ E,

9.4.5 ¥ XKk H ik (FA)

7 K L (Firefly Algorithm, FA) RIS K B € AT I (19 BEAHWR 5147 09
(691, FARGAEA 2 K B SGI H A eR A8, TR ¥ 5 K L R] i i
SEHAAME G s SEPERURI I K B2 2 B BE R s I 8 K IR 51, 1 BE 2 7
KT BT R MR Z L EAMER G, H SRS R, FASSE -
JEPSOM — A fh, HAIPSOH/MASZ 214 R e AR 51, FATH 52 I
A LT A AR AR IR ]

9.5 EEMNMHLTE

FEARALTT IR T MR A 05 B TAREREA 2 S 7 ) — ik, — Lk
BB DX B L B EE RS, MR T MR R
ARBENE [8). AR, A LLWFFLE AR IS AT IFASRE oK B & (1 2
AR, BOMMRHAES TS, BEHLIEL EREIEMAR, (UKEERLIERTAT
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S 2T FUEAR 2 ST (KR ER 2 H AR AT AT 41 LR S R g BE AL AL
Jrid, H GRS RO LA

9.5.1 B hiiE K H & (SA)

& JEAE NI W IR S22 PR, T R R kL, I H B A ) SR
Ao X I AEFRNGR K ‘o BEAIR KL (Simulated Annealing, SAD 15
X —W R, B NS HOR T U S R R B AL, SRR A
o R A AR R S B AR [391. BIRATI H bR d MR — R H, IR AT
s, a TR RS R A s, ARSI NE L SRR RS Rh R R B A K
s'e FERLIGR KB, s H AR b BEAL AR B —ANB BOEs , 0IX — ik
T MEZWRP(s,s', T), HPhTRIEESH. HERRZ, HES T RE8IE &
Ts (A BIEACTs), Ps,s, T)iEREAGRTERME, BWEs KR L
Wiz, 9%, ' — s/, P(s,s', T)FIREZR K. THTER ZIEHIP(s,s', T)H
TEAR, THEKP(s,s', T)XTs' — sBANBUR. Fltn, P(s,s’, T) AT LUWIF -

1 ifs <s
P(s,s',T) = { f

/ .
e~ (5'=9)/T otherwise.

FERLPUR KR, THARIR T ¥ — MBORE, i — SR E s th AT
BUrm RO A, R LR AL, XMRELA A TR R AR
e EARSARAERE S, THVHUEBOZHET AR, B M BOR B A LA 12
55 HT =0, JAs < sHff iz, X ARAOR KL RE 2L 4 E
5%, HBHIATHE R 2 R i Ui, BONTESREYI 2 A R %
i 7R E A, Ja R B R AR e AR A A R R e — AR AR K
MACTRE A SRS 3.
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1 Input: K;

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

4 for k:=11t0 K do

5 /Iset temperature of the iteration

6 T =k/K,;

7 /Isearch candidate solution s” around s
8 s’ = Rand(s);

9 [ltest if s’ is accepted

10 u~U(0,1);

11 if P(s,s',T) > u then
12 ‘ s=5

13 end

14 Output: s;

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

B S BRI SIS b, BEROR KRR R R, AR R
RSN T RENLE. ARFARE NN, X —EEEL R 0L 4 2 L
SRE B, HA T ERGARPSOIX 5 2L I BELAL T (6014

9.5.2 & % (CS)

— SR AR R E RN B R B, AR S E A S A (48], N TR
M H O LMAAER, S EESEIMEEN AN ESERNE M E. R
1M, XA ARG B AW e T SRR, Bkl . vk, At
RS IS ATAE R T & Rl IME R B 7o fE £ 938, EENR/N. B 7 T 47 A
f7, HZE/AFESH B E F SR A, DU E A RE L.

FERSHE R EE (Cuckoo Search) fH S FLRY X FhaF AT N BMRAAE S h
[70]. fERXFHEED, BAFRYEAR ML, ERREIEL LR
N R AN NME E 8, BV R—N T E, AR S mEELE — A
1 EHj, WAH RN R T2 A SRR, R R R R )

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, EEAAE B KR, X RTINS SR R R R, Plp el
Py de 22 AR FEBEALA SORT . BIRCSHEVEBA I R Avra — A&, BT
LAY JE 21 fe v 2 A S A1

PO AR R T AR ORI R — ] BT 9 RT LA T A s B,
BRI S 0 AR B R — AN BT 10, 387 A B AR A2 B A s o A 15
2, AP

t

X =x"'4uv; p~N(0,o0).

