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Abstract：Schematheoremis a矗md串衄 也e0ry of ∞垃cm窖odthms(GAs)．Tim papertb删 b，analyse~and 

s“幽 the sdaem~tlI∞舢 of par山∞o-窘c∞雠 algofitlma(PGA)and帅 棚t formula，and岫 叩 血凸丑吣  姻  

the 。b蛐 衄 geOdetiC opea-at~s ofPGA de．roy sdaem~ 

l时 w删：ds： 叫出∞0_ c algoat~ ；g~netic q崩raD ；schema theocem 

I，0cu咀蛐 t eode：A 
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摘要 ：图式定理是遗传算法的重要理论基础之一 本文对单亲遗传算法的图式定理进行了全面的分析研究，给 

出了单亲遗传算法图式定理的表述式，井对各种遗传算子破坏图式的概率作了估算． 
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1 0=c Iuc 

Thep越th咖 种 c alg~idlra(mA)[ ， j is agenel— 

ie algorifl~ra(GA)usmg d 曲aI：|clH s~ing$as 

du0ln 01nes，and its genelie operation is achieved b 

the gen ie叩 糨 哪咀ad玎gin 0啮 chID加os0r口e only 

such 越 gene _d 哪哪a幻 ，窘∞e幽ifI饵c1锄or and 

gene inversion ope~tor酬 of crossover 0p 

q崩 ngbetweentwo ch瑚 )s1)m嚣 such aS PMX，OX 

and Cxt 
．
o[ p删 with the traditional gen ie algo 

riP,ms(TGAs)，the genetic operationinH js~ pler 

andⅡme effleie~，the pIll ∞ need not be 

varied and thee is n0“mlmamre∞  ，eIg∞ce”，w}lile 

PGA has the basic features of TGAs．Wh∞ ~lvmg 

combinatorial叩恤ni ∞ prOole~ns such n line 

holding proolemc 
，

廿aveⅡing 船le鲫 柚 problem[ ]and 

pa~a-a el~ering problem ，P(认 isdi ncⅡyⅡme el- 

ficiem than。IUAs． 

Schema山ec m is afundamental~heory of( s．On 

theb鼬is ofRef 既Ice【6 J，this p叩er fIl船 鼬alyses 

and snldicsthe scll∞】atheoremofP(认 and givcs∞t蛔 

formula，andⅡ1廿l ap~ tely estimatesthe pIDbabili— 

ty山越 01)em雠 ofPGA destroy scb尊nas． 

2 11le ge 叩 躺 ofPGA 

Dl蛆 1 Gene exchange 0n of P(认 is 

the pIo。。du inwhichtwo or several genes(d嫡均懈 ) 

in ad∞m0s011【le(cIlal蝴 s伍ng)are haTI鲥 by a 

cem血 pmbab~type．The exchanged gene~arela埘 啊 

ly sdccted． 

Gene 盯cb皿萨 唧 a can be divided into 衄 e． 

point gene ch 窖e叩％ 0n andmulti—p0int窘c∞ ex— 

l1a】唱e唧 删 on．Theformer cha士lges onlytwo窘E玑 

in a d DⅡK0眦 ：the~Itertakes a definitel~ itivein- 

t R哪凼妇 i地n： 删 by 岫  酬  ∞ ofQ岫 s鼬e Bd【嘶 n r嘧 t(蚰∞蜥 ) by sd∽ ＆n曲咖  

R哪dB n of Q衄蛐 a u 啦 0f日吲删 Ph憾 (蜘 ol0嘧D帅，)． 
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tegerue atfirst，andttlen randomly selects aIx~itivein‘ 

tegerj∈ {1，2，⋯，M t，finally exchanges pair genes 

in a chromosome． 

Definition 2 Geile shift opemdon of PGA is to 

shift the genes(d1arac rs)in 0ne or several sub-sUites 

in achrenx~me(chan'dct~string)backwardintrim and 

to shift the last gone(chara~ )in this(these)sub- 

sⅡiIIg(s)to the first location，by a certain probability 

p ．Inthe gene shiftoperation，the shined sub—sUing(s) 

