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SIMPLE ASSEMBLY LINE BALANCING PROBLEM TYPE 1

DIFFERENTIAL EVOLUTION

This thesis presents diflerential evolution (DE) for enhancing simple assernbly line

balancing efficiency. We aimed to obtain minimum workstations (m); thus, this problem is

categorized as simple assembly line balancing problem $pe I (SALBP-l). The algorithm wtl

begin by randomly generation initial vector from real numbers, then optimizing the obtained

vectors by mutation, crossover, and selection. In this thesis, we applied 3 mutation methods:

"DE/rand", "DElBest/l", and "DE/rand-to-best/l' accompanied by 2 crossover methods:

Binomial Crossover and Exponential Crossover 2 Position. Our simple assembly line balancing

problem type 1 (SALBP-I) gets optimized results from all of 64 problems from data set of

Talbot's problems, 100 of 168 from data set of scholl's problems. In a case study, we can

minimize workstations from l9 to 13. From the experiments, we found that large-scaled problems

were efficiently solved by an ipplication of "DE/rand-to-besVl" together with Exponential

Crossover 2 Position.
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2.2.1.2 t lr^lun I il ii ] fTlJ cTu n g u n r : d t q t u (Precedence Diagram)
I

t tfl u R'lyu rda'r d r 6'u riu sr o u n r : ri x r u d u o, a', u',, o u o n d r 6u {u n o u

r tu ri o u -u fi{ Jq ufi n n g: rirr u n fi gm x n r : d r ru^u.r r u I rn y ?{ n a il u ru r o dw r u dr n r : d r ru'u.r r u{
i Lt - @ r I t d1 a - lA t9 d v

0&t:un1nq1ury1ud9rx0{fl{r.l1ufl:vu?un'l:lJ:vn0u9r1{dl0urljur{anR6}tcylylogft'lufl?1uo 9t.tqr{

@ti
9t?ou].tR11Iyt 2.6

,1fl d 2.6 ttnufl 'lildrdul ruriou-r d's (Bowman problem, I 960)

fl illuraxlu?{nauHU'n d.r6ors.r rrsiur,iuruuo',u,ilrutu 8 {lu rrCIsu uturaru on

?{ n a u r u1ufr r na rr ofl rrias r ru

2.2.1.3 rj:cfrminrv'tGYlun1:HAn (Line Efficiency or Efficiency of Balance: E)

rJ : c fi il fr n r x I o { dr u n'r : r.r o'sr t s rfl u 6'rfi fi r ran.r 1#r# u n r r ru ar ru r : o

fl o{n1: fi'n{ru orlu aorfi 'r rurfi oh{rfirrraar aarrilrirr?o ufi an

n =()t tmc)x100 (2.1)

Irru e rflurirnJoirfiuei, )r:,rul.ir.nu:?rr ; m:,f,ru:uanrfirru ; c: iour?ornr:rufisr

2.2.1.4 nr:qqtfiun?trudUqa (Balance delay: D)
dt ,i io r a a jo d Ur r o hdct

ril u rn ?o.r fr fi .r rJ : s fr yr r n r vr fi rfi n n r r ru qry rfr o 1 il ar ru r : n ri r.: r u'l dr6 ru

rJ : v fi vr fr n rn ln ou^ o r : u rfi tra r qry nJ ri I (Idte time) t o I n r : 6'n I r u a I en r fi I r u

o =(fu, -)tlmc)"rc0
uio D = 100-E

Ino o tfl udrnJofr6ud ; ) r :,rulriro,ur?rJ ; m :,fl ruru anrfi rru ; c : i olJr?alfl r: Fro^er

(2.2)

(2.3)



2.2.1.5 txalqiutilrir (Idle Time: ID)

I =fitc_)r

nmd zl iltznw,o{iliufi1n1:frndrqadtunt:il:cnou
i ,-
firur , rJiu:Jq{ttn qsd:t rn6erln:nq (2550)

ll

(2.4)

z.z.z ilzv tnm$ o {fl €Uil r n r : fln fl il q o dt u R t : il t v R o u d 1 u 1 : it t nj'r'1 6'd'.r n r vl fi z. z

z.z; rllqmrnrrffofiilqaflrunt:il:snouttuur#un:{

(Simple Assembly Line Balancing Problem: SALBP)

rfl u fl ar r r n r : fln d u n a d 1 u n r : il : v n o u u u u tdu sr : .r fi fi n t : il a^q fi u dr ryu-rt

dAdloaido
tnu?ttauHanfl:1?a&u1n1urn101u9rou{1u u:01It?41fl'15r{aafl{Ylttacut?n'ln1:Yl1{1u

r d o I u t49, o q o zi rl| o a
rriluoufiTonnarruror:g'luxo.r{ruuu1 tuu{00tnnflo.:n1:n1ilu9r{luu0fl0tnt{ou tflnlnu

r q a 4 , A d do i - i
{lUn0urn{ dlun'l:p.tafllilu[[lJU9t0tuo{ und0lu{1u0vlJ01u?uFlu.lluttogtfl:0{0ft:vl

rvi r l ri'u fi 6'o : r n r : rJ ri o o du o', r n r fi u io vr : r u : 0 u r? a 1 n t : n d sr fi uil u ou d{ ar u t : r, rn i s

il:vrnmto.:ilryrr sALBp 1d6n + il:vmvrdo

'u'i(m) uoum{n

-il;
(c) u0UYl{et

2.2.3.1 SALBP-I n:fi vr:urir: out?a 1fl 'l: nfi sr (c) ttac ul{lu ?u d01fi { lu

2.2.3.2 SALBP-2 n : fi vr : t u ri t { tu ru an rfi { lu (m) t ta e fi 1 : 0 lJ t? a I n'l:,{a-et

Geoeral asserably Bala:rciag problerns

(GSLBP)

Sirnple asserably Eldaac;-Ei prcblans

(SAI.BP)
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2.2.3.3 sALBp-E n : fi r r ni r rl : y fi yr fi n ryr t o.: drsn r : na'n q,r fi cfl (r) Jo ufi
{q

m:rurir:ounarnr:flfin (c) uacdruruanrfi{ru (m) rflusirrril:

2.2.3.4 sALBp-F n: fi riru u rr rir: ounarnr: n6sr (c) rtav,fi ru :u aarfi {ru

(m) dr feasible t ran.:'j rtfl u fl cUr rfi arru t : n r tr{ t n ol'[d

z.z.t il qu'tn r : fi'o ar q a o r s n r : il : c n o u uu u rtr'trJ

(General Assembly Line Balancing Problem ; GALBP)
v

tfl u fl ty n r fi fi n r r r tj r u r n 6u do u du ua s dl u 1 : CI uri r o o n'16' g ryu'o fi{ d

2.2.4.1 iliyrr Mixed model Assembly Line Balancing Problem and Mixed

Model Sequencing Problem ( MALBPA,ISP )

ilryrr Naergp 6o ilqn rnr: f,nduqCIdlunl:rJ:vnorfi fi nr: fi a'er

Aeid"ir
,{nmRiucvrrruur.rdrJ ur?arnr:vn{lulrrruuou lnonr:i'rxruaraarfi{ruovfirnr:n01:fli1r?n1

49i
6InlU.1'lu (m) u0UYl{91

it v o q a 9 | t i 4 < o j j
Yl9t'l{nurYlH:lJCIUnlttnA&OU1.t til0ll'1flo'tu.r'ru?r5050lJr?a1n1:r{nnmtiluledumq9l

il qn r Irasp fi o fl cg n r n r : r'n fl u q n 6Ir un r : rJ :y no u fi fi n r: fln d rrlu

nr:nfin1#fiudr4niufitcfirnt:Nfint#rfrnnrrrurilursdudqn rnioanruqnr:aftir.:1litltaqqt

rj:yfi yrinrvrtu arunr: na^n rdu nl:H unciou rfl uduI

2.2.4.2 UALBP (U-line Assembly Line Balancing Problem)

rfl u fl ry r r n r : 6'n aru q o ar u n r : il : s n ou r ru u fr? g fi fi n r : na^sr fi u dr
Adtudtt

vu-n16ur enun'r:il:snoursQn0nrilu?lJei?g lnuarur:oi'n.rrur?ldurrns{ruqnfrrurol

ruruuRU^d1d'unuriou-rdr a{luantfitdu:rTuld unstvfinr:rir'nuluaorfid{ao{flr fir1#{
o < do I t A I

0 r u ? u x o { d0 r u {'r u u 0 1 u ?u u o un ? r il : o ryn ri'1l SALB rfl o nJ:' uu rfi u rt ri r fi rfi il r v d il u o { il fl fl 1

,t

uALB rrav sALB osld'jr uALB riursfirJ:vfiyrinrntorarunrsil:vnou (Efficien.y rin.l

fi6n'irriorvirri'u serg d.:luila,Hrnr:flflduerodronr:il:vnourrrud'ru crrur:nrnirilanrro c o -'--o_-'
I

oon16' : rj:vmvr d'.:fi

l) UALABP-l n:tfivr:rrrir:o:lnnrnr:ru6m (c) rraefit'il1u?u

2) uALABp-2 n:tfiyr:rudtu?udolfi{tu (m) rtavur:our?al
a9i

fl'l:r.lafl (c) uOuYl{el

3) uALABI-E n:fi r rrir:J : ; fi yr f'n rnto{ dlufl r: r^tfi sr qlfi qn (g)

Inofivr:uri1:our?n'rn'l:nfrn (c) unydru'luaotfi{tu (m) rflufirruj: 
q



13

vtvovl-tv
d'rodrqr.r'riirn'utJuerou.:rurrasdaotirrnr:finarqnryrunr:il:vnourruurdun:,r

u ll'gv i
ttoulrulJ9t?u ttd0{ tna{R1T1yt 2.8{

I

(n) IrJulrurrufi'.rdr6'urTu nous ru

Entrance

Station 3

(b)

1,3 2 4 5

Ext

10, I I 6
-,

iql
Rlfl Yt 2.8 er ?o ur.: n r: fin du o n dr u n l : il : y n o u r ru u rdu gt : { r rn u n t : ri'lu rnr rJ : s fi vr fi n r n

a

a

I

3

{a}

!

I

I
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(x) flaro{nrsf,aduqo{1u (a) rturtdufl:{rtac (b) uuu6'?g

flrurugt^ cycle time : l0 , total tasks time :39

(a) Straight line m:5 dorfisru

\r
E =-/r-x100= 3915(10)x 100

mxc

-- 78%

(b) U-line m:4 dnrfi{ru

E:39/4(10)x100

: 97.5%

nrfld z.s shodr{nr:finduaadrunr:il:snourruurdua:{ttounl:druaanj:vfimfinril (eio)

r1nnrilfi 2.8 udn{fi?otircd{or^rru'ld'irnr:fi'ndxeradrunr:il:snouttt-rutdusr:r
d I 6 A a I t a - | @ 40

tsfirJ:sfrvrfrRrlIlro{d'run1:Ha-nfoundrnr:finaunadlun1:il:vnotltttturl':g rtnvfi'ilru:u

d0 r fi { 1 u rJ r n n'i r ri.: n a tr{fi ri r n a lj r w 1 u (Idle Tirr" ; ID) u I n n'i't

o- ji tY v v :il:vnou2.3 {ru?0unrnu?1,o{f}ijnrrofl oil6lod'luR'l

{i 6'u Lilfi n u r.r r u i {'u fi rfi u e {o.r tiu n 1 : 6'n d u q a dt u n l : il : s n o u d.: fi a l u n t :
t 9 Aol a s d a d s arJaaa a -a

rJ:ynorrruurdufl:.:frilyNnannuqtttljlJr.rdlJltastnjusuntnu? lnu t'fil{?n u?:dnnttautrsll

8r?ao^n

Talbot, F. 8., J.H. Patterson and W.V. Gehrlein (1986) ldrirnr:i{'uttourliinl:

ufiilryrrf,oduqadrunl:rl:snouriol#fi6ruruarrtfi.rturloufiqn rfiori'n{un:out?a1nr:

nfisrfido.rnr:rurl# Inut#rvrnfifl Inteeer Prosrammine Aleorithm nnnt:ifi'uuu'itarlr:nh{

rirnoufi6fian'ldnrolurrnrdrurrvaru Isrul#norur{^:rnoffifr'uariofiaprlun*rriu rfiold
t9lr

9q 4do v v
rrfl ililfl rmrurlu?u1u{1u 50- I 00 1.ru{lu

j o h r6q o q o 6a a @

0{fla rouurJ (2543) tgl?rurlnyulrdu0r[u?vn{ tunl:u1r01?In1:[5{iluIn::ru

(Genetic Algorithms: GA) rurrJ:vqnpildlunr:rrdrnoutorflryurnr:{'ndruqodrun'r:il:;nol
a s / s ds t I i o Yao d Y A a r

rruur.raflR0lflr.rdu tnuu?aqil:yd{frrT{0 tl.ttJ0lu?udnlu{luu0umqnrravlnnrlal?1{{'lu:1il
gt A g, lu \94 a lAa r r a a ad

uouytdgto?u uon0tnuu{ [gtfinu'lttavmfldoul.t1fl1:1rutgto:Ytu9.t619toil:udYtfRlltlJo{?rn1:

rfi r r[u r n: : ru d.: 16'rui r u ra il : u sr n: i6 n r : n : o al o n o fn'rr ru ri t t v rfl u lu n r: n : oal or': o f
rrosn?ruil'royrflulunr:firrnfu ud'rdinr:rfirsroffi16'hJufiilrgrr6'?0dr.:1o'rn1:frnaruqo

drunl:il:enour.rfisrii'u,rirruuruaru 0rn{rua6'udnu'irn',r',n^rsroffifinaodr{firiudr6'nrsio
t6ao

il 5 u fl m i n r fl t u n r : 0 er d u er o 6yr u n r : il : v n o r uu u n fi sr fi'nr.rir'r dr floo d t u r u il : vryr n : i6 n r :
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q

4 o r a /i tr o , j jrny 
" 

o- j
unt:n'lfiu9rfr1111:lrurgto:vrn4rJ'rvdu cI{ol00sulntmlHUlyduYt tFr0lnnl:mnao{ [u.r1u?0uu

'I

rfluuurilrsrfiorduldr.rn ornnr:ujiuurfiourirnoufildorni6nr:rfi.rrt'urn::ruririf;nr:uo{q

r 64 a q q9 q lAa , A tu!,r adcoMSoAL 1\lJ?1?rnr:rT{1rUrfl::ilre t}tr{nailImnn?1 cr{d'lu1:6tdEu [9t?'l?DR1:ru{

r[utn::rrfluiGnr:ntri'rsrourir.rirliJarurnr:{'rrdilnadrun'r:il:vnorrruunrfisrii'aryinaudfiq0q

il : s fi m r n r n r rn u d'r u r : nhflri r n o u fi 6 n rulu : e uv n n r fi rirr u n 1#16'

Pedro M. Vilarinho and Ana sofia simaria (2002) ldrirrauoe^Gnt:tdourruuoudou

(Simulated Annealing : SA) tu nr: f,n aru q a aron1: il:s nou ttu utdufl :.rrJ :y rn vrfi I qnilqfl l
ro{ Scholl vrrjrarrur:onurirnou;iaiiqr zo ilryrrrrn 168 flqrr d{r{rnouiitaiitritti
.iaiadr

fi lf,i 0U Yl 9l Yl d gmAlJ.JU I 4 Yoq

nu^6f, rrd{ rn'ou rra u fl ols (2550)'ldfi nu run siflurfr ornaru rJ : c fi m n^n rildlun 15

il:snoutorl:.:rru6"lotir.r Inonr::J:vonp{l#rvrnu^nnr:6'ndrunadrunr:il:snourhuiinr:

rf;.:r{uqn::r I:.r.rrufi.rnrirrrfluI:.xruilfiflrn;o{ldlilflrnrulurhu miu rrlodrri,trl*.r
99

r,rr1o4.:drrh,lflr unsn:yvry'h,hh iinr:dnurrJ:snou}Jdru 6 dunou duu:nl#ndnfl'r:n'r
9t

r:Jsrlunr:16onfrudrd'rotir{ {ufiao{rrr'.ruRU-fl'r:'lfin1o{{runnirn:ry#Inurilnu-nnr:f,nur${

I ; 5, " L a 4 J ;;inu 1,umd1Ir?a1u10r:g1u lnQnnlu ?0rrun?urYtfruflnl:flnu1r?a1 xuyrdrrd9l{rrfluR'rT'l
tt

In:{dru{ruil:cnou dufirflrair.rIil:un:runrri'nauqoarunr:r{Anuuainr:rfio{'u{n::}r

r ra s d r tu^u n 1 : il : u ru ? a fl n arr frr uri r r{ a n r : il : y rJ r n'lil o o nuu u dr u n r : il : c n o u tfi il n'rnn] :
rirtu'uqrunudujrrfiru^o',rrflo.:d'run'r::J:snourfiunJro',n 46.32 % rflu 85.56 %

rfirn':rruaru1:CIlun1:p{finro{arunr:il:snouorn 996 Enrioiu rflu 1,187 qnrioiu
99

nndru?unu.:ruludrunr:rJ:vnoua'r1d o nu fr'.rrrunfiri.rr.rn1#I:.r.rruandumunr:plfina.r16'q

t4
28,800 u'l1t9ro190u

qsd:'r rn5ur n: n g (25s0) ldi{'uunsr{'pluriG BriafinuasiG rru n rS:?afr n lnoiG
q, a a4 r u ad* al

:vuurunttnnn-u ii Max. task time ttnu Min. task time itruri'uTGlanonrfriry lunr:

rrfiiliurrnt:{'naraaarunr:il:ynourruurdufl:.ruoy6'?u drrfunr:fi'ndilqoGtrunr:s e q --''4-'''

rJ:vnoutrurtdun:r 'ldvirnr:mnao.rlurynilrurrfr'lotir.rfirfluflarrrturnluaifi 45-l I I {ru
rtnvqnrflqlrrilqurd':odl.:uo{ Lapierre \roa;nl,J,af, du,flulrur',rulrirqjfi z!.sl i1u

,""ur-u
d?u tunr:rrnilq,ilrnr:i'erduqndrunr:il:vnourruu6'ru ld?irnr:mnaortuyflililfirel?odr.r

" 
o'oo 

q q' --'-a__--6""

lunr:mnno.rIeuiG Max. RPW ri'rflqryrrtutnnntsfifi 2l-45 {'ru trnvgoflryrrflryrrd'rotiir

15

9 t Al" u
dou n u x ri r u fi ril u il iu x r t u r n l u ai fi 7 s -zsi { r u 0 r fl n r :io'o a: :J nr n ld'i riG : y u u ru or r nlnfi uqUUE

User
Rectangle

User
Oval
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i- ! dr aaia r a a 4j i ,o d @ a.a a ad
vtyteluluurllu?rYtuil:vdmrnl?Inmqntuoril:uurYluuflu?ra?:cYnn trav?r Max. RPW 10{

