
h} QW |WywSB w |tra |xt=vrYi
122�115 "X 'sQ=yJ w |U |xQ=tW '1385 u=DU@=D

|t}WwQDB `tDHt |=yOL=w u}@ |Q=Poxrwr sDU}U |R=Uxv}y@
�O=DU=� x}�=iY =[QOtLt

�OWQ= T=vWQ� � |LY=v u}O};
h} QW |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

|=yxwQo QO xm O=wt |vwo =vwo x@ xHwD =@ `tDHt hrDNt |=yOL=w u}@ O}rwD Ov}=Qi R=}v OQwt |=yR=o =} =yp=}U p=kDv= '|t}WwQDB |=y`tDHt QO
|}xS} w C}ty= 'OvwW|t |Ov@xDUO �� `}=t =} |R=o Cr=L QO �� |mtm O=wt R}v w CN=U u=}=B =} CN=Us}v |xrLQt QO O=wt 'x}rw= s=N O=wt

"OQ=O
|D=}rta |=yR=}v T=U=Q@ =Q E=OL= p=L QO |t}WwQDB `tDHt l} hrDNt |=yOL=w u}@ |Q=Poxrwr |xv}y@ sDU}U |L=Q] VywSB u}=
=Qi w |}xiW=mt 'xO=U |xv}y@ VwQ xU 'pOt pL |=Q@ TBU xOW |L=Q] xv}y@ |Q=Poxrwr |[=} Q pOt =OD@= 'T=U= u}= Q@ "OQ}o|t Q@ QO O}rwD

"OvwW|t xU}=kt Qo}Om} =@ �l}DvS� |}xiW=mt

|rm |=yZQiV}B
|}=yv |xH}Dv |x�=Q= w |[=} Q pOt |L=Q] |=Q@ R=}v OQwt C=aq]=
xOW CW=OQ@ QwWm QO |t}WwQDB OwHwt `tDHt l} sDU}U T=U=Q@

"CU=
GwQN w OwQw 'VQ=@v= '|r}O@D '|O}rwD |rm |=yOL=w |=Q=O `tDHt �

"CU= O=wt
Ov}=Qi =@ nvy=ty O}=@ =yxrwr u=tO}J |L=Q] w O=wt p=kDv= Q}Ut �

"OW=@ O}rwD
'|OwQw |=yxv=}=B CQwYx@ xawtHt QO =yOL=w Q=QkDU= ?}DQD �
|=yOL=w 'xO=U O=wt |=yQ=@v= 'xO=U O=wt |O}rwD |=yOL=w
O=wt |HwQN |=yxv=}=B w ?mQt O=wt |=yQ=@v= '?mQt O=wt O}rwD

"CU=
Q_v QO xO=O u=wvax@ O}=@ =yxrwr QO O=wt |HwQN w |OwQw Q=Wi �

"OwW xDiQo
=yxrwr \UwD `}=t w Q=N@ 'R=o Cr=L xU x@ `tDHt QO hrDNt O=wt �

"OvwW|t pkDvt
hrDNt |t}WwQDB |=y`tDHt QO VywSB |xH}Dv |Q@ Q=m Qw_vtx@ �

"OwW|t s=Hv= l} QDt=Q=B CQwYx@ =yZQi w C=@U=Lt
=yxrwr O=OaD |[=} Q pOt QO 'Q=m xH}Dv VQ=Ro |R=UxO=U Qw_vtx@ �
|xH}Dvx@|@=}CUO w pOtp}tmD R=TB xm xOWZQi OOa 10

"CU= V}=Ri= p@=k |O=OaD Qy x@ |}=yv

xtOkt
Ov=|r}O@D w |O}rwD R}=tDt OL=w u}OvJ pt=W |t}WwQDB |=y`tDHt
|=Q@ u; |}=yv CqwYLt 'xawtHt nvy=ty w xJQ=Bm} C}r=ai =@ xm
p=kDv= '=y`tDHt xvwou}= QO "OvwW|t xDN=U C=QO=Y =} |rN=O `} RwD
xHwD =@ hrDNt |=yOL=w u}@ O}rwD Ov}=Qi R=}v OQwt |=yR=o =} =yp=}U
=} xt}v |xrLQt QO O=wt 'x}rw= s=N O=wt |=yxwQo QO xm O=wt |vwo =vwo x@
|Ov@xDUO �� `}=t =} |R=o Cr=L QO �� |mtm O=wt R}v w CN=U u=}=B

