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Chapter 1
Introduction

*QK#BM iQ B HQTiBKBx iBQM T'Q#H2Kb U*PSbV "2T 2b2Mi p bi;
TH v pBi H QH2BMK Mv/Bz2'2Mib+B2MiB}+ }2H/bX 6°QK Q#pBQmb
BMR(M/i> MbTQ K)iBRMWM2bb TT "2Mi TTHB+ iBQMbBM +QKTmi2 pBb
Q#D2+i i HFBWi{?BM;K2/B+ HBR):BM;j(@b+2M2 2+Q@Mbi m+iBQM (
g?BH2 bQK2 Q7 i?2b2 T'Q#H2Kb + M #2 bQHp2/ BM TQHVMQKB H
*PSb #2HQM;iQi?2BM7 KQmbLS@> '/ +QKTH2tBiv+H bbX h?Bbi?2k
Tm TQb2 QTiBKBx iBQM K2i?Q/bi? i+ M#2 TTHB2/iQH ;2 ;°"QmTb
J Mv p2'b iBH2 bQHp2'b 2tBbi- #mi i?2v "2 mbm HHv Km+? bHQr2" i’
2tTHB+BiHvV /2bB;M2/ 7Q" ;Bp2M T Q#H2KX 6Q 2t KTH2- +QMbB/2 E
a H2bK M S"Q#H2K UhaSV- "2+2Mi 2tT2'BK2Mi H "2bmHib b?Qr i? in
bQHpPp2 - QM2 + M }M/ i?2 QTIBKmMK 7Q° M BMbi M+2 Q7 kkN MQ/2b B
20mdX AM QTTQbBIiBQM- i?72°2 Bb bQ7ir "2 + HH2/ *QM+Q /2 2tT
bQHpBM; haS- M/i?2 mi?Q b +H BK QM i?2B  r2#bBi2i? i Bi+ M bQH
BM j3XeR bMWD £{Qm b2- i?2b2 2tT2 BK2Mib r2°'2 +QM/m+i2/ QM
b2imTb-#mii? i /Q2b MQi MM/2 KBM2 i?2 7 +ii? ii?2 +QKTmi iBQM il
#v i?2°22Q /2 bX

aQK2iBK2b Bi BbM22/2/iQ bQHp2 Km+? H ;2" BMbi M+2b i? M 2t +i
"2 bQM #H2 KQMmMi Q7 iBK2-bQ /Bz2 2Mi TT Q +? Bb "2[mB 2/X PN
# M/QM Mv ;m ~ Mi22b QM i?2 [m HBiv Q7 i?2 bQHmMIBQM M/ mb2 Kz
?2m BbiB+b 2T Q#H2K@BM/2T2M/2Mibi® i2;B2bi? iQ +?2bi 12 +Q
BQmb QTIiBKBx iBQM T ' Q+2/m 2b i? i ~2 nNoin KBV T2 @#BIRiKB@ bH @+ B }
;Q Bi?KQ bQHp2 Bb T 'iB+mH "BKTH2K2Mi iBQM 2tTHQBiIBM; i?2
**2 iBM; K2i ?2m ' BbiB+ H;Q Bi?Ki BHQ 2/iQQM2T "iB+mH ~ T Q#l
+QMbmKBM;X 6Q i?Bb "2 bQM-BiBb +? HH2M;BM; "2b2 "+? ;Q HiQ/
K2i ?2m "BbiB+ bQHp2 i? irQmH/ TH v bBKBH " "QH2iQ ?2m BbiB+]|
H;Q Bi?KbX am+? bQHp2 b H 2 /v 2tBbi-#mii?2v "2 HBKBi2/iQ +Q
b2Mi iBQM-2X;X-T2 Kmi iBQMb-#BM "'v-BMi2;2-Q "2 Hp2+iQ b- Q
bm+? b AMi2;2° S°'Q; KKBM; UASV Q *QMbi" BMi S'Q;  KKBM; U*SV
h?Bb i?72bBb BKb iQ T'QTQb2 M2B;?#Q ?2QQ/@Q B2Mi2/ K2i ?2m"
T 2 Bib T2'7Q°K M+2 iQ i?2 AS :m Q#B bQHp2 QM 7Qm" /Bz2 2Mi
L K2Hv-* T +Bi i2/ 02?B+H2 _QmiBM; S'Q#H2K U*o_SV-Zm /" iB+ b
H2K UZ SV-LQM@S2 Kmi iBQM 6HQrb?QT ULS6aV- M/ am/QFmX h?:
+ T #H2 Q7 /2 HBM; rBi? T'Q#H2Kb rBi? /vM KB+ T2 Kmi iBp2 bQHmM
.WVM KB+ T2 Kmi iBp2 2T 2b2Mi iBQM K2 Mb i? ii?2 bQHmMIiBQM Bb
1272/ b2[m2M+2 Q7 TQi2MiB HHv "2+m "BM; MQ/2b M/ i? ii?2 H2M;i"
Kv+? M;2/m BM; i?72 QTiBKBx iBQMX h?2 M2B;?#Q ?QQ/@Q B2Mi2,
iQ 2tTHQBI T'Q#H2K bi m+im 2 r?BH2 T ' 2b2 pBM; p2'b iBHBiv M/ b
+?7Qb2M #2+ mb2 Bi Bb HbQ KmHIBTm TQb2 iQQH- M/ i?Bb i?2bB
i?72T°QTQb2/ K2i ?2m ' BbiB+ bQHp2  + M QmiT2 ' 7Q K i?2 2t +i bQHPp:
[m HBiv ;Bp2M HBKBi2/ KQmMi Q7 iBK2X



