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|xv}tR QO xOW s=Hv= C=ar=]t u} QN; '|QwQt xr=kt l} QO "CU= xDiQo CQwY
QDW}@ xar=]t |=Q@ xm [1]xOW |Ov@xDUO '1�OAS� C=WQ=iU |Ov@u=tR w VQ}PB
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|aU Q=DWwv u}= QO "CU}v |OQ@ Q=m u=OvJ RwQt= |D@=kQ Q=R=@ \}=QW QO ZQi u}=
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u}O@ R}v ẁ[wt C=}@O= QO KQ]t p�=Ut V}=tv |=Q@ xO=iDU= OQwt |=yO=tv |NQ@
w xOw@ s=k pt=a R= s=i Q=m p}tmD u=tR w uRw ?}DQDx@ Cki w wki xm CU= CQwY
p}tmD u=tR CQ}=et |xv}W}@ w p}tmD u=tR |xv}W}@ ?}DQDx@ R}v Lkmax w Ckmax

OQmQ}O CQwY QO Uki Q=Okt u}vJty "OvDUy s=k pt=a |=yQ=m p} wLD Oawt w
Q=Okt |q=@ u=Qm "CU= QiY Q@=Q@ CQwY u}= Q}e QO w 1 Q@=Q@ s=k pt=a R= s=i Q=m

"CU= xOW xO=O u=Wv Qk =@ R}v s=k pt=a hOy `@=D
|xv}W}@ hOy `@=wD =@ |rt=awO |Ov@u=tR p�=Ut '[11]u=Q=mty w T}Dvo =
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R= QDy@ 2 xQ=tW Cr=L |=[i QO OwHwt ?=wH u} QDy@ xm |DQwY QO %6 s=o
uDiQo Q_v QO =@ "O}vm |rai ?=wH u} QDy@ u} Ro}=H =Q u; CU= |rai ?=wH u} QDy@

"O} wQ@ 4 s=o x@ w xOQm |yD =Q 2 xQ=tW Cr=L |=[i 'k = k + 1
"O} Q}o@ Q_v QO |HwQN u=wvax@ =Q |rai ?=wH u} QDy@ %7 s=o

"u=}=B %8 s=o
?r=k QO DP1 sD} Qwor= 3�5 w 2�2 |=ys=o QO xDiQ Q=mx@ |x@re pwY=

"Ov=xO}UQ C=@F= x@ w xOW KQ]t 'Ov=xOt; xt=O= QO xm |}=ysr
|=[i QO DP1 sD} Qwor= QO xm |DQwY QO %�1 |x@re pY=� 5 sr
w � = (Sapt; Zapt; napt1 ; L1

sum apt; 0; 0) Cr=L wO 1 xQ=tW Cr=L
'OvW=@ xDW=O OwHw Q} R \}=QW =@ �0 = (S0apt; Z0apt; napt

0
1 ; L10

sum apt; 0; 0)

"OQm hPL =Q �0 Cr=L xv}y@ ?=wH uO=O CUO R= uwO@ u=wD|t
Zapt � Z0apt (1)

u}= Q}e QO 'O}vm ^iL =Q O}OH |r=wD Ci=} V}=Ri= hOy `@=D Q=Okt Qo = '|r=wD u}=
"O} wQ@ 2 s=o x@ "O}vm hPL � |r=wD R= =Q O2 VQ=iU CQwY

"O}yO x�=Q= ?=wH u=wvax@ =Q � |r=wD %7 s=o
"u=}=B %8 s=o

=@ Q@=Q@ pt=a Qy C=WQ=iU uOQm ?DQt p}rOx@ SOT sD} Qwor= 1 s=o |oO}J}B
O(n1) |oO}J}B |=Q=O R}v 3 =D 2 |=ys=o "CU= O(n1 logn1 + n2 log n2)
O=OaD xm QFm =OL SAO sD} Qwor= |=QH= p}rOx@ 6 =D 4 |=ys=o u}vJty "OvDUy
QO swO pt=a C=WQ=iU EDD ?}DQD uDW=O Q=}DN= QO p}rOx@ R}v w 'x@DQt n2
sD} Qwor= pm |oO}J}B =Pr "CU= O(n2(n1 + n2)) =@ Q@=Q@ sD} Qwor= |=OD@=

"CU= O(n2) xYqN Qw]x@ =} O((n2)2 + n1n2 + n1 log n1)

DP1 |=}wB |R} Qxt=vQ@ sD} Qwor= "3"3
1jOA; p1

i = |xr�Ut |=Q@ |}xrtHOvJ x@W |=} wB |R} Qxt=vQ@ l} =Hv}= QO
"OwW|t x�=Q= DP1 s=v =@ p1;

