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u}= QO w OQ=O xvwtv xr�Ut xR=Ov= x@ |oDU@ QDW}@ xOW xOy=Wt |=y=tO O=OaD
xOW u}}aD nQR@ p�=Ut |=Q@ 3000 w lJwm p�=Ut |=Q@ 500 OOa 'sD} Qwor=
|}=tv w |]N VwQ wO R= '|Wy=m OvwQ |=Q@ 'xDiQo CQwY |=yVywSB QO "CU=
G}=Dv xm O=O u=Wv '|Wy=m OvwQ |}=tv ẁv 'xr�Ut u}= QO w CU= xOW xO=iDU=

%OyO|t CUO@ |]N ẁv x@ C@Uv |QDy@
A = (T0 � Tf )(N + 1)

N

Ti = A
i+ 1 +B

B = T0 �A i = 1::::N (17)

|=tO O=OaD w |}=yv |=tO 'x}rw= |=tO '?}DQD x@ N w Tf 'T0 'pwtQi u}= QO
R= 'O}OH |=y ?=wH VQ}PB p=tDL= x@U=Lt |=Q@ u}vJty "OvDUy xOW xOy=Wt

"CU= xOW xO=iDU= 14 x]@=Q

21=tO l} QO |o}=Uty |wHwCUH O=OaD "7"5
|=yVywSB QDW}@ "OOQo|t wHwCUH|vwvm?=wH|=yx}=Uty R=|O=OaD '=tO Qy QO
=Q =tO Qy QO =ywHwCUH O=OaD 'O} Q@D |R=Ux}@W =@ x]@=Q QO xDiQo CQwY
O=OaD uOw@ C@=F CQwY QO xm CU= |r=L QO u}= "OvQ}o|t Q_v QO u=Um}
p@=k |rw@k p=tDL= =@ =ywHwCUH R= |t}v OwOL '=tO Qy QO =ywHwCUH
'xr�Ut u}= QO '=DU=Q u}ty QO "OW Oy=wN s=Hv= ?weQt=v |=y?=wH xHwD
|=Q@ R}v |}=tv w |]N OvwQ wO 'wHwCUH C@=F O=OaD uOQm ^=Lr Q@ xwqa
QO =yOvwQ u}= R= s=Om Qy x@ \w@ Qt \@=wQ "CU= xOW O=yvW}B NNS u}}aD
=ywHwCUH O=OaD '?}DQD x@ N w If 'I0 "CU= xOW xO=O u=Wv 2 pwOH
xOW xOy=Wt |=y=tO O=OaD w Tf |=tO QO =ywHwCUH O=OaD 'T0 |=tO QO

"OvDUy

j hOy |=Q@ |@} QkD xv}W}@ w xv}tm '?}DQD x@ zmin
j w zmax

j 'x]@=Q u}= QO
"OvW=@|t

�zj =
zj � zmin

j

zmax
j � zmin

j
(16)

T=}ktsy =yv; xR=Ov= =t= 'OvDUy u=tR TvH R= hOy wO Qy xJQo 'xr�Ut u}= QO
|R=UxO=t; u=tR x@ C@Uv |QDnQR@ Q}O=kt 'pm}U u=tR 'Cq=L QDW}@ QO w xOw@v
"CU= xOW xO=iDU= hOy wO R= l} Qy |R=Up=tQv |=Q@ Cw=iDt VwQ wO "OQ=O \N
pm}U u=tR Q=Okt |@} QkD xv}W}@ Q@ hOy u}= Q}O=kt 'pm}U u=tR |R=Up=tQv |=Q@
T=U=Q@ |R=UxO=t; u=tR |R=Up=tQv "OvwW|t s}UkD X=N xvwtv xr�Ut u; |=Q@
|R=UxO=t; |=yu=tR st} Rm =t ẁtHt zmax

j 'u; QO xm OQ}o|t CQwY 16 x]@=Q
xv}tm |R=UxO=t; |=yu=tR N �m+ 1 ẁtHt zmin

j w C}r=ai N Qy x@ \w@ Qt
"CU= C}r=ai N R= xOt; CUOx@

|o}=Uty |wHwCUH sR}v=mt "5"5
xDiQo CQwY |=yVywSB QO |irDNt |=yVwQ '|rLt |wHwCUH |=QH= |=Q@