Miltenburg rr6lu wijngaard Inutrnnr:mflao.:ai ui.,. task time tflueGfil#rirrirnoufirmifiqn
i,adq6djia'e

rur-onJEuurfrouri'uTGnr:ouclrros rilounr: rilAuurtrJartor rir: our?o1nr: Hfinfirvt^lffuna
trulldtoAa614-!,

rJ:rn6'h '[rjfir.rnsionrrildrrrr:nflo{nr:?nrirerouro{i6:vuuuerrruurrffnfiu 6'{fuaqil1d'jr
A4 i- i dr o<i< r a a ad i
? i n 1 : yr y{ 9il u 1 I u rlJ u ? r Yr u ]J : s dYr I R 1 luJ 1 fl ? tr l.r u {

I o d lfl9o ad A gtq
dnrn:u d?: :0t:{d rrouftiuu (2550) t9ru'rrdu 0?r n1: ril0lrnililJH ln1: lnduq6lqtsq

dru{runl:il :unouln udriGnr: rluu rttuuenq (Tabu Search: TS) troviGnt:rfrlrt'uqn:: ru

(Genetic Algorithm: ce) rrujrufi'uInol#fio'jrifi rsce rvriorrdilqmrn'r:{'nduqadru{runr:

:J:ynor rirnrrrurril:il:rutornr:u.rluQnrirr4unt#rflufl{ri#uiorqrJ:va{r{ro{n:cu:un1:
, aa i o q . . I i o ,- r - dnuul 0tn?rfl1:ytul tduo TS fl'lu'l:00nd::0lu?u1,u{luYltHUlgdu tilnuttglas6Itt1u{1u

o j u o s I ; qiro I d s 9, o
luxotem GA dltJ't:00nn]nu10{uu{luy[l,tLt]vctu tilnuttnnudn'lu{'tu t9ruclonnao{nu
i m lt - !,
riou'[rdr6'un?rildlJyruDnou]r6.:flo{ru.r'ru ilarnrnr:findunadtu{'lunt:il:&nouttuu

A v la o
Ha fl fl 0l cyt rel u ? 0 I u ? u a fl al r r t r n n r : dr : ? r'r 1 u ?#,fi u, do s o n d r ri r m n dor 6'ilii fi ri rrau o

a 6 ot s ad I ^ 
lad 

t 

oro ia r r

flnnl:mado:Jrrrortj:uxrYruunu?rn1:n{rgrultu?1?r TSGA d'lu1:0 tfiRlsl0umnn?1 R1R't]u

ruJ:rJ:':uto{R1:s.nufiona.rrurnfiqn01nd1floufildorni6 TSGA nJiuurfiuuriui6nr:
J ^ o I I u sxd.ra:rjld'iriGrscA rfludnnoifilfifi#nunrnuasrflumxrdon9t{tnuunltytlnu 88.5 {

udrlu nr:rrdtlryr rnr: {'n fl uqa ryru.rlunr:il:enou
I q d h9o ad ,q

dRtn:il fl?::0t:{fl rlaeflflc (2551) tfrulrduo?[n]:rrnilruflln1:nnduna
els9

aru{runr:il:unouInul#iGnr:rf;.rri'uqnr:xi?ufi'urflnfinnr: d6'rfiururfu orniinr:fi

ilrrauorirn?rxuil:il:?uro{flr:v{ruQnrir{ual#rfluflrri#uinqrJ:va.rr{to{fl:uu?uRr:
A o a9, A o o I orr- r d i o - A

rx{ilurn::runn t1ril0n1ilu9l01u'luxu{'tu tilnillrnasfl6rlu{1u lfliuYttmnuflfl'l:dauflrtuuqg

r o Y i u o - ! q 9o r d s !
GIUCIfl tury{onnnrnulo{uu.r'ru tunurreiCIvdorfi{luInruaonndo.rfi'urtoultdrdu

v v lt - ! ad io @ dA I
fi?1udlJllurfloufio.110.tltu{]u ?rR't:Ytu1tctu00flYt9rfl0ilnun:ilflnu1dlu{'lunl:iltsflou{_
:0uorsro:/r'lcrrid.rfiriuurudruru oo riu.:ru rrnruafi'lrlnu'iriGnr:fidrrauoarrur:a1r?r{rsrou
i4radr
vtrl4rI-tsduuasnn'lt?i coMSoAL rirnrrrurr:J:rJ:?u10{R1:s.rrufirirnnn{ 63.87 z a:rJld'irq

iG n r: fi ri r rdu o dr ru r : CI i'n aru q a ar u.: ru n r: il: u n o u ldo dr.r fi rJ : y fi m f; n rn
I u d hro

dRrn : il q?: : 0l:.: d rrayfl 0l& (255 I )'ldri rrau oi; nr: rfi oruliliUH rnr: {'fl auqaqqu{

dru{tunl:il:unou lrrurjriG nt:dufl ttruunrrgrfi.rilfud'r (Adaptive Tabu Search: ATS)

ttCIu tilnu'fint:af,ifitrurl{u (Random Permutation: RP) rurld.rrujruriurniorrdilqfltnt:f,Fl

duqndru.nunr:il:vnou Inufi ATS oslirlrhfif,oa::drururiurrudrrlrvaruhi',i'r,,riu,
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d01fi{ru lutarvfiryrnfin np rsrirrrhfi6'ndrsirro.:riuu",ud,ru",raru1#ri'urrsiasanrfisru
s , - A h o q v a 4r - !
louaooodorn'rriou'[riird'un:rrudrur{udnouro{roirflu{'ru rirnrrrurnj::J:eu rotRr:y

o aildt q ls v t d I a4 i"
{1Uflnfltfiun tl.trilu1,l{n$u?9t0il:ucY'tfilJo{fl:eu?unt:ftu111 ?Ifl'l:ytultdu00nmgdoun1J

sqq

ilarrrnr:6'odilqadru{runr:il:enourruur,la^a6'iuq4'rdurlrsr:oiu,i1u?u + flrunrds'ldirnr:oqdu

:?u:?u'l{Iou Scholl ldrtriilqnr Roszieg, Buxey, Sawyer, [t o uWamecke nlfl9.1ofl"1:flndou

vrrl,iriGnr:firiirauo dun:o1#rirnoufirirff.:nololumnn:fiflarrtrfiouJEuurfiuufiuiGIU

r A4 ' t 9o ja r t I I j
CoMSoAL vrl'irTGnr:fi rirtauoarill:01rn1noumqn'r'r nrn?'rurril: il:'ru rornr:B{1uyr

i o if,rY ad i" ld d q a4 ar t v
ana{illnmfle0]nfllelo1jyt ret0rn?rfll: ytlilrduor:J?uurfiuufi'u.].G coMSoAL firirrmrnu

q

96.73%

ilr:rruR Ter^rJr unufliu x, (zssz) ldifi'urravrirrduod'onoinorulunr:ruiilryrrnr:

6'nauqae runr:il:en0udnuorvfrig fifinr:n6nr^rfinfr'ilqiilaufifirnruiorqil:varr{lu:sru

r.r fi n uu u fr'u r? a lrr o A n r oldfl cg r rrJ : v rn vr fi t In u o s fi t r : il r fl .: ri#u Sr q rl r r oo ririu n u u

: inqrl:ra.:rivrioruriu6o 6ruruanrfi{rufi{rururloufiqn .:rufiHadr.:n:rrdrurf,uf,lu
9

d at I a v t o d o at I i I o
anrfi.rrufirirrioofiqnuasnluriuuil:ro{r?a1ludCIlfi{rufr{uunfirirrioufiqn firtsfirnr:

nj'i'uurfiuu:J:yfivrinrrrrordnnoiyr'lfirirrauofiudanoifilfirflufiu-urunv16'rirfleufi61u
toA

tatsuu fro Non-dominated Sorting Genetic Algorithm II (NSGA-II) Hafi'ldnrnnr:rilioutfiuu

nyirdanoin'rfidirauorfludonoifilfifirl:vfivrinrnfi6n'ir danoifiu NSGA-II tu6'ru

rirsrorfifinr:{r{rlndn{rurirnorfi6fiqnfiuri'o?rldfinrflu 4s.t4s% dru6'sr:rcirutor'ilruru
r o i nyd r e r o i I a I

flaufl'r9rouyn4'r tfrryruuryr'lnunauflrgrouyrrryr0:{ loo oh Ira&nlur?ntlunr:il:v}Jaar^rafitf:qq

t u 6A
fl?lOANO:YIU NSGA-II

dsiu f,nru: unsflory (2ss3) ldrirrauoiG6riafin + iGn^o iGnr:to.r Kilbridge &

Wester (K&W), Ranked Positional Weight; (RPW), Maximum Task Time (Max. T.) ttCI&Total

Maximum Number of Following Tasks (Max. N.F.) rnioldtunr:i'naruqaatunl:iltunou
j <o J ;rr9 v 4 i, ada a a I oo
ry{urlu?u l7 1ru{lu r{nmt9r0lnn'l:0ndilEadlunr:nan a?u?ru?:dgrfl Yr.r 4 ?r 1o{

avls,iala dadraa^tri
,{anflucyrgr?our{yrf,nuruu n0 d0ru{luofililn0 14 dCI]u u:edmDRllld]unt:r{afltfluxu

Ca

01n 55.48 yo Lilu 67.37 %

reryr r^r?{n?{r;o{ rrnuqnrn:Ri q?::il;{A Qss2) ldrirrauoiG6riaO^n
i-oo"

M-coMSoAI- fi.rfi'ruurur0rn?r coMSoAL ;,irflueifil#hJ:rrn:ruvrr{ computer url#lu

nr:rrrlilarri JnuririGnr:6'{nrirrurrnd0uriuflruurnr:f,narunaarun1:il:vnourruu
a - ;^ i s 

q

HaflflEncvrrnu?montfluolnu S.tott ,ilruru + ilarrrruanl:vrgrdou?{rdri6 M-COMSOALqo
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d r rJ l : o d r rfi u n r : rr d'l t il r.u r r l da v n r n rt n v l #ri r sr o u fi ri r yr* r n o l o m n n : fi fl ar r',,r' u
'r":y

r:JSoutfiuuiG cousoel vru'iriGfirirrauoh?rirrj:vd^vrf;nr?rro.:drun1::J:snolrn^ruffurroy

nfi qnruior:Ji uurfi uri6 coMSoAL fi rirrrirfi'r

97.09 %

qsd:r rniorn:nq ununo{v (2ss3) ldrirrauoiGa^rian^n + i6fio iGnr:ro.:

Kilbridge & wester (K&w), iGnr:ldtnor.li1irfifn,flu6'arirruqeiruurjr (Ranked positional

Weight; RPw), iGnr:1#tnarq{t'torurnfiQa (Maximum Task Time; Max. r.) uaviGnttfild
do , i J ;

tn0rqn,i'lu?u{luuouvlal:Julvl{ililail1nYtqo (Total Maximum Number of Following Tasks;

Max. N.F.) rnioldlunr:i'aarqaarernr:il:ynoulul:.r.rturlnrfiurdo#rdrrirtrJrtri.rnuoo d.rfia{
9rI

,firurudu.rru 17 {1u r.rafi'ldrrnnr:o'odxerodrunlsflan d'ruiG8:?asr-n rfi + ii to.r
A o 4e , ia J a9, - ?A t v - I o v t 44 o s s t

,{anRilcylgt?0u1{mf,nuluu tl.tr.rnaTIryttmlnu n{uu [u9r?0u1{n:ilf,nu1 [u l:.1{lun{nn1?
,,

6nlJr: ora'roniGlnfi16' rfiorirhJrliuilq.rnr: f,nauqadrunl: flAa ri'sfiocdo.:il^n1:0t'l

o.rrirJ:vnou6u1 jrudru rdu n?rxu1n-d1ulunr:r{r.rrunr:Iundrurnfo.rfin: rfludu
!- Y @ | J yA- a q a I ct 4 r

ua u u o n n'r R fr 5.: 6o.: o r fruil : v cu n r : ait o.r flfi iu n^n ro u l u a r u n r : H n n u u l n r o r.: t s avrn l #

n 1 : {n du q n d r u n r : il afl lfl u 1 :J o ti r { ril l r v al ri{ 1}r yn { yr q u A u n v rJ q^ ri6
adAoaa69

uSuvri n-{,fi rrTeln r rrac durfr u: n^ drisrfr n m;q (25s3)'ldrj rrau oi6 nr: fimu r
I a a

rJ:cdminrv,rn:uu?unrr^amdr,il'.rarrEngrJnruldrtou'ltrrnrhjnrfi Inul#nr:finduqan'r:
A a u dy ada d a I e ,l vr i o - zi rn a

f{anttuufln10f{anflilclln?u?n a?:dnnttosd0nfla0{nut{ou txmdlnaJd0.il.tou tflnor?a1n1:,,
rir{ ru: ?ur o.rueine do rfi {ru rc do.: floun'irniorvirfir: ou rrn'rnr: flAflfitrolirld

9t

(Acceptable Time) unsdu{rufildiunr:i'na::}?ri'uruinvanrfisrutsdo{aonndo{6'uiir6'u
a v I t q s 4q r I i " o I t t iln?ludur{urnouila{ lnufiinnrJ:yasrirfiorirl#nrrurrrj:rJ:rurolnt:y.nu#oufiffaqa

tgtAraa^ia
r?41?r.1{luuouYrdgr rravil:vamfinrnrorarufll:r'ro9ru'rnyrdgt:?u0{n1:uou?rlJ'lu{lu1#qc

draqqs6i,,odlioe@
tfitJrcGtuiiurTnuc?fioto.rilfinrruluJ:rrrurufinrfiofrrdirSogr,lrniutfi.rlufl{riqqyr,i,trm:r
i <- t I 4 i ro 4 | a a t ucx{u?9rQlJ:vd{nn1:f,nu]ril0[lJ:uurytuuil:sdytrRlflnl: nflduqanl:flafl:y14?1{n1:lndtftctq q _- --'-''''4-'

nr: r{a^gtrtuuH orufla^nriar.vi6':uiGBrSannrravn'r: {'9dilnanr: r{a^nrrurr.t6sr6'nr.rir6urdtoq

e4 J oao o o jq gr < tu d s * t,?r coMSoAL rtr{?ra?:danm l,i, fro fl1:il:ur:uufl'r:e{ru [9unr: [UnSiorravaau{ru

:vrit{dotfi (traae and Transfer) ud'nnt:toriGnr:ttantil6oun:cu?unt:Ha^fl:crir{anrfi
4 o Q 9 4 dd r ic 9a
n-.o n1:flu'luturir}{anrfitluqnldnrufir':olixrrufrlndrHu.:tiu 0tnnt:uaflr:J6uunu

t 4q rd dq 9r4 - j t:sfiit.tdo.taorfrhifrtror{ru:?rrl,o.:anrfilndr6o.rrYururnfiqnblfiav{ rurfinnr:rJiuriuu

fl aofl cYrunr::J:cnou H d'nnr: rosiG nr: Iundtun:yu ?untr: yil'it.:dorfi n^onr:nululul#
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d dd I iq yd - i d a ia
dulu{1u4n1 d01uur?n1?t{{luYttnnrflu{nu [u0{01nrn1:n:vn1u{1u0]ndft'tu{1u1llJr?o't

o'
{ru:?rJl,o{aoruurnr'lilcianrfififir:nr{'ru: ?ulJoranrfirlou rlnnr:finury{u'irlunli f,et

9v
dilnadlun1:Hfisrrdol:JIa +z riusrou d.lo?68a?asr^novtr?riril:cfrilfinrildrunrrflandrn'ilq!

aa o t[9,

4 o- j j 9, r ad a a
11nn1:fIflU1{1U?0UvtrflU?10.11'{U?'l?5rrA18r:AginfirJ:VamfinrVrrurnn'iriG

999aaa4dq49aaaod
a? : dn n TI u g'l u t to v u H a n n 1 : tu o.: 9r u u o.1 tlJ 9t't 8? : d 9r fl 9.1 u

2.3. 1 runlAr?afinfi :vtfi uuiGlu nr: dun rri rgl oufi 6nrolurrynfl o{ri reroufi rfl u l:J

'[d (reasible Region)

2.3.2 Lu nl}ri a o n fi n rr rl : s a q rirfi o r r ri r sr o r fr 6 fi qn r i o ri r n o r fi l n dr6 o s de d q u
ai

R'.tu tu :cue[?almtHUlvdlJ
a4 a a a ol v g, ll t q 9 | ads 4l

2.3.3 ?fitilfl'182:d$tflo't?ultu9toulruucrucrouttac tuGrucrou rTu ?f tafloalcr:!r

(Local Search) iG:vuurufl (Ant System) i6nr:r6{fi'uqn::x (Genetic Algorithm) iGnr:dunr

dol rflrru (Tabu Search) ua viG td uu ttilu n 1: oud 0u (Simulated Annealing) rfl u du
aaaaadaAgloi<i

2.3.4 rugt1E?:dnnol0rnn0'Ifln1::?ufia1n?ra1u?ttYtftufitvt0nuHlnlnoilmaildnq

o J io iar
RlU [UT{Uvtfi let OUYt[UU lil',Id

aaadoli,
2.3.5 runr6riasr-nfr:cruuurusroumrruuourrosdru'r:nil;ut:J6uulu:runsr6ufl

riiori r hll#ud a viliu il ro

2.3.6 ruarAa?a6nur.rrj : sm mfi nr: ldn rrru d rfrn : r?u rndu dslunr: oe, { rr{rnou
o i e 9 9 o jn 

'iiot9u tilo tltfl 1:nuH lnln0uYt tu9rlmtnil
iraaaY
cr{ 6I't u'l : 0 uu {l ru 9t 1 E? : eTEr n 1 d O rJ : y m vr d'.r u'

rJ : v m vr fi t rfl u ru sr t 8:i osr^ n fi tfi n o r n u: { fu n r a h n r n r : : r m sr' r ra s hi ldrfi n

tlntt:{fuatnlttrn:yuur::urra'16'rrri it^:yuuila (Ant Sysrem) iGnr:rfi{fi'uqn:ru

(Genetic Algorithm) iGnr:tduurtuunt:oUdou (Simulated Annealing) trnsiGnr:tntsndu

il:vryrn:rtuu Particle Swarm optimization (pso ) rflu6'u eiru ursrr8r;aAn;ihi16'rn^ntrnrr:.r

riuo r o t t o r n r : : u ryrei^ ldr rri iG n r: 6'u n r d'0.: ri'rx (Tabu Search) rfl u du

rJ:c rnmfi z rfl uursrr6riafi nurrld:J : vvrn:uf 0u1Jillilldil: usrn: uur ld

il:srrn:n^o1uuuj.t:oulJo{n'r:riur.rrrirsrouos'ldrirsrouurnn'irrujrrirnoulr{r6on

tdu iG:su:lun (Ant System) it':yuurun (Ant System; iGnr:aonttull (Memetic Algorithm)
6d

ttav?Gnr:tntvndrurJ:vvtn:ttuu Particle Swarm optimization (pso) tfludu ri:urusrt6riasr^n

ttuuhildr]:vsrn: n^oturd.::ouxo{nr:durrrirerours'ldrirsrouoonlrrfiorudrrirnou
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I
I v r add

tyituu rsiu ?rtnuutrlunr:oleiou (Simulated Annealing i6nr:dum16'o.r#rru (Tabu Search)

traviGnr:durrrlrdufirirqroufitflulrJ'ldluttuurudt (Iterated Local Search) tfludu

il : s rn vr fi r rfl u nr sr r 8':3 asr^n r ru u aru n i : rfl r r il r u n { fi ilf o hi nr.: fi n^o lu r d.r