P
U 2
i = 0jP2

k=1
Pnk
i=1 q

k
i �Pn1

i=1 L
1
i

xOW x�=Q= |=} wB |R} Qxt=vQ@ sD} Qwor= wO =@ ,=U=U= sD} Qwor= u}= xm OwW|t |Qw;O=}
O}OH,qt=m sD} Qwor= u}= 'Q=DN=U Cw=iD u}ty p}rOx@ wCU= Cw=iDt [3]Vwk\UwD
|=Q=O DP1 sD} Qwor= "CU= xOW xO=O xaUwD |rai |xr�Ut |=y|oS} w |=v@t Q@ w
|=yVQ=iU pw= R=i QO xm OQm u=}@ u}vJ =Q u; u=wD|t |rm Qw]x@ w CU= R=i wO
|=[i w xOW OQ=w 20�LDD� p} wLD Oawt R= |OwaYQ}e ?}DQDx@ pw= pt=a
RwQx@ xOW x�=Q= |x@re pwY= w u}}=B w q=@ OwOL T=U=Q@ w p}mWD 1 xQ=tW Cr=L
|=yVQ=iU 'pw= R=i |}=yv |=yCr=L R= l} Qy |=R=x@ swO R=i QO TBU "OwW|t
Cr=L |=[i s=vx@ Ckwt Cr=L |=[i l} w xOW OQ=w EDD ?}DQDx@ swO pt=a
RwQx@ Q_v OQwt |x@re pY= w u}}=B w q=@ OwOL T=U=Q@ w xOW p}mWD 2 xQ=tW
u}= w xOW ?=NDv= 2 xQ=tW Cr=L |=[i R= Q}PBu=mt= Cr=L u} QDy@ "OwW|t
Qy u=}=B QO "O@=}|t xt=O= pw= R=i Cr=L |=[i |=yCr=L Qo}O |=Q@ ,=OOHt OvwQ
CU= Cr=L l} =@ \@DQt 'xr�Ut ?=wH Qy "OwW|t RwQx@ Cr=L u} QDy@ 'xrLQt
u=Wv (Sapt; Zapt; napt1 ; L1

sum apt; C2
max apt; P 2

sum apt) %CQwYx@ xm
%R= Ov=CQ=@a u; |=RH= w OwW|t xO=O

&xOW xDiQ}PB |=yVQ=iU |xawtHt %Sapt
&xOW xDiQ}PB |=yVQ=iU R= pY=L Ot;QO ẁtHt %Zapt

&pw= pt=a |xOWxDiQ}PB |=yVQ=iU O=OaD %napt1
&pw= pt=a |xOW xDiQ}PB |=yVQ=iU CQ}=et ẁtHt:L1

sum apt

&swO pt=a |xOWxDiQ}PB C=WQ=iU p}tmD u=tR u} QDW}@:C2
max apt

"swO pt=a |xOWxDiQ}PB C=WQ=iU VR=OQB u=tR ẁtHt:P 2
sum apt

%R= CU=CQ=@a R}v DP1 sD} Qwor= |=ys=o
"O}yO Q=Qk S1 |xawtHt QO LDD ?}DQDx@ =Q pw= pt=a |=yVQ=iU %1 s=o
u} QDy@ "O}yO Q=Qk S2 |xawtHt QO EDD ?}DQDx@ =Q swO pt=a |=yVQ=iU
Cr=L "O} Q}o@ Q_v QO SOT |Q=mD@= sD} Qwor= ?=wH =@ Q@=Q@ =Q |rai ?=wH

"O}yO Q=Qk 1 |xQ=tW Cr=L |=[i QO =Q (�; 0; 0; 0; 0; 0; 0)

|}=OD@= VQ=iU CQwY u}= Q}e QO w O} wQ@ 5 s=o x@ S1 = � xm |DQwY QO %2 s=o
"O} wQ@ 1�2 s=o x@ w xOQm hPL S1 R= =Q u; w xO}t=v j =Q S1

; L1
sum apt; 0; 0) Ovv=t Cr=L Qy |=Q@ %�1 |q=@ OL |x@U=Lt� 1�2 s=o

Sapt x@ =Q j VQ=iU '1 xQ=tW Cr=L |=[i QO OwHwt (Sapt; Zapt; napt1
pY=L |q=@ OL Q=Okt Qo = "O}vm x@U=Lt O}OH Cr=L |=Q@ =Q Q}O=kt Q}=U w xOwRi=
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�Ut%Cr=L wO xJv=vJ %�2 |x@re pY=� 6 sr
� = (Sapt; Zapt; napt1 ; L1

sum apt; C
2
max apt; P

2
sum apt)

�0 = (Sapt0 ; Z0apt; napt1 ; L10
sum apt; C

20
max apt; P

20
sum apt)

CUO R= uwO@ u=wD|t 'OW=@ xDW=O OwHw Q} R \}=QW =@ 2 xQ=tW Cr=L |=[i QO
"OQm hPL =Q �0 Cr=L xv}y@ ?=wH uO=O

Zapt � Z0apt (7)

L1
sum apt � L1

sum apt0 (8)

P 2
sum apt � P 2

sum apt0 (9)

C2
max apt � C2

max apt0 (10)