%R= OvDQ=@a |rLt |wHwCUH ẁv xU "CU= xOW |UQQ@
?=NDv= |iO=YD CQwYx@ xm C}r=ai l} |=H 18%(SPO) |=x]kv l} Qorta �

&OQ}o|t Q=Qk Qo}O C}r=ai wO u}@ |Qo}O u=mt QO w OwW|t Zwa xOW
'Ov=xOW ?=NDv= |iO=YD CQwYx@ xm C}r=ai wO |=H 19%|}=H@=H Qorta �

&OwW|t Zwa
w xOQm ?=NDv= =RHt Qw]x@ =Q C}r=ai wO 20%(MSPO) |=x]kv OvJ Qorta �

"OyO|t Q}}eD x}=Q; QO =Q =yv; |=H
=y pt=a uO=Di= w sD} Qwor= Q=m R= |a]=kt QO =yQ=DN=U |Ot;Q=m =v x@ xHwD =@
"Ovm Q}}eD |o}=Uty |wHwCUH Q=DN=U OW=@ sRq CU= umtt '|rLt xv}y@ QO
xO=iDU= 'OOQo|t h} QaD CQwY Q} R CQwYx@ xm Q}eDt |rLt Q=DN=U R= 'u}=Q@=v@

%OwW|t
x@DQt 5 R= TB =Q sD} Qwor= \UwD xOt; CUOx@ xv}y@ ?=wH Ov=wDv i Qorta Qo = �
sD} Qwor= Q=QmD 5 R=TB hOy `@=wD Q}O=kt u} QDy@Tv=} Q=w� OyO Ow@y@ =tOVy=m
'sD} Qwor= u}= QO "OQ}o|t Q=Qk xO=iDU= OQwt i+1 Qorta '�OW=@ QiY x@ l}ORv
|wHwCUH Q=DN=U u=wvax@ ((SPO - Swap - MSPO)) Q}eDt Q=DN=U
Oy=wNC}r=ai x@ ẁQW SPO Q=DN=U =@ sD} Qwor= =OD@= w O}OQo ?=NDv=|o}=Uty
xOt; CUO x@ MU=B "OwW|t Q=QmD xQ=@ wO Q=DN=U 'MSPO Qorta R= TB "OQm
|=y?=wH s}tQD sR}v=mt R= 'u}=Q@=v@ "Ovmv C}=aQ =Q sOkD C}OwOLt CU= umtt
=y?=wH uDN=U xHwt |=Q@ CU= xOW xQ=W= 8"5 VN@ QO xm pw@k p@=kQ}e

"OwW|t xO=iDU=

=tO C=t}_vD "6"5
?weQt=v |=y?=wH =OD@= QO xm OwW u}}aD |=xvwo x@ O}=@ xt=vQ@ pw] QO =tO Q=Okt
p=tDL= u}= 's} wW|t l}ORv xt=vQ@ |=yDv= x@ xJQy w OvwW xDiQ}PB q=@ p=tDL= =@
?U=vt Qw]x@ =tO pQDvm |=Q@ =Q Q} R OQ=wt CU}=@|t '=DU=Q u}ty QO "O@=} Vy=m

%OR u}tND
|v=Um}Tv=W 'xt=vQ@ |=OD@= QO pL |=[i pm =D OW=@ q=@ QOkv; O}=@ %x}rw= |=tO �

&OvW=@ xDW=O uOW ?=NDv= |=Q@
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w`}
=vY