andits(their)length are randomly determined． 

Gene shiftOpel'alJon carI alsobedividedinto one-point 

gene shift operation aadmulti-lx,intgene sIl opcratJ．on． 

Thef M  only shifts the genes in one sub-string in a 

chromosome；thelattertakes a definite posid'~ integer 

u atfirst，andthen randomly sc1％b apositiveintegerj 

∈{1，2，⋯，M j，tidally shiftsthe genes ini sub-sUings 

in a chromosome． 

DefinitJ．on3 C~'neinversionoperadon ofPGAisto 

invelt the genes(characters)in 0nB or several sub- 

sⅡiIIgs in a dl[oinof,cime(cha．r'dc[~ suing)by a certain 

probability ．Inthe geneinversion opei~ort，thein- 

v哪ed sub-string(s)∞dits(their)length are randomly 

detenlained． 

Gene inversion opcradon can alsobe dividedinto oile。 

point geneinversion operation andmulti-point geIIBin- 

version opei~Ol1．Tileformer onlyinvea'tSthe genesin 

one sub-suing in a dll'onlosol~ ；the lattertakes a deft— 

nite positiveinteger v．i atfirst，andthen r~domly selects 

a1x~iti,,einteger E-{1，2，⋯，ui}，finallyinvertsthe 

genesin,i sub-stringsin a chrOlnOSOllle． 

Dd IiIi0n 4 Gene leap operadon of PGA is the 

pl'O~ tllrein which。llc or several genes(characters)in 

a~ osome(character s ng)leap to other values in 

the∞rne oi'~r gene set ，by a certain probabilitypm． 

In the gene leap oper~on，the changed genes are ran。 

domly~elected． 

Gene leap operation consists of one-point geneleap 

opei~ Oll and nmlfi-point gene leap opcrdtiol1．The for- 

fliertakes only onegenein adll'omosoil~ toleaptooth‘ 

el-valuesin the s ne older gene set；thelattertakes a 

definiteIx~it／ve integer um at first，and then randomly 

selcc~a positive integer ∈ {1，2，⋯，u t，finally 

takes，genesin a~ osometoleapto ott'lcrvaluesin 

the smm order gene set． 

De~lilS．on 5 Geile recombination Opel'alioll ofPGA 

is allthe genetic operatiollsthatadjustthelocationofthe 

ordinalgenes(char'itct．g~)in a chromosome q】cIl gene 

exchange opei~ ol1．gene operation andgoneinver- 

sion operation． 

3 Formula of the sdlenlatheOlt',em~of pG 

Theformula ofthe schematheorem has relationwith 

the opei~ ,Lie process of PGA．This paper analyses and 

studiesthe,schematheorem ofPGA based on the nx lel 

Op~Wdli'LIe process ofPGA thathasgivenoutinReferet~  

[1]． 
AssW∞ gene re~ mbinadon operator and gene leap 

opa锄0r dcs缸Oy schcnlabytheprobabilityp~andpmdIe‘ 

spectively．ttlenthe ntm'lberof seh~-naH inthenw in。 

dividuals generated fi'om population￡by genie recombi- 

nailoll operator and geneleap Opel"dloris 

M1(／／，￡)=M(／／， )(1一pd)， (1) 

Gene re~mbination operator and gene leap opemtor 

search subspaceA。∞d钟bspa∞ A [ respectively
， that 

is，they processthe schemaintheir r唧 ec e subspace， 

sothatpdinformula(1)shouldtakepTd DI p日ld re~／Jec‘ 

fively，while they do not combine one with the oI1"1~ ． 

The numbelr of schema／／ia populatic~n(￡+1)is 

m(／t， +1) m(tt，￡)+mI(H，￡)] ， 

(2) 

where
．
~isthe averagefitness of2Nindividuals(where 

Ⅳis the ntm'lber of all the individuals in a 1x~llatiOl1) 

that cc~ntairtⅣ individualsinix~pulation￡andⅣ in- 

dividuals produced bythe genetic operation，f(日)isthe 

average fitness of the individuals including sctlema／／． 

Fomaula(2)im’t∞ eqllalJoll because we ignore the 

number of schema H obtained fi'om non—scb㈣ H． 

From formula(1)∞dformula(2)，we have 

m( +1)≥m( ) (1一宇)．(3) 
That is the formula of the schema theorera of PGA， 

which gives out the flcor lever of the null3~ of the 

~dlclna H in next population． 

4 Estimation oftheprobability ofthe ge· 

netie operators destroying selaear~ 

To improve cc~puting effieie~y，the gellelic op~"a- 

tots，oll∞e hand，should get．rateⅡ∞ n schema； 

but oll the other hmld． should maintain the e．xcell~t 
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sch Ⅱaca with high fitness，that is，the probability of 