� "CU= 5 sr C=@F= x@=Wt %C=@F=
Q}PBu=mt= Cq=L O=OaD 'sD} Qwor= 2�2 s=o QO xOW xO=iDU= |x@re pY= p}rOx@
(n1p1) u; QO xmCU= (n1)(n1p1) Q@=Q@ QFm =OL 1 xQ=tWCr=L |=[i QO OwHwt
sD} Qwor= 2 s=o pm|oO}J}B =Pr "CU= pw= R=i QOL1

sum apt C=Q}}eD |xvt=O xv}W}@
l} Qy |=Q@ 6 =D 4 |=ys=o QO xm =Hv; R= u}vJty "CU= O(n1(n1)(n1p1)) Q@=Q@
|R} Qxt=vQ@ sD} Qwor= l} |awv x@ 1 xQ=tW Cr=L |=[i QO OwHwt |=yCr=L R=
'1 Cr=L |=[i QO OwHwt Cr=L Qy |=R=x@ u; |oO}J}B xm OwW|t s=Hv= =} wB
Cr=L Qy |=Q@ SAO sD} Qwor= |=QH= w 3�5 s=o |x@re pY= R= xO=iDU= Crax@
u; QO xm CU= O(n2(n1 +n2)(P 2

sum)(n1p1 +P 2
sum)2) Q@=Q@ '1�5 s=o QO

w xOw@ swO R=i QO C2
max apt w L1

sum apt C=Q}}eD |xvt=O (n1p1 + P 2
sum)

OwW|t Qw;O=} "CU= Cr=L Qy |=Q@ SAO sD} Qwor= |=QH= |oO}J}B (n1 + n2)
?}DQD uOw@ TQDUO QO p}rOx@ SAO sD} Qwor= |oO}J}B |x@U=Lt |=Q@ =Hv}= QO
|oO}J}B uDiQo Q_v QO x@ |R=}v 'DP1 sD} Qwor= QO swO pt=a |=yVQ=iU EDD

O=OaD xv}W}@ ?Q[ =@ u=wD|t =Q pm |oO}J}B =Pr "CU}v SAO sD} Qwor= 1 s=o
CQwYx@ =Q u; w OQw; CUO x@ 6 =D 4 |=ys=o |oO}J}B QO 1 Cr=L |=[i Cq=L
CQwYx@ xYqN Qw]x@ =} O(n21n2(n1 + n2)p1P 2

sum(n1p1 + P 2
sum)2)

|}xrtHOvJ x@W |oO}J}B |=Q=O DP1 sD} Qwor= TB "OQm u=}@ O(n3(Psum)4)
"CU= Q=Hvyx@ NP-hard xr�Ut 'OW QmP CtUk u}= |=OD@= QO xm u=vJ w CU=
OL=w Q@=Q@ pt=a wO Qy |=yVQ=iU |t=tD VR=OQB u=tR xm |DQwY QO
|oO}J}B =@ w |}xrtHOvJ u=tR QO DP1 sD} Qwor= \UwD xr�Ut x=ov; OW=@

"OwW|t pL 'O(n7) xYqN Qw]x@ =} 'O(n21n22(n1 + n2)3)

|D=@U=Lt G}=Dv "4
QO =yv; C}i}m =D xOW |aU '|O=yvW}B |=ysD} Qwor= |}=Q=m |UQQ@ Qw_vtx@
|U} wvxt=vQ@ \}Lt QO =ysD} Qwor= u}= "OQ}o Q=Qk |UQQ@ OQwt xvwtv p�=Ut pL
C=YNWt =@ xv=}=Q x=oDUO l} |wQ w xOW |R=UxO=}B Visual C# 2010
\}Lt QO 4 GB RAM w Intel r CoreTM i7-2600 CPU 3 4GHz

sD} Qwor= swO R=i u}vJty "CU= xOW xDW=Po =QH= x@ Windows 7 pt=a sDU}U
Q@=Q@ p�=Ut |t=tD QO R}v pL u=tR C}OwOLt w xOW |U} wvOm |R=wt Qw]x@ DP1

"CU= xOW xDiQo Q_v QO x}v=F 3600
|aU '|rt=a wO |=yVQ=iU |Ov@u=tR w VQ}PB |xr�Ut uOw@ O}OH x@ Q_v
|Ov@u=tR w VQ}PB ẁ[wt C=}@O= QO xvwtv p�=Ut O}rwD |xwLv R= |Q}owor= =@ =D xOW

napt1 � napt01 (2)

L1
sum apt � L10

sum apt (3)

CUO R= xv}y@ ?=wH '1 xQ=tW Cr=L |=[i R= �0 Cr=L hPL =@ Qo = %C=@F=
R= "OwW|t xv}y@ ?=wH x@ uO}UQ x@ QHvt Cr=L u}= xm CU=vat u=O@ u}= 'OwQ@
|v=tR |va} �� pw= R=i QO jwi Cr=L wO Qy 'DP1 sD} Qwor= QO xm =Hv; R= |iQ]
uO}UQ |=Q@ 'OQ}o|t Q=Qk |UQQ@ OQwt �� Ov=xOW OQ=w pw= pt=a C=WQ=iU =yvD xm
|xOv=t|k=@ |=yVQ=iU u=wD|t sy 'sD} Qwor= |Oa@ |=ys=o QO xv}y@ ?=wH x@
|xawtHt 'CQwY u}= QO "OQm OQ=w =Q swO pt=a |=yVQ=iU sy w pw= pt=a
OwRi= �0 Cr=L x@ xv}y@ ?=wH pwYL |=Q@ O}=@ xm swO w pw= pt=a |=yVQ=iU