[2w1]"OQ=O |}xS} w C}ty= 'OvwW|t
|Q=Poxrwr xv}y@ |@}DQD sDU}U |x�=Q= w |L=Q] VywSB u}= hOy
|t}WwQDB`tDHthrDNt|=yOL=wu}@|]=@DQ=|=yp=v=m QO O=wtp=kDv=
'O=wt p}O@D w |Q@ Q=m |=yOL=w 'hrDNt O=wt O}rwD pLt x@ xHwD =@
|=yxv} Ry '=yxrwr pw] Vy=m |=DU=Q QO O=wt ẁvD '=yxrwr Q]k w O=OaD
C=Q]N Vy=m R}v w p=kDv= ?U=vt CaQU x@ |@=}CUO '|Q=Poxrwr

"CU= p=v=m QO =yxrwr `}tHD R= |W=v
u=mt= sOa '=yxrwr Q]k ẁvD Ovv=t |}=yC}OwOLt xv}tR u}= QO
u=mt= 'p=v=m QO |m} R}i `v=wt OwHw 'sy Q=vm =yxrwr |NQ@ |R=U=H
OOaDt pQDvm |=yQ}W OwHw 'O=wt |=tO 'p=kDv= Q}Ut QO OwOLt VtN
|OwQw |=yxO=O Qo}O x@=Wt |=yC}OwOLt w hrDNt |=yxR=Ov= =@
p=kDv= sDU}U |R=Uxv}y@ sD} Qwor= QO w xOW ?wULt sDU}U |Q=@H=

"OvwW|t Qw_vt u; |R=UxO=}B w
p=v=m QO =yxrwr |xv}y@ x@ l}ORv u=tO}J x@ |@=}CUO Qw_vtx@
|[=} Q |R=UpOt R}v w |}xiW=mt =Qi w |}xiW=mt |=ysD} Qwor= R=

"CU= xOW xO=iDU=
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""" |=yOL=w u}@ |Q=Poxrwr sDU}U |R=Uxv}y@

"p=v=m |=y`]=kD w u=}=B x]kv ' ẁQW x]kv |Q=PoxQ=tW "1 pmW

"p=v=m QO =yxrwr |}=tv=H "2 pmW

'|r=kDv= O=wt u; QO xm CU= |rwOH x}yD 'pOt O=H}= |Oa@ xrLQt
XNWt |]=@DQ= |=y`]=kD w =yu; Q]k x=Qtyx@ xOvyO p=kDv= |=yxrwr
=@ OvwW|t xO}Wm ẁQW x]kv R= xm |}=yxrwr 1 pwOH QO "CU= xOW
\=@DQ= NJ+ 1 `]=kD =@ OvwW|t sDNu=}=B x]kv x@ xm =yv; w QiY `]=kD
O=OaD uOw@ C@=F ZQi =@ Oa@ |xrLQt QO "CU= xOW XNWt OvQ=O
C}akwt|Q=PoxQ=tW ' ẁQW|x]kv R= 'p=v=m pw] QO =yxrwr |=yC}akwt

"�2 pmW� CU= xOW s=Hv= CU=Q x@ AJ R= |OwaY ?}DQDx@ =y
|r=L QO w 'OwW|t R=e; ẁQW |x]kv R= xm |Q=PoxQ=tW u}= QO
xDiQo Q_v QO u=}=B |x]kv x@ wQ w ẁQW |x]kv QO Q_=v C}akwt xm
�3 w 1 p=Ft QO� OvQ=O Q=Qk p=v=m AJ hQ] QO xm |}=y`]=kD 'OwW
�4w 2� OvQ=O Q=Qk p=v=m CU=Q hQ] QO xm =yv; w '�OQoAJ `]=kD�
x}mD =@ CU= sRq xr�Ut pL |=Q@ "OvwW|t xO}t=v �OQoCU=Q `]=kD�
hrDNt |=yu=tO}J |xU}=kt |=Q@ |tm |mqt '|R=Uxv}y@ pt=wa Q@

"p=v=mQO =yxrwr GwQN w OwQw w =yxrwr 'O=wt |[Qi xvwtv "1 pwOH
|]=@DQ= |=yp=v=m �D�xrwr Q]k xO=t s=v h}OQ

0'3 Iv}=4 M01 1
2 '3 '4 Iv}=4 M02 2
0 '5 Iv}=6 M03 3
1 '3 Iv}=6 M04 4

2 '4 '5 Iv}=8 M05 5
1 '3 '4 Iv}=6 M06 6
1 '4 '5 Iv}=8 M07 7

0 '2 '3 '5 Iv}=8 M08 8
0 '3 '5 Iv}=10 M09 9
1 '2 '4 Iv}=10 M10 10

l} QO w sy Q=vm p=v=m QO xk@] l} w |[Qa h}OQ l} QO =yxrwr �
"OvQ}o|t Q=Qk O=ODt=

p=v=m QO =yxrwr u=tO}J pLt w M10 =D M1 R= p=kDv= OQwt O=wt �
"OvwW|t xO}t=v L10 =D L 1