Forhx! S S5 20 2 B R CRIGETZE BRI, o A — 7 ] R B [
Yang &8 N R BUX A AE T 2AERIX ZHEVEA AL, D U0 22 T Levy 70
A FRL AL B

CSEIE NI UF AR 0 5 LB, F{EETHS D (U EZFH
Blp,—NZH0. EECSHIET BARER TNDE, (HEARZ SVRHE I AW
2, AMRIANAE B A8 R I B e S A HE e, DR ERATTRE 2 A — i
GIRURErRr

9.53 f=E % (HS)

FIFE 482 (Harmony Search, HS) J&52 B 1 R 25 )8 K& H B —Fh 4L
Tivk (261 FEZEET, BAE R FURES, XRET I —AN AR E ()
PR —ADNYERD, H#ZE R M2 R RN IUE. A& RK
—RIRZE, 19BN, SRZE I ANERE R ROZ MK B AR R EUE. HSHE
RT L VIR TR (x; ), B ASBT R I Xh f — Ex BE AL A
G AR T A — 8 R 2 p I e {x; R0 24 B (v  BEATLIE 8, B DARE
21 — pB LA AR XW&M%%EP?%?UE%;, TN —EME A Gy T B
BUEDD. a0 R AR T A e b o d 22 B, B AR, O I AR b
M. EOR AT, E B b ) o AN B e s

HSH L AMGAR EA R SRARAE, 25 bx/ 1A i A2 R4S 1 28 KA
AP RAE, A X B A AR A SR X, TR e T
MMERIBENLAE o AUEAFAERZ AR ] B B A, (HIX— S HAUH TR
B, DR RS SJ R E AN . FRATEHS TN BEHL S > ik
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9.54 22¥ % (1S)

42442 (Tabu Search, TS) [28]:& — MHAEMRE L. ZEILEBELA
HAEIE RO S L CAZThRE,  TEAE 20 R 2R T 21 1 = 3 e A A 1 2R B I 1
filt, TEMZRIREFX OERAEILFHIBATEE. — A FERATSE R
W AR, HApidiz 2 —mEnticis, B — e ma pic Az el = 35,
MFLES I 2R FIE R, TS R EARBORH ARSI BEALYE, B SRR A
B, DRI RN A e — RN LR 48 07 i
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1 Input: K;

2 Initialization:

3 //init state

4 s = Rand();

5 //init tabu list

6 G=s;

7 /finit global optimal s, and local optimal s;
8 5,=5=s5;

9 while True do

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

12 s'=0;

13 for s € Nb(s;) do

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

16 fr=f(s):

17 end

18 end

19 /lreset local optimal

20 s;=¢";

21 /lupdate global optimal

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

23 ‘ Sg = Sy;

24 end

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

27 Output: s;

28 end

Algorithm 4: 148 2R, HdiZo8ERNEZ. GhEER

N, B

P 2482 s Mllsy 73 il Dy 2 Ry AR AL e Nb(-) A2 38 A A A2 ol R K

Clean(-) NAHCAZ KB R L, W05 0l I — € I R 1Z.
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9.6 KE /T3

ARFEDW TR ST 070 R SR, AR 2] IV ERIBE HL AR AL
Hike BATHE JTHE T AR ML 2 2] T - 57 (GA). GABLE T
A ST BT ARG T 08 B R B MR e, 5 T 38 ORISR Rt (1 o
BT R AR IE BRIk, BATTIT I T GARISchemati iy, 1X—F
TR BB MAERE, PR B 2 B R R A Hh B3 B bR B A A R
6], 17 A8 AN S S5 BT AR A R A RN LI 1 (RIS 45 55 — A A
SmE E— R .

BATHE T LG FE (GP). GPRIGA A A 76 T A b i AMA AR
JIBR T #AHE (RS HEIE R B, 125N T 0T i A2 1 4 i
X MG AT AT DL ) B e SR etk 2 80, i HonT L2 5] 58 il i —
R4t A ik, HeA)ifiie, GP ARBE A A FHIRIR, HFE4AET
% Hbw, BRI 322 20 0] 58 iz B bR iIAT 2 AR, SEELE EHRmAR. XA
H AR IR B 2 31 5 s LT IRATAE 28 351 B i & Pl R HL (Neural Turing
Machine, NTM) [30] B¢ A #4> # & 11 H 4L (Differentiable Neural Computer,
DNC) [31]. AFMZ, NTMAIDNCEE T oMo S50, Mk
W&k, MGPE: T RFEEFMMMACEBEIT ISR 55— A FZNTM/DNCH A
) OAE AR G, TGP A2 TE E U 5 E BT iE . GPS R —#&
B AR AR AL 2 o)t A BT T AR AU AR DA AR 5 A ) R
FE% o), HR S ) 2Rl B R S P IR R I ZE G R Can Sy /R AT KRB L
PR, PR AT R X Se 5 A (5 B R i % S . GPIA S5 A0As EnT R,
FAEIRFFEIK, HORBAK, (AN AR,