"OwW|t ZQi OS2 w OS1 ?}DQD x@
xm xOW ZQi uwJ w CU= Q}PBu=mt= ?=wH l} ,=tDL 'xv}y@ ?=wH xm =Hv; R=
OS2 w OS1 |=yxawtHt uOwRi= =@ &O};|t CUO x@ �0 Cr=L R= xv}y@ ?=wHP
i2OS1 C10

i xm OwW ZQi Qo = "CU= Q}PBu=mt= pY=L ?=wH Cr=L u}= x@
x@ xawtHt u}= xm |Dkw 'OW=@ OS1 |xawtHt |=yVQ=iU p}tmD u=tR ẁtHt
'xv}y@ ?=wH |Q}PBu=mt= p}rOx@ 'OwW xOwRi= �0 Cr=L QO xOW xDiQ}PB C=WQ=iU

%s} Q=O

L10
sum apt +

0@ X
i2OS1

C10
i �

X
i2OS1

d1
i

1A � Q1 (4)

x@ OvOW xOwRi= �0 Cr=L x@ xm |@}DQD u=ty x@ OS1 |xawtHt |=yVQ=iU Qo =
Q=Qk p@k R= xOW xO}J C=WQ=iU R= Oa@ C=WQ=iU u}= uwJ OwW xOwRi= � Cr=L
|xOW xDiQ}PB C=WQ=iU VR=OQBu=tR ẁtHt 2 |x]@=Q |Q=QkQ@ p}rOx@ w OvQ=OP
i2OS1 C1

i �Pi2OS1 C10
i |x]@=Q =Pr "CU= �0 Cr=L R= QDsm � Cr=L

%s} Q=O 4 w 3 \@=wQ x@ xHwD =@ wQ u}= R= "CU= Q=QkQ@

L1
sum apt +

0@ X
i2OS1

C1
i �

X
i2OS1

d1
i

1A � Q1 (5)

|=yVQ=iU uOwRi= =@ R}v � Cr=L R= xOt; CUO x@ ?=wH 5 |x]@=Q T=U= Q@
|=yVQ=iU uOwRi= =@ =t= "CU= Q}PBu=mt= pw= pt=a Q_v R= 'u; x@ OS1 |xawtHt
R= |WQ=iU I}y ?=wH u}= |ov}y@ ZQi p}rOx@ �0 Cr=L x@ OS2 |xawtHt
pt=a |Q}PBu=mt= C=WQ=iU u}= uOwRi= w 'CW=O Oy=wNv OQmQ}O u; QO swO pt=a
pY=L ?=wH |Q}PBu=mt= w '3 w 2 \@=wQ |Q=QkQ@ p}rOx@ R=@ "OR} Q|tv sy x@ =Q pw=
� Cr=L x@ OS2 |xawtHt |=yVQ=iU uOwRi= R= xOt; CUO x@ ?=wH '�0 R=
%CWwv u=wD|t 3 w 1 \@=wQ |Q=QkQ@ x@ xHwD =@ u}vJty "Ow@ Oy=wN Q}PBu=mt= R}v

Zapt � L1
sum apt +

2X
k=1

X
i2OSk

qki � Z0apt � L10
sum apt

+
2X
k=1

X
i2OSk

qki (6)

hOy `@=D Q=Okt =t= 'OvQ}PBu=mt= �0 w � Cr=L R= xOt; CUO x@ ?=wH wO Qy =Pr
x@ ?=wH uOw@ xv}y@ ZQi =@ u}= xm 'CU}v QDsm � Cr=L R= xOt; CUO x@ ?=wH
hPL w xOw@ p]=@ hrN ZQi wQ u}= R= "CU= Zk=vD QO �0 Cr=L R= xOt; CUO

� "OwW|tv xv}y@ ?=wH uDiQ CUO R= x@ QHvt �0 Cr=L
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"Tv=} Q=w p}rLD |rY= ZQi V}B xU |UQQ@ x@ \w@ Qt |=yQ=Owtv "1 pmW

p�=Ut OYQO� MU=B Q}eDt Q@ =yQDt=Q=B |rY= C=QF= Q=Owtv 2 pmW QO "CU= Q=O=vat
C=QF= =yQDt=Q=B QFm = pmW u}= T=U= Q@ "CU= xOt;QO V}=tv x@ �xOW pL |xv}y@
x}v=F 3600 QO xOW pL xv}y@ |xvwtv p�=Ut OYQO u}ov=}t |wQ Q@ |yHwD p@=k