Chapter 2
Literature review

AM i?2 } bi b2+iBQM Q7 i?Bb +? Ti2 - bQK2 # bB+ i2’ KBMQHQ;v Bb T
ivT2b Q7 H;Q'Bi?Kb mb2/ 7Q" +QK#BM iQ' B HQTiBKBx iBQMX h?2 ¢t
Qp2 pB2r Q7 ;2M2  H@Tm TQb2 i QQHb Mb2/7Q bQHpBM; # Q /; " Qm
QM +QKKQM T Q#H2K Q bQHmMIBQM 2T 2b2Mi iBQMX

HH QTiBKBx iBQM H;Q 'Bi?Kb + M #2 +H bbB}2/ BMiQ QM2 Q7 i? 2
"Bi?Kb, 1t +i- TT QtBK iBQM- M/ ?2kXRQB+x7R22MB2X R?2 };m 2
Bb MQi #v Mv K2 Mb M 2t? mbiBp2 HBbi Q7 H;Q Bi?KbX AMbi2 /- Bi
KQbi 7 KQmb H;Q Bi?Kb b ivIB+ H 2T '2b2Mi iBp2b Q7 2 +? H;Q’E
1t +i H;Q Bi?Kb Hr vb;m ~ Mi22 iQ }M/ i?2 QTiBK HbQHmMIBQMX "
M/ +miiBM; TH M2b "2 bQK2 Q7 i?2 2t +i H;Q Bi?Kb QM2 + M mb2 i
2t KTH2Bb #'2 /i7@} bi@b2 "+?2 Q Bib BKT ' Qp2/p2'bBQM " +Fi" +FB
S'Q; KKBRHX(h?2 /QrMbB/2 Q7 mbBM; 2t +i H;Q Bi?Kb Bb p2'vTQQ"
bQHpBM; LS@> '/ T Q#H2Kb- M/ bQ i?2v "2 mb2/ QMHvV 7Q bK HH B