|U
Ovyt "hrDNt |=ypt=a |=Q@ |}=yv |=tO w x}rw= |=tO "2 pwOH

|}=yv |=tO x}rw= |=tO u=tR QO OwHwt Tv=} Q=w pt=a=yC}r=ai s=Hv=
0 1

CTmax
1 5

CTmax
u}}=B QDy@ pm}U u=tR x@ p}=tDt2 2

CTmax
200

CTmax
q=@

0 02
STmax�STmin

0 1 u}}=B QDy@ |R=UxO=t; u=tR x@ p}=tDt0 1
STmax�STmin

0 1 q=@

"M T} QD=t CN=U Qorta Om x@W "4 pmW

"pw@k p@=kQ}e |=y?=wH s}tQD Qorta Om x@W "5 pmW

=y?=wH |@=} RQ= "9"5
CU}=@|t '=y?=wH |@=} RQ= |=Q@ xmCU= |wLv x@ xr�Ut u}= QO ?=wHh} QaD xwLv
umtt pm}U u=tR u} QDtm =D O=O X}YND =yx=oDU}= x@ |@U=vt Qw]x@ =Q =yC}r=ai
u=tR uOw@ u}}=B Cra x@ 'xr�Ut u}= QO pm}U u=tR x@U=Lt |=Q@ "O}; CUO x@
xOW xO=iDU= [9]VywSB QO xOW x�=Q= pw=ODt VwQ R= '=y?=wH QDy@ C}i}m w pL

"OyO|t u=Wv =Q pm}U u=tR x@U=Lt Ov}=Qi |rm |=tW '6 pmW "CU=

%NNS u}}aD |=Q@ hrDNt |=yOvwQ
Ii = I0 +

�
i � If � I0

N

�
i = 1::::N |]N (18)

Ii = a� ec(i+1) a = e(ln(I0)�c) c =
ln( IfI0 )
N

i = 1::::N |}=tv
(19)

u}@ |v=OvJ Cw=iD OvwQ wO Qy |wQ Q@ xOW s=Hv= |=yV}=tR; x@ =v@ xJQo =
|}=tv OvwQ 'sD} Qwor= |=QH= u=tR Q_v R= 'OWv xOy=Wt sD} Qwor= |}=yv G}=Dv C}i}m
"OQm|t hQYt wHwCUH C@=F O=OaD w |]N OvwQ x@ C@Uv |QDtm Q=}U@ u=tR
|=Q@ ?}DQD x@� |o}=Uty |wHwCUH 1200 =D 100 u}@ |}=tv OvwQ 'xH}Dv QO

"OW xDiQo Q=m@ sD} Qwor= QO �|}=yv |=tO w x}rw= |=tO

pw@k p@=k Q}e |=y?=wH s}tQD "8"5
\UwD xOW xDN=U ?=wH =} w|iO=YD xOW O}rwD x}rw= ?=wH '|O=yvW}B sD} Qwor= QO
x@ =yC}r=ai sOkD |=yC}OwOLt x@ xHwD =@ CU= umtt |o}=Uty |wHwCUH
'=y?=wH s}tQD sR}v=mt R= xO=iDU= =@CU}=@|t 'u}=Q@=v@ "OvW=@ pw@k p@=k Q}e Qo}Om}
'xr�Ut u}= QO xOW xO=iDU= sR}v=mt "OQm p}O@D pw@k p@=k |=y?=wH x@ =Q =yv;
M sOkD T} QD=t =OD@= 'T=U= u}= Q@ "OW=@|t [23]VywSB QO xOW x�=Q= sR}v=mt
'T} QD=t u}= QO "OwW xDN=U ?=wH uOw@ pw@k p@=k uOQm lJ |=Q@ CU}=@|t
"CU= QiY 'CQwY u}= Q}e QO w xOw@ Mik = 1 'O}=}@ k Q=m R= p@k i Q=m Qo =
=twRr O}=@v w OwW|t ?wULt k R=}vV}B C}r=ai 'i C}r=ai '`k=w QO xm OwW CkO
u=Wv 4 pmW QO M T} QD=t CN=U Om x@W "O}=}@ k C}r=ai R= TB xrY=iq@

"CU= xOW xO=O
sOkD h=Qo QO k C}r=ai R= p@k xrY=iq@ i C}r=ai Qo = 'Qorta pw= xkrL QO
Qo = 'swO xkrL QO "OW Oy=wN QiY CQwY u}= Q}e QO w xOw@Mik = 1 OQ}o s=Hv=
u}= Q}e QO w xOw@ Mik = 1 'O}=}@ sOkD h=Qo QO k R= p@k \ki w \ki i C}r=ai
k C}r=ai R=}vV}B |=yC}r=ai x}rm 'swU xkrL 'C}=yv QO "OW Oy=wN QiY CQwY
R= xO=iDU= =@ p=L "Ovm|t xQ}NP T} QD=t QN; Q]U QO =Q \w@ Qt OOa w xOQtW =Q