geneticoperators d~stroying s‘出elna shouldneitherbetoo 

high nortoolow．Forthe abovel"eaSOllS，itis extremely 

importantto estimateprobability ofgenetic operators de- 

stro#ag sc foriraprovi~ ∞啪 mng ef血 ． 

4．1 曲瑚 1 0fme 曲日biljty the静  re· 

咖杠lb矗1田旺i∞ ~ tors d 血q血培sr_hema 

4．1．1 Es~ on of廿le probability ofthe gene 

exc~ e Ol~rator des~ ling scIle皿  

h Re向：ence L6j，血e ob曲i1畸 of one-point gene 

exchange operator,lestroy~ sctmm H has be given 

out，that ， 

p ： ． (4) p =——————— ————一 · ， 

Considering u 《 Z，廿le average probability of multi- 

point gene exchange o~ 'ator aestroying scham 耳 is 

Pd=∑ 1
．
p (1一Pd) 

妻( )“， (5) 
wherepdis仕Ie probability that schemaH call live 

4．1．2 Estimation ofthe probability ofthe gene 

shift operator desm~ sdmma 

The gum ofdLal蝴 saingsinlengm 2to 

，containedin s0h~llaH is 

：  ． (6) 

Ifthe nm'nber of d uacter strings that only consist of 

wil~cards(*)in those character strings is r，then the 

probability of one-point gene shift operator dc斌myil1g 

scb∞ H ks 

P =P (1一舌)． (7) 

Considering 《 ，and having 《 p，the 嘲  

probability of multi-poim gene stair operator~emoymg 

schema耳 is 

=

1 

．
∑P (1一Pa)一 

2址』 ，(8) 
_ 】=】 

whereP listhe probabilitythat sckm H canlive． 

4．1．3 Esti玎蝴 on ofthel~robability ofthe gene 

inversion operator：dI n叼 lg sch咖  

Dd li丘on 6 Assmncthat cII暑Ilacter suing A o0Ⅱ_ 

sists of o】djnal geres and d1arac自 $~i／lgA is cclrceaed 

into chm 咖 stringB by Laverting all曲B genesin chat- 

acter stringA．IrA = B．the chafac时 sta gA is called 

symm~ cal chmmt~ string． 

The‰ ofcb缸a 既 strings．m 昭 from 2to Z c衄 一 

衄 iII sc}I邸 aH is口．Assumethatthemm】b既 oftIle 

町mme cal chalaG't~str~sinthose character str~ sis 

0．Then，probability of one-point geneinversien opt - 

tot destroying schfmm H is 

P Pi(1一罟)． (9) 
Co~iaering“ 《 Z，廿le a、 ge t~obability of multi- 

point goneinversion op~／ator destroying~helllaH ks 

=  Pi(1一 )一 

耋盟 ，(·。) 
wllerepnis廿le probability that scham H cm five． 

The symm~ character strings cm be divided into 

twodasses，∞e only comists ofwUdcards(*)and吐Ie 

other comists ofwildcards(*)mld fixed genes(char· 

ac衄s)．，rbeml【【tber of吐leformeris y钉ld廿le mm】b既 

0f廿1clatterisa．From = +占，we have ≥ y，that 

is．仕Ie gene蛐 operator destroys sch口m nm  easily 

than gmeinversion operatordoes． 

4．2 Est_山nd0Il of nIe probability of the gene 

l岛 operator dI葛虹q $CJl~rrm 

InRefen~e[6]， ob曲ility of one-poim萨∞leap 

cpemt~r destnsying sc 耳 has be given out。thatis， 

Pd： ． (11) 

Considering um《 Z，廿le∞r哪  probability ofmulti- 

point geneleap operator desⅡ0yil1g schemaHis 

pd ： 宝(1一P ) pd 厶Ll—PⅡd 

一  砉(- ) ， 
whereP Tll】is廿le probabilitythat schemaH c孤 live． 

5 Conelusion 

Thispaper analyses and diesthe sd础 na恬1e嘲 nof 

PGA tboroug~y．From the point of view of processtag 

schema，the genetic叩aa ofPGAhave aleir reslmC· 

rivefunction．D ngtIle ge~cfic operation，gem r - 
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bination opea'ator and geneleap operalor continuallypro· 

duce llCW schclnata，while selection operator，on 0ne 

h蛆d。nlairI Ils the excelle~nt sclmm ta with high fit- 

n ，lmt Oil the other hand。falls into disuse bad 

scl3b~llatawithlowillness．simi~rywillaTGA，throu~t] 

genetic operatorpmcessing schemata，theindividualsin 

the population,,ontinuaUymovetowardsthe oplimalin． 

dividual in PGA． finally the opt~ al solution can be 

gained． 
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