:ou1lo{R1:rirurnrorofinr:r:Jduurrilararunr:uJrururo rniohi"ldrirsrorlnrir rfinrguuiohifi
,t i r ad dt I t i r n raJ

ttuucTUn]:tu]]4u]un{Yl tryu'lr Guided Local Search rfludu il:vtnmm d?ultuu tuuflusrou
44,jtglradadaq
it.nr:rrJfiuurtila{dunr:tflrHruru rriu Tt.:vuuufl (Ant System) iGnr:rfi.rfi'uqn:5il

(Genetic Algorithm) iGrduuuuunl:oudou (Simulated Annealing) unvi6nt:oonttuu

(Memetic Algorithm) rfl udu
r i dr aa a 6 o ri 6d o io 94 o

il:vrnmm 4 rilu?r rilfl 1 a'l: dfl n[luu[ilauu?r fl t: 1{'ln taoum [n6[nu{fl ta0u

fltqrTu (Neishborhood) nlfirtav'hin.rfi n:finqfi 16'rr; it':vluun (ent System) iivrr.r

rYuqn::ru (Genetic Aleorithm) tfludu ci':unfi'hin.rfi lduri iGnr:durrrirnoulndrduluuu
dA h
ut.10u [lJ

.i&a6adhrd
rJ : s rn yr fi s rf, u rru sr r Briasr^n r rr u fi uo s'[ il fi n ri r u n'] 1 u,fi 1 r t:r u fi fi n il rufl ? 1 u

,irrcfinr:rndlirfirirsroulnfir.rfirirulrudlfiorflu{oryolunr:flrrilsroxrierl:J niu iE:suu

iln (Ant System) ifrnr:ri'unr6'o.rrtrrr (Tabu Searchl ciruiGfihjldrrj'lonrtudr uiu if;nr:
eoilare

fiul4'Inlfl oulfl ?tlemttuu?u : oucrl tuu9t u
tr o- j j , r ada e dt oaJatroctr.i0tnn1:Yruvr?u{1u?0uYrtfl u?1,o{0cilu?1?rlT.1?1uifl ::lJ tlju?[ytufluuilqt

rirlrldlunl:f,oduaaflrunr:il:vnoud.rn^o'ld'irtfluit.dfirJ:cfimr^nrillrniGrd.r uncriljo
a

4 -- ji q 6aa o d <oai q/o hrd r s adA
flnu1{]u?0umrnu?nu?filY{fluqn:: niluu?ryrdlu1:6r tfln]flou tnrmuurm]nu?rrs{iluqn5:

rtcildrearlurrrirsrou'ldti'l 6o iGnr:iimrurnr:Int#ruasitr (Differential Evolution: DE)

0lnUmn?]I1oil Dervis and Selcuk (2004) ldof,uro'ir Differential Evolution Algorithms

(DEA) rfluuuilluiGnt: Evolutionary Algorithms teal fifiriunouiGnr:iiqrurnr:firflu
A o fo A r a a o q Aet u M

tmnun lilu [un]:rfluil:vdyrrnlfl fl?rudrur:0 [unr:0fln1:yrrilunnuilu1,0{ilrgH-t Non-

Differentiable, Non-Linear ttou Multimodal Objective Functions tunr:ritlrudrnfuiliUnr
q , j - 9 d r d q o ad ae S q 9 | 4 q o q

xul9r tri!.lvlcruryou ny{u?]n?till:'l tul.11fn9r0u10':?rfl]:??0Iu]fl'l: t9tu t,rflafl1{ iluudlntu
,,y

fiiG16.rrt'u t n:: 6'.rriuiG nr:iinrurni: lrrul#Haeii.rrirn srfluiG nr:fifiuu r}irlunr:q

,rt , A I a a Y ^ - J il^u{uua a aq j
tlflrJiu]llttnvs?urTlUlJ:vdYrtfrlflyn{9nu?fl?n::il n{uun?0u0{ taf,nu'lmquflrrne{'lu?0uyt
i;-^^assso.,t@,mrje
rnu?r o{ nu ?r nr: ??arurnr: Ilnutdnasi r.:drsi o "1ilfi
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- d;i y u 
^d ev < qy r

2.4 mquailrnu2{o{nu?[Rrr??eIuln]t ln lqf 3{afl 1{

u d'n n r : 1 u n r : du n r r{ t n o u d'r o iG n r : ? inr u r n r : I n u 1 #H n si r I (Differential

Evolution Algorithm: pp) firauo]flu Storn, R. and Price, K (tggl) ldofiuru'jr n:oumqufiflo{
6d dtr4qojgaqad?nnr:riluIilrruu{'ru"Irau}J:euy[?a] lunr:rlruruyrtiou nt:-aflutnt:ro{lint:q

iiplurnr:louldruasir{ qnrl:vqnoildodxrnryirarouCIufinr:uder{qnu{.rluHnrufidiifin',t
t lqgq ad c) Aa v r j , , j

rJ:vqnril#luifinr:riuxrfiEnnrrurdnil:syrn: nI:aiflu'lnr:ovriu{rurl:srrn:r?udulu
/aa ,t4 a4 aq u a4 h I joo J

1lulfi N 1Jo{ t?nta0:iln n1:rrn t1ilqfl1n1:??gilurn1:0ano:ylil0e lilrryruytusrl,0{lt?ntno5
tr t v r r cq C; aa dt q o - A t -Gr{fl'lflo{a?[tlJ:tlnnvfl? [u?'luYt10'tu9t0v0nttd9t{t:iutax [u:silild]u?u0t{ anuuyyttdurn{

to{n:vu?unr: fro nolnlnridtufunr:air{r?nrflofro{nr:yrnnotnr:iisrurnt: 0sdgt.:
/<toy

t?ntno:nt:mnao{ tnonr:r:Jdouttila{uayruo.r{trun#nnt:dlru'u{1u 0tnfurcdrtfiunr:
q A i a ior . a r tA et v
n0taon tilot?ntflo:n1:fln40{uulJ:sdYtrR'l1IU1nfl?'lt?ntflo:ytdonn60{nu nssu?unl:

, : o a o ! r d tv l rrro I ! aqt?ralu0eQnnltuun1:0nflT{nun?]rcrurfl€uflulJU{ tfiInl:ilgn m{unl:??gilu1fl'l:t 0{
rdoasradtY

:J:vrin:firvgnrirrfiunr:Inur^iruTGnr:rirdrto{ 3 dunou noo nr:narort'uf nrrn:oa
s / s A 9t o 6r ae a j nyloraoi ttoinr:eTntfionneun:yil?un1:yn{rulunr:Tisruln'l:rruunalddn fr,r'lda:rjnr:

rnjr d rd'uduoroufi drdtyr o{nt:a;fl utnt:rruun n rafi n 1{6'.:fi
tt

2.4.1 Initial population R'o dunouiinr:rfrudru?ui;{ o-r }{tiuuciacdunoil.llu
4r,l1

tuunl:d:1ilrt1 Target vector niodrnour?ldurfiotflurir6'nfiultlunr:6'ndunou{tua{
d df ' i I tAo:n

dolu {'luttaetilu olt:uglu t o{t?fl tgto: Ytur tilldlu fl rr Muration rrou Crossover sio'lil
,t

2.4.2 Mutation n'o dusrouiinr:iliruJduun-fi'nhflldr{rsroulrrifiuilonunneir.:
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v lv I ad a s Q ,rq q vilSlU]lJ:XlJ!{1ln?I Exponential Crossover tflUUlv{BlU'l t'i,nuilCllilln1:0ndilendlun]:aru{

il : v n o r ri r }?1656 n r : iSm u r n r : l n u ldr^r a si x fi fi ii n r : rJ irL rJ : s r{ r n or o ii 6'q dq

"DE/rand" i:U6'u Binomial Crossover

"DE/Best/I " j':ruril Binomial Crossover

"DE/rand-to-besVl " i:Ifiu Binomial Crossover

"DE/rand" irruriu Exponential Crossover 2 Position

"DE/BesVl" j?ilfi'l Exponential Crossover 2 Position

"DE/rand-to-best/ 1 " :"1ru flu Exponential Crossover 2 Position

do olr ",, ouirrurir rount: fi t{'turo.riG Mutation uaciG crossover n6o
I

Recombination to.tvi.t o if;ld'orn6'rodr.rnr:rrflilruH1nr:fln6runndltlnt:rJ:vnouornnrnd
199

ddu u d
4.2 ytulugt0uft.tu
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a

a

ntai
fl1firronlt^t-t51ilt9105 i. Nr" F.

Initial population

ri r tuoln :LrIry rr 13 rrsiu
t.rAJlrL

anr0Iu?u0 t.l ll - I Eltltilrrma rlugl0u.l I u

9A
r!l,u9d
09l't,ugl 0 u.t'tullstov 1,'u9t 0ul1, I ilo I l.{

i:i*l

L4
flluftlr.dJn?[9t i:
rIl

ilonrflii 4.1 Flow chart lJUFtol-lflt:yt-l.ltulJo.riGnr:iSnrurnr:Ipruldr.rnsirl
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nrild 4.2 ttr.runr?Idrd'u.rruriou-rd'sto'riliyr16':odr.: (Bowman problem, 1960)

jovtvq

r l n n rr{ fi 4-2 rrdn { ttr.tu R'l il a'l n u { t u n o u -}r d'{ x o { il a, fi t n t : 0'o du ft a dt ufl t :Uq

:l:vnolotit.r.irofrfi 9 {ru 6'rrntlu:rnnurrdn{doro{ugiay{ru rraveT?rafluu?.:flailuflcr{
I A- i. ord 6 , s

t?n 11 0.1 { 1 u u u 1 cr{ il nJ?r 1 u n ]fl u ft t14 x : ou [?a 1n1: r.l n n ril lnu I 7

4.1 uDDtrana" iauffu Binomial Crossover

4.1.1 nt:flir{dtnout?ueiu ( Initiat poputation; fro riunounr:riu,flru:un;.: 0-l

hiriuucinsuu tflunt:afrrrit r*g"t vector nior{rsror6rudutxiorflurirsTnfiuhlunr:f,n

{lu n { n0 rfi srurtos rfl u ri rrirudu ro.r r:nrsr offi ldlu nr: Muration 116lu Crossover r,rio

Recombinatio., cio lil ds t ran sl#rfi u o r n il ru r rdrotir{ n rilfi 4.2 r ro y en: l.:fi +. t

i I o i It q s o Ee/A Ign:litYt 4.1 r{an]: d: 1{fl ]aolJ[: ugt u1 0{iliu14 1 tnun]il u 9t tl.ttJ 5 r?ntfl 0:

Vector I

Station I 2 3 4 5 6

Work I 2' 3 4 6 8 5 7

Time l1 t1 9 5 t2 J 8 l0

Target Vector 0.3 0.72 0.s3 0.61 0.44 0.57 0.68 0.92

Vector 2

Station I 2 3 4 5

Work I 2 J 5 7 4 6 8

Time l1 t1 9 8 l0 5 t2 J

Target Vector 0.74 0.82 0.44 0.32 0.57 0.69 0.2t 0.92

a

a
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i I o A y q s o qr4 I rflrrr{ii 4.1,{nnr:dfrsrirsrourTrud'uroriliyrr Jnurirrunh{fi s r?nrfl of (eio)

rrnflr:r{d +.t rfluairrrir Target vectorl#fiuusins.rru rdulrufi I vectord I

{rld o.: rfiorirrir Target vector ii{116'lr6'nduqaryrunr:il:snorsrirur$ou'hdr6'u.ttu
tqrdtrtlraasaiat

noufio{ttnet?al:?tJrlqavdfilu{]u9lo.t [xtnu:01Jr?alr{afl tnuT,l0'l:0t1 Target vector YllJft]

,i r o o thgo li t v d o q
9t1n0u vt't tfi tnntnoulo{t2ntflo:vt l-5 rmtnu 6 ,5 ,6,6 ttnv 6 dillu gtllJolnr

9t

4.r.2 Mutation 6o riunounr:nr:rJirril6oufiri'nrhi'1d'drsroutnrifiuilanunneirr

'hJornn{ru,itu?uil:yutn:t6ru Gun'ir weighting Factor: p u6o 6un'jr Mutation Factor: Fq

itdso
rfioqnrJ:varricJo{nr:r.irrflrir lquriru?iufir Mutant vector (v,.o*,) d'.rarunr:fi (4.1) uae

r9

dru 1 : o I tdo r d'ro ti r.: n r : Mutarion d'c at r : r {fi +.2 d'.: fi

V,.c*r : X,r.c * F(X.z.c - X.r.o)

diooJ,
Weighting Factor tlju 01u?u 0 t {9t{rtsr 0-2

Random Vector 01nil:usln:6rudu

(4.1)

4
tu0 r_r-

Xrt.c, Xrz.c. Xr:,c :

Vector 3

Station I 2 3 4 5 6

Work 1 2 3 4 5 6 7 8

Time l1 t7 9 5 8 t2 10 J

Target Vector 0.s l 0.92 0.41 0.62 0.67 0.84 0.88 0.96

Vector 4

Station I 2 J 4 5 6

Work I 2 4 3 6 8 5 7

Time ll t7 5 9 t2 3 8 10

Target Vector 0.13 0.64 0.21 0.42 0.69 0.26 0.81 0.58

Vector 5

Station I 2 J 4 5 6

Work I 2 J 4 6 5 8 7

Time 11 t7 9 5 t2 8 J l0

Target Vector 0.91 0.48 0.32 0.59 0.41 0.76 0.84 0.98



Vector Position I 2 3 4 5 6 7 8

1

Work I 2 J 4 6 8 5

Target Vector 0.3 0.72 0.53 0.61 0.44 0.57 0.68 0.92

1
Work I 2 J 5 7 4 6 8

Target Vector 0.74 0.82 0.44 0.32 0.51 0.69 0.21 0.92

3
Work 1 2 3 4 5 6 7 8

Target Vector 0.51 0.92 0.41 0.62 0.67 0.84 0.88 0.96

4
Work I 2 4 J 6 8 5 7

Target Vector 0.13 0.64 o.2l 0.42 0.69 0.26 0.81 0.s8

5
Work I 2 3 4 6 5 8 7

Target Vector 0.91 0.48 0.32 0.59 0.41 0.76 0.84 0.98

Mutant Vector I -0.02 1.07 0.60 0.634 0.648 0.634 0.71 0.90

32

nrrr.:d 4.2 flanr: Mutation r?nrrloffi r ]prol#i6 "DE/rand"

rlnfltrt{d 4.2 rrdn{r.rnuo{fl1: Mutation r?nrnoffi r ]nu1#i6 "DE/rand" dl{u
U9 lA o u o qirr 

- 
r as

X,r,c ,X,z.c ,X,r.c [nt?ntflo:yl I ,3 ltny5 nlualflutta&nlruatHnlF:0.8 truflnn
i - I ; o- i a

(Position) Yl 6 x,r.c :0.57 X,z.c : 0.84 ttae X,r.c :0.76 o{uu Mutant Vector Yl I ?Innil 6 n,l

ril1nu 0.634
,t

4.1.3 crossover ttio Recombination 6o dusrouiGnr:tranrrjduufiri'n:vrirt
a A h9, lq r o Ao!,o r r r r t d I

r?flreto: cr{0y tn[?nrnoilnritolrirmolfrfum.:an?]rrasrrun?rou1.:ila1nfla'ru Inufint:a:tr

Trial vector (u,,.o*,) dsarunr:fi (4.2) uavrirnr:ril;urrfiouvr^or:urlunr:rrnnrrJduun^rinrT.:
i. i. - A -:dil n t 5 Yt (4-3 ) ry { d t u t : 6r udfi { gt ?o u'1.1 9r.1 sr 1 :'l { vr 4.3 t la e 4.4 a { u

(4.2)U.i,o*, (U,,..,*,, Ur,.o*,, "' , Ur.o*,)

I v,,,o., if (rand j [0, t; = gP;
IUl,,o*, I
[ 4'o., if (rand(i) ,cn)

j
llJo Vt,.o*, Mutant Vector,

(4.3)



JJ

{r,o*r 
: Target Vector

CR : Crossover Constant {rueuo?{firir o fi.r t

rand j [0,]) : {uriroir 0 - I 4nvr^ri'n, j : 1,2,3,...,c (G : {rurun^fipr)

i aA ioc/' u ad
9ll:l{11 43 runn]: Binomial Crossover t?ntnO:yl I Ylt$:?UnU?I "DE/rand"

Vector Position I 2 3 4 5 6 7 8

I

Work I 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.81 0.44 0.57 0.68 0.92

Mutant Vector -0.02 1.07 0.60 0.634 0.648 0.634 0.71 0.90

rand() 0.2 0.82 0.79 0.34 0.680 0.930 0.43 0.86

Trial Vector -0.02 0.72 0.60 0.634 0.648 0.57 0.71 0.92

i tA I " qrlr
tlnn1:1.tYl 4.3 ttdfl{t{A10{n1: Binomial Crossover t?fltglO:ll I ry{n]?f Un tl4 nl

,tt

CR: 0.8 d'.rriu rriut Vector to{fifinfi 2 ,6 uaa g tsl#rirtoil Target vector cirudrrrnrl.:6u1

fi tr fro tvl#ri'liro{ Mutant vector

i u t s ort i
9r r:-r{yr 4.4 r{n nr: I et 6Iu a a dlun r: :J: vnorj ]q ulddr Trial vector 0 rnnr: -r.lyr 

4.3

otnflt:t{d +.+ ttt^odtril Trial vector fild'rur6'nrarunadtunt:il:vnousnilrdou'h
o s I q I 4 I u lo 

"

alnlJ{lUflOUrA{ttAUt?At:?}JttglOyGlolU{'.lU9lO.t trurnu:out?n1r{an Inun^or:rur Trial vector
i<t J r oq9u9
milnlnlnou ytl t?t tfifilaou 6 dotfi

,t

4.1.4 Setection fl'o dusrount:fintn^onil:vmn:ludusiohJ (err) dlovri'nra'onror
roiorsad

ttsltfl?tlv ritsroufrdn'jr Inont:nJiuutfiurriaxo.r Target Vector riu Trial Vector lun:fifi
!---^-.^,^-e^- .Ef4 y l, | 4 | v - v I o0lU?Ud0'lU.llU11 t9l1lO{ Trial Vector 911n?l?ltOtYl1flU Target Vector gtlUUtStA'On

drrdrrtnru
Trial vector rfl u il : s ryr n: lu ju rio lil 6'.: arunr: fi (+.+)