"OvQ=O
u}ov=}t� w �xv}y@ |xvwtv O=OaD� pt=W 'G64 =D G01 |=yxwQo |=Q@ pL G}=Dv

|D=Q}}eD p=ta= w |rt=aOvJ |Ov@u=tR |xv}tR QO xDWPo C=ar=]t R}v w '=yVQ=iU
QO "OwW s=Ok= xvwtv p�=Ut |L=Q] x@ C@Uv 'O}OH |xr�Ut \}=QW T=U= Q@
xR=@ wO QO xDUUo CN=wvm} `} RwD R= swO pt=a VR=OQB |=yu=tR Q[=L |xar=]t
ẁ[wt C=}@O= T=U=Q@ [1,100] w [6]Tw�r w uw@}@ wv C=ar=]t j@=]t [1,10]

Q=Okt wO Q@=Q@ R}v pw= pt=a VR=OQB u=tR w xOW O}rwD [17�15]|rt=aOvJ |Ov@u=tR
Ovv=t R}v Jki Ovv=t VQ=iU Qy p} wLD Oawt "CU= xOW xDiQo Q_v QO 50 w 5
maxfpki ; U [Psum(1 � |xDUUo CN=wvm} `} RwD R= [17�15w6]|r@k C=ar=]t
?}DQDx@ R w � u; QO xm 'xOW O}rwD � � R=2); Psum(1 � � + R=2)]g
|=Q@ xOW xDiQo Q_v QO Q}O=kt "Ov=p} wLD Oawt |oOvm =QB pt=a w OQmQ}O pt=a
=Hv; R= "CU= xOW xO=O u=Wv 1 pwOH QO =yv; x@ \w@ Qt Kw]U w xr�Ut |=yQDt=Q=B
xm OvO=O u=Wv �21pt=m p} QwDm =i V}=tR; KQ]� |=v@t Q@ |D=tOkt C=W}=tR; xm
OQmrta QO u=Wp} wLD Oawt x@ \w@ Qt R w � Q=Okt w pw= pt=a C=WQ=iU Ot;QO
xDiQo CQwY |D=@U=Lt C=W}=tR; QO =Pr OvQ=Ov |Q=O=vat Q}F-=D xOWx�=Q= |=yVwQ

"CU= xOWv xDiQo Q_v QO =yv; |=Q@ |irDNt Kw]U 'xar=]t u}= QO
s=Hv= pt=m p} QwDm =i V}=tR; KQ] l} DP1 sD} Qwor= OQmrta |UQQ@ |=Q@
u=tR 'swO pt=a Ot;QO 'pw= pt=a VQ=iU O=OaD %|=yQDt=Q=B T=U=Q@ =Pr "CU= xOW
xwQo (2� 2� 2� 2� 2� 2) 64 O=OaD 'swO pt=a R w � 'pt=a Qy VR=OQB
xr�Ut xR=Ov= xU xwQo Qy |=R=x@ xm OQ}o|t pmW G64 =D G01 |=ys=v =@ hrDNt
w xwQo R= hrDNt ?}mQD Qy |=Q@ w xOW xDiQo Q_v QO VQ=iU 150 w 100 '60 =@

"CU= xOW pL w O}rwD xvwtv |xr�Ut 10 'xR=Ov=
xO=iDU= 22Tv=} Q=w p}rLD R= xOW xDiQo Q_v QO |=yQDt=Q=B Q}F-=D |UQQ@ |=Q@
(64�3) 192 'p�=Ut hrDNt |=yxR=Ov= w =yxwQo O=OaD x@ xHwD =@ =Pr "CU= xOW
p}rLD |rY= ZQiV}B xU xm CU= QmP p@=k "CU= xOW xDiQo Q_v QO 23Q=t}D
�� =yTv=} Q=w |Q@=Q@ w '=yxOv=t|k=@ uOw@ pkDUt w uOw@ p=tQv pt=W �� Tv=} Q=w

"�1 pmW� Ov=xOW xDiQ}PB =yZQiV}B u}= |xty w xDiQo Q=Qk |UQQ@ OQwt
|xvwtv p�=Ut OYQO� MU=B Q}eDt |=Q@ 2 pwOH QO Tv=} Q=w p}rLD |xH}Dv
P-Value Q}O=kt T=U=Q@ "CU= xOt;QOV}=tv x@ �x}v=F 3600 QO xOW pL |xv}y@
u}vJty "OvDUy Q=O=vat OYQO 5 24u=v}t]= K]U QO =yQDt=Q=B |t=tD '2 pwOH QO
OYQO 5 u=v}t]= K]U QO �OQwt 28 R=� OQwt 13 QO =yvD =yQDt=Q=B 25p@=kDt C=QF=

"xvwtv p�=Ut O}rwD QO xOW xO=iDU= |=yQDt=Q=B C=YNWt "1 pwOH
K]U Q=Okt O=tv QDt=Q=B s=v