=@ =yxrwr Q]k w P |=yQDt=Q=B =@ =yxrwr |=yDv= w =OD@= QO O=wt Q=Wi �
"OwW|t XNWt D

xr�Ut h} QaD
NP O=OaD|xv}y@ x@l}ORvu=tO}JuDi=}pt=WVywSB|xr�Uth} QaD
|t}WwQDB `tDHt l} |=yVN@ |xOvyO\=@DQ= |rY= p=v=m QO xrwr
l} |=Q=O Q_v OQwt p=v=m "CU= =yxrwr Qw@a |=Q@ C}akwt NL |=Q=O
u}= R= s=Om Qy QO xm CU= `]=kD NJ w u=}=B x]kv l} ' ẁQW x]kv
=} OwQw "OvwW|t OQ=w u; x@ =} w xOW GQ=N p=v=m R= |}=yxrwr =y`]=kD
Qw_vtx@ |R=Uxv}y@ "OW=@ R}v pN=OD CQwYx@ Ov=wD|t =yxrwr GwQN
uOQmxv}tm =} w =yxrwr x=ox}mD CN=U CrwyU '=ypN=OD |R=Uxv}tm
QO xrwr wO Qw@a swRr |vatx@ pN=OD "OwW|t s=Hv= |iQYt |xrwr uRw
Qo}Om} =@ `=iDQ= Q}}eD sOa CQwY QO xm CU= sy Q@ Owta |=yQ}Ut
sRq |xv} Ry V}=Ri= ?Hwt =yxrwr O=H}= `=iDQ= Q}}eD "Ovvm|t OQwNQ@
|oO}J}B Vy=m xm =Hv; R= "Ow@ Oy=wN =yxrwr u=tO}J |oO}J}B w
=ypN=OD O=OaD uOQmxv}tm 'CU= |R=Uxv}y@ |rY= h=Oy= R= |m}
=yu; Q]k x@ xHwD =@ =yxrwr |=yx=ox}mD |xrY=i "OQ=O |}xS} w C}ty=
w xDi=} V}=Ri= u; |}=DU}= |}=v=wD 'xrwr Q]k O=}OR= =@ "OwW|t u}}aD
u=tO}J CQwY QO "O@=}|t V}=Ri= R}v =yx=ox}mD |xrY=i xH}Dv QO
V}=Ri= R}v =yx=ox}mD O=OaD 'sy CQw=Ht QO Cw=iDt |=yQ]k =@ =yxrwr
sy |=yxrwr xJv=vJ "OwW|t |QDq=@ |xv} Ry O=H}= Ea=@ w xDi=}
xDi=} Vy=m =yx=ox}mD O=OaD 'OvQ}o Q=Qk sy Q=vm QwOktr=|DL xR=Ov=
Q=QkDU= 'wQ u}= R= "OwW|t sy=Qi xv} Ry p}rkD C=@Hwt xH}Dv QO w
|R=Uxv}y@ CyH QO |Qo}O pt=a Qo}Om} Qw=Ht xR=Ov=sy |=yxrwr
pN=OD pt=wa 'VywSB |xv}y@ x@ l}ORv hOy x@ xHwD =@ "CU=
Qw_vt |[=} Q pOt QO O}=@ R}v p=v=m QO =yxrwr u=tO}J |xw}W w

"OvwW

xr�Ut |[=} Q pOt
x]kv R= u; |=y`]=kD |]=@DQ= p=v=m u}= |[=} Q pOt |L=Q] Qw_vtx@
x]kv |=Q@ "OvwW|t |Q=PoxQ=tW |OwaY CQwYx@ u=}=B x]kv =D ẁQW
w xOW xDiQo Q_v QO NJ+1 OOa u=}=B x]kv |=Q@ w QiY OOa ẁQW
u}= R= |O=tv "OvwW|t |Q=PoxQ=tW =yxrwr p=YD= \=kv ?}DQD u}O@

"CU= OwyWt 1 pmW QO xvwtv xr�Ut l} |=Q@ |Q=PoxQ=tW

sQ=yJ w |U |xQ=tW � h} QW ! 2
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|LY=v u}O}; w x}�=iY =[QOtLt

"K `]=kD QO pN=OD "3 pmW

"OwW|t xOQ@ Q=mx@ Q} R VwQ 3 w 2 \@=wQ R= xO=iDU=
Sn;p = Size di�erence between locations Ln andLp