Vector I

Station I 2 J 4 5 6

Work I 2 3 4 6 8 5 7

Time l1 t7 9 5 t2 3 8 l0

Trial Vector -0.02 0.72 0.60 0.634 0.'11 0.57 0.71 0.92
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i4tvYotddr
tfio{ 0 1fl lnnur{atmtRuttn?u 1ur[il5 uurfi ou:srirr nr: rfr o f] Trial vector r,rio

dtrdrdh
Target vector tflurj:vsrn:ludutinhJ flu'irdrul:6rv{uri'rsroufi6fian16'rvirriu 6qrirrurqq

ril:^tlurfiurr':oifi1#1un1:flurireroufi6fianvru'ir rfiorfion Trial vector rflurJ:srrn:luiuq - -_-a'-
,

siol:J ovldt'rnrdun'irlunr:fiuvrur{rsrorfi6fian 6.:uan.rlfi'rf uornnr:mnno.:Jnol#iG

"DE/rand" irrufiu Binomial crossoverlunr:mnao'rri'uilqur Arcus 2 fifi rrt ltu fi:ounar
Arqi4qjaqr{vrtq

nl:p{aatmlflu 5755 tu0{0lflriluiltur4'rvrrJluln [H6unvunrrruryufouxo{iliul.t'luln 0]nn]:

mnao{l}IU'itlunr:rfionvilao.rrirrflurJ:errn:luduti'pr'hJarlr:rrnurirnolfi6fianryirfiude{a

23 anrfi 6.rrirnr:mnaorInunJ:'uurfiuunorfildlunr:nurirsrord6dqn 6'qsrr:r.rfi +.s
iralAo
frrrrnnr:mrrirnr:rn=rnoifrrfllrcaudrmunhflrit F : 0.8 , Cr: 0.8 uau Np : 150

itaaAoiaiten:r{ii 4.5 ,{on1:ril;uurfrurr?atfrnudrnoufi6fiqn:vn'ixnr:rdon Trial vector rfo
Target Vector rfl uil:ymn:luEusiolil

o',nnr1r,od +.S vru'jrlunl:ilnno{ l0 ng{ ilrnrir Trial Vector rrCI& Target Vector

firuotvird'urrdr16onrir r.iut vector rfluil:vyrn:luquoiohJosldraorfirf rn'jrnr:rn'onrir

Target vector lunr:nur{rnoufidfiqn Jnurir Target vector l#rrorradurvirfiu ts.rz iurfi
ttavrir Trial vecto.l#morrn6urvir6'u q.gz iu1fr d.:rrnnr:irn:rsfl6'lw,irrfiorfionrir

Trial vector tfluil:svrn:lu{utTn1:J ovrflunr:rJiurJE.rrirnorl#finr:nJ6ournJa.r'hJorn

drnoutn^trirh?fiIonraxuritnoufi6fiqnrurnn'jrnr:rfion Target vector rflu:J:smn:lu{u

d'nhJ d.rovrirh{r{rnou'hitfinnr:rjirilIrr:Jdouur]a'rrun'irrir Trial vector rv'16'rirnoufi

qn?'r

Selection

DE/rand

Binomial Crossover

I ) 3 4 5 6 7 8 9 10

(sec) (sec) (sec) (sec) (sec) (sec) (sec) (sec) (sec) (sec)

Target

Vector
10.65 9.54 18.95 19.12 15.24 10.55 29.17 11.52 l1.66 17.34

Trial

Vector
0.68 1.50 5.07 7.53 3.74 8.728 4.74 9.49 3.90 3.88
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(4.4)

tfro X.c*, : Traget vectorlujufinhl, i:1,2,...n

Jiddtvjjcf.:ttiotil:UUtylUUIgt{?1{ Target Vector flU Trial Vector 0lnn1:],lyl 4.1 ttacall:]{yl

4.4 uo'r vector fi t nu'ir ,{CI1,0{rilaourvirrYufi 6 dorfi 6'.rrfu6.:rfionrit rtu vector tflu

il:vvrn:1uiu6'nhJq

la
4.2 "DEIBesU1' l?UflU Binomial Crossover

yoty
4.2.1 nlfiitritsrouGus1u ( tniti"t poputation ) 6o dunounr:{ldrutu!;{ 0-l

hflfi'urrsins{ru rflunr:afxrir turg"t vector riorirsror6rudurfiorflurirrTnfiulolunrsffrl

{lu a': d0lfi {ruuaerfl urirGru6'uto{r?nraoffi ldlunr: Mutation tto& Crossov". sio'lil do

r rarr'r 1#r# u o r nfl anr r 6'r o d r r n r vr fi 4.2 t tn s n r 5't.r fi +. t
9r

4.2.2 Mfiation fio ,fu,u,n"',nr:rJfutil6uuririnh{16'drsrorlnrifirrilnnttflnsir.r

'hJornnrjl,firu?uil:vyrn:tAu tiun'jr weighting Factor: r t,t6o Gun'jr Mutation Factor: F

rnioln:J:va'rr{rornr:rirrrrir Jnoriru?nr?n Mutant vector (v,.o*,) rT.:arunr: fi (+.s) ttnv

- A -!
d'l U I : n t tdfi.t 9l ? OU'l { n I : Mutation 9l.t 9l 1 : 1.: vl 4. 6 9l { U

V,.c*, : X**o* F(X,,.c- X,z.o)

Aa,ooJ,tfro F : weightingFactortilu,ilru'luo5.:sl.:rtsi o-z

X*o.o : Traget Vector lfftlfi Uest :1,2,3,...,N lloilt?f]tnoffi1#

" i4i q I

rirqroufrfifr{nluruiaa{u (N : druru{tu)

Xrr.c,Xrz.c : Random Vector 01nil:gs'ln:6ildu

(4.5)

X,.o*,
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i ai = oc,adgt't:t{n 4.6 ,{nfl1: Mutation l?nlflo:Yt I tqu t'B,?I " DE/Best/l "

nrnfll:r':d 4.6 udn{Haxo{nl: Mutation r?nrfloffi r Inuldii "DE/rand/l" duoln
j t) q,y o aj j o - J | 4 qsl

911t1{lvl4.l t?nlflO:yl 2 tl{ilAnlnOunmEnm 5 d01U n{Uilfll Xb"i.c t.l l'ilfll Target Vectorll0{
lA- i -- t4y aA s o q9r r

t?ntno:yt 2 [tauqru Xrr.c, Xrz.G t9l t?nla0:yt 3 [toE 5 9l]runlau [nunlrun t1.1a1 F : 0.8 [su
Au . i t q J ;
Ylfl9 (Position) yl 6 ftl Xb",r.c :0.69, X.r.c : 0.84 tlae X,z.c = 0.76 9l{uu Mutant vector yl 1

o- i 4 t @

?If]flYt 6 o.lt?nnu 0.754
t,

4.2.3 Crossover ttio Recombination 6o dunount:ttantilduun^ri'or:yrirl
t A h, 4a ' o AoJ o r r r rt?fltao: ry{0v tfitlntglo: tilruxo{nlnouvruyr{nn?rlraerrun?rout{ilatnrntu Inufinr:air.:

Trial vector (uj,.o.,) d{arunr:fi (4.2) rravvitnt:nJiuurfiuurra&T{^0l:orrlunr:rrnnnJduufiri'er

Vector Position I 2 3 4 5 6 7 8

1

Work I 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.61 0.44 0.57 0.68 0.92

2

Work I 2 J 5 7 4 6 8

Target Vector 0.74 0.82 0.44 0.32 0.57 0.69 0_21 0.92

3

Work I 2 3 4 5 6 7 8

Target Vector 0.51 0.92 0.41 0.62 0.67 0.84 0.88 0.96

4

Work I 2 4 3 6 8 5 7

Target Vector 0.13 0.64 0.2t 0.42 0.69 0.26 0.81 0.58

5

Work I 2 3 4 6 5 8 7

Target Vector 0.91 0.48 0.32 0.59 0.41 0.76 0.84 0.98

Mutant Vector 1 0.420 1.172 0.512 0.344 0.778 0.754 0.242 0.904

- i- .i v t - i -!n{dunl: yr (4.3) cr{ dllJl: CIttdft'19t?ou]{ft{a 1: 1{?i 4.7 rrae 4.8 a{u



Vector Position 1 2 3 4 5 6 7 8

I

Work I 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.81 0.44 0.57 0.68 0.92

Mutant Vector 0.42 r.172 0.512 0_344 0.778 0.754 0.242 0.904

rand (i) 0.2 0.82 0.79 0.34 0.680 0.930 0.43 0.86

Trial Vector 0.42 0.72 0.512 0.344 0.778 0.5'7 0.242 0.92

3t

sntr{d 4.7 ,{anr: Binomial Crossover t?nlnoffi r fi1d:'rruri'uiG "DE/best/l"

j tA i' <
tlnfl]:].tYl 4.7 ttdn{H410{fl1: Binomial Crossover 10{t?ntflOtYl I Ylr.llU?Inl:
tr " orr -,'"DE/best/I" rylnrfiunl#dl CR: o.a 6'{fiu Trial vector to.:firinfi 2 ,6 Ltaz g ovldrirtos

Target Vector ri:u rfi rr tx ri.: 6u I fi rn fi o n v tdri rto.r Mutant vector

i v t s crt i
et'r:t{n 4.8 ,{anl:rndunadlunr:il:vnouJnuldrir Trial vector nlfln'r:1,i?r 4.7

0rnflr:1{d +.4 rfiodrrir Trial vector fi'[dlri'nalEadrunl:il:un0ufltrirtou'lx
o v I u r < I 5 | a a s a
alnu.:lufl0ura{ttavt?n1:?uttaavd0lu{lu9to.r lil[nurou[?n]r.lo9t Inult01:il1 Trial vector
ia' J r oEghg
milnlnlnou Ytltl.r tfifilgrou 6 d01fi

,,

4.2.4 setection fro rfuflounr:ri'ertf,onil:syrn:ludusiohJ 1c+tl dlou 6'orfronrorq

ioiarsr<aso
ttsitafltv nrsroufrdn'jr Jerunr:ril:'ourfiulnat0{ Target Vector ri'u trial Vector tun:tfifi
o d iuy J r 4 r q - ! d
tlU?Udil'lU.1lUYl tfl1lO.t Trial Vector 9l1fl?1l45Otm1nU Target Vector n{UU0stO0n

dtrorrhro
Trial vector tiluil: yryrn:ludu sio hJ d'.r arunr:fi (+.2)

Aindtejjcf{tilOflJ:UUIYIUU:&1'l?1.1 Target Vector fll"J Trial Vector 11fl911:1{yl 4.1 ltAYnl:l{yl
j'orqio-!,aar

4.8 flo.: Vector ?1 I ilU?] ,{At0{n]gloutmlnum 6 6I0]u{1U 9r.:Uut.:tci0flft1 Trial Vector

rflurl:vmn:luiufinhJq

Vector 1

Station I 2 3 4 5 6

Work I 2 4 3 5 6 8 7

Time ll t7 5 9 8 t2 3 10

Trial Vector 0.42 0.72 0.3M 0.512 0.242 0.778 0.57 0.92
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4.3 "D8 I r znd-to-best/1 " iaru ffu Binomial C rossover

eody^Jro
4.3.1 nr:dir{ritstourTrudu ( Initial population ) n-o {uflount:drudru?uo;{

o-r t#riutuinv{'ru tflunt:air.:rir Ta.get vector nforirnorrir6'urfiorflurird'nfiuhlunr:

frn uu nr an rfi qru tta v rfl urirriudux o{ r?nrfl 0ffi ldlu nr: Mutation rrns crossor., sio'l:J

d.rr rarr {1#r#u rrnfl ryu roirotirniud +.z,,urr',:r{fi 4. l
)t

4.3.2 Mutation 6o {rrurn',rnr:rliutil6oun^ri'ohfl1d'rirsroutnrifiruJanusrnsir.r

1:.lornnq'ru'$ru?uil:vrrn:tfiu 6on'ir weighting Facror: r uio 6on'jr Mutation Factor: F
i,lrr*

tfioqnrJ:va.:rito.rnt:r.irtxrir Inur{1u?01?t'l Mutant vector (v,.o*,) 6'larunr: fi (+.0) rros
t9

dl u r : CI t rdfr r sY: o ti t r n t : Mutation d.r n r : r { fi +.q 6'{ fi

V,.**, : Xi,c+F(\-rc- Xi.c)+F(4r.c- X,z.c) @.6)

ji'tfro X,.o : Traget Vector lto.t Vector riuf Inofi i : 1,2,3, ... , N

X*.o : TragetVector Inufi Uest : 1,2,3,...N 1o{t?Rrnoifi1#r{o

" iai
rirnoufrdfrqnluuriavqu (N : 6ru:u{ru)

N : {ru:urru
a,ooJ,F : WeightingFactor tlJUtlil?Utt{a{lta 0-2

4r,c,X,z.c 
: Random vector o tnil : s yi n : 6ru 6'ufi hidl rir r,.o

itAs9lltl{tl 4.9 flAnl: Mutation t?fltsl0:Yl I tnul#aG "DE/rand-to-best/1"

Vector Position I 2 J 4 5 6 7 8

1

Work I 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.61 0.44 0.57 0.68 0.92

1
Work 1 2 J 5 7 4 6 8

Target Vector 0.74 0.82 0.44 0.32 0.57 0.69 0.2t 0.92

3

Work I 2 3 4 5 6 7 8

Target Vector 0.51 0.92 0.41 0.62 0.67 0.84 0.88 0.96
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i rA s oera.nt:r{fr 4.9 ,{ant: Muration t?ntaojfi t loul6.:^G "DE/rand-to-best/1" (sio)

olnflt:t{d 4.9 ttdo{r{ato{nt: Mutation Vector fi r InuldiG "DE/rand-to-best/1"

i qrtt tA A ti qy o dj j dGr{0v [,rn1 xi.c fl0{ 12nrno:Yr I rrnu01nfl1:1{yr 4-l r?nra0:yr 2 lilr{adlfl01Jfiytqnfr 5 crolu
I

d'.rriurir x*,.o 6r1dri1 Target vector To{ r?nrfloffi 2 rlaeriil X,r.G , X.z.c ld r:nrsroffi :
rray 5 enuiird'u Inudrrupr}?rir F :0.8 niu fi6'n (position) fi o rir X,.o :0.57, xb.,,.c :0.69,

yt

X.r.c :0.84 ttav X,,c : O.ZO dsfiu Mutation Vector fi t n^fi'nfi O drrVirriu O.Z:
t.

4.3.3 Crossover m6o Recombination 6o dunounl:ttan[il6uufifln:cfi'ir.l
I A h, la r o AoJ o r r r r

t?nrflo5 ry{ts tar?nrflo: n{uflo{frlslouYtulr{nn?rlrov[lun?10u'r{Halnrolu Inufint:agt'r

Trial vector (uj'o.,) d.:arunt:fi (4.2) ttaufirnt:ril6urrfiuuttaefi0r:onlunr:uanr:Jduun'rin
-jiuted{aunr:fi (+.r) firarrur:nudn{ei?odrrrTsflr:r.rfi +. to rrnc 4.1 I 6'{fi

j tA ior' q adgl"l:-l{Yl 4.10 ,{an]: Binomial Crossover l?fltgto:Yl I Yltt:?ilnil?I "DE/rand-to-best/1"

tlnnl:]{d 4.10 ttdn{r{a1o{rnr: Binomial Crossover r?nrnoffi f firirui;
i " o dr Y I

"DE/rand-to-best/1" 6.:riruupr}{rir cn: o.s 6'{fu Trial Vector toln^ri'qfi 2 ,6 tta?,8 0s1#
r r o r j i 4 q9l

n l1 0.: Target Vector d?U Alt t14 U {OU dl m tfi fio0y [,['nlfl 0.1 Mutant Vector

4
Work I 2 4 J 6 8 5 '7

Target Vector 0.13 0.64 0.21 0.42 0.69 0.26 0.81 0.58

5

Work I 2 J 4 6 5 8 7

Target Vector 0.91 0.48 0.32 0.59 0.41 0.76 0.84 0.98

Mutant Vector 1 0.332 1.152 0.530 0.402 0.752 0.730 0.336 0.904

Vector Position I 2 3 4 5 6 7 8

I

Work I 2 J 4 6 8 5 7

Target Vector 0.3 0.12 0.s3 0.81 0.44 0_57 q.68 0.92

N{utant Vector 0.33 1.t52 0.530 0.402 0.752 0.730 0.336 0.904

rand() 0.2 0.82 0.79 0.34 0.680 0.930 0.43 0.86

Trial Vector 0.33 0.72 0.530 0.402 0.752 0.57 0.336 0.92
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i v t s ort ietl:]{Ir 4.11 p{Anr:OOAilOnArUnl:il:snoulerUlddr Trial Vector 01n01:r{yl4.l0

01nnr: r{d +. t t rfi ori rrir Trial vector fi ldl r f,n au nadrunr: il: u nouenuttou'hq

o v t v r d t, h ra a s a
arnU{lrun0uHaqttast?a1:?lJttnaud0'tu{luao{ lrutnu:out?n'19{an [4uil0'l:011 Trial vector

iat i r oqc,l,tl,
Trltftlnlnou rl rH radlnou 6 d01fi

t

4.3.4 setection floo dufl ounr: rin r6onrj: v rr n : lu { u oi o hl (or t ) dr n v fin tdontor
I o ia r s a d -- a - q

lreireilrsrireroufrdnil Inunt:rilEuuriiuufla{o.r Target Vector riu triat Vector lun:fifi
,[1U?Udn1U.llum tn1O.t Trial vector nln?l?l:OtYl1flU Target vector fl{uu03taofl

Trial vector tfl u:J: v rtn: ludu si ol:J d.r aunr: fi (+.2)

trjsdt-'
fi.rffioril':-uutfiul:su'irt Target Vector riu f.iat Vector ntnnl:1{fi 4.1 ttas n'l:'t{

Yl4.ll llOil Vector 1l I ilU1l ,{4fl0{n1n0iltm1nilm 6 dSllU{lU fl{UU0{t00flfl'l Trial Vector

rfluil:vmn:luiu6'11lilq

lv
4.4 rDBlrand' 5XlJflll Exponential Crossover 2 Position

4.4.1 n1:flir{rirflouGxelu ( Initial poputation 16o riunount:{rdruru0i{ 0-1

l#fi'urrdavrru rflunrsditrrir turg.t Vector uiorirsrorrirudurniorflurird'nfrulolunr:fi'er
a dr t A gt lAacrq

{1UA{fTOlU{lUlt0UlUUnlt:UglUX0.:t?fltqlO:yl tU tUnl: Mutation ttO& Crossor". giO'l:J

ds uaq {1#r#u o rniliyr 16'rotixnryrd +.z,,urr',: r.: fi 4. I
)r

4.4.2 Mutrtion floo ,irruun",ror:rJilril6uuvr'firrl#ld'rirsroulrrifirrilantrgtnrir.r

'hJornn{ru,itu?uil:syrn:t6u riun'ir weighting Facror: p nfo 6un'jr Mutation Factor: F
i,4rrs

tn-oQrril:sarr{rornr:r.irrnrir Inorilu?0ll.r-l Mutanr vector (v,.o*,) 6'larunr:fi (4.1) rrnc