150 w 100 '80 150 w 100 '80 n xR=Ov=
lJwm 2n1 = n2

n1 pw= pt=a VQ=iU O=OaDnQR@ n1 = 2n2
lJwm [1; 2� p2

i ] qi 2 swO pt=a Ot;QOnQR@ [1; 20� p2
i ]

lJwm 5
p 1 pw= pt=a VR=OQB u=tRnQR@ 50

lJwm [1,10]
pi 2 swO pt=a VR=OQB u=tRnQR@ [1,100]

lJwm 0 3
tou 2 swO pt=a � Q=OktnQR@ 0 7

lJwm 0 2
R 2 swO pt=a R Q=OktnQR@ 0 6
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i] �x}v=F� qi2�[1 2�p2

i] �x}v=F� qi2�[1 20�p2
i] �x}v=F� qi2�[1 2�p2

i]
0 14 10

G49
0 06 10

G33
0 43 10

G17
0 44 10

G01
10 60 p1 = 5

1 87 10 0 92 10 3 34 10 0 57 10 10 100 pi2 2 [1; 10]
21 21 10 11 48 10 21 62 10 3 03 10 10 150�2 =0 3; R2 =0 2
0 94 10

G50
0 05 10

G34
0 04 10

G18
0 02 10

G02
10 60 p1 = 5

19 55 10 3 99 10 0 13 10 0 07 10 10 100 pi2 2 [1; 10]
204 57 10 52 86 10 0 47 10 0 39 10 10 150�2 =0 3; R2 =0 6
2 57 10

G51
0 06 10

G35
10 17 10

G19
0 14 10

G03
10 60 p1 = 5

105 81 10 2 60 10 725 17 9 2 08 10 10 100 pi2 2 [1; 10]
785 49 10 10 20 10 �� 0 25 80 10 10 150�2 =0 7; R2 =0 2
1 84 10

G52
0 07 10

G36
35 35 10

G20
0 04 10

G04
10 60 p1 = 5

51 88 10 0 88 10 903 75 9 1 19 10 10 100 pi2 2 [1; 10]
502 37 7 10 71 10 929 87 4 12 47 10 10 150�2 =0 7; R2 =0 6
0 18 10

G53
0 03 10

G37
0 78 10

G21
0 09 10

G05
10 60 p1 = 5

4 58 10 0 40 10 18 17 10 0 75 10 10 100 pi2 2 [1; 100]
61 04 10 3 56 10 88 09 10 6 59 10 10 150�2 =0 3; R2 =0 2
0 03 10

G54
0 01 10

G38
0 08 10

G22
0 03 10

G06
10 60 p1 = 5

0 17 10 0 05 10 0 19 10 0 09 10 10 100 pi2 2 [1; 100]
3 71 10 0 51 10 3 32 10 0 31 10 10 150�2 =0 3; R2 =0 6
0 70 10

G55
0 05 10

G39
1 73 10

G23
0 16 10

G07
10 60 p1 = 5

16 68 10 0 92 10 34 20 10 1 20 10 10 100 pi2 2 [1; 100]
132 75 10 9 59 10 234 64 10 8 21 10 10 150�2 =0 7; R2 =0 2
0 31 10

G56
0 02 10

G40
1 33 10

G24
0 08 10

G08
10 60 p1 = 5

18 40 10 0 21 10 65 59 10 1 33 10 10 100 pi2 2 [1; 100]
131 43 10 6 37 10 457 36 10 9 93 10 10 150�2 =0 7; R2 =0 6
0 24 10

G57
0 31 10

G41
0 81 10

G25
0 27 10

G09
10 60 p1 = 50

18 47 10 41 26 10 9 36 10 7 54 10 10 100 pi2 2 [1; 10]
83 26 10 155 34 10 82 39 10 54 64 10 10 150�2 =0 3; R2 =0 2
2 20 10

G58
1 10 10

G42
1 89 10

G26
1 07 10

G10
10 60 p1 = 50

109 91 10 126 26 10 409 90 10 77 16 10 10 100 pi2 2 [1; 10]
1110 71 10 557 85 6 10 25 5 1204 69 9 10 150�2 =0 3; R2 =0 6

2 41 10
G59

0 38 10
G43

3 46 10
G27

1 28 10
G11

10 60 p1 = 50
87 55 10 11 83 10 667 31 10 16 47 10 10 100 pi2 2 [1; 10]

1025 44 8 639 80 10 2909 53 1 301 50 9 10 150�2 =0 7; R2 =0 2
4 09 10

G60
0 57 10

G44
59 00 10

G28
1 43 10

G12
10 60 p1 = 50

284 90 10 38 41 10 1145 10 2 33 59 10 10 100 pi2 2 [1; 10]
1892 17 6 1186 77 6 �� 0 383 44 10 10 150�2 =0 7; R2 =0 6

0 43 10
G61

0 10 10
G45

0 88 10
G29

0 13 10
G13

10 60 p1 = 50
20 20 10 5 73 10 50 44 10 2 86 10 10 100 pi2 2 [1; 100]
322 62 5 143 61 10 217 13 10 19 44 10 10 150�2 =0 3; R2 =0 2
0 42 10

G62
0 22 10

G46
0 10 10

G30
0 04 10

G14
10 60 p1 = 50

37 84 10 7 29 10 0 48 10 1 74 10 10 100 pi2 2 [1; 100]
450 55 10 179 21 8 2 37 10 9 73 10 10 150�2 =0 3; R2 =0 6
5 69 10