TT QtBK iBQM H;Q Bi?Kb i'viQ /2 HrBi? LS@? '/ T Q#H2Kb BM
rv BM i?2 i2° Kb Q7 +QKTmi iBQM #m/;2iXLSbbmK@M ;+i? bIs Q7
QTiBKBx iBQM T Q#H2Kb-+ MMQIi #2 bQHp2/ QTiBK HHvBM TQHVMQ
H;Q Bi?Kb "2 TQHVMQKB H H;Q Bi?Kbi? i+ M}M/ M TT QtBK i2b
T QpB/BM; ;m ~ Mi22 “2; "/BM; i?2[m HBivQ7i? ibQHmMIBQMX Ibm
bm+? H;Q Bi?Kb Bb 2tT 2bb2/ b KmHIBTHB+ iBp2 7 +iQ - K2 MBM
Bb Hr vb ;m ~ Mi22/ iQ #2 rBi?BM KmHIBTHB+ iBp2 7 +iQ" Q7 i?2
a /Hv /I2p2HQTK2Mi Q7 M TT QtBK iBQM H;Q Bi?K Bb T"Q#H2K@b"
;2M2° HBx2/X 7 KQmb 2t KTH2 Bb *?°'BbiQ}/2b6 H;Q Bi?K 7Q" hasS
i? i Bib bQHmMiBQMb rBHH #2 rBi?BM 7 +iQ  Q7RRK Q7 i?72 QTiBK H b
>2m BbiB+ H;Q Bi?Kb b22F 7Q" ?B;? [m HBiv bQHmMIiBQMb i "2 b
iBK2-#mi+ MMQi;m ~ Mi22i? i T Q#H2K rBHH #2 bQHp2/BMi2 Kb Q
bQHMIBQMX h?2v+ M#2 mb2/ b bi M/@ HQM2 K2i?Q/-#mii?2v ~2 F
2t +i H;Q Bi?KbiQ T QpB/2 MmMTT2 #QmM/ QM bQHMIBQM [m HBivX
Q7 H 2 /v K2MiBQM2/ " M+?@ M/@#QmM/ mb2 ?2m BbiB+ iQ +?Q
2tTHQ "2 i? R)Xi (

h?2°2 "2 b2p2°  Hr vb 7Q° ?2m 'BbiB+b +H bbB}+ iBQMX _2; "/BM;
/IB/ i2 bQHmMiIiBQMb ? M/H2/ BM 2 +? bi2T- ?2m ' BbiB+b "2 +H bbB}2/ |
TQTmH iBQM@# b2/X aBM;H2@bQHMIBQM F22T QMHvV i?2 #2bi + M/
iBQM-i?2 H;Q Bi?Kb b2 "+?2 i?2°"Qm;? i?2 + M/B/ i26b M2B;?#Q ?QQ
i?72 + M/B/ i2 rBi? MQi?2 - Q7i2M i?2 #2bi- bQHmMIBQM 7QmM/X 6 k
?2m " BbiB+b BM+HmM/2 o "B #H2 LRY; MQAPDD Q2B Q+?HRAX "+7? (
SQTmH iIBQM@# b2/- QM i?2 Qi?2 ? M/- K BMi BM b2i Q7 + M/B/ iz
7Q Kb2 "+? BM KmMHIBTH2 T "ib Q7 bQHmMIBQM bT +2RB1pHMIiBQM ™
MQi #H2 2T 2b2Mi iBp2b Q7 TQTmH iBQM@# b2/ ?2m BbiB+bX

_2; 7/IBM; r?2i?2 i?2 H;Q Bi?KK BMi BMbbQK2 FBM/ Q7 K2KQ v Q
?2m BbiB+b + M #2 /IBpB/2/ BMiQ K2KQ v@# b2/ M/ K2KQ v@H2bbX .
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bQHMIBQM Bb ;2M2" i2/X PMi?2 Qi?2 2 M/- HQ+ Hb2 “+?2 ?22m BbiB+
/QK BMBiB H bQHmMIiBQM- M/ i?2M Bi b2 “+22b i?2 bQHmMIiBQM bT +2
i?2 T°2pBQmb bQHMiBQMX

1bb2MiB H T QT2ivQ7 Mv H;Q Bi?K Bb r?2i?2  Bi Bb /2i2 ' KBMBb]
i2°KBMBbiB+ H;Q Bi?Kb 7QHHQr 'B;Q Qmb T 'Q+2/m 2X h?2B T Q;
“2T2 i #H2- K2 MBM; i?2v T2 7Q K T 2+Bb2Hv i?2 b K2 b2 “+?2 BM 2p2