Vector I

Station I 2 3 4 5 6

Work I 2 4 J 5 6 8 7

Time l1 l1 5 9 8 t2 3 l0

Trial Vector 0.332 0.72 0.402 0.530 0.336 0.152 0.s7 0.92

sl-;
dl lJ'l : tl ttdfl.: 9l ?O U1.: n I : Mutation fi.l 9l I : 1 { yl 4.2 LLAY 4.3



4t

a a I 'i au4.4.3 Crossover lllo Recombination n0 1JUnOUnl:ttnfllilnUUY{nfl:Ul{?l{
a A h, da Aol o r r r r

r?nrnor ry{0v tn[?nrno: tl4ulo{fi'l9roumilil.rnn?1rrav[[uf'r?10u1{ra1n?1CI1u ]nufinr:afr.l

(4.7)

4
ttJ0

Trial vector (u;,.o.,) 6'rarunr:fi (4.2) rrnvfirnrsril;uurfiuurrav?r^0r:rurlunr:rranril6uuvr^ri'sr

- A. i v t - A -:n{flunr: yr (4.7) ry{ dlrJ]:0[rda{a']0ul.r91{91-r:'r{yr 4. 1 2 rrae 4. 1 3 a{u

Ui,.o*,

v,,.o*, if (rand () = rt , 0) , r2

4lo*, otherwise

: Mutant Vector

: Target Vector

I o r Aq q I: n]:qufilu]4u{ilnnlur?nrno:, j : 1,2,3,...,G

t
t

vrl*,

4'.o,
randb(i)

(G=,f,rurufirin) rtas rt , 12:n-ri'erfiqn{rudrunil.:fi I $ay, 2

nrrNd 4.12 ,{anr: Exponential Crossover 2 Position r?nrfloffi r fildirruriuiG "DE/r*d"

tAAr
01n41:1{d 4.12 ttdn{r.to1o{ Exponential Crossover 2 Position t?ntfloffi I er{qru

Aq u9 I '
?Inq tn rl : 2 ttnur2 : O 6'.:riu TrialVectorto.rr{^rinfi I -2 rray z - s oslddrflo.l Mutant

r o r j i d o9l
Vector d?U 9l 1 t tl'l U { 0 U dl yl tl'l O 0 0 e t'Ln 1 t 0.1 Target Vector

Vector Position I 2 J 4 5 6 7 8

1

Work 1 2 J 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.81 0.44 0.57 0.68 0.92

Mutant Vector -0.02 1.07 0.60 0.634 0.648 0.634 0;71 0.90

rand(i) 2 6

Trial Vector -0.02 r.07 0.s3 0.81 0.44 0.57 0.11 0.90



Vector I

Station I 2 J 4 5

Work I 2 J 5 7 4 6 8

Time 11 t7 9 8 l0 5 t2 3

Trial Vector -0.02 r.07 0.53 0.44 o.7t 0.81 0.57 0.90
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i u t s oygn:-r.tyr 4.13 flnn1:ohailqacrunr:il:unoulnoldrir Trial Vector otnn1:t{fi 4.12

trnnl:r{d +. t: tfiorirril Trial vector fi ldrurrirnr:6'narunaarufll:il:vnouoril
A h o s t v r d 9 !l ra a s ^r3ou"[tdrd'u':ruriour.ra{rrocr?n'r:?urrnaedCIrfr{ru6oq"hirnu:ounalr{An ]nufitr:tur

Trial vector fifirirdrriou rirtr{ldrirsrou s d6r1fi
t,

4.4.4 setection fio riusrounr:ri'nrf,onil:vttn:ludusiol:J (c+t) dqotrinrfronrsrq

roiarsrd+so'
ttgitqv{lv riisroufrnn'jr Inunr:rilEuurfiuuflato.t Target Vector riu rriut vector lun:fifi

01u?ud01u{luYl t9rt,0{ Trial vector 0l1n?1?l:otYl1flu Target vector n,iuu0etciofl

Trial vector rfl u:J : s rrn : lu d u cio l:J ds aru nr: fi (+.2)

A ai Ia 4 | @ . - j ;cf{tilOtlJ:UUIYIUU:Cl'l?ln Target Vector flU Trial Vector t1nnl:1.:yl 4.1 tt0tfll:l{Yl
lvdo

4.13 !lo.lVe.to, d t nl'jr Hato{Hnxo{d1noUt0{ Target Vector tYrlnx 6 d01u ttauHafilgto1j
I

xorl Trial vector }?nadn'ir6o 5 dnrfi 6'sfu6{r6onrir rriat vector tfluil:ymn:1u:'utinhj
e

4.5 "DE/BesUt" daruffu Exponential Crossover 2 Position

e o A y .o ! , o a
4.5.1 n1:fl:l{nln0ill:uslu ( Initial population ) n0 lusl0unl:qU,i1U?U0:{ 0-l

1#fi'uudav.rtu rflunl:dirrrit turg"t vector r$orirsrourirudurvriorflurird'nd^uhlunr:6'n

{tua{dotfi{lutlautflurirr3ruduto{r?nrgloffildlunr: Mutation 116ru Crossor". sio'hJ

6.: uao.r t#rfi u o r n il ry u r d'ro d x n ru d +. t,,u r r', : r{ d 4. I
,J,

4.5.2 Mutation floo,fr r u u n rr n r : rjiu r:J 6 uu fi ri'n b{ldri r sr o l l n ri fi r ril a n r rsr nsi r l
hJornn{ru,i-ru?uil:es1n:r6u Gon'jr weighting Factor: r' uio Gun'jr Mutation Factor: F

irle6
rfio1n:J:varriro'rnr:ilrrurir lnuritu?nlfi1 Mutant vector (v,.o*,) 6'larunr:fi (4.5) lray

@t-i
d 1 tl 1 ; 0 t t fl 9l { fil ? 0 U 1.: n I : Mutation 91.: 91 1 T 1.: Yl 4. 6

9t

4.5.3 Crossover nio Recombination 6o r7usrount:llantilAuufr-rTq:vfi'ir.r
a A utu la I o Ao! o r r r rt'lntflo: ry{0e tq[?ntfl05 t?tulo{filgrouyluyt.lnn?]rravlrun?tou't.:ilatnfiotu inufinr:afr.r
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Trial vector (u.;,,o*,) 6'sarnr:fi (+.2) trasritnr:nJiuurfiuurrauyr^o'r:iurlunr:rranrilfiuuyr^rin
q - j -- -. J - r q ; - !
o{dufl 1: Yr (4.7) ry{ dlu'l: ouda{n ?ou].19t.:91 1: ].lyt 4. 14 rrau 4. I 5 ft{u

4.14 ,{nfl'l: Exponential Crossover 2 Position t?nrfloffi f fildiurriuiG "DE/BesUl"

01nn1:1{d 4.14 ttda{r.tfl1r0.1 Exponential Crossover t?nraoffi f d.rcjlfiri'n1d'
,l

rt : 2 LLi.c 12 : O 6'.:fiu Trial Vector tolvt^ti'nfi l - 2 LLavT - 8 isl#fi'lroil Mutant Vector
r o t j i 4 o9l

d?U 91 1t ll'l U.t 0 U dl Yl tfl A 0 0 e t'irn lfl O { Target Vector

i u t < dr, 'erl:l{lr 4.15 Hnn'r:dqaruqaarun'l:il:snoulnoldrir Trial Vector rlnat:t{fi 4.14

otnat:1.:fi 4.15 rru^orirrir Trial vecror fildlrfi'nraueadtunt:il:uRollelru
i tl o v t d 9 ln ra
r3ou"[tiirFr'u{turiou14a{ttner?o'r:?urrflnedoru.lruero{ trulriu:our?a1r{a'fl ]qufior:iut

- io, J t o q 9rh9ro 4
Trial Vector mrunteitnou fit tfi tfiritgtou 5 dotu

I

4.5.4 Selection fio riusrount:ri'ertnoonil:syrn:ludusiohJ (c+t) d.:oy6'rrrdonrorq

toiarsrddd
ltsitavtls nrsroufrdn'jt Inunt:ril:^outfiuup{atol Target vector ri'u t.iut vector lun:fifi
!^-.--.-,-^4-----<rly-.-, j ' 4 r q - J a01U?UdCI1U{lUYlt9lfl0{ Trial Vector 911fl?l14t0tYl'lflU Target Vector ftlUUtstn'On

dtrdrrhr.,
Trial vector ril urj : yrrn: 1u dusiolil 6'.r aru n r: fi (+.2)

Vector Position I 2 J 4 5 6 7 8

I

Work I 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.81 0.44 0.57 0.68 0.92

Mutant Vector 0.42 1.172 0.512 0.344 0.778 0.754 0.242 0.904

rand() 2 6

Trial Vector 0.42 1.172 0.53 0.81 0.44 0.57 0.242 0.904

Vector 1

Station I 2 J 4 5

Work 1 2 J 5 7 4 6 8

Time ll l7 9 8 l0 5 t2 3

Trial Vector 0.42 1.t72 0.53 0.44 0.242 0.81 0.57 0.904
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ijf<dr-Acx{tuotlj:uutYluu:s1.1?1.1 Target vector nu Trial vector 11nfl1:1{yt 4.1 ttau 4.15

llo{ vector fi t ru'jr ,{Glllo{ruatolrirnoltol Target vector rvirfi'u 6 dnrfi rrayr{nriteolllo{

Trial vector 1#Ha6n'ir6o s florfi 6'.rrfu6.:rfionrir trial vector rflurJ:sryrn:ludufinlrj

4.6 "DDlrand-to-besUl" daruffu Exponential Crossover 2 Position

#uo,ou nr: {ru {ruru o?q o- t

}fltiuusiav{ru tflunr:aftrrit tu.g"t Vector riorirqout?ru6'utfiorflurirrierfiutrlunr:{'er
4 dr r I 9, tAagd

{1UA{dillU{'lUtt0YtUUnlt:tJSlUlJO{t?fltglO:yl tU tUnl: Mutation t[0& Crosso"". CiO'lil

d': u afl r 1 #r# u o r n fl rg n r sTr o ti r s n ril d +.z,,u r r', : r { d 4. 1

9t

4.6.2 Mutation fl'o ,irruun''tni:rJiunJ6uuvr^6'nh?'16'rirnorlnrifirrilnnrrnnrix

'hJornnq'ru6lu?uil:vsln:tAil tion'jr weighting Factor: r nio rEun'jr Mutation Factor: F
i,lrr<

rn^oqnil:va':rito.rnt:rirtnrir lpruritu?rurt Mutant vector (v'o*,) d.:crnr: fi (+.0) uay

d1 u'r : o t tdn r frr o ti t { n t : Mutation 6'.r n r : r.: fi +. g
,t

4,6.3 Crossover r3o Recombination n^o rTunounl:rlfintilAuuyt-rTn:crit.t
I A by tq r o io J o r r t r

t?ntno: cr.:0e tar?nlno: tr{tJlJo.tfirgrouyruyr.tnn?tlroclrufl?rour{}rorniln1u lprufinr:ait.:

Trial vector (u;,,o,) d'.rarunr:fi (+.2) rravrirnr:ril:'uurfiuurra&yt-t'r:urlunr:rrnnril6uun-6'n
- i. J @ t e

6'.rarunr:fi (+.2) fi.rarrur:oudn{fr?otjxrTrsrr:xfi 4.I6 uay 4.I7 dlfi

lA jor' q adnf:f{d 4.16 Hnnl: Exponential crossover 2 position t?ntflo:Yt I Yt tGir:?UnU?[

"DE/rand-to-besVl"

Vector Position I 2 3 4 5 6 7 8

I

Work 1 2 3 4 6 8 5 7

Target Vector 0.3 0.72 0.53 0.81 0.44 0.57 0.68 0.92

Mutant Vector 0.33 1.152 0.53 0.402 0.752 0.730 0.336 0.904

rand(i) 2 6

Trial Vector 0.33 1.152 0.53 0.81 0.44 0.5'7 0.336 0.904
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01nn1:1{d 4.16 ttdn{9.t01ro{ Exponential Crossover r?nraoffi f d,r(run'6'nr1d
9,

rl:2 LLilY12: o 6'.rriuTrialvectortow-flnfi l-2 ttosT-8oul#rirrorlMutantvector
r o r j i a orl

CY?U 9l'l t tl'l U { OU cl yl tl4 n O 0 U t'irn 1 X O.: Target Vector

i v t < aur 'ell:l.lYl 4.17 Hanl:o'qAilqnarunt:il:ynouInuldrir Trial Vector 0tnflt:t{fi 4.16

0 r n fl r : r{ d +. t z rfi o ri rri l Trial vector fi 16'u r 6'n aru n n fl 1 u nt : il : e n o u en u Njo u lr
outqtd9hrAAaaalnU{'lufl0UilA{ttaut?n1:?UttnAed0lu'i1U9lO.l tUtflu:0Ut1A1flAn lnUTtot:Ar1

io' i
Trial vector nunl$ildou rirl#ldrirnou 5 dotfi

,l

4.6.4 selection r't'o riusrount:f,nt6on:J:srtn:luduciohJ (c+r) dlns6'errfronrorI
toidrsrddu

ttsitavl'ls rirgroufrdn'jt Inunr:trlSuutfiour.ratoir Target vector riu trial vector lun:fifi
e o iuY I' r 4 t v e

'ilruruaorfr{tufr'[dto.t Trial vector rirn'jruSorvirriu rarget vector 6'.:riurgrfion

Trial vector tfl u il : s yr n : lu d u si o bJ ri.r arun r : fi (+. z)
eiao",'-'
fr':tfioril3uiltfiuu:vrjt.: Target Vector ri:t t.iat Vecror olnat:t{fi 4.1 rrasrtt:l.:fi

4.17 flo{ vector fi t nu'jr ,{auo{r4atocritsrouto.: Target vector rvirri'u 6 dotfi trnsrua

rirnouto.: Trial vector hi'r^ra6n'ir60 5 d0rfi 6'{du6{t6onrir trial vector tfluil:smn:luiu
qhr
09t t1J

Vector I

Station I 2 J 4 5

Work I 2 3 5 4 6 8
,|

Time ll t7 9 8 5 t2 3 l0

Trial Vector 0.33 t.152 0.53 0.336 0.81 0.44 0.57 0.904
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4.7 ,{onr:floroo.r?f;nr:?iorurnr:Iotfl#arasir'rcirnYurlq;rnrnr:fi'oorrqaarunr:il:vnouuuu

r#usr:{il:v,ord,

4.7.1 uorlarmrto.r Tarbot
4 ^- 

ji et iooa
01nfl t: finHl{]u?0uvttnu?1 0.:10{ Andreas C. Nearchou (2005) ytilrltnl:

Aq s q 9 | q irq I ut -- Aoq
Tiruurnr: InulSruarir.rlrl#fi'Eraruqadrunr:il:vnouEerilrUr.nro.r Talbot fififlqrrtor
Mertens, Bowman, Jaeshke, Mansoor, Jackson, Mitchell , Heskiaoff , Sawyer, Kilbridge,

,tt

Tonge , Arcusl , Arcus2 fidru'luuuri,rttsi z - I I .tlu doolulronurirsroufi6fiqn ot ilqrr
q 9au d o 9ra< au ' l3 @ q d e

01n 64 ilqur {i6'u6rl{Tinr:Tiruurnr:Inuldr.rasir.r firJ:vqnrifiufi'uqnilqurrdu?riu
j ,< d o ra a I ad -q s qY , I oaj

riloril:uljlytuur{afil9tolJrrautil:uljrYtuu:sfl?'t{?rn1:??glluln1: t9ru lryHafl1{Yl.t 6 ?rYt

, l& s do a a o iaj i o Iil:eqnatu Iftuu0tu?udo'luil'tu,:olJt?a1fl'l:r{nflltasfl19t0uylnmqflmulflo{au101fl
i e Ys r o

http://www.assembly-line-balancing.del fr11#]:J:rtfl:u Bloodhed Dev-C++ 4.g.g.2. ttasnlfiufi

rir Np : 150 , F : 0.8 rrou cr: o.g fildornnr:?r1d1vrr:rn^rno{firrUrrGI}J drornnr::J:vgnei
,t

ririG uut"tion r iGrutl#jrruririG crossover z iG osrirl#ldiG:JiurJqrdrnou o iG d.:fi

"DE/rand" drltiu Binomial Crossover

"DElBest/I " irrutiu Binomial Crossover

"DE/rand-to-best/ l " j'1ru tiu Binomial Crossover

"DE/rand" :'rUfil Exponential Crossover 2 Position

"DE/Elest/l" :':rf tiu Exponential Crossover r 2 Position

"DE/rand-to-best/ 1 " d l1l fiu Exponential Crossover 2 Position

9ttI

0 I n n r : vr n 6r o.r n u'i r rT.r o ii ar ru r : 0 T{ u ri r er o u fi 6 fi a et vr n i G rT.r riu fli {ud rqq{

riruruJEorrfiuuJnon'trrBlrr?aldilurirfloufi6fiasr drornnr:mnao{nJ':'urrfiurrf.r e iG
r o idi o ia i o

iluildr:Jr:6r?ruriretoufi6fiqolunarfirTrfiqerdruru 27, 34, 31, 45,59 rrne s+ ilq1rr
o@ - ;

nluatqufl .191'l:1{Yt 4. 1 8
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srl:r{d 4.t8 rloril;uurfiuu:cil'i',urio u ii rirniuqnilcyrrtos Talbot

Problem n CT
DE

I 2 3 4 5 6

Mertens 7 6 0.002 0.002 0.002 0.002 0.002 0.002

7 0.002 0.002 0.002 0.002 0.002 0.002

8 0.002 0.002 0.002 0.002 0.002 0.002

t0 0.002 0.002 0.002 0.002 0.002 0.002

l5 0.002 0.002 0.002 0.002 0.002 0.002

l8 0.002 0.002 0.002 0.002 0.002 0.002

Bowman 8 20 0.002 0.002 0.002 0.002 0.002 0.002

Jaeshke 9 6 0.002 0.002 0.002 0.002 0.002 0.002

7 0.002 0.002 0.002 0.002 0.002 0.002

8 0.002 0.002 0.002 0.002 0.002 0.002

l0 0.002 0.002 0.002 0.002 0.002 0.002

l8 0.002 0.002 0.002 0.002 0.002 0.002

Mansoor ll 48 0.002 0.002 0.002 0.002 0.002 0.002

62 0.002 0.002 0.002 0.002 0.002 0.002

94 0.002 0.002 0.002 0.002 0.002 0.002

Jackson ll 0.002 0.002 0.002 0.002 0.002 0.002

9 0.002 0.002 0.002 0.002 0.002 0.002

l0 0.002 0.002 0.002 0.002 0.002 0.002

l3 0.002 0.002 0.002 0_002 0.002 0.002

t4 0.002 0.002 0.002 0.002 0.002 0.002

2t 0.002 0.002 0.002 0.002 0.002 0.002

Mitchell 2t l4 0.008 0.007 0.008 0.008 0.006 0.007

l5 0.007 0.007 0.007 0.006 0.006 0.007

2t 0.007 0.006 0.007 0.006 0.006 0.006

26 0.007 0.006 0.007 0.006 0.006 0.006

35 0.007 0.006 0.007 0.007 0.006 0.006

39 0.007 0.006 0.006 0.006 0.006 0.006

Heskiaoff 28 138 0.003 0.003 0.004 0-003 0.003 0.003

205 0.004 0.003 0.003 0.003 0.003 0.003

2t6 0.004 0.003 0.003 0.003 0.003 0.003

2s6 0.003 0.003 0.003 0.003 0.003 0.003

324 0.003 0.003 0.004 0.003 0.002 0.003

342 0.003 0.003 0.003 0.003 0.003 0.003
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jt*drJoo
en:r{fr 4.18 HarilSuurfruu:su'j1{yt'{ 6 TG rirrfuqnilqurrol Talbot (sio)

