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Ab{湘僦 ：Toe 血pa 叩 ∞ 血 of窘ene 血fns based on the mu o【h： 出Id ng is m~xdaced．the 

judgem~ indple aboutthe ntmlber of re oc 嘶∞ groups anditsinflue~e Onthe algorithm cc ，簟 瓣 speed ale cool- 

pared，andthe窖c埘盘 operator andthe paumete~ofevaluati~m fuI~ iOllthatwasbuilttO slovethe 。g咖幔面唱 印曲I衄 0fhy- 

raid system m designed．Comparedwith dimIy genetic蛔 岫 ，statistical calculatioo．aadthe Sil~21aliontothe S~ ghm 

HeavyDl对 T hlcti0nprocess，the results of强【c吐 indica~th砒血s al~OaCh hadafast speed of cc ，簟 瓣 ，and 

can op~m ethe 0n sehc ofhyblid syst~n inwhich岫  ~oofinuou~aad c~crete o。e anditis broadin 

scale 
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多种群变换遗传算法及其在优化调度中的应用 
姚志红 赵国文 
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摘要：提出了一种基于多种群思想的遗传算法．研究了种群数目对收敛速度的影响及确定原则，设计了适合连 

续离散规划问题求解的交叉与变异算子以及评价函数参数．通过与一般遗传算法比较、统计计算及对某载重轮胎 

厂生产调度系统仿真．表明该算法的收敛速度有裉大提高．并能够裉好解决连续与离散状态并存和规模较大的一 

类混合生产过程的调度问题． 

关键词：多种群变换；遗传算子；遗传算法；混杂系统诃度 

1 Introduction 

In rCCellt years，the rese~h∞ schedo~ large scale 

syst~ of produ~ ql process has paid attel~ontO 

description of cc~ lex prtr．ess．The rr~thod of 

scheduling system，such aSISIS andYAMS，can not be 

usedin hybrid sck syst~n． 

The random 叩dmi五Dgm酣lod such aS( has been 

arx~ssfuily appli~ to 如e solution to sc}ledu】e pf b‘ 

lems．Itis not necessaryforthismet} 幻 ~alyzethe 

'田 of 曲 面唔 problem．It c釉 be usedin opfi‘ 
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raize sch：duhng discir~ and continuous pIoc 麟 ．But 

whenⅡ Ieis alarge scale or complex system．口le~3o11· 

veut~onal GA has sOn probl 塔，sl1ch aS a long time 

calc~ tion．oaclosed ctm~etititm and super d Lra船  

蛐血 ．The conventional geaefactorc孤 ’t be used di· 

劬 in hytxid system．In order幻 solve the above 

pIDblans，we introduce the multi·xqa~xiuction group 
andinvestigatethe inOue~ c of reproduction amotmls on 

吐le searchf0r scbedl1】e 0I IDizad0n．The。o哪pari吕oIl of 

d~ffereut重e0I。dlK石0n amountis shown． 
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2 Genetic algorithms based 011 llltltlti-re- 

productiongroup 

钮 
犯廿 钮 

Um e． 

3)Selec~on． 

Design the evaluation flln~on by删usting scale of 

fimess．Define f／，f2，⋯，，m．(the criterion values of 

c}lr0Im [ l， ，---， ])original fitness．By 

linearfitness scaling 

上 = +6，i=1，2，-一，m2， (2．1) 

in 曲 ， ，i= 1，2，⋯ ，啦 as fitness，a and b 

am the pamm0 ．The evaluati~ 如r删i衄 is defmed as： 

eval( )= ／∑ ，i：1，2，---，m2， 
J 1 

(2．2) 

j= 1 rn that the dlmmosome is the best．i 啦  

meaI1sthatitisthew。 t．Cl~cosing pr0ccssism2limes 

as 2 chDmos叫 瑚 in retm~uclions 

4)Crossover． 

Define l， 2， lIesp鲥ively as吐1c prdoability of 

cr嘴s0veroperation forn1北p】 Iu oⅡs．Pl i玎g ran- 

d。m rtumbe~r{，r{，⋯，r1 (0，1]．if r <Pd， 

kt be afather generati~ ，we c∞ obtain ， ，⋯ ， 

inthe salneways，SUdl as 

t ％ 

thefather nE锄 ofthe血越 mi~alIepID( On； 

吃 噍 吆 

thefather nE∞ ofthe scc。ndinitialIepID【luc i 

嵋 吨 喵 

thefather 0凸ofthe nl血 initialIepr0(h】Im0II． 

Separatethem rand~nly， ch ：(̈ 1，咄)，(嵋 ， 

)，( ， )，(吨，vl3)，(吃，喵)，ifthe total 

nIlInber of father m髓at ns is odd．Take，for II1~II1- 

ple，(vl1， )．The equations of cr嘴s0ver ： 
Con~nuous variables 

恐 =c }l+(1一q)砧 ， (2．3) 