‘Bp2M BMbi M+2 M/ T * K2i2'bX +H bbB+ H 2t KTH2 Q7 /2i2 KB
L2 "2bi L2B;?#Q" H:Q Bi?K 7Q" haSX

PM i?2 Qi?2° 2 M/- biQ+? biB+ H;Q Bi?Kb Hr vb ? p2 bQK2 * M/Q}
1pQHMIBQM v H;Q 'Bi?Kb 2 ;QQ/2t KTH2X 1 2T 2b2Mi #'Q / b:
# b2/ QTiBKBx iBOM TT Q +?2bX bi?2M K2 bm::2bib-i?2vi F2 BMI
HQ;B+ HT Q+2bb2b- HBF2 Kmi iBQM- "2+QK#BM iBQM- M/ b2H2+iB(
BM i?2 TQTmH iBQM rBHH #2 /Bz2 2Mi 2 +? iBK2 i?2 H;Q Bi?K Bb 2t
" M/QK MmK#2™ ;2M2° iQ b iQ bBKmH i2 "2+QK#BM iBQM M/ Kmi iBQ
"2bmHi K v #2 bBKBH ~ Q" 2p2M b K2- i?2 T i?b iQ 2 +? "2bmHi "2 T
R3RNX MQi?2  TQTmH ~biQ+? biB+ 22m BbiBkBbraBKmHNIZ@ MM2 |
/QKHvV ++2Tib bm#QTiBK H + M/B/ i2biQ 2b+ T2 HQ+ H QTiBKmKX

I 2.1 General-purpose optimization paradigms

AM i?Bb i?2bBb- i?2 rQ /T  /B:K K2 Mb T Q#H2K 7Q KmH iBQM N
T ii2’MX bQHp2 Bb T iB+mH ~bQ7ir "2i? i 2KTHQvb bm+? T ° /I
/IBb+mbb2bi?2 KQbi "2MQrM2/;2M2° H@Tm TQb2 T "~ /B;Kb7Q  *PSh
i? i "2mb2/ BMbQHpP2'bi? i 2tTHQBi i?2b2 T * /B;KbX



AMi?2 1} biirQ bm#b2+iBQMb- AMi2;2  S'Q;" KKBM; M/ *QMbi~ BMi
H2K T " /B;Kb "2 BMi ' Q/m+2/ br2HH b i?2 KQbi ;2M2 B+ 2t +i H;Q’
i?72KX h?2 i?B'/ b2+iBQM Bb 7Q+mb2/ QM KmHIBTm TQb2 K2i ?2m"~
reB+? "2 mb2/ b M Hi2 "M iBp2iQi?2 2t +i H;Q Bi?Kb 7Q  BMi2;2"
+QMbi®” BMi b iBb7 +iBQMX h?2 H bi b2+iBQM /Bb+mbb2b i° Mb7Q K
r2HH@bim/B2/ *PSb rBi? 2{+B2Mi T'Q#H2K@bT2+B}+ bQHp2 bX _ i
T /B;K-BiBb MBKTQ'i Mi +QM+2Ti HHQrBM; "2mb #BHBiv Q7 bQH
+QMbB/2°2/ b bQHMIBQM TT Q +7?X

Il 2.1.1 Integer Programming

S Q# #Hv i?2 KQbi "2MQrM2/ T ~ /B;K BM + QK # Bikteg@ Fso-H Q TiBKBX il
gramming UASVX Ai ? b ; BM2/ TQTmH “Biv #2+ mb2 Q7 i?2 p2'b iBHBIiv
S K 7Q KmH iBQM M/ #2+ mb2 i?2°2 "2 2{+B2Mi H;Q Bi?Kb i? i + M
Q#D2+iBp2 7mM+iBQM M/ +QMbi> BMib Q7 i?2 Iht€gerLifear2 HBM?2 - B
Program UAGSV- M/ Bi + M #2 7Q KmH i2/ bi?2 7TQHHQrBM; KBMBKBx