Problem n CT
DE

I 2 3 4 J 6

Sarvyer 30 25 0.1 0.007 0.004 0.005 0.006 0.004

27 0.003 0.003 0.003 0.003 0.004 0.003

30 0.004 0.004 0.004 0.003 0.003 0.003

36 0.004 0.004 0.004 0.003 0.004 0.004

4l 0.004 0.003 0.003 0.003 0.003 0.003

54 0.003 0.003 0.003 0.003 0.003 0.003

75 0.003 0.003 0.003 0.004 0.003 0.003

Kilbridge 45 57 0.017 0.016 0.016 0.01 5 0.015 0.0t5

79 0.0r5 0.015 0.01 5 0.014 0.014 0.015

92 0.015 0.015 0.01 5 0.0t4 0.014 0.0t 5

ll0 0.016 0.015 0.0t5 0.016 0.014 0.0r4

138 0.016 0.015 0.015 0.01 5 0.014 0.0t4

184 0-016 0.016 0.015 0.015 0.014 0.014

Tonge 70 t76 0.218 0.r6 0.207 0.096 0.012 0.014

364 0.056 0.0s6 0.056 0.054 0.053 0.053

4t0 0.056 0.055 0.056 0.054 0.051 0.052

468 0.056 0.056 0.058 0.053 0.051 0.051

527 0.055 0.055 0.055 0.052 0.052 0.052

Arcus I 83 5048 0.036 0.036 0.035 0.033 0.034 0.032

5853 0.036 0.036 0.035 0.033 0.032 0.032

6842 0.039 0.036 0.037 0.034 0.032 0.032

757 I 0.036 0.035 0.035 0.033 0.033 0.033

8412 0.035 0.036 0.034 0.034 0.033 0.034

8898 0.035 0.036 0.035 0.033 0.032 0.033

108 l6 0.042 0.037 0.036 0.033 0.032 0.032

Arcus2 lll 5755 4.22 0.23 0. l2 0.21 0.2 0.1

8847 0.1l6 0.1 l 0.1 I 0.t 0.t 0.1

t0027 0.1l 0.1I 0.1 I 0.1 0.1 0.1

10743 0.1 I 0.1 I 0.1 I 0.1 0.1 0.1

I 1378 0.t I 0.1 I 0.1 I 0.t 0.1 0.1

17067 0.1r 0.1 I 0.1 l 0.r 0.1 0.1

Total 27 34 3t 45 59 54
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o ia i A q d r oY oooo t u"lutrarfrrirfrCn douj5uutfiuu:su'ir'rfr"r 6 ffi ffi r:iu iliurr Arcus 83 {tu firoilr?otn]:.U
A d d o<i oaj jcroa t v

HAfl 10816 0YUtlIU'l?rYl 5 tt0g?Iyl 6 ylt'['?, "DE/Elest/I" :?UnU Exponential Crossover 2

Position tto& "DE/rand-to-besUl" ierud'u Crossover 2 Position firrr-lr{tgrorlfi6fianlutrarfir*rq

; t a , oai ;J o iai e jy ,
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it*arJadJoo
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di o ae lAaA , .l r r 9 t o s aq

ierrjunl:u'rY{Rnflo.tt?nrno:mnflqnx0{lJ:rxln: tuunasEur{,1u1:?ufilfilnou [auflnn
, t tl

uest fiwtflu6':rirhjurritnolluliraarfiufifinrr{rnorlfi6 ri:uii "DUrand-to-best/1" nsfi

rJ:vfivrf;nrilulnfiqntflurvtiuilrgnrfifiturnlrqifinrrud:rdouto.rilrgrrrrnfiofi{ruru
" ioi o 9 i dtrirnoufi6fiqn'irururiou ru-o{rrlnritunl:fi1drnouInul#i6 "DE/*nd' :':ruriuti:.lii
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"DE/Elest/ 1 " 6{iG "ogBesUl " liu i g tfl u n r: u rn ln o u tiltl lJ yt yt fl u n tn o u il n ttn o l n ts lil ld
jjiooiaicoro',
fiufififir{rnoufi6fiqn firlfirirnorrs'ruodluuinorfuuacfiIonrafirsyrurirsrorfi6fiqn

i 9 qrr s ad d1 r .l ,a o C jo ja
ona{ tUoulUl t'ir:1unil?tr "DE/rand" 0utilun1:U?u lfiun1:fl1fi19t0lJoon0tnT{-uytfi1n0ilytn
li---- n-rq-r-{ii<. i4i- ur-i ii.iq Irtr, ccr,ds o i<jilol1nv tr tlY{umilrlnlnouilnmqn tuu{lruYrouYrrlju til tn il1t?ru toflldy'lunlnoumnilqn
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atqdaqd

U1n{u tau ilqfi1Arcus 83 {'lU Yl:Out?a1n1:nan 5048 uar ilqrt Arcus lll {lU yt:OUtaar

6 : a a .iJ ao o .i<i e 
'tnr: HAn szss fiufl u:0ur?o1n1: ildn fr !irfi 6tu?udtnoufi 6fi qndrniufrs z ilqurfi fioorv

vrl'iri6 "DE/rand-to-best/1" fil#drrud'u Exponential Crossover 2 Position ocldtrnrlunt:?t't
9 9 | q, q o , I -*o - ot ja ddrnor{ou usiovlftrarlunr:riru'rorurnn'iryT{ z iGdiuirqnilrynrtor Talbot fifirurnrdn

ooiai
t rn & 0'ru 2u fi 1gr ou mnm qnu 1n

4.7.2 lo|ilqflt.uo{ Scho[
a o- ji e

Olfln1:f,nu1{1U?nUmtnU?{I0{10{ Pedro M. Vilarinho and Ana Sofia Simaria
i o aa a t q 9v t d

(2002) firirTfi16ouuuunl:0utiouu116i'erd!qadlunr:rJ:vnsru:-tuXeriliUfitro.: Schol fifi

ilqUfto.r Rosenberg , Buxey ,Lutz l, Gunther , Hahn , Wamecke ,Lutz2 ,Llutz3, Mukherjee ,
r7t

Bartholdi 2 tt6ru Svholt fifi6ruru.:ru6'rrrsi 25 -29't {rud.:arur:or{ildln0uiiadq, zo flryrr

trn 168 flqni dii'u6{1di6nr:ilplurnr:Jnul#r.rarir':fiil:vunddufirrynilonrrdu:ri'uq { --- i -c"--ai"'-'
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i ld d o l4 d r ad -o 
I

rr'lot]J:uuryruur{anrnouuasril;uilrfiuil:sl.r?r.r?rfl1:??oru'rnr:]nol{nnsir.:ro.:fr'.r O iG
ir tl v q ia v et q A J q
Yl il : s u n n t u n u il Q.! fl 1 Yt u I u 1 n tta s fl ? 1 u cru cr o u x o { il aJ fl 1 r11 u l,u ! 1 n Tn I fl fi 1 1r o.t Talbor

".ouqo
@ a s do d - - adrnt:xfi +.tq Inufi6ru?udnlfi{lu (n):our?olnrrflnn (cr) uardtnoufi6fiqn (m*) fidr
It
1o{au101n http://www.assembly-line-balancing.d.l dll#l:J:ttf'tiU Bloodhed Dev-C++ 4.g.g.2.

o | - - - iUr, r a lA
ttacn1ilufi nl Np : 150 , F: 0.8 tt6e Cr:0.8 Yl tn01nn1:ulgl'lvt1:1,tsl0:11t111l1'd,

iv@tqlooen:r{ii 4.1 9,{an1: ffo finauqaarunnr:il:enouEofl iyrlro{ Scholl I o{fl{ o Tt.

Problem n CT mr
DE

I a 3 4 5 5

Rosenberg 25 t4 t0 l0 l0 l0 l0 l0 l0

l6 8 8 8 8 8 8 8

l8 8 8 8 8 8 8 8

2l 6 6 6 6 6 6 6

25 6 6 6 6 6 6 6

32 4 4 4 4 4 4 4

Buxey 29 27 t3 t3 t3 t3 t3 t3 t3

30 t2 t2 l2 t2 t2 l2 t2

33 lt lt ll ll lt ll il

36 l0 l0 l0 l0 l0 l0 l0

4l 8 8 8 8 8 8 8

47 7 7 7 7 7 7 7

54 7 7
,|

7 7 7

Lutz I 32 t4l4 il il ll ll lt ll ll

t572 t0 l0 l0 t0 l0 l0 t0

1768 9 9 9 9 9 9 9

2020 9 9 9 9 9 9 9

2157 7 7 7 7 7 7 7

2828 6 6 6 6 6 6 6

Gunther 35 4t t4 t4 t4 l4 l4 l4 t4

44 t2 t2 l2 t2 l2 t2 l2

49 ll lt ll lt ll ll il

54 9 9 9 9 9 9 9

6l 9 9 9 9 9 9 9

69 8 8 8 8 8 8 I
8l 7 7 7 7 7 7 7
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j,
nr:1{fi 4.19 r{anl:f,nflnauqaarunnr:il:cnouqnilrynruo.r Scholl rolfrc o iG tsiol

Problem n CT m*
DE

I 2 3 4 5 6

Hahn 53 200'4 8 8 8 8 8 8 8

2338 7 7 7 7 't 7 7

2806 6 6 6 6 6 6 6

3507 5 5 5 5 5 5 5

4676 4 4 4 4 4 4 4

Wamecke 58 54 32 32 7') 32 32 32 32

56 29 30 30 30 30 30 30

58 29 29 29 29 29 29 29

60 27 28 28 28 28 28 28

62 27 28 28 28 28 28 28

65 25 26 26 26 26 26 26

68 24 25 25 25 25 25 25

7l 23 23 23 23 23 23 23

74 22 22 22 22 22 22 22

78 2t 2t 2t 2t 2t 2t 2t

82 20 20 20 20 20 20 20

86 t9 l9 t9 l9 l9 l9 l9

92 l7 l8 I8 l8 r8 l8 l8

97 l7 t7 t7 l7 t7 t7 l7

104 l5 l6 l6 l6 t6 l6 I6

Wee-Mag 75 28 61 63 63 63 63 63 63

29 63 63 63 63 63 63 63

30 62 62 62 62 62 62 62

3l 62 62 62 62 62 62 62

32 6I 6l 6t 6l 6l 6l 6l

33 6l 6l 6I 6l 6l 6t 6l

34 6l 6l 6l 6l 6l 6l 6l

35 60 60 60 60 60 60 60

36 60 60 60 60 60 60 60

37 60 60 60 60 60 60 60

38 60 60 60 60 60 60 60

39 60 60 60 60 60 60 60

40 60 60 60 60 60 60 60

4l 59 59 59 59 59 59 59

42 55 55 55 55 55 55 55
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ird!,^oerl:l{ii 4.19 Hanl:6'ni'naruqaalunnr:il:vnouEerilrur-rlrorr Scholl ro{#{ o iG tsiol

Problem n CT

m* DE

t 2 3 4 6

Wee-Mag 75 43 50 50 50 50 50 50 50

45 38 38 38 38 38 38 38

46 34 36 36 36 36 36 35

47 33 33 33 13 33 33 33

49 32 32 32 32 32 32 32

50 32 32 32 32 32 32 32

52 3l 3l 3t 3l 3l 3l 3l

54 3l 3l 3l 3l 3t 3l 3t

56 30 30 30 30 30 30 30

Luju2 89 ll 49 50 50 50 50 50 50

t2 44 46 46 46 45 45

l3 40 4t 4t 4t 4l 4l 4t

t4 37 39 39 39 39

l5 34 34 34 34 34 34 34

l6 3l 33 33 32 32

t7 29 30 30 30 30 30 30

l8 28 28 28 28 28 28 28

l9 26 27 27 27 2't 27 27

20 25 26 26 26 26 26

2l 24 24 24 24 24 24 24

Lutz 3 89 75 23 23 23 23 23 23 23

79 22 22 22 22 22 22 22

83 2t 2t 2l 2t 2t 2t 2t

87 20 20 20 20 20 20 20

92 l9 l9 t9 l9 t9 l9 t9

97 l8 l8 t8 t8 l8 l8 l8

103 t7 t7 t7 l7 t7 t7 t7

lt0 t5 t5 l5 l5 l5 I5 l5

r I8 I4 t4 t4 t4 t4 t4 l4

127 t4 t4 t4 t4 t4 t4 t4

137 l3 l3 t3 l3 l3 l3 l3

150 t2 t2 t2 t2 l2 l2 l2

45

38

32 32

25
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i@utuenrrr{rii 4.1 9 r{anl: {'rr i'n auqoatunnt: il:unouqnfl iUil 1x0rl Scholl ro{li'{ o iG tsiol

Problem n CT
m* DE

I 2 3 4 J 6

Mukherjee 94 t76 25 25 25 25 25 25 25

183 24 24 24 24 24 24 24

t92 23 23 23 23 23 23 23

201 22 23 23 23 23 23 23

2fi 2l 2t 2l 2l 2t 2l 2t

222 20 20 20 70 20 20 20

234 l9 l9 t9 t9 l9 l9 t9

248 l8 l8 l8 l8 t8 l8 l8

263 t7 t7 t7 t7 l7 t7 t7

281 t6 l6 l6 t6 l6 l6 l6

301 l5 l5 l5 t5 l5 l5 l5

324 t4 l4 t4 t4 t4 l4 t4

351 l3 l3 l3 l3 l3 l3 I3

Bartholdi

I

Bartholdi

2

148

148

403 l4 l4 l4 t4 t4 l4 t4

434 l3 t3 l3 t3 t3 t3 l3

470 t2 l2 t2 l2 t2 t2 l2

513 ll ll lt ll ll ll ll

564 r0 t0 l0 l0 l0 l0 l0

626 9 9 9 9 9 9 9

705 8 8 8 8 8 8 8

805 7 7 7 7 7 7 7

84 5l 53 53 53 53 53 53

85 5l 52 52 52 52 52 52

87 49 5l 5l 5l 5l 5l 5l

89 48 50 50 50 50 50 50

9l 47 48 48 48 48 48 48

93 46 47 47 47 47 47 47

95 45 46 46 46 46 46 46

97 44 46 46 46 46 46 46

99 43 45 45 45 45 45 45

t0l 42 43 43 43 4f 43 43

104 4t 42 42 42 42 42 42

106 40 42 42 42 42 42 a
109 39 40 40 40 40 40 40

l2 38 39 39 39 39 39 39
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ivvtqegtltl{yt 4.19 ,{an'r:oh6'naruqaalunnl:il:vnouunilqlilltjo.r Scholl 1o.11i'{ o iG trio)qt

Problem n CT m*
DE

I 2 3 4 5 6

Barrholdi

2

148 I l5 37 38 38 38 38 38 38

ll8 36 37 37 tl 37 37 37

t2l 35 36 36 36 36 36 36

t25 34 35 35 35 35 35 35

129 33 34 34 34 34 34 34

r33 32 33 33 33 33 33 33

t37 3l 32 32 32 32 32 32

142 30 3I 3l 3t 3l 3l 3l

146 29 30 30 30 30 30 30

152 28 29 29 29 29 29 29

t57 27 28 28 28 28 28 28

163 26 27 27 27 27 27 27

170 25 26 26 26 26 26 26

Scholl 297 1394 50 52 52 52 52 52 t,

1422 50 5l 5l 5t 5l 5l 5t

1452 48 50 50 50 50 50 50

r483 48 49 49 49 49 49 49

l5l5 47 48 48 48 48 48 48

l 548 46 47 47 47 47 47 47

I 584 44 46 46 46 46 46 46

1620 44 45 45 45 45 45 45

1659 43 43 43 43 43 43 43

t699 42 43 43 43 43 43 43

t'|42 40 4t 4l 4t 4t 4t 4t

1787 40 40 40 40 40 40 40

I 834 38 39 39 39 39 39 39

I 883 37 38 38 38 38 38 38

I 935 36 37 3't )7 37 37 37

l99l 35 36 36 36 36 36 36

2049 34 35 35 35 35 35 35

2|lt 33 34 34 34 34 34 34

2t77 32 33 33 33 33 33 33

2247 3l 32 32 32 32 32 32

2322 30 3l 3l 3l 3l 3l 3t

2402 29 30 30 30 30 30 30



Problem n CT m*

DE

I ) 3 4 5 6

Scholl 297 2488 28 29 29 29 29 29 29

2580 27 28 28 28 28 28 28

2680 26 27 27 2'7 27 27 27

2187 25 26 26 26 26 26 26
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balancing.de/ xo{ueia;ilqrr lnul#JrJ:rrfuu Bloodhed Dev{++ 4.g.g.2. ttnuril?runril
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o i< q a q r v d o J s r - j uyzi j -Hanmutljll,nJlunl:Han 170 n?no?u rut?alm].:lu 8 T? tru{910?u cr{ tntr.tot?nlmototna0lR

nr:qiutAueir.rlrirh?:oilr?arnr:,{fifl flo{,{aolfi'arrfdrvirril 2.ss urfi d.rgrJurulro.:
9.

dr u n 1 : fl An fi {'n rfl u il ry rl n I :,fi'fl d u q a cIt u fl r : il : s n o u rru u rdu n : { il : e rn m fr I
(Simple Assembly Line Balancing Problem Type 1: SALBP-I)
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joq
01nRl?ryt 5.1 udn{uHuRlila1nu{1uf10uud'1fifi 52 {lu lprud',aratdruluuanl

tY
4tvlv9J
frotoqttriasriustourru riaucr'etatdruuu[[dfi{r?a1nr:fir{ruuasnnf,:rrda{dtdunl:fi1{tu{

I

lto.:ttnae{'lu

.t.l o @ t q a v a 44
911:1{Yl 5.1 r?Olrrnea'rfilJ{]unoufid{uflas1u9lou.rlu10{6f10n1:Hann:ilflnu1

{'tu

t?41

fla9r

(urfi)

P.C.