"OQ}o|t CQwY �5 pmW� Q} R `@=D R= xO=iDU= =@ =y?=wH s}tQD 'M T} QD=t
a pw@k p@=k C}r=ai u}rw= 'x x}=Q; |=yC}r=ai |t=tD uOQmlJ =@ 'Qorta u}=
uOQm RwQx@ =@ 'u; R= TB "Ovm|t PS O}OH x}=Q; OQ=w ?NDvt C}r=ai u=wvax@ =Q
R= V}B xm |}=yC}r=ai =D Ovm|t hPL sOkD h=Qo R= =Q a C}r=ai 'M 0 T} QD=t
?=NDv= |Oa@ C}r=ai u=wvax@ Ovv=wD@ 'OvW=@ a C}r=ai s=Hv= Q_Dvt CU}=@|t u;
"OQ=O |oDU@ x ?=wH QO =yv; ?}DQD x@ O}Ov=m |=yC}r=ai X}YND C} wrw= "OvwW
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sD}Q
wor=

x�=Q=Oy=wN |iQat G}=Dv xU}=kt |=Q@ |tD} Qwor= 'xt=O= QO 'wQ u}= R= "Ovm|t O}rwD
"OW

xvwtv p�=Ut "1"6
TQDUO QO xm [3]QO OwHwt xvwtv p�=Ut RH x@ '|R=UxO=t; |=yu=tR OwHw Cra x@
|=Q@ =Pr "CU}v CUO QO |R=UxO=t; |=yu=tR |=Q@ |Qo}O xvwtv p�=Ut 'Ow@v =t
w h=Qo |oO}J}B 'xR=Ov= uDiQo Q_v QO =@ xvwtv p�=Ut '|O=yvW}B sD} Qwor= V}=tR;
xawtHt R= xvwtv xr�Ut Q=yJ 'wQ u}= R= "OW xDN=U |R=UxO=t; |=yu=tR Tv=} Q=w
xm OW ?=NDv= sOkD h=Qo |oO}J}B w xR=Ov= T=U=Q@ SALBP hwQat xvwtv p�=Ut

%CU= OwHwt S=Dvwt \N Tvq=@ |DvQDv}= C}=U QO p�=Ut u}=
&�44 83� u}}=B h=Qo |oO}J}B w �C}r=ai lJwm 30� xR=Ov= %Sawyer �

&�83 47� q=@ h=Qo |oO}J}B w �C}r=ai 32� lJwm xR=Ov= %Lutz1 �
&�59 09� q=@ h=Qo |oO}J}B w �C}r=ai 83� nQR@ xR=Ov= %Arcus1 �

"�40 38� q=@ h=Qo |oO}J}B w �C}r=ai 111� nQR@ xR=Ov= %Arcus2 �
wO w OW xDW=O x=ov C@=F sOkD h=Qo w =yC}r=ai VR=OQB u=tR 'xr�Ut Qy |=Q@
QO w |iO=YD CQwYx@ Q}O=kt u}= xm OW O}rwD =yx=oDU}= O=OaD |=Q@ xvwtv Q=Okt
O=OaD u} QDtm ?}DQD x@ mmax w mmin� Ov= xOW O}rwD mmax w mmin xR=@
|DvQDv}= C}=U QO OwHwt C=aq]= T=U=Q@ =yx=oDU}= O=OaD u} QDW}@ w =yx=oDU}=
|R=UxO=t; |=yu=tR hrDNt Kw]U 'xvwtv xr�Ut Qy |=Q@ "�OvDUy \N Tvq=@

%OW xDiQo Q_v QO Q} R CQwY@
|R=UxO=t; |=yu=tR T} QD=t 'u}}=B Tv=} Q=w =@ |R=UxO=t; |=yu=tR |=Q@ �

&Ov=xOW O}rwD [0 025� (min ti)] xR=@ R= |iO=YD CQwYx@
CQwYx@ |R=UxO=t; |=yu=tRT} QD=t 'q=@Tv=} Q=w =@ |R=UxO=t; |=yu=tR |=Q@ �

"Ov=xOW O}rwD [0 075� (min ti)] xR=@ R= |iO=YD
|=yu=tR Tv=} Q=w 'h=Qo |oO}J}B 'xR=Ov= hrDNt C=@}mQD x@ xHwD =@ 'u}=Q@=v@

"OQ}o|t Q=Qk |UQQ@ OQwt xvwtv xr�Ut 16 '=yx=oDU}= O=OaD w |R=UxO=t;

xiOyOvJ O} Q@D |R=Ux}@W sD} Qwor= "2"6
SA sD} Qwor= wO|v=}tCr=L 22xOW xDiQo Q=m@ xiOyOvJ O} Q@D |R=Ux}@W sD} Qwor=
|R=Ux}@W sD} Qwor= \UwD xOW pL xiOyOvJ p�=Ut QO =twta xm CU= PSA w
MoSA w PSA |=y sD} Qwor= u}@ xOta Cw=iD "CU= xOW xO=iDU= ẁv u}= R= O} Q@D

%R= OvDQ=@a
&Ovm|t Q=m x}rw= ?=wH l} =@ MoSA �

OvwW|t xDiQo Q_v QOC@=F hOy Qy x@ \w@ Qt |=yuRw 'sD} Qwor= |=QH= pw] QO �
"O};|t CUOx@ wDQ=B xawtHt l} 'uRw GwR Qy |=Q@ w

sD} Qwor= |=QH= pw] QO Q}eDt |=yuRw R= Ov=wD|t u}vJty MoSA sD} Qwor=
sD} Qwor= u}= C=}@O= QO xOW |iQat Q}eDt |=yOvwQ R= xO=iDU= =t= &Ovm xO=iDU=
OQwt QO QDW}@ C=L}[wD |=Q@� "Ovm O}rwD ?U=vt C}i}m =@ wDQ=B xawtHt CUv=wDv

"�O}vm xaH=Qt [24]x@ sD} Qwor= u}=
'xvwtv xr�Ut Qy |=Q@ xm CU= u}= 'sD} Qwor= u}= R= xO=iDU= |rY= pmWt
O}OR=@ sD} Qwor= |=tO Q=@ Qy w OwW =QH= hrDNt |=yuRw =@ =yQ=@ CU}=@|t sD} wor=
R= xO=iDU= "OQ@|t p=wU Q} R =Q u; R= xO=iDU= ' ẁ[wt u}= xm OwW xO=O Q}}eD w

"pm}U u=tR x@U=Lt Om x@W "6 pmW

"|UQQ@ OQwt xr�Ut |=Q@ wDQ=B O} Q@D |R=Ux}@W Omx@W "7 pmW

=y?=wH |@=} RQ= VwQ xm CU= |QwQ[ xDmv u}= QmP '=y?=wH |@=} RQ= |=Q@
=yC}r=ai X}YND R= TB "CU= \N |Q=m}@ w pm}U u=tR |R=Uxv}tm Q@ |vD@t
\N VR=OQB u=tR ẁtHt '\N pm |R=UxO=t; u=tR x@U=Lt |=Q@ '=yx=oDU}= x@

"OOQo|t QUm =yC}r=ai VR=OQB u=tR ẁtHt R=
xar=]t OQwt xr�Ut |=Q@ wDQ=B O} Q@D |R=Ux}@W sD} Qwor= |rm |=tW '7 pmW

"OyO|t u=Wv =Q

|D=@U=Lt G}=Dv "6
pt=a sDU}U CLD 11 p=mU=B |irO \}Lt QO 'wDQ=B O} Q@D |R=Ux}@W sD} Qwor=
1 5 |=xDUy wO CPU =@ xv=}=Q l} |wQ w OW Om =DU} w RwOv} w Ci=UwQm}=t
VwQ 'xOW KQ]t xr�Ut uOw@ O}OH Cra x@ "OW =QH= C}=@=o}o 2 sQ w RDQy=o}o
R= "OQm xU}=kt PSA sD} Qwor= G}=Dv =@ =Q u; G}=Dv u=wD@ =D CW=Ov OwHw |rL
|=y?=wH xawtHt O}rwD R= |a]k VwQ 'OW xQ=W= QDW}B xm Qw]u=ty '|iQ]
pw@k p@=kQ}e |=y?=wH 'xOW xDiQo Q_vQO C=}[Qi x@ xHwD =@ w CU= u=wD=v wDQ=B
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Ovyt OvwW|t ?wret =y?=wH R= |NQ@ 'OvwW|t s=eO= wDQ=B ?=wH xawtHt wO xm|v=tR