BAVEE— BT T TRER S S 5. R EBEA S S VAR B ikt
I 5, AHAER Z R0V T AP I SRR AT Dy, G SR 3 0 11 %
B IRBEIOAL S X SRR S 5] 7 VA B A ASAOUR B sh A A R T 13
HAHLHRIE ST 5 IR XL 2R 7V R L FH IR E &,
kT SRR, BERFE A ERE T NE CMEIEFIRAEY SR, W
BT — LB UHTA, (HIERVEAR G R S0 GEr, st b i B
T HAERIEEAE.

AT T DABEHUR K AR BN . an SR AR A7
KE, BN TR KIR KRR O] LU AR R i e f 1) i, 7EAR AT 4%
FRUUH R R T BUUR K B 5 3 1 BV JE AR 18 0 SRR AR,
MATH A FEGATE N B BEAR 2 2] L PR B IR T — i st afis 2, ik
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FEOI b 75925 T RS A 7 EAK S B B 7 s AR E (B S  fl # ( SRE
SR LA > B — 2R AR SR

R TSR SR T e R R AR, RIER AR, X
FEIX G752 D) T AT R T iR A AR R AR A i A XA A AR T
A UARR ISR B e fle,  (HSE B B AR X AR L, MR i, X
F B, OB 2% (R RO 5 7 A Ry R A 1) e DRI, 7 PSR
RIS A ZXHE 55 1 S 560 R R By R = sie R 4R 7 2
I, A B AIRFAE, TR A HeERE; 2 BOALIH T ] B, % e
JERETHERI 2 2171k, IRONIR R TTERI AR B s

9.7 X AR

o KTGA, AFEZ% | Banzhaff]Z518 & (Genetic programming: an intro-
duction) [4].

e XTGP, A&FEZ# [ McPhee®s \MZ%1A L & (Field guide to genetic pro-
gramming) [44].

o KTHHAZIFMBEMRMEE, ATESH T Wiki EIAHEES.

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

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



Chapter 10
smitF 3]

Ixiii






Chapter 11
MR =E

Ixv






References Ixvii

References

(1]

(2]

(3]

(4]

(5]

(6]

(10]

(1]

[12]

[13]
(14]

Akbari R, Ziarati K (2011) A multilevel evolutionary algorithm for optimizing
numerical functions. International Journal of Industrial Engineering Computa-
tions 2(2):419-430

Aler R, Borrajo D, Isasi P (2002) Using genetic programming to learn and
improve control knowledge. Artificial Intelligence 141(1):29-56

Baluja S, Caruana R (1995) Removing the genetics from the standard genet-
ic algorithm. In: Machine Learning: Proceedings of the Twelfth International
Conference, pp 38-46

Banzhaf W, Nordin P, Keller RE, Francone FD (1998) Genetic programming:
an introduction, vol 1. Morgan Kaufmann San Francisco

Barricelli NA (1957) Symbiogenetic evolution processes realized by artificial
methods. Methodos 9(35-36):143-182

Bauer A, Bullnheimer B, Hartl RF, Strauss C (2000) Minimizing total tardiness
on a single machine using ant colony optimization. Central European Journal
of Operations Research 8(2):125-141

Beyer HG, Schwefel HP (2002) Evolution strategies—a comprehensive intro-
duction. Natural computing 1(1):3-52

Bonabeau E, Dorigo M, Theraulaz G (1999) Swarm intelligence: from natural
to artificial systems. 1, Oxford university press

Bonyadi MR, Michalewicz Z (2014) A locally convergent rotationally invari-
ant particle swarm optimization algorithm. Swarm Intelligence 8(3):159-198

Box GE (1957) Evolutionary operation: A method for increasing industrial
productivity. Applied statistics pp 81-101

Clerc M, Kennedy J (2002) The particle swarm-explosion, stability, and con-
vergence in a multidimensional complex space. IEEE transactions on Evolu-
tionary Computation 6(1):58-73

Crosby JL, et al (1973) Computer simulation in genetics.