I 1.130

2 0.406 I

3 0.51I 2,9

4 0.508 I

5 0.51 I 4

6 0.568 5

7 0.494 6

8 0.461 7

9 0.394 8

l0 0.532 3,12

ll 0.532 l0

t2 0.413 I

l3 0.352 I I,l5

{'lu

[?41

HA9r

(urfi)

P.C.

t4 0.538 I

l5 0.479 t4

l6 0.783 13,19

t7 0.783 l6

l8 t.274 I

l9 0.700 l8

20 o.443 17,t9

2t 0.386 I

22 0.430 20,26

23 0.352 I

24 0.575 23

25 0.684 24

26 0.680 25

.t1u

t?a'r

HAn

(urii)

P.C.

27 0.492 22,32

28 0.497. 27

29 0.816 I

30 0.594 29

3l 0.s26 30

32 0.367 3l

33 0.329 28

34 0.329 33

35 0.247 34,N

36 0.247 35

37 0.524 I

38 t.557 37

39 1.557 38

.lru

t?41

fla9t

(urfi)

P.C.

40 0.819 39

4l 0.810 36,44

42 1.246 I

43 1.886 42

44 0.300 43

45 0.343 41,48

46 0.343 45

47 L56s I

48 t.625 47

49 r.103 46,51

50 1.103 49

5l l.r3r I

52 L389 50

ttnal:1.:d 5.1 udn{:luosr6unto.rusiasrru lnofirroruasdr6'u.:ruriou -fia'.:

(Precedence diagram: p.c.) ondrotir.rtdu rtufi t l#rrar t.t: urfi hjfidr6'u.:ruriourrh ri:u
,l

lruriusroufi g 1#t:arlunr:fixru o.st t urfi d.ros6'0.:rirrrufi z rras 9 riou 6rovarrr:o
9t

rir.:rudusroufi: 16'
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i d r 4a r r@ t
en:'r.rii 5.2 do r fr .r tu lt o { dtunl: :J : s nou n : tfi fi nu r ri o u il fu r.l q.r

.l
fl6rlU

.r1u
{'tu

t?41

:?lt

(urii)

I.D.

(urYr)

I | ,2,4 2.044 0.906

2 5,6,7 1.573 1.377

J 3,8,9 1.366 1.584

4 10, 11 ,12,21 1.863 1.087

5 14, 15 , 13 t.369 1.591

6 18, 19 t.974 0.976

7 16 ,17 1.565 1.385

,8 20 ,24,25 2.054 0.896

9 22,26,29 ,30 2.520 0.430

10 3l ,32,42 2.139 0.81I

d
flEItU

.llU
{lu

t2a1

:2lJ

4t
(urn)

I. D.

d(uln)

l1 27 ,28,33,34 1.641 1.309

t2 43,44 2.t86 0.764

13 37 ,38 2.081 0.870

t4 39,40 2-376 0.575

l5 35 ,36 ,41 r.3M 1.646

t6 47 ,51 2.696 0.254

t7 45 ,46,49 2.311 0.639

l8 49,50 2.206 0.744

l9 46 1.389 1.561

:?U 36.656 19.395

o 1 n n 1 : r{ d 5.2 uei a s dn t fi .: ru n v fi riu s, o u.r ru ti o u o ti In u hidn oi o rtou l t d r du{
tqol.:lufloufia{ t?nllil{lur?uYt{Hxn 36.656 u1fi n^n:J:vfiyrinlflrflu 65.3g % rrnvrfinr?nl

'jrslru (Idle Time: ID) 19.395 ulfi

s.2 Hanl:nflao{i;nl:iiorurnr:IoslfaracirrairmYu{lqnrnr:frflflilclaflrunr:il:snou
414

n:otflnu1

0 I n n 1 : m n a o I ri rii iinr u 1 n 1 : I n uldr.r a ci r { u 1 m n do u uflfl ry x r f,rr ail q a dt u n 1 :
rJ:cnou n:fiflnur Inul#nr:rJ:vqndririG Mutation t iilrl#:'alriui6 crossover 2 iG

o O rrhgrad ts r o * - 
j

0efl1nr tn?til:uljq{n1flo1J 6 ?I n{U
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"DE/rand" irUtil Binomial Crossover

"DE/Best/l" ia1l6'u Binomial Crossover

"DE/rand-to-best/ l " i :u ril B inomial Crossover

"DE/rand' j':Ufil Exponential Crossover 2 Position

"DE/E!est/l" i:rufi'u Exponential Crossover 2 Position

' DE/rand-to-best/1 " iruril Exponential Crossover 2 Position

io|qvtt'
ru-o ri u r uriil rg n r n r : f,n dil q o d I un I : il : y n o u n : tfi fi n u r fi fi riu ct o u I 1 u 52 .i 1 u

nu'irarrr:o}?rirsroufirfiursduryilriu tr dorfi d{ o ii d.rarrul:ound?odrqrirnoufil6'd',r

en:1{fi 5.3 ttacdlxtrilSu:Ltfiuu:rn'ir.:vi.r o iG Inun^rr5il1r?nldtrur{rsroufinrutudxlunl:
vr

iul:J:un:u Bloodhed Dev-C++ 4.g.g.2 6ruru s nil 6'lsri:i{fi 5.4 uauntilfi 5.2

iqetltl{n 53 ,{an1:nndrtoadlunltil:snoun:fidnurdruiGnr:iierurnr:Inol#nnsir.r

dolu{llt Itlu
l?41

(urfi)

I.D.
(ulm)

I I 1.1300

0.0500

42 r.2460

37 0.5240

2 t2 0.4130

0.0630

t4 0.5380

29 0.8160

30 0.5940

3l 0.5260

3 43 1.8860

0.0450

44 0.3000

32 0.3670

23 0.3520

4 38 1.5565

0.1 195l8 1.2740

5 39 r.5565

0.3075

l9 0.7000

2t 0.3860

d6r'lu.l11{ it11{
t?n1

(urii)

I.D.

(urYr)

6 24 0.5750

0.0240

25 0.68'40

26 0.6800

l5 0.4790

4 0.5080

5 0.51 l0

0.0970

6 0.5680

7 0.4940

40 0.8190

8 0.4610

8 9 0.3940

0.2230

2 0.4060

J 0.51 l0

l0 0.s320

ll 0.s320

l3 0.3520

I

t

t
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iq
n r r r{ fi 53 fl a n 1: f,o ryu q a dr u n r : il : v n o u n : tfi f, nu rde uif; n r : iSar u r n r : I n u ldr^l a si x (si o )

d01lJit1u tllu
t?41

turfi)

I.D.

(urii)

9 l6 0.7825

0.0205

t7 0.7825

20 0.4430

22 0.4300

27 0.4915

l0 28 0.4915

0.2355

33 0.3290

34 0.3290

47 1.5650

flolu.rlu {1U
t?a'l

(urfi)

I. D.

(u1r1)

ll 48 t.6250

0.02r0

35 0.2470

36 0.2470

4l 0.8100

12 45 0.3430

0.0300

46 0.3430

5l l. l3l0

49 r.1030

l3 50 1.1030

0.458052 1.3890

:?11 36.6s6 1.694

01nfl 1: {fi 5.3 udn{fr?otirr ilndrnox n rriRr: findilqa flrun1::J:; noun: dflnu r

druiGiinrurnr:Inul#nasir': Inu'hidncisrtoulrro.rn:df,nu1rdu anrufifi z firiucrourru

tz,t4,zg,3o rrae 3t rrayfinnlirrr.:ru (Idel Time) 0.06: urfi dualrlrouneotfi.:rutrn

arunr:r{finflroriufifi tg anrfirru run'o 13 cnrfirru rxauil:vdvrifl'r?rr1R 65.39 % rfluq

gs.5B% rracanr?nlir{.rlur1fl r9.395 urfi rrfro t.oq+ urfi

d ta d r 6dd o 4gn:t{yt 5.4 fl aril: uurytuur?at:s?t?t{ 6 ?fi ytytufitgtouyttlilJl&du

Problem n
CT

(min)

DE

I

(sec)

2

(sec)

3

(sec)

4

(sec)

5

(sec)

6

(sec)

Case

Study 52 2.95

0.852 0.681 0. l5 0.358 0.52 0.101

0.355 0.302 0.596 0.259 0. l4 0.071

0.667 0.374 0.113 0.2s6 0.205 0.325

0.373 0.3t2 4397 0.r62 0.094 0.198

05& 0.806 0.34 0.309 0.21s 0.227

v 0.5622 0.495 0.3192 0.2688 0.2348 0. I 844

!

i

I
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Main Effects Plot forTirne
Data Means

i,joioiov.vta4Joonrilfi 5.2 n: r?,ludn{r?nrfr ilunrnorfr 6fr qndrniuilcymrn:fi flnu rxo.:fi{ 6 i;

ntnfl nnt:ilnao{lun1:'r{ fi s.+ uavnrilfi 5.2 udn{fl n il rn:fi finu rfi fi ,iru ru.',u

s2.:1u (n) unvfi:orr?nrn1:Han (cr) 2.e5 urfi Inuldiinlr.t*lr'.rnr:Inul#nacir': ?i{ o ii
lunr:frnaruqad1un1:J:vnoil doo',nn',rrnno{?nririlr:rfirsroffirilulverxluuvrii + 6'11#rir

F : 0.8 , cr : 0.8 uay NP : 150 Inut:arlunr:1{}ruru6.: narfiiludinoufi 13 flo1fiuay

donJEuurfiuu:sn'ir.:#.: 6 i; nudriifi 6 dl# "DE/rand-to-best" irrti:-r Exponential

crossover 2 Position 1#marrn6o f 7I rioufiqnlunr:nlrirnotdrrrurseu
iEdradJoora.

01nHafl1:ytfla0{tuotil:uiltvtuu5sfi?'l{?i Mutation llil 3 ?fi T{u?l?f "DE/rand-to-
t9

best/I" t#rrarnurireroilfirHU'rvarudufiqrr uas iG "DE/rand" 1#rrarlunr:nrr{rsrorfi
iAir<d:rad.!

n4utvrYulJtnfiqo fr.rtfionjEuurfiul:sxir,tiG Crossover fr"l z if; nu'jriG Exponential
rl

crossover 2 position 1#norlunr:nur{rgroufitflutvdudun'jrit' Binomial crossover 01fln1:

vrnao.:1#ufiflilH1n:fifinur vru'irrdorilSuurfiur:vn'ir.:vi.: 6 ffi a6ii 6 iil#ffi "DE/rand-to-

best/l" j:rurTl l*pon"ntiot Crossover 2 Position dttJl:ottdfliuil1n1:frnduqofltuflt:rJ:snou

Inul#raarfinudrnoudrfiulsdudufidn d.:nr:il'naunaarunr:rJ:vnoun:fifior',d,iiuq9).
til5uurfiurfr'.r o ii rvl#Hanr:mnao{nrrt'rou6'rgnrilqn'rflorr Scholl fifinrrufrudouro.r
q 669laai dr aai q q d4 ! i
lJiUfi lUlnm1 tfi ?IYr 6 tljU?Iyt[14U1U nililn fl ln: ilf,nU lUillnmCYnoui



I

lurvrfieii6'o'ldrirrauoa:ilr^ranr:uJEuurfi0uroqiGnr:iierurnr:Inoldruasir.r
{l

( Differential Evolution Algorithm: or ) firJ:vqndd, o ii 6s

I
z{

UYIYI 6

I av
il:lJ9{afl1:?ou

a

"DE/rand" ilu6'l Binomial Crossover

"DE/BesUl" i:ltiu Binomial Crossover

"DE/rand-to-best/ l " i :l riu Binomial Crossover

"DE/rand' jrutiu Exponential Crossover 2 Position

"DE/Best/l" i'lutitl Exponential Crossover 2 Position

"DUrand-to-best/1 " j:lril Exponential Crossover 2 Position

o.t njisurfisruiGnr:iiorurnr:hs'liraoir$irJ:vtlnsiiulo?rnoao$'uqnilqilrro.rr Trtbot

n'r n n 1 : m n a o { n'n du q a dr 0 n 1 : il : u R o il Ia il E r 1 I o { Talbot n u d rii fi rJ : v q1 n ddu

r{.r o eG drur:nilrf{rnoilfi6fiqnldn:uvir oa ilryrr dr}inafi6n'iriinr:iimrurnr:Inuld

nacir{fi Andreas C. Nearchou (2005) oonuurl{ Inoartr:nnurirnorfidfiqnrfiu.r ot flqrr
n{R]?ryt 6.1

Data set of Talbot

64

63

62

61

60

59

DE/ Panupun DE / Andreas

j tal d r d as s qt, , jgo- u oRriln 6.1 rlj:uurytuur.to:ul{?1{?f n]:??Btulfl1: [nu t,rHanl{yt4?0u nu Andreas ilrreuo
q

d'11'l : U 5n il flJ14 ]1J 0.1 TalbotqU
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6'rriuffi6'u6.rrirurnJ3outfiuu:sx'ir.rd.r o iG Inuttnr:nrrranrfinrr{rerorfi6fiqn
' i r o idi o ia '

fr.:nudrarru1:oiludlnorfi6fiqnlunorfir5afiqniruru 27 , 34 ,3t , 4s,59 uay s+ flq,rr

, nrruiirrTu6'rsr1:1{fi 6.1 uaunlnfi 6.2

er',r'tod o.r,ilru':uilart rfi nrr{ tsrorLfi 6fi asrlu marfi riafi an :yrir.:#u e ei{q

Problem
Binomial Crossover Exponential Crossover 2 Position

DE/rand DE/besUl DE/rand-to-besUl DE/rand DE/besUl DE/rand-to-besVl

Data Set of

Talbot
27 34 3l 45 59 54

Data set of Talbot
Problem

60

50

40

30

20

10

0

.

itdd.'li,!,adnrilii 6.2 nl3ourfior'f,ru:uflrgutfirwrirnoufi6fiqnr1unarfirE,lfiqn:sn'jr.rri'.r o iG

j i , oaj ioyo< t s
01fl911:1{Yl 6.1 tt0gR'ly{Yl 6.2 llu?1?nm 5 m ['i,?tr "DE/Best/l" :?UnU Exponential

crossover 2 position fi :J: v fi vrintfl iltnfi qndrr irLqnilqfi tfl o.t Talbot lprofi ,ilru ruilqurfi
"iaiodjjuurirsroufi 6fi qnlur':arrirfi qnrurnfi qn se ilqrr
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n'rnflt:moao.:ffndrnadrunl:il:unouunilflfl rro{ Scholl rru'irit.nr:qqo

iiplurnr:lnuldnasir.rfirJ:vqndduiGfi r-s aur:onurirnoufi6fiqnrvirriudru?u ee ilqr,rr

l4l .l a4a
o.z uJ5uuriisuTinr:?islurnr:Ios1#ruarirsdrJrrqnsi{ulnsnooosffuqorrlryilrrlo{r schou

ruasiGfi 6 duJl:nr{urirsroufidfiqn 100 fliyrr trn 168 ilryrr d.rh?nnd6n'hi6r6uuurLl

' i - h9 s
nl:OUoOUvl Pedro M. Vilarinho and Ana Sofia Simaria (2002) oonttuu [i [nudrrut:OttU

"ioidq-Anlnouilnilqnrilu'l 76 ljiur{1 n{n]T,lYr 6.3

Data set of Scholl

Problem

100

80

60

40

20

0

DE/ Panupun SA/ Pedro

olnd o.s nJ6ourfiuur{n:urir.riinr:iinrurnr:Inul#nadr.:ro.:ffif,ufitlii16uuuuun1:

ou ri ou fi predro d rrau o dru iutn il nrr rr 0.r Scholla0

I@ v ,,au 414f, td d A o S a o q ia o ja I
n{uuH?nur{ [nril:uuryruury{lJleru [nuilor:ilroruruiJcyr.rryturunnrnouytnn?l

lu:sfi'irwi{ o i6 16'6ru?u 163 , 163 , 164 ,16s, 166 rra& r6a flqrrnrudrsir 6'.:srr:.:fi o.z
d

ttavR'rTtyt 6.4

t9

n r: r{il o.z 6 ru'ru il ruu r fi fi nr ori rn orfi 6 n'irlu : v n'ii.r fr'.r o i6q

Problem
Binomial Crossover Exponential Crossover 2 Position

DE/rand DE/best/l DE/rand-to-besUl DE/rand DE/besUl DE/rand-to-best/1

Data Set

of Scholl
163 t63 164 165 166 168
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Data set of Scholl
Problem

168

167

166

165

L64

163

L62

161

160

'oqiao'9nrilii o.l r:Jiurrfiou'firuruflqfi rfifiHar{tnoufidn'irlu:su'jrlrT.r o ffi

nlnnr:l.qd 6.2 uauRlilfi o.+ nu'iri;ii o dt'fa; "DE/rand-to-besu1":':ufii

Exponentiat crossover 2 position fi:J:sfimrnrnurnfiqndrriuqnilqil'll,o{ Scholl Inufi
oqio',,t
6ru':ufl tyn rfi nrr{rnoufi 6n'irtu:crjr.:fr.: o iGrurnfi qn I 68 iltgr 1

o: nJisurfiuuiinr:?inurnr:Inul#nraoir.rdilrrqnuifirloar,oao.rfruilqnrn:df;ncr

0 1 n fl 1: m n a o s nn al q a er o n r : il : v n o u n: fi fi nu r vr u'jrii n t :iinr u r n r : lnul#

nasir.:fi:J:cqno{drriu o iGl#narirErorryirriu6oarrur:nonanrfinuaronr:il:snouiloqriu

'ldorn tq anrfirudo r: anrfi d.rnrnfi o.s rfiru:J:sfivrf'nrnnrn Gs.3g% rflu gs.ssx rtauarr

rd4A9,aa4olddloj
r':arir{{ru01n 19.395 uryr rua-o 1.694 u'ryr ry?ou0.rillurril:uurytuu [9rufl01:ollt?nlmilu
o i a i 14 d I -oo r qY i .=. - ----nlnorfl l3 dntu cr{rlnfl1:yrnao{ril;uuryrurJyr.r 6 ?fi ytu?l tryt?nlraau G ) 0.5622 ,0.495 ,

a^oqjj
0.3192,0.2688 ,0.2348 ttas 0.1844 ?U1Yl gtlUdlnil n]:l{Yl 6.3 ttA8RlilYl 6.6

a
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Case Study

20

15

10

5

0

,rrd o.s ,firu:uanrfi.:ru{osilwr,trn:6finurriouuavmdrnr:rJirLrJ:.rdruiinr:iinrurnr:

Inuldr.rasir.r

j ji o i d , ! dnr:l{n 63 r?alrnauililufilgrouYr t3 d01u :vlf?'t{Yt{ 6 ?r

Problem

Binomlal Crossover Exponential Crossover ! Positlon

DE/rand

(sec)

DE/besUl

(sec)

DE/rand-ta-besUl

(sec)

DE/rand

(sec)

DE/besUl

(sec)