"OvyO|t p}mWD =Q ?wretQ}e |=y?=wH R= |O}OH xawtHt '=y?=wH |k=@ w
xOvyOu=Wv 'OW=@ O}OH xawtHt QO u; |=[a= R= |QDW}@ OYQO xm |=xawtHt
Q=}at u}= x@ \w@ Qt x]@=Q "OW=@|t xawtHt u; xOvvmO}rwD sD} Qwor= QDy@ OQmrta
xawtHt ?=wH u}t=i Qo = Ow@ Oy=wN ei = 1 'x]@=Q u}= QO "CU= Q} R CQwYx@
,=trUt "Ow@ Oy=wN ei = 0 'CQwY u}= Q}e QO "OW=@ OwHwt s=eO= |wDQ=B QO wDQ=B

"CW=O Oy=wN |QDW}@ C}@ wr]t PSN |q=@ Q}O=kt
PSN =

Pn
i=1 ei
n

(23)

u=Wv =Q sD} Qwor= Qy |=QH= R= pY=L |wDQ=B xawtHt |=[a= O=OaD 'sQ=yJ Q=}at
|QDW}@ |=yxv} Ro 'OW=@ QDW}@ |=xawtHt |=[a= O=OaD xJQy ',=YNWt "OyO|t

"CU= QD?wr]t w xO=O x�=Q= R=Us}tYD x@ =Q
|=yQ=OQ@ xrY=i� =y?=wH|oOvm =QB|DN=wvm} 'C=mU= x]@=Q u=ty =} sHvB Q=}at
x@U=Lt |=Q@ 'C=mU= l}Uqm x]@=Q =t= "Ovm|t O=H}= =Q �pL |=[i QO Qw=Ht
|Q=}U@ QO xm CU= |r=L QO u}= "Ovm|t xO=iDU= Qr=mU= x]@=Q R= =y?=wH xrY=i
Q=O=vat =yT=}kt uOw@v u=Um} Cra x@ |atH \@=wQ '|rai xr�Ut Ovv=t p�=Ut R=
|UO}rk= xrY=i R= '|atH CQwYx@ \=kv xrY=i x@U=Lt |=H x@ 'u}=Q@=v@ "OvDU}v
j w i Q}O=kt 'OwW|t h} QaD Q} R CQwYx@ xm C=mU= x]@=Q QO "OwW|t xO=iDU=
QO =yQ=OQ@ O=OaD n w CU= ci Q}O=kt u}ov=}t �c 'xOw@ i; j = 1; 2; : : : ; n Q@=Q@
xty xm CU= swyit u}= x@ MSS = 0 'VwQ u}= QO "CU= wDQ=B ?=wH xawtHt

"Ov=xOW xOvm =QB sy R= =RHt w CN=wvm} CQwYx@ =yw[a

MSS =
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1. Assembly Line Balancing Problems (ALBP)
2. Simple Assembly Line Balancing Problems (SALBP)
3. General Assembly Line Balancing Problems (GALBP)
4. General Assembly Line Balancing Problem With Setups

(GALBPS)
5. Two-sided
6. Ant Colony Optimization (ACO)
7. Di�erential Evolution (DE)
8. Goal Programming
9. Production Scheduling
10. Greedy Randomized Adaptive Search Procedure
11. WWW.Assembly-Line-Balancing.De
12. Pareto Simulated Annealing (PSA)
13. Bin Packing Problem (BPP)
14. Weighted Tchebyche� Scalarizing Function
15. Agents
16. Degree of Repulsion
17. Feasible
18. Single Point Operator
19. Swap Operator
20. Multi Single Point Operator
21. Number of Neighborhood Search in Each Temperature (NNS)
22. Multi-Objective SA (MoSA)
23. Mean Ideal Distance
24. Spread of Non-Dominated Solutions
25. Percentage of Solutions Used In the Overall Non-Dominated

Set
26. Overall Non-Dominated Vector Generation
27. Modi�ed Schott's Spacing Metric
28. Relative Percentage Deviation
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