Darwin C, Beer G (1951) The origin of species. Dent

Davis TE, Principe JC (1993) A markov chain framework for the simple ge-
netic algorithm. Evolutionary computation 1(3):269-288



Lxviii 11 tRefeTri%

[15] Donati AV, Montemanni R, Casagrande N, Rizzoli AE, Gambardella LM
(2008) Time dependent vehicle routing problem with a multi ant colony sys-
tem. European journal of operational research 185(3):1174-1191

[16] Dorigo M (1992) Optimization, learning and natural algorithms. Ph D Thesis,
Politecnico di Milano, Italy

[17] Eiben AE, Raue PE, Ruttkay Z (1994) Genetic algorithms with multi-parent
recombination. In: International Conference on Parallel Problem Solving from
Nature, Springer, pp 78-87

[18] Ferreira C, Gepsoft U (2008) What is gene expression programming

[19] Floreano D, Diirr P, Mattiussi C (2008) Neuroevolution: from architectures to
learning. Evolutionary Intelligence 1(1):47-62

[20] Fogel DB (1998) Evolutionary computation: the fossil record. Wiley-IEEE
Press

[21] Fogel DB (2006) Evolutionary computation: toward a new philosophy of ma-
chine intelligence, vol 1. John Wiley & Sons

[22] Fogel LI, Owens AJ, Walsh MJ (1966) Artificial intelligence through simulat-
ed evolution

[23] Foster JA (2001) Discipulus: A commercial genetic programming system. Ge-
netic Programming and Evolvable Machines 2(2):201-203

[24] Fraser A, Burnell D, et al (1970) Computer models in genetics. Computer
models in genetics

[25] Gagné C, Price W, Gravel M, et al (2002) Comparing an aco algorith-
m with other heuristics for the single machine scheduling problem with
sequence-dependent setup times. Journal of the Operational Research Society
53(8):895-906

[26] Geem ZW, Kim JH, Loganathan G (2001) A new heuristic optimization algo-
rithm: harmony search. simulation 76(2):60-68

[27] Ghosh-Dastidar S, Adeli H (2009) Spiking neural networks. International jour-
nal of neural systems 19(04):295-308

[28] Glover F (1986) Future paths for integer programming and links to artificial
intelligence. Computers & operations research 13(5):533-549

[29] Goldberg DE, et al (1989) Genetic algorithms in search optimization and ma-
chine learning

[30] Graves A, Wayne G, Danihelka I (2014) Neural turing machines. arXiv
preprint arXiv:14105401



References Ixix

(31]

(32]

(33]

[34]

(35]

(36]

(37]

(38]

[39]

[40]

[41]

(42]

[43]

[44]

[45]

[46]

Graves A, Wayne G, Reynolds M, Harley T, Danihelka I, Grabska-Barwiniska
A, Colmenarejo SG, Grefenstette E, Ramalho T, Agapiou J, et al (2016) Hy-
brid computing using a neural network with dynamic external memory. Nature
538(7626):471-476

Gray F (1953) Pulse code communication. US Patent 2,632,058

Holland JH (1992) Adaptation in natural and artificial systems: an introductory
analysis with applications to biology, control, and artificial intelligence. MIT
press

Holland JH, Reitman JS (1977) Cognitive systems based on adaptive algo-
rithms. Acm Sigart Bulletin (63):49-49

Janikow CZ, Michalewicz Z (1991) An experimental comparison of binary
and floating point representations in genetic algorithms. In: ICGA, pp 31-36
Karaboga D (2005) An idea based on honey bee swarm for numerical op-
timization. Tech. rep., Technical report-tr06, Erciyes university, engineering
faculty, computer engineering department

Kasabov NK (2014) Neucube: A spiking neural network architecture for map-
ping, learning and understanding of spatio-temporal brain data. Neural Net-
works 52:62-76

Kennedy J (2011) Particle swarm optimization. In: Encyclopedia of machine
learning, Springer, pp 760-766

Kirkpatrick S, Gelatt CD, Vecchi MP, et al (1983) Optimization by simulated
annealing. science 220(4598):671-680

Koza JR (1994) Genetic programming ii: Automatic discovery of reusable sub-
programs. Cambridge, MA, USA

Koza JR, Goldberg DE, Fogel DB, Riolo RL (1996) Genetic Programming
1996: proceedings of the first annual conference. Mit Press