G63
0 26 10

G47
110 42 10

G31
1 12 10

G15
10 60 p1 = 50

184 47 10 8 25 10 1493 71 5 15 84 10 10 100 pi2 2 [1; 100]
1571 65 8 83 78 10 �� 0 592 39 9 10 150�2 =0 7; R2 =0 2

3 30 10
G64

0 11 10
G48

127 26 10
G32

0 24 10
G16

10 60 p1 = 50
177 20 8 3 33 10 1464 50 2 3 85 10 10 100 pi2 2 [1; 100]
916 10 5 58 50 10 �� 0 104 72 10 10 150�2 =0 7; R2 =0 6
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3 44 31 64 64 92 0 00 98 88 4 64 62 41 32 95 1 12 1 34 1 73 30 0 2 0 3

[1; 10]

5

q
i2 �

[1 2�
p 2i ]

2n1
=
n2

G01
6 77 13 34 79 88 0 00 90 52 2 57 60 88 36 55 9 48 0 16 0 71 30 0 6 G02
5 41 29 05 65 55 0 00 99 41 7 45 68 88 23 67 0 59 9 34 1 79 30 0 2 0 7 G03
5 02 16 82 78 05 0 10 96 96 5 87 67 32 26 82 3 04 4 57 1 3 30 0 6 G04
3 97 37 30 58 67 0 06 99 89 8 64 21 07 70 29 0 11 2 48 1 25 30 0 2 0 3

[1; 100]

G05
4 13 13 40 82 47 0 00 99 73 6 44 9 19 84 37 0 27 0 14 0 29 30 0 6 G06
5 28 51 90 42 24 0 58 99 73 10 07 42 00 47 92 0 27 3 19 1 71 30 0 2 0 7 G07
4 38 44 33 51 12 0 17 99 84 10 20 33 06 56 74 0 16 3 78 1 40 30 0 6 G08
4 03 70 32 25 65 0 00 99 27 5 12 80 60 14 28 0 73 20 81 4 98 30 0 2 0 3

[1; 10]

50

G09
6 26 61 13 32 61 0 00 95 73 4 08 79 65 16 27 4 27 400 85 3 88 29 0 6 G10
7 19 53 35 39 46 0 00 99 69 6 55 81 39 12 06 0 31 99 69 5 08 29 0 2 0 7 G11
6 45 42 17 51 38 0 00 99 78 5 71 82 29 12 00 0 22 139 48 4 57 30 0 6 G12
4 02 33 12 62 85 0 00 99 55 3 93 62 91 33 16 0 45 7 48 1 63 30 0 2 0 3

[1; 100]
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4 22 18 08 77 70 0 00 98 37 3 40 59 66 36 94 1 63 3 84 0 89 30 0 6 G14
6 29 27 75 65 96 0 00 99 68 8 32 67 87 23 82 0 32 189 70 2 42 29 0 2 0 7 G15
6 23 23 55 70 05 0 17 97 99 6 79 66 06 27 15 2 01 36 27 1 33 30 0 6 G16
3 53 32 13 64 34 0 00 99 75 9 77 78 88 11 35 0 25 8 47 8 40 30 0 2 0 3
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5

q
i2 �

[1 20�
p 2i ]

G17
13 35 7 49 79 16 0 00 88 38 4 55 61 24 34 21 11 62 0 21 1 20 30 0 6 G18
8 24 51 53 40 00 0 22 99 96 13 98 83 59 2 43 0 04 348 85 15 67 19 0 2 0 7 G19
5 55 25 73 68 68 0 04 99 98 11 69 83 80 4 51 0 02 530 73 11 79 23 0 6 G20
4 05 27 94 67 87 0 13 99 89 10 58 66 02 23 40 0 11 35 68 7 48 30 0 2 0 3

[1; 100]

G21
7 66 10 73 81 61 0 00 93 22 7 81 27 95 64 24 6 78 1 20 1 49 30 0 6 G22
5 07 41 97 50 12 2 84 99 89 10 15 83 62 6 22 0 11 90 19 11 17 30 0 2 0 7 G23
4 18 32 50 62 71 0 61 99 90 9 74 81 34 8 92 0 10 174 76 10 27 30 0 6 G24
7 33 40 31 52 36 0 00 96 06 5 96 81 06 12 98 3 94 30 85 5 48 30 0 2 0 3

[1; 10]

50

G25
4 67 32 68 62 65 0 00 98 77 6 30 79 79 13 91 1 23 166 77 4 20 25 0 6 G26
7 51 49 87 42 62 0 00 99 89 10 42 83 17 6 40 0 11 457 97 7 25 21 0 2 0 7 G27
10 11 37 22 52 66 0 00 99 96 13 12 80 53 6 35 0 04 240 02 8 00 12 0 6 G28
4 11 29 21 66 68 0 00 99 88 9 77 77 94 12 29 0 12 89 48 7 83 30 0 2 0 3

[1; 100]

G29
7 44 9 21 83 36 0 00 95 62 3 70 62 74 33 55 4 38 0 98 1 41 30 0 6 G30
10 45 48 46 40 85 0 24 99 98 14 79 82 25 2 96 0 02 571 51 16 89 15 0 2 0 7 G31
8 11 28 09 63 78 0 03 99 98 16 90 79 59 3 51 0 02 350 13 12 67 12 0 6 G32
7 67 59 98 32 35 0 00 93 06 1 79 88 56 9 65 6 94 4 15 3 07 30 0 2 0 3