Sn;p =
NPX
i=1

NPX
j=1

XinXjpjDi �Dj j

NE =
NL�1X
k=1

Sk;k+1 =

NL�1X
k=1

NPX
i=1

NPX
j=1

XikXjk+1jDi �Dj j (4)

QO R}v xR=Ov= Q}}eD Q}O=kt '=yxR=Ov= Q}}eD C@F Q@ xwqa 4 \@=wQ QO
uDiQo Q=Qk QO ẁvD pk=OL 'Q}O=kt u}= uOW xv}tm =@ xm xOW xDiQo Q_v
NC |x@U=Lt |=Q@ |WwQ CU= sRq xt=O= QO "OwW|t pY=L =yxrwr
QO pN=OD hrDNt |=yCr=L x}rm Q=Okt u}= u}}aD |=Q@ "OwW x�=Q=
QO `k=w M |xrwr |=Q@ K OQoCU=Q |HwQN QO "OwW|t xDiQo Q_v
CtU QO |Qo}O |xrwr xm ODi=|t j=iD= pN=OD |t=ovyN C}akwt
XNWt 3 pmW QO pN=OD u}= R= |O=tv "OW=@ xDW=O OwHw u; CU=Q
`]=kD QO =ypN=OD |x@U=Lt |=Q@ jwi ?r=]t x@ xHwD =@ "CU= xOW

"OwW|t xDiQo Q=mx@ Q} R h} Q=aD t OQo CU=Q

Rmk =

8><>:1 if pipe m is connected to route t

0 otherwise

Bm = Min(k)jRmk = 1 Beginning of pipe m

BBmt =

8>>>><>>>>:
1 if Bm < t

if pipe m begins before junction t

0 ifBm � t
Em = Max(k)jRmk = 1End of pipe m

EAmt =

8>>>><>>>>:
1 Em > t

if pipe m ends after junction t

0 ifEm � t
(5)

�xt} QH `@=D� xm Q=}at u}= "OwW h} QaD =yv; |ov}y@ u=R}t u}}aD w
%O};|t OwHw x@ Cw=iDt Q=}at wO R= xOW xO}t=v

=yxrwr pN=OD
R= OYkt x@ uO}UQ |=Q@ |}xrwr OW=@ sRq Qo = xr�Ut h} QaD T=U=Q@
Q_v QO =@ "O};|t OwHw x@ pN=OD l} Ovm Qw@a |Qo}O xrwr Q} R =} w wQ
xt} QH `@=D O}=@ 'CU= =ypN=OD u}= uOQmxv}tm xm x}rw= hOy uDW=O

"O@=} V}=Ri= pN=OD Qy =@ u; Q=Okt xm OwW h} QaD |wLvx@

xR=Ov=sy |=yxrwr uDiQoQ=Qk sy Q=vm
xR=Ov= sy |=yxrwr uDiQo Q=Qk OW QmP xr�Ut h} QaD QO xm Qw]u=ty
u}=Q@=v@ w OR=U|t QDxO=U =yxrwr |=Q@ =Q =yx=ox}mD |x}@aD 'sy Q=vm QO
|xt} QH� u=wvax@ |Q=Okt 'OvW=@v xR=Ov= sy x}=Uty |xrwr wO x=oQy

"OwW|t xOwRi= xt} QH `@=D x@ �xR=Ov= Q}}eD
"OwW|t h} QaD xv}tm �xt} QH `@=D� xr�Ut |xv}y@ pL uDi=} |=Q@

Min PF (1)

%ZQi =@

NC = Number of collisions

fC = Factor of importance for collisions

NE = Sum of size changes

fE = Factor of importance for equity of sizes

PF = NCfC +NEfE (2)

CQwYx@ X Q}eDt '=yxR=Ov= Q}}eDu}vJty w =ypN=OD O=OaD x@U=Lt |=Q@
%OwW|t h} QaD Q} R

Xmn =

8><>:1 if pipe Mm is assigned to location Ln

0 otherwise

NPX
i=1

Xij � 1j8j = 1; :::; NL
NLX
j=1

Xij = 1j8i = 1; :::; NP

Xij = 0; 1j8i = 1; :::; NP ^ 8j = 1; :::; NL (3)

ZQi=@ 'NC w NE Q}O=kt |x@U=Lt |=Q@CU= sRq xrLQt u}= QO
=@ NE Q=Okt x@U=Lt |=Q@ "OvwW x�=Q= |}=ysD} Qwor= X}YND 'OwHw