Langdon WB (2000) Size fair and homologous tree crossovers for tree genetic
programming. Genetic programming and evolvable machines 1(1-2):95-119
Larrafiaga P, Lozano JA (2001) Estimation of distribution algorithms: A new
tool for evolutionary computation, vol 2. Springer Science & Business Media
McPhee NF, Poli R, Langdon WB (2008) Field guide to genetic programming
Meshoul S, Batouche M (2002) Ant colony system with extremal dynamics
for point matching and pose estimation. In: Pattern Recognition, 2002. Pro-
ceedings. 16th International Conference on, IEEE, vol 3, pp 823-826
Mitchell M (1998) An introduction to genetic algorithms. MIT press



Ixx

[47]

(48]
[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

11 etk iri:

Oftadeh R, Mahjoob M, Shariatpanahi M (2010) A novel meta-heuristic op-
timization algorithm inspired by group hunting of animals: Hunting search.
Computers & Mathematics with Applications 60(7):2087-2098

Payne RB, Sorensen MD (2005) The cuckoos, vol 15. Oxford University Press
Pham D, Ghanbarzadeh A, Koc E, Otri S, Rahim S, Zaidi M (2011) The bees
algorithm-a novel tool for complex optimisation. In: Intelligent Production
Machines and Systems-2nd [¥ PROMS Virtual International Conference (3-
14 July 2006), sn

Poli R (2001) Exact schema theory for genetic programming and variable-
length genetic algorithms with one-point crossover. Genetic Programming and
Evolvable Machines 2(2):123-163

Poli R (2001) General schema theory for genetic programming with subtree-
swapping crossover. In: European Conference on Genetic Programming,
Springer, pp 143-159

Poli R (2003) A simple but theoretically-motivated method to control bloat in
genetic programming. Genetic programming pp 43-76

Priigel-Bennett A, Shapiro J (1997) An analysis of genetic algorithms using
statistical mechanics. Physica D 104:75-114

Ramalhinho Lourenco H, Serra D (2002) Adaptive search heuristics for the
generalized assignment problem. Mathware & soft computing 2002 Vol 9 Nim
2 [-3]

Rechenberg I (1973) Evolutionsstrategie optimierung technischer systeme
nach prinzipien der biologishen evolution. PhD thesis

Secomandi N (2000) Comparing neuro-dynamic programming algorithms for
the vehicle routing problem with stochastic demands. Computers & Operations
Research 27(11):1201-1225

Shan Y, McKay R, Essam D, Abbass H (2006) A survey of probabilistic model
building genetic programming. Scalable Optimization via Probabilistic Mod-
eling pp 121-160

Shi Y, Eberhart R (1998) A modified particle swarm optimizer. In: Evolution-
ary Computation Proceedings, 1998. IEEE World Congress on Computational
Intelligence., The 1998 IEEE International Conference on, IEEE, pp 69-73
Shi Y, Eberhart RC (1998) Parameter selection in particle swarm optimization.
In: International conference on evolutionary programming, Springer, pp 591—
600



References Ixxi

[60] Skiena SS (1998) The algorithm design manual, vol 1. Springer Science &
Business Media

[61] Srinivas M, Patnaik LM (1994) Adaptive probabilities of crossover and muta-
tion in genetic algorithms. IEEE Transactions on Systems, Man, and Cyber-
netics 24(4):656-667

[62] Storn R, Price K (1997) Differential evolution—a simple and efficient heuristic
for global optimization over continuous spaces. Journal of global optimization
11(4):341-359

[63] Turing A (1948) Intelligent machinery. report for national physical laboratory.
reprinted in ince, dc (editor). 1992. mechanical intelligence: Collected works
of am turing

[64] Turing AM (1950) Computing machinery and intelligence. Mind
59(236):433-460

[65] Urbanowicz RJ, Moore JH (2009) Learning classifier systems: a complete in-
troduction, review, and roadmap. Journal of Artificial Evolution and Applica-
tions 2009:1

[66] Van Den Bergh F (2007) An analysis of particle swarm optimizers. PhD thesis,
University of Pretoria

[67] Whitley D (1994) A genetic algorithm tutorial. Statistics and computing
4(2):65-85

[68] Wilson SW (1995) Classifier fitness based on accuracy. Evolutionary compu-
tation 3(2):149-175

[69] Yang XS (2010) Nature-inspired metaheuristic algorithms. Luniver press

[70] Yang XS, Deb S (2009) Cuckoo search via 1évy flights. In: Nature & Biolog-
ically Inspired Computing, 2009. NaBIC 2009. World Congress on, IEEE, pp
210-214

[71] Zhang BT, Ohm P, Miihlenbein H (1997) Evolutionary induction of sparse
neural trees. Evolutionary Computation 5(2):213-236