NJO vou
TVCKFDU UP 6.
XIFSF A
on bo N~
n
n UkXRV

bT2+B H + b2-r?2M HH i?2 QTiBKBR iBRIMBpriB #Bl2lp Hm2 Q7 2B
i?72° x2°Q Q° QM2- Bb + HH2/ y@R GBM2 ~ S'Q;" KKBM;X MQi?2" +
B Mixed Integer Linear Program UJAGSV- r?B+? bi M/b 7Q HBM2 T 'Q; Kb i?
bQK2 QTiBKBx iBQM®» HB MHBQK2 "2 BMi2;2 bX

MQi?2 T  +iB+ H ivTriteger Qu&irdtix Program UAZSV- i? i Bb- BMi2;2"°
T Q;" Ki?i?b[m/ iB+ Q#D2+iBp2 7TmM+iBQMX LQMHBM2 ~ +QMb
T Q#H2K Km+? 2?2 /2°X AM 7 +i BMi2;2  T°Q;  KKBM; rBi? [m /" iB+ +Q
+B/ #H2- BX2X-i?22 + MMQi 2tBbi M H;Q BRIl iQ bQHp2 i?Bb T Q#

HH i?2b2 ivT2b Q7 AGS 2 K2MiBQM2/ ?2 2 iQ /2KQMbi  i2 ?Qr p2°
"2+ mb2 AGS M/y@R HBM2 " T 'Q; Kb "'2bT2+B H+ b2b Q7 JAGS-i-
mbBM; QM2 bQHp2 - 2X;X-:m Q#B- *SG1s-Q K Mv Qi?2 bX JQbi ;2M
Q7 bQHpP2'b "2# b2/ QM # > M+?2@ M/@#QmM/ U" "V M/ bBKTH2t H:;Q
p "B MiQ7" "Bb HbQ mb2/BM m Q#B i? ir b mb2/ b +QKT "BbQM
bQHp2 X

h?2 bBKTH2t K2i?Q/ Bb i?2 KQbi +QKKQMHVY mb2/ H;Q Bi?K 7Q" b
;7 Kb- BX2X- T°Q;" Kb i? i ? p2 HBM2 ° +QMbi® BMib M/ Q#D2+iBp2
QTiBKBx2/ p "B #H2b "2 "2 H- MQi BMi2;2 bX Ai ? b 2tTQM2MiB H r
#mi K xBM;Hv- Bir b b?QrM iQ +QMp2 ;2 BM 2tT2+i2/ TQHVMQKB H
i " B#¥miBQMb Q7 M/QK BMTmibX h?Bb 7 +i K FXRRi p2'v mb27mH BM

i }’bi bB;?i- Bi KB;?i b22K i? i/2 HBM; rBi? AGSb KB;?i #2 2 bB2" i
bBM+2 i?2 b2i Q7 TQbbB#H2 bQHmMiBQMb Bb bK HH2 X IM7Q imM i2H
2LS@7? /X "mi7QimM i2Hv-r2 + M 2tTHQBIi i?2 bBKTH2t K2i?Q/ iC
h?2 "2H t iBRM @B HBM2 " T Q; Ki? i? bi?2b K2Q#D2+iBp2 7mN
+QMbi> BMib bi?2 Q B;BM HAGS-#mii?2/QK BM Q7 QTiBKBx2/p 'B
MmK#2XbaBM+2 TQbbB#H2 bQHmMIBQMb Q7 i?2 Q' B;BM HAGS "2 bm



K2 Mbi? i p o . b X h?2°27Q°2r2 + M mb2 bBKTH2tiQ }M/ H
#QmM/ UG"V Q7 i?2 QkRXBM H AGS (

" M+?7@ M/@#QmM/ Bb M2t +i/2i2 ' KBMBbiB+ H;Q Bi?Ki? i miBHI
im27Q + M/B/ i2 bQHMIBQM b2i