3 ! sQ=yJ w |U |xQ=tW � h} QW
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""" |=yOL=w u}@ |Q=Poxrwr sDU}U |R=Uxv}y@

8>>>>>>>><>>>>>>>>:
NjX
t=1

2666666664
TDt

NL�1P
m=1

NLP
n=m+1

NPP
i=1

NPP
j=1

XimXjnRit

BBjtEAjt+

(1� TDt)
NLP
m=2

mP
n=1

NPP
i=1

NPP
j=1

XimXjnRit

BBjtEAjt

3777777775

9>>>>>>>>=>>>>>>>>;
fc

S:T: :
NPX
i=1

Xim � 1j8m = 1; ::; NL
NLX
m=1

Xim = 1j8i = 1; :::; NP

Xim = 0; 1j8i = 1; :::; NP ^ 8m = 1; :::; NL (10)

xr�Ut pL |=Q@ |O=yvW}B |=yVwQ
O}OLD w ?=aWv= |xv}y@ VwQ

QiY |=yQ}eDt =@ wO xHQO |R} Qxt=vQ@ ẁv R= xOW x}yD |[=} Q pOt
Lingo Ovv=t |]NQ}e |R} Qxt=vQ@ |=yQ=R@= =@ u; pL w xOw@ l} w
p�=Ut pL |=Q@ O}OLD w ?=aWv= VwQ R= =yQ=R@= u}= "CU= Q}PB u=mt=
xr�Ut w swO xHQO ẁv R= hOy `@=D xm =Hv; R= "Ovvm xO=iDU= X}YND
|=ypOt |=Q@ u; |Q}PBpL 'CU= |]NQ}e ,qt=m |R} Qxt=vQ@ ẁv R=
|q=@ |Q@u=tR p=tDL= x@ xHwD =@ [3]"CU= |v}@V}B p@=k Q}e nQR@
=Qi� w �|}xiW=mt� Qo}O VwQ wO 'VwQ u}= =@ |[=} Q pOt pL

"OvQ}o|t Q=Qk |UQQ@ OQwt �|}xiW=mt

Greedy2-Opt '|}xiW=mt VwQ
w xOW =O}B =yxrwr R= umtt X}YND l} =OD@= VwQ u}= |Q@ Q=m =@
PF |x@U=Lt R= TB "OwW|t x@U=Lt u; x@ \w@ Qt |xt} QH `@=D
=yxrwr wO x@ wO Z} waD =@ w xOQm Q=mx@ ẁQW Ow@y@ sD} Qwor= 'x}rw=
sD} Qwor= u}= [4]"OwW|t PF Vy=m =@ |}=tv=H Ow@y@ QO VWwm
sD} Qwor=� OyO|t s=Hv= =Q |Ow@y@ '|}=Hx@=H \UwD xmv; Crax@
wO I}y |}=Hx@=H =@ xm |t=ovy "OwW|t xO}t=v �wO x@ wO X} QL
pY=L |}=tv=H w xDi=} xtD=N sD} Qwor= 'OwWv pY=L Ow@y@ |}xrwr
^=Lr R= sD} Qwor= u}= |oO}J}B "OwW|t x�=Q= |}=tv=H u} QDy@ u=wvax@
pta QDy@ |ak=w p�=Ut |=Q@ pta QO |rw CU= O(N2) |Qw�D

[5]"Ovm|t
"CU= xOt; 4 pmW QO CQ=Jwri CQwYx@ sD} Qwor= s=Hv= pL=Qt

Pipe in location|x}=Q; QO xv}y@|}=tv=H'sD} Qwor=|=QH=R=TB
xOW ?=NDv= |=yxO=O =@ 20PT xt=vQ@ |=QH= =@ "CW=O Oy=wN OwHw

C=@U=Lt '5 w 3\@=wQ x@ xHwD =@ t OQoCU=Q `]=kD QO?}DQDu}O@
%Ovm|t XNWt =Q =ypN=OD O=OaD Q} R

TCRt;m = Total collisions on right for junction

t in location m

TCRt;m =
NLX

n=m+1

NPX
i=1

NPX
j=1

XimXjnRitBBjtEAjt

GTCRt = Grand total of collisions on right for

junction t

GTCRt =
NL�1X
m=1

NLX
n=m+1

NPX
i=1

NPX
j=1

XimXjnRit

BBjtEAjt (6)

'5 w 3 \@=wQ x@ xHwD =@ t OQoAJ `]=kD QO ?}DQD u}tyx@
%Ovm|t XNWt =Q =ypN=OD O=OaD x@=Wt C=@U=Lt

GTCLt = Grand total of collisions on left

for junction t

GTCLt =
NLX
m=2

mX
n=1

NPX
i=1

NPX
j=1

XimXjnRitBBjtEAjt

(7)

%OwW|t h} QaD NC Q=Okt p=L

TDt =

8><>:1 if junction t is a turn to right

0 if junction t is a turn to left
(8)

Q} R CQwYx@ =ypN=OD pm O=OaD 8 w 7 w 6 \@=wQ R= xO=iDU= =@
%OwW|t x@U=Lt

NC =
NjX
t=1

[TDt �GTCRt + (1� TDt)�GTCLt]
(9)

'|[=} Q pOt |R=UxO=U 9 w 4 w 3 w 2 w 1 \@=wQ R= xO=iDU= =@
"OwW|t pY=L |}=yv \@=wQ

Min
�NL�1X
k=1

NPX
i=1

NPX
j=1

XikXjk+1jDi �Dj j�fE+

sQ=yJ w |U |xQ=tW � h} QW ! 4
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|LY=v u}O}; w x}�=iY =[QOtLt

Exchanging pipes4 and9Reduced PF to5200
Exchanging pipes6and7Reduced PF to5100
Exchanging pipes7and9Reduced PF to4800
Final Assignment is :14698732510
Final Penalty function is:48=00
Pipe Diameters :466108864810

l}DvS sD} Qwor= '|}xiW=mt =Qi VwQ
QiY w K}LY OOa p�=Ut pL |=Q@ QDO}OH VwQ 'l}DvS sD} Qwor=
sD} Qwor= R= xO=iDU= =@ |Q=Poxrwr |xr�Ut pL |=Q@ [6]"CU= l} w
|=Q@ [8w7]"s}vm XNWt =Q =yswRwtwQm sQi =OD@= CU= sRq l}DvS
5 pmW j@=]t =yswRwtwQm 'OwHwt C=}[Qi =@ Q[=L |xr�Ut pL
swRwtwQm p=Ft |=Q@ w 'OwW|t xDiQo Q_v QO xr�Ut pL x=Q l} u=wvax@
Q=Qk p=v=m AJ x}r=|yDvt QO 8 xQ=tW |xrwr xm CU= u; Qov=Wv 8
w 3 w 7 w 1 w 2 w 10 w 9 w 5 w 6 |=yxrwr u; Q=vm QO w xDiQo
u=Wv =Q VwQ u}= sD} Qwor= CQ=Jwri 6 pmW "OvQ=O Q=Qk ?}DQDx@ 4
|iO=YD CQwYx@ =yswRwtwQm R= |D}atH sD} Qwor= u}= QO "OyO|t
x@U=Lt C}atH O=Qi= R= s=Om Qy |oOvR=Q@ xrLQt Qy QO "OwW|t O=H}=
pUv pm |oOvR=Q@ ẁtHt x@ OQi Qy |oOvR=Q@ C@Uv TBU "OwW|t
u}Or=w R= |m} u=wvax@ Qw[L |=Q@ OQi u; ?=NDv= p=tDL= u=wvax@
=OD@= 7 pmW j@=]t ?=NDv= u}= s=Hv= |=Q@ "OwQ|t Q=m x@ Oa@ pUv
|oOvR=Q@ pm ẁtHt x@ u; C@Uv TBU w 'x@U=Lt w[a Qy |oOvR=Q@
|=Q@ w xOW ?DQt sy QU CWB TBU =[a= "OwW|t x@U=Lt pUv
OOa l} ?=NDv= =@ "OwW|t x@U=Lt |atHD |@Uv |oOvR=Q@ s=Om Qy
|atHD |@Uv |oOvR=Q@ u}= T=U=Q@ u=wD|t l} w QiY u}@ |iO=YD
CU= xHwD p@=k "O=O s=Hv= OQi Qy |@Uv |oOvR=Q@ p=tDL= =@ =Q ?=NDv=
u}= x@ xHwD =@ w OwW ?=NDv= Q=@ l} R= V}@ CU= umtt OQi l} xm
'CU= QDW}@ q=@ |oOvR=Q@ =@ O=Qi= Q=@ l} R= V}@ ?=NDv= p=tDL= xm

"Ovm|t ltm Oa@ pUv Ow@y@ x@
u}@ u=OvRQi O=H}= |=Q@ pO=@D pta 'u}Or=w xawtHt ?=NDv= R=TB
GMX VwQ R= pO=@D pta s=Hv= Qw_vtx@ "OwW|t s=Hv= OQi wO Qy

"wO x@ wO |}=Hx@=H =@ |}xiW=mt sD} Qwor= "4 pmW

%OwW|t pY=L Q} R G}=Dv
Initial assignment is:12345678910
Initial Penalty function is:63=00
Exchanging pipes 2and4Reduced PF to6200
Exchanging pipes4and6Reduced PF to60000
Exchanging pipes3and4Reduced PF to5900
Exchanging pipes5and6Reduced PF to5500
Exchanging pipes5and8Reduced PF to5300

xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW xrwr xQ=tW
C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO C}akwt QO

10 9 8 7 6 5 4 3 2 1

8 6 5 9 10 2 1 7 3 4
"=yswRwtwQm ?}mQD "5 pmW

5 ! sQ=yJ w |U |xQ=tW � h} QW
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""" |=yOL=w u}@ |Q=Poxrwr sDU}U |R=Uxv}y@

"pO=@D pta s=Hv= |xwLv "8 pmW

?=NDv= |vS x=oQy "OwW|t R=e; u=OvRQi pUv |=yswRwtwQm pm QO
"OwW|t O=H}= uS u; Q=Okt u} Ro}=H u=wvax@ |iO=YD OOa l} 'OW
pta swRwtwQm pm QO uS |x}rw= Q=Okt =@ xOW O}rwD Q=Okt |v} Ro}=H =@
"OyO|t u=Wv =Q VyH u}= R= xvwtv l} 9 pmW "O@=}|t u=}=B VyH
pO=at |}x}rw= C}atH uDiQo Q_v QO w C=}[Qi u}= x@ xHwD =@
sRq "OwW|t x}yD sRq |xt=vQ@ '0 05 VyH ?} Q[ w w[a 100
`@=D Twmat CQwYx@ sD} Qwor= u}= QO |oOvR=Q@ `@=D xm CU= QmP x@
pUv Q=Ry xU CWPo R= TB "OwW|t h} QaD |[=} Q pOt xt} QH

%O};|t CUOx@ Q} R ?=wH
Best answer until generation1is

47861391052Penalty = 53=00
Best answer until generation8is

46873129105Penalty = 51=00
Best answer until generation44is

41638795102Penalty = 50=000
Best answer until generation266is

14678910532Penalty = 47=00
Best answer until generation277is

41638791052Penalty = 46=00

"VyH pta s=Hv= |xwLv "9 pmW

"l}DvS sD} Qwor= "6 pmW

"|oOvR=Q@ T=U=Q@ ?=NDv= s=Hv= |xwLv "7 pmW

xOy=Wt p@=k 8 pmW QO pta u}= s=Hv= |xwLv "CU= xOW xO=iDU=
pO=@D \w]N u=wvax@ K}LY |iO=YD OOa wO VwQ u}= QO "CU=
=@ TBU w xOW Q}FmD u=OvRQi |=Q@ u}Or=w swRwtwQm "OvwW|t O=H}=
u=OvRQi uS u}Or=w QO pO=@D \w]N u}@ xOW `k=w |=yuS x@ xHwD
|m} QO pO=@D \N R= Oa@ pw= uS Qo = xm |vat u}= x@ "O@=}|t Q}}eD
sy=@ j w i |=yuS x}rm u=OvRQi QO 'OW=@ j |Qo}O QO w i u}Or=w R=
s=Hv= u}Or=w s=tD |=Q@ pO=@D pta ?}DQD u}ty x@ "OvwW|t Z} waD

"OwW O=H}= u=OvRQi C}atH =D OwW|t
VyH "OUQ|t VyH pta x@ C@ wv 'pO=@D pta s=Hv= R= TB
=@ uS |iO=YD ?=NDv= =@ [9]OW Oy=wN s=Hv=TSP |xr�Ut j@=]t xm
OwHwt |=yuS x}rm u}@ R= ��VyH?} Q[� x@ swUwt� X=N p=tDL=

sQ=yJ w |U |xQ=tW � h} QW ! 6
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|LY=v u}O}; w x}�=iY =[QOtLt

|Q}oxH}Dv
Q[=L p=L QO xm u}= w |t}WwQDB |=y`tDHt x@=WD x@ xHwD =@ �
|=yOL=w u}@ OwHwt |=yxrwr |}=tv=H |=Q@ |tra |=yVwQ R=
CQwY |@ QHD CQwYx@ |}=tv=H u}= w xOWv xO=iDU= |O}rwD
|=yxrwr u=tO}J |R=Uxv}y@ |=Q@ jwi |=yVwQ |Q@ Q=m 'OQ}o|t
xJ w CN=U u=tR QO xJ =Q =y`tDHt |}=Q=m '=yOL=w u}@ |]=@DQ=

"OyO|t V}=Ri= |Q=OQ@xQy@ u=tR QO
X}YND |xr�Ut x@ |} woMU=B OvtR=}v =yxrwr |xv}y@ u=tO}J �
O}OLD w ?=aWv= VwQ R= xO=iDU= =@ u; pL w xOw@ swO xHQO
|R} Qxt=vQ@ ẁv R= xr�Ut xmv}= x@ xHwD =@ w OQ=O |O=} R |oO}J}B
"CU}vh} QaD p@=k u; |=Q@ |v=kwi |v=tR OLCU= |]NQ}e,qt=m
's-=wD Qw]x@ l}DvS |}xiW=mt=Qi w |}xiW=mt sD} Qwor= R= xO=iDU= =@ �
|rLt p=tDL= w xDiQo Q=Qk V}=tR; ZQat QO hrDNt |=yu=tO}J

"OwQ|t u}@ R= ?=wH uOw@
u=wD|t |}xiW=mt=Qi w |}xiW=mt sD} Qwor= wO R= s-=wD |xO=iDU= =@ �
CUO =yxrwr u=tO}J |=Q@ ?U=vt |=y?=wH x@ OwOLt u=tR QO

"OQm ?=NDv= =Q u} QDy@ xv}y@ x@ l}ORv OL QO w xDi=}
=yxrwr u=tO}J ?U=vt ?=NDv= w hrDNt |=y?=wH |UQQ@ =@ �
=@� Kr=Yt hqD= R= w xOW xv}y@ |Q=Poxrwr sDU}U '`tDHt QO
E=OL= |oO}J}B "OwW|t |Q}owrH �=y`]=kD O=OaD uOWxv}tm
Vy=m Qw=Ht |=yxrwr QO Q]k C=Q}}eD uOW pk=OL =@ R}v =yxrwr

"O@=}|t

Q_v x@ "OQ=O OwHw |O=} R EL@ l}DvS sD} Qwor= |oO}J}B OQwt QO
|xr�Ut |oO}J}B pO=at l}DvS sD} Qwor= |oO}J}B |q=@ OL OUQ|t
|rta OQ=wt QO xm OyO|t u=Wv |rta |=yVywSB =t= 'OW=@ |rY=

[10]"OUQ|t ?=wH x@ QD`} QU sD} Qwor= u}=

=ysD} Qwor= |Q@ Q=m p}tmD
OwW|t XNWt xOW KQ]t |=yVwQ OQmrta p}rLD w x} RHD =@
hOy `@=D QO |rLt |}xWwo \=kv x@ CaQU =@ |}xiW=mt VwQ xm
|=Q@|i=m u=v}t]= Ok=i|}=yvDx@VwQu}= |Q@ Q=m|rw 'O@=}|t|UQDUO
'|rLt CQwYx@ |}xWwo \=kv u}}aD =@ "CU= xv}y@ ?=wH x@ |UQDUO
|}xiW=mt=Qi sD} Qwor= QO "OQ=O OwHw xv}y@ ?=wH R= xrY=i p=tDL=
|rw xOw@ |v}@V}B p@=kQ}e ?U=vt |=y?=wH x@ |UQDUO CaQU
wO R= s-=wD |xO=iDU= =@ p=L "OQ=Ov OwHw =y?=wH uOw@ |rLt u=mt=
|QD?U=vt VwQ u=wD|t �|}xiW=mt=Qi� w �|}xiW=mt� sD} Qwor=
sy=Qi pw@k OQwt u=v}t]= =@ QDtm u=tR QO xr�Ut |xv}y@ pL |=Q@
|}xiW=mt=Qi sD} Qwor= |R=Uxv}y@ |xH}Dv u=wD|t =DU=Q u}= QO "OQw;
TBU 'CiQo Q_v QO |}xiW=mt sD} Qwor= x}rw= u=tO}J u=wvax@ =Q
|x}rw= C}atH R= |t}v u=wvax@ =Q sD} Qwor= u}= R= xrY=L |xH}Dv
=Q C}atH u}= =[a= |x}k@ w xOQm h} QaD |}xiW=mt =Qi sD} Qwor=
uO}UQ =D =Q Ov}=Qi u}= 'Q=m |xt=O= QO [11]"OQm O=H}= |iO=YD CQwYx@
|xv}y@ x@ l}ORv ?=wH u=wvax@ =Q xH}Dv u} QDy@ w xO=O xt=O= ?=wH x@
VywSB sRrDUt 1|@}mQD sD} Qwor= u}= |Q}oQ=mx@ "Ovvm|t ?Um xr�Ut

"OQ=O =Q OwN X=N |oO}J}B w xOw@ QDW}@
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