[1; 10]
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i2 �

[1 2�
p 2i ]

n1
=2n2

G33
7 86 52 08 40 06 0 00 90 87 1 75 87 99 10 26 9 13 18 96 2 22 30 0 6 G34
13 13 20 57 66 30 0 00 90 08 2 34 89 60 8 05 9 92 4 29 2 79 30 0 2 0 7 G35
12 85 28 71 58 21 0 23 92 60 2 61 90 11 7 28 7 40 3 89 3 12 30 0 6 G36
8 62 34 89 56 48 0 00 92 39 2 80 65 09 32 11 7 61 1 33 0 81 30 0 2 0 3

[1; 100]

G37
8 47 12 59 78 94 0 00 83 39 1 36 62 50 36 15 16 61 0 19 0 23 30 0 6 G38
11 65 35 11 53 21 0 04 90 07 3 81 70 55 25 64 9 93 3 52 0 87 30 0 2 0 7 G39
11 88 24 97 62 51 0 64 83 93 3 83 69 30 26 87 16 07 2 20 0 75 30 0 6 G40
8 71 87 93 3 36 0 00 94 52 2 39 90 80 6 81 5 48 65 63 7 05 30 0 2 0 3

[1; 10]

50

G41
8 88 86 96 4 15 0 00 94 96 2 27 89 93 7 80 5 04 177 72 6 44 26 0 6 G42
16 08 66 30 17 62 0 00 96 79 2 23 90 67 7 10 3 21 217 34 6 15 30 0 2 0 7 G43
15 59 60 44 23 97 0 00 96 78 2 56 89 93 7 50 3 22 288 86 6 02 26 0 6 G44
9 63 60 92 29 45 0 00 94 87 2 01 87 56 10 43 5 13 49 81 3 13 30 0 2 0 3

[1; 100]

G45
10 38 56 98 32 64 0 00 94 52 1 99 87 13 10 87 5 48 53 88 3 27 28 0 6 G46
14 19 24 09 61 71 0 00 95 47 2 98 88 95 8 07 4 53 30 76 3 81 30 0 2 0 7 G47
15 08 31 78 53 01 0 13 93 46 2 74 89 18 8 08 6 54 20 64 3 94 30 0 6 G48
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R= u}vJty "OQm xO=iDU= =yv; ?=wHC}i}m |UQQ@ |=Q@ Q=DWwv u}= QO xOW x�=Q= |=} wB
xv=o =OH Qw]x@ |rt=aOvJ |Ov@u=tR w C=WQ=iU |Ov@u=tR w VQ}PB p�=Ut xm =Hv;
'=yv; ?}mQD xm OW u=}@ R}v Q=DWwv u}= QO w OvQ=O ẁ[wt C=}@O= QO |v=w=Qi C}ty=
ẁvDt C=}[Qi CLD xr�Ut u}= pL =Pr "OQw;|t O}OB =Q QD|OQ@ Q=m |xr�Ut l}

`=wv= Ck}kL QO =} =ypt=a O=OaD u=wD|t p=Ft |=Q@ "CU= |UQQ@ p@=k |QDW}@ w
|xt} QH `@=wD T=U=Q@ xr�Ut |UQQ@ "CiQo Q_v QO pt=a wO R= V}@ =Q u=} QDWt

"OW=@ xHwD ?r=H Ov=wD|t R}v |vRw OQmQ}O Q}_v |Qo}O

"xOW pL |xv}y@ p�=Ut OYQO Q@ �2 w q2
i 'n1 p@=kDt C=QF= "5 pmW

|Q}oxH}Dv "5
|R=Uxv}W}@ hOy =@ C=WQ=iU |Ov@u=tR w VQ}PB |rt=awO |xr�Ut xr=kt u}= QO
VR=OQB u=tR uOw@ Q@=Q@ ZQi =@ xr�Ut u}= "OW KQ]t xOW xDiQ}PB C=WQ=iU OwU
Q=Qk |UQQ@ OQwt swO pt=a C=WQ=iU OQmQ}O uOw@v R=Ht w pw= pt=a C=WQ=iU
uOw@ swrat ZQi =@ w xOw@ NP-hard xr�Ut u}= xm OW xO=O u=Wv "CiQo

=yCWwv=B
1. order acceptance and scheduling
2. multi-agent scheduling
3. scheduling with competing agents
4. beam search
5. greedy
6. fully polynomial time approximation scheme
7. mixed integer linear programming
8. jobshop
9. branch and price
10. two machine owshop
11. regular function
12. deteriorating jobs
13. makespan
14. hybrid kangaroo simulated annealing
15. batch
16. rounding procedure
17. sequencing accepted orders
18. earliest due date
19. selecting one order at a time
20. largest due date
21. full factorial experimental design
22. analysis of variance
23. treatment
24. con�dence level

25. interaction e�ects
26. relative percentage deviation
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