DE/rand-to-besUl

(sec)

Case srudy 0.5622 0.495 0.3t92 0.2688 0.2348 0.1844

Case Study

0.6

0.5

0.4

0.3

o.2

0.1

0

I
4|4dddoddlqad

Rl?tlt 6.6 rlj:Uuryluut?alraaumllun'lgroljYr 13 d6tlu :&1-1?1.1Yr.1 6 ?r

Time
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!rnn1:1{d 6.3 rrrruRrlrfi o.o rru'iiiGii o iitm "DE/rand-to-best/1" iurfii
Exponential crossover 2 position frrJ:sfrvrfinrnlrnfiqorirriuqniltyrraronr:il5vnou

n:fifinur Inuldnarrqdofinurirnoufi ts aolfi#ufian o.ta++ iurfiq

I AU
6.4 flIrJr{anr:?ou

rrnnr:il:vune{l#ii nr:iSsrurnr:Inul#narir.:lu.rruii'ud1d'd'urwaGnr:lrri
cvslr'
drriunr:dunruuolunr:rJ:snorrtulrdusr:1il:vmmfi I (Simple Assembly Line Balancing

Problem Type 1: sALBP-l) ttnedM:0ririGfirJ:vqnoi'nirt{.t o ii hJl#6'uilq1urnr:i'ndxqa

ar u n r: :J : v n o u'[do ti r.r fi rJ : v fi vr r n r u In u ar ru r : n a: rJ n r : i fi'u 16'6'{ d

o.a. t ii n r : iisr u r n r : l n u l #n a si r.: riu fir hi rfl u fi fi u ru l u n r : fi n u r ua v i f,u dr rn irL

rrfiilournr:6'narnnarunr:rJ:;noururnfn Inuotnnr:finuruvrn?tJi6'ufirfiu'){orrttL'ir
0l

Andreas c. Nearchou (2005) ldldiinr:iisrutnr:lnuldflaeixfifinr:l#rir Sub-rage (sn) lu

nr:rJirrJq.rr{rnor d.rarlr:of,ndxqadrun1:rJ:vnorqnilqrrtor Talbot yrrrirnorLfi6

fiqn or ilqur rln 64 ilrgrr uacn'rnn'r:finuriinr:iierurnr:Inuldararir.rfi ,qrdr"*

" ! ' ilonrarirl#rirnourirudurflurirnoufihirfluriqrosdorfinr:finruru'rrduouu?{u?lnurl

.ioruuryurirnoulunrund'r 6'rriufiifrudrr{'nruriinr:iSnrurnr:Inuldnosix rioh?fi
r A A t s d ,to Adt a I to j 9 oEo,tit, I

rJ:ydmrR1ilu'lflxu tnuxnl:cY5l.rfi19rouYrrlju0:{9r{rrnnln0urrlrnumr tfi tun0{un1:

.iouumrrirflollunrurd'l dsfrii'uldrJ:cqndl#i6 Mutation: iin'o "DE/rand', "DE/Besul" ,

"DE/rand-to-best" ltld;rr;ra; Cror.ou], z iG6o Binomial Crossover tlou Exponential

crossover 2 Position fi1drt'erurrJiurJq.:nrniG Exponential crossover r6rurutrYmurl#rirLilqnr

nr : fla au o a ar u n r: il : c n o u uu u rdu n : qJ : s m vr fi r ri r h?l diG n r : i ior u r n r : l n u l dr^r a si r.r fiq

AAdtvro^^-!
il?nn'l:lJtulJ:{fi'lgtolj 6 ?n n{u

"Og/r*d/l' i:Ufiu Binomial Crossover

"DE/Best/l" j':Ufiu Binomial Crossover

"DE/rand-to-best/1 " d':utit-t Binomial Crossover

"DE/rand/l' :'fIriU Exponential Crossover 2 Position

"DE/Elest/I" :'uriu Exponential Crossover 2 Position

"DE/rand-to-besV 1 " i u rTl Exponential Crossover 2 Position
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o.+.2 rujodriGnr:iierurnr:Inul#r.rosir{fiil:cgndduurudflarrrnr:f,naunafl1uqsa
ttlt

nr:il:snolunflcunrto{ Talbot nu'irrfi'r o iiarrur:onrdrnolfi6fian16'n:lrvirfiufr'.:a s _-'--{'-

o+ flcyur 6.:6o16''iriGiirlrrqno{durfluiGdfirJ:vfrvrinrxdorilSurrfiurri'ui6nr:iinru1n1:

Inuldr{adrud Andr"u, c. Nearchou (2005) rirrau ofi nu d rn ou fi 6fi dntfi u.: o t iliuu rryirduIU

runrrdonJGuurfiou{ru:uflryurfinurirnoufi6fiqntunarfi#ufiqrrrndr,ri6fi:J:yqndd,
91

r{.: o iG nu'jriGfi s fil#ii "DE/BesVl" irruril Exponential Crossover 2 Position dlut:ouu

ri rn o r ii 6 fi qn lu r: a r fi du fi qn,i r u ru l r n fi qn fi o s e il ig u r

6.4.3 rfli6'u16'1.f,iGnr:iisrurnr:Inuldr^rasir.rfirJ:yundnjuu',r.aorrn*rrh^rtir{{
o,riaqt,q:Jscgqv
ilaJll,lYluft?'lucrrcrouua&1u'lnl0.ilJrul.rlrvrulu tnuu1ulrrnilqflln1: tofluqadlunl:

,J*nurq*flEy?nto.r Scholl rw'jriGfi l-s d1u1:oxrr{rnorfi6fiqnrvirtiudruru gs ilqnr
^^;

runviGfi 6 dlil1:oyrurirnoufififiqn 100 ilryn1 nrn 168 ilqur 6rdslddrffifirJrrgoddr,flu
oaJa r a a i H 4 add t i
?[YIUU:UdYlfRlT,ltUOtlJ:UUtylUU ?ItAUUttUUnl:OUOOUYI Pedro M. Vilarinho and Ana Sofia

simaria (2uz)oonuuuli Inuarur:anurirnorfi6fiqnrfiu.: zo ilqnrrvirriu ornurfuffifru

6rldriliuurfiuurfiur6r Inufitr:art,firu:uilul.rrfifiHarirnoufi6n'irlu:rrix#u o ii nudr

iiii O fil# "ne/..d-to-besUl" j:rurit r*poi"rtiat crossover 2 position arrur:auudrnolfi
)1

6ndr1u: s n'irrr{.: o iG dru:u r rnfi qnn'o t os ilqr r

6.4.4 {:^6'oldl,f,i6nr:iinrurnr:Inul#Hne{r.rfirJ:rgndrirr'rruao.rl#riuilqrr
t

o?r Inudrilruflilqurnr:f,nalqaarunr:il:vnoun:fifinurnu'irfr'r o it.h?Harirnouuirriu
Ad
n-oeur:onnaorfrrruarunr:il:vnouilt1riuldn1n t9 aorfirra'o r anrfi rfiurJ:cfiilf;nril

dt r d a d t-s4
01nn1n 65.390/o tlju 95.58% tracnnt?41?1{.:ru!rn 19.395 uryt rrrio 1.694 utyt qinunl
o ld d I a iaYo 9 o j a , oajululnl:uuryruil tnuy{0'r:ol1r?olyl ty tunl:nuflunlnouyt l3 aorfi nudriGfi o fil#

"DE/rand-to-best/1" j':ruti:l Exponential crossover 2 position arur:ouurirnolfi6fiqnlnuld
q

t t)
a dq d a d

r?alraaumdumda 0. I 844 ?ulYtq

6.4.5 0 1 n n r : vr n n o.r ?G n r : iSsl u r n r : Isr u ldr{ n si x fi :J : v q n ddu n u o rio o ii 6uqn

flryurto.t Talbot , Scholl rtavilqrtn:fifinur rfionJ6ourfiuu:sm'irr o i6riuaur:oof;uro

Li''jriiii 6 fild "DE/rand-to-besVl" i'lruri'l Exponential crossover 2 position firJ:sfivrinrx
i o- s ot -i+ q rd o I c,t ao ddj gt Aillnmqndl?r:lJrJtUl.rlyruflurn tilqrun1'rucrucf ouflo{iliUflrilrnrrasnrIrsroilYl6frqniloorilo

rfi uu fiu d ru?u x 0 { r{ r n o u fi rfl u l:J ld' rfi o { r r niG "DE/rand-to-best/1 " r s rfl u n r : r r ri rn o u
tl

Inuld?i "DE/rand" iurti:rii "DE/Best/1" fifinr:rrr{rnoutufiufidvrurirsroufi6lurrriariu

to.:rl:vtrn::'uroqjflunr:rfrurrrirnurfr'r4ndrfiro':rirnouiirflulrJIfl osrirbflfiIonrflnu{
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I
lad

d?u?I "DE/rand" UU
o dad ddo I I ad

ri r st o u yt 9t yt cl n ?1 il,['l u ? u u o u u 1 n n ? 1 ? tr "DE/rand" [t0 u "DE/Best/ l "q

r?rurefiuilqnrdfiturnrf;nfirirnorfi6fiqn.firu?uulnruiotfiorririruaurirfloufirflulilld

unviG "DE/Best/1" rsnnJlvri'uilarurmnrurnrrnsfirirsroufi6fiandlu?u:Jrn[fiotfiuuri:LuaI

drurudrnouiirflu}Jld d.:rvldr:artunr:dur{urireroufi6fianrirn'iti6 "DE/randto-
99

best/I" tirrflilryrnrdnuarcfi rrayluriruto.:iG Crossover ttio Recombination riuiG

Exponential Crossover 2 Position tvfiil:cfiilf^n1fltllnndliG ginomial Crossover ruio.rtrniG
Jt o I t q r t q 9o -s 4 t4 d q I

Binomial Crossover uutvl'ftf al1llnn?1 tunf :qunf tl4 nUqnT{nntTlollj:UUtmUUnUnl CR

lunr:uantilfiuun^rin:vm'jr.:rrntnof rrsiiG Exponential Crossover 2 Position ovfinr:{ruvr-fin

rfi ur z drum ri.r rfi oldlunr: uanrildoufi fio: srirltrnrfl sf
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ftJ : un :ru MrNrrAB dr n Yu ri r u a otriru r : rfi rsro diirmru r s fi tl

nr:mrrir weighting Factor ( 
" 

) d,nu',ruu

riifi'u1d'vrsraorurrir r' finrrurva:rInuril;uurfiuuplarirnottoliGnr:iinrutnt:

Inul#flneirl nrnnr:ldiG "DE/rand" iarud'u Binomial Crossover vrnnoqriuflqfll l0 ilrgrr

fi fi : ou n a r n r: nfi rr t ou roi o v il qu r uo s fi d ru :u o',u #o,,ri i o - zsi .: r u d.: rfl u il cy r r t u rn lr qi

ac9
ruas:ln?luctrrryoutorflaJiltJln Inurirrunl#rir c.: 0.8 ttnv NP : 50 vroraourir r' 6turu

to rir lould]il:un:il sloodhed Dev-C++ 4.g.g.2. doolnnlrnnaow{udldr r fit#lunr:

nliourfimarrrr:oyrrdreroufi6fiqnrvirfiurlnrir f,.:riu{ii'u6{ra'0nv{^o'l:0lrt':ardnur{rsrott

fidfiqnrolrir r rrsiacrir lnulffif;nr:mxdo^fi Two-way ANovA d'snr:rqfi n.t nrnfi n.t

ilaY, H.2

jr---.--
sntl{n 3.t.1 flnnl:mnaowrrir weighting Factor ( r ) f,rrurvaru

F

Problem

Tonge
Arcus

I

Arcus

2

Lrtz

2

Lutz

3
Mukherjee

Bartholdi

, Scholl Scholl Scholl

CT

176

CT

s048

CT

5755

CT

11

CT

75

CT

176

CT

84

CT

t394

CT

1422

CT

1452

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

0.2 1.356 0.072 23.22 2.201 2.168 0.091 0.1 78 0.528 1.743 0.497

0.4 0.682 0.07 20.82 r .781 17.81 0.283 1.636 1.1 16 0.503 1.515

0.6 1.599 0.069 22.26 5.747 0.578 0.412 0.73 2.101 2.50',1 0.498

0.8 0.501 0.067 13.21 0.253 2.83 0.094 l.l4l 3.7 t5 1.126 0.467

I 1.352 0.071 32.09 0.361 1.333 0.138 0.812 3.598 l.l3 0.498

1.2 0.713 0.072 25.02 9.572 2.145 0.145 1.963 0.81 0.498 2.416

1.4 l.l4l 0.075 28.62 9.887 1.537 0.237 l.l3 2.138 2.098 0.501

1.6 t.735 0.072 61.7 9.056 9.672 0.t62 1.336 4.367 t.124 0.496

1.8 0.554 0.071 t3.41 4.643 4.662 0.145 0.619 0.493 t.434 0.813

2 0.547 0.074 61.2 3.043 7.77 0.326 0.402 l.138 l.t 19 0.498
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A/AAt
R1:Xtntlvfi fl anl:iloao{nt{flR9ll,o{Rl F

gras h grq rs I aa --- 
j

ffi 6'u1d1#Iil : un: rum x dfi st- Two-way ANovA fi : vd'uriudrfrty ( a ) : 0.0s

lunr:irn:rcf{oilaornglr51{fi H.t ld'd'.rnrvrfi H.t rracfirnr:ttf;osrn:ryl1d6'.:nrvrfi n.z{

Tup*trey ASIOVA Time rrensius F, Problern

Source DF SS l'ls F P

F I 4El-E 114-556 1-SB g-249
Problem I 75E,6 -Z 834- 828 2l+-36, B- OOO

Errsr 81 2772 -8 34 -Zg2
Total 99 1 868O-l

S s -851 B-Sq 74- orrB R-Sq(atlj ) = 6S -27t

jadaa,i
nlflti ,.t.1 na?tnl:Yl1{di}91 Two-way ANovA Xo{n'l:1{1fi1 F Yltl'lu]&du

.ltdtrr
RlTtYt r.t.2 fl : lv'l trd9r{t?attfl aul 0.:Fr1 F ttfl avn 1

rrnnrild H.1 uns r.r.2 ilu'ir rir e firir p-value : o.24gd.:urnn'irrir o.os d'.rriurir
urdrde"i-AJroir hifi r^rasi on ?1ur; ?"[u nr: fl uri rnoufi 6fi qnfi : vdrn'ru rfr oriu gs % o'rnn: rv'llu nrnfr n.z

I

r^rudrrir r fi o.s ldr:alafiodrfianffii'ud{rfrondr F:0.8 drxiu.:ruii'ufiq{

Maln Eftcts PIot (data means) fur Tlrne

o.8

I

a

7
!t
E
F6
a
cEb
!'
E

4

3

-2

o.2 {]-4 1-O 1.2 1.4 1_e 1-8

!
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rinllfl]nl Crossover rate ( Cr ) Yl[?1lJ"lvfl1t

fii fruldvr n o 0'r ?i lri r cr fi rm ru r v aru Jn urilS uu rfi o u n a ri rsr o r r o riG n r : i5fl u r n r :
Inul#r.rasir.: ilnnl:l#ei "DE/*nd":'lurit-t Binomial Crossover mnao{ri'ufliu?n 10 ilqur

fifi:ounarnl:e{Anxo{rrciavflarfirrrovfi6ruruo',rrir,,ri 70 - 2g7 'rru d.rrfluflilflrrrulntfini
I s I q S o qyt r o

uauun?rucrucuouxo{flalfilurn Inurirnunhflrir r:0.8 ttae Np:50 vrndoilnr cr rru?u

ro rir Inul#hj:rrn:l elodh"a Dev-c++ 4.9.g.z.duolnnlrnnaorvryirdr cr fil#lunr:
E d o ioi r q , - I gaa+ 4 a i .

tlj:ullrytuxdllJl:oilun]noilmnflqatm1nu1nfl1 n{uufl?0u0{ra0nT'l01:tu'lr1almr{ilfi'l9l8u
iai r r r s ogad aa - j j
Yl9YlEnflOtlfil Cr ttnn&nl tnu t'f?In1:Yl1{d091 Two-way ANOVA fi{9lltl.lYl ,.1.2 R1ilYl ,.1.3

tras H.4

i,'gll:l.t?l $1.2 ,{nn1:Ylnao{fl1n1 Crossover rate ( Cr ) fitl,l UfgAft

Cr

Problem

Tonge
Arcus

I

Arcus

2

Lutz

2

Lutz

3
Mukherjee

Bartholdi

2
Scholl Scholl Scholl

CT

176

CT

5048

CT

5755

CT

ll
CT

75

CT

176

CT

84

CT

1394

CT

1422

CT

r452

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

Time

(sec)

0.1 1.032 0.068 r5.796 1.348 0_199 0.142 2.893 4.865 0.501 0.505

0.2 1.524 0.074 \9.636 1.394 0.88 0.094 1.475 t.773 2.M 2.70t

0.3 0.112 0.087 27.t93 r.197 0.278 0.094 t.932 1.82 0.50r 0.503

0.4 0.644 0.071 6.49 4.175 2.21 0.095 1.336 1.796 3.338 1.769

0.5 0.333 0.069 37.391 4.533 4.378 0.094 0.808 3.058 1.157 0.806 .

0.6 1.822 0.068 7.9r3 2.2U 2.997 0.1 0.605 2.415 0.499 0.81r

0.7 1.036 0.07 2l .588 0.208 3.064 0. l4 1.008 3.037 t.t4 0.512

0.8 0.755 0.068 2.393 t.027 0.438 0.093 0.424 0.507 0.5 l5 0.557

0.9 1.684 0.073 18.867 3.098 3.5 l8 0.193 r.58 3.64 0.505 0.482

I 1.855 0.07 8.1 39 2.298 5,881 0.09 0.622 1.432 0.494 l.l2
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a

adaat
R1:?lnllvlt3{aRltnoao{n1{fl o9tl,o{fi1 cr

ffi 6'ulil1,fl1:J:rrn: uytl{Gr6t^n^ Two-way ANovA fi :vd'lriudlfrEu ( a ) : 0.05

lunr:irn:rc?idoruoornnr:r{fi H.z 'ld6'rnrvrfi nr.r uavvilnl:il6ofln:rll'[d6.:nrnfi r.r.+

Turo+rray AI{Olfl+.'* Time versus Cr, Problem

Source DF SS HS F P

Gr I 129 -69 1lr-418 1-17 0-323
Problem I 2156 -7l+ 299 -638 19 -52 6- EO0
Error 81 99q.-42 12.277
Tota1 99 3288.85

S = 8.504 B-Sq = 69.698 B-Sq(adj) : 62.95Z

al AA aa 
- 

-----l- ^nrilfi 3.1.3 ,{n?fifl1:Yl1{d6a Two-way ANOVA xo{nl:Hlfir Cr fitrurvau

Makr Eftcts Ptot (data rrrcarrs) turTIme

o
E
F
C'
E
E
o,

=

6

1

3

2

1

o

altdttt
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