置 =(1一q)础l+c 盘， (2．4) 

inwMch，ciisthe ran mⅡ】岫 in(0，1)，i=1，2， 
’ 。 。

· m 2- 

Discrete var~bles 

= int[(研l +吨m )／( +m )]， 

(2．5) 

= int[(u}1m + )／(n +m )]． 

(2．6) 

Hybrkl w~iables 
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= [ ]， (2．7) 

= [置 ]， (2．8) 

in which，n mid aIetherandomnumtx~in(1，M)． 

Q gprobalility of~wery g~ lttioll and decide 

getlea~dtion ， instead offather ge~lx'ation． 

5)Mutation 

DefinePdl，Pd2，⋯ ，Pd I as probability of yIX：- 

plXXk~ on缸 0l船atechlXnnosonle协 satisfythe condi— 

fien of variation．Opea'ate：chⅡⅡn0s。lnes 协 satisfy the 

conditionby mutation ol~tator(2．9)一(2．11)． 

Continuous process 

= 置 + 1； (2．9) 

D pI 

= Ui+int(胁d2)； (2．10) 

Hybrid process 

= [置 ]， (2．11) 

inwhich，dI and d2 aIeⅡ1c vecters ofthe n—dimensions 

super cubeR ． 

6)The condition ofend． 

Whenthelccursivcmanber sa~sfiesthe given value， 

the calculation ends． 

2．2 The comparison between nmlti-reproauc· 

tima group algorithms and general algo· 

rithms 

Inthefonow~ calc~ on，definesI∞allindividaal 

reproduction group，S2 as two re~oduetien  groups and 

S3asthreeR Ⅸl on groups．Sis dc删 ∞ the value 

of god flmc~oIl andK is defined asthetimes oficcllr- 

siva calculation． 

The progrm~ ning ofindividual goal：considering op- 

timJzalJon on conv~ set． 

max_，( )=0．1537； 

一  ： 

B．t． {+ ；+ ≥1， 

}+ i+ j≤4， 

l， 2，X3> 0． 

The simulation  of op~mal schedule in a continuous 

plod~ on Dcess： 

G is defined as the lccursiv~times．Kis defiued as 

thetime of~valuafen of450 geneaafioas．Individualfe— 

pI On Ti 2m．m，two rqaxxlu~ous T2：4min， 

three i~0qud1]c[ions T3 6min． 

From Fig 1协 Fig．3。the calculation  speed of most 

multiplei~ xhlcliollS is higher than the speed ofindi— 

vidual Iep10c【uc曲 n．The calculation spe。d has a little 

difference when the number of rcplDch O玎s is nloI~ 

岫 three． 

0152 

0l50 

0l48 

Fig 1 The simulation ofa singlc—goat programming 

0 20 

Fig 2 

40 60 K 0 20 40 60 K 

The simulation ofa single-goal programming 

Fig．3 The simulation of realoptimization schedule process 

From Fig．4．the op~ al f∞s of 50 gcllc~a／ionsis 8 

m ofindivid~ replo山 ，25limesof two repro— 

dl~ ious卸 36 f嘴s ofthree rcprodu~ious ． 

Fig．4 The statisticalfiguresaRer62timesopm aion 

3 The schedule simulation based ml ge· 

netic algoritln  of multi-relmeoduetion 

group 

Thel：~0dlacfionof砌 出口 tyreisa d system shown 

inf ．5．The keyoftechnologyisto sd曲 Iethe~otl- 

tmuoas 00瞵 ofmixing ru№口 锄d romng steel wires， 

Ⅲ diserem processof 0c tI~ ole n】bbefⅢ ual- 

completed ．The hybridGAbasedmalti-~axtxiue- 

fien group obtainedthe％出 IIg results of schedut~g． 
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3．1 The懿量IdhIlemodel of rubbertyre hybrid 

p1"od11L1~nIm~cess 

The 0du 。n process shown in Fig．5 carI be dc— 

scribed as n1cfonow~ In d． 

ⅡIin =lnin △々 =min △ (3．1) 

~ enng 

— 匝 _．[ 
materials sk#I pressing l crating forming 

主题 ，画 呲叫§ squ0凹 l I ⋯ —( 二二}一臣至 三 
Fig．5 The flow chart oftyre production process 

The~ lalion presents the minimum criterion of pm— 

dll~on process p~iod of considering the longest process 

time： 

At0．≥ △幻 ，i∈ ，= {I，2，3，⋯，m}， 

J∈三 =1I，2，3，⋯，n} 

(3．2) 

The。【 l舢 presents the restriction of 血 kind of 

productsthatisla嘈crthantheminimllnlprocesstime． 

㈤  I△f ≤ ． 

(3．3) 

The equationisthe restriction of produc~on plan that 

the production output ofjm kind of products in every 

machine pea"traittime satisfiesthe requirement ofprod· 

ucts． 

』 ≤ ≤∑。 一’ ( 
．4) 【j．q 

L (￡)≥0． 

The equationplese,~ the restriction ofmaximum abil— 

i ofmachine pIoc％siI】g． 

(f)≤ “(。 (￡))，。 ≠0· (3·5) 

The equation pIese呲s the resection ofmaterials． 

f c 嗽 ≤ ≤ 《 一， ( ． ) ‘ 』 』 tj．0 
L ≥ 0． 

The~[ualioQ PIese呲s the restriction ofthelllaxinlum 

ability of production db0ut unfinished pmdm s． 

∑∑ = ， ∈三． (3．7) 

The cqualioll 1)rcs~ls the restriction of unfinished 

products． 

= 叫n(叫 ‘(r) )． (3．8) 
The equation Inese,~ the s缸ic on of mixed n出ber 

for nextprocess ofimfiniabed products． 

”=叫n(如 )． (3．9) 

The equation presentsthel~sl／ietion of product plan． 

In~ lalions 3．1—3．9： 

(f)，“#arcthem3aounts ofjth kind oflllbl~r and 

unfinished p~ luct madeby ith machine． 

mill， 一 arcminimum andm  araotmts of 

n北b madeby ithmachine 

面口，“ TTⅢ aIcm．m．ml啪 and lll&x,inlUlll mnotmts of 

unfinished p~ uct by ithmadline． 

At#is the processing 0d of 山 kind of paxluct 

made by ithmachine． 

△‘ isthem．mj玎mm oces ng删 od of』也kind 

ofproductmadeby ithmachine． 

isthe m'notmt ofotxl~r products． 

q，c ={0，1}aIe the ability of 0dI删ion。qnjp 

m eres； 

≈ (f)isthe amount of rubberpmd~ionin unit pe— 

riod； 

。 (f)isthe amount ofmaterialstomix rubber， is 

the kinds ofmatcriaLs； 

， ， 
aIethe paramet~ ofmamffactarc． 

3．2 The producti~m schedule s 叽d圳曲血 based 

∞ multi-reproduction group g既 alg0- 

rittmm 

Table 1 shows the D(h船 of factmy in ∞e day． 

Table 2 andTable 3 show the目 Ⅱces．abilities andpro— 

dllelion stat~． 

Table 1 The product offactoryin o∞ day kg 

Table 2 The pe od of rubbea-m．咖  
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Table 3 The[~'oducliOll ability of cut-machine arid Table4 The曲re。-工c D【h|咖 g~'lCtlCS aJgo,i~bm schedale 

rubber面xingmachine(⋯1’=yes，“ ’=i1o．) result of tyre hybrid piod~ on pm s 

The cakulan锄 usedMATLAB in computerAIC PII． 

Assuming d1e scale of reproductions m2 = 20．廿le pa- 

r剐∞d船 of ev丑 l嘶 on fll~ ol1．The parameters of func— 

don d =0．05，6=2．78，cross l~obability Pc = 

0．2， =0．25， 
，

= 0．3，mutationprobability 
．

=  

0．45，P‘ = 0．5， = 0．55， = 100，肘6= 120， 

Ie ofcaIcIll咖 is stmwainFig．6 andT曲 le4． 

Fig．6 Thedigit~ simulation ofthe real processes 

4 C 帕c n 

Bec眦se吐le自即 al鲥 血n with mIlld-reprQdu曲ons 

avoids d1c ∞咄 of close relations and d1e bad genera- 

蛐s卸e Ie 删 ，i乜c0n、嘲馨n。c sp。。d is bigb既．The 

暇砒 咭 of四0sso懈 cannot onlybreakpoints oflocal 

叩由ni删 0n but avoid口0ch五ng super cbltractg~蚰面 ． 

n results ofc a】1ad0nindi咖 edthatitis availablefor 

sc胁 l ng 曲口卫 of pl ction 0cess．In 仕le 

calalk峋 of scbe由k ，the number of托 Qd 0ns is 

l 血aⅡthlee．This paper cⅡ not only solveme hy 

brid scbe血lle of nlbbcr ty pIo血lc6衄 ，but also deal 

with 0lherhyNid母咖 by proper corr~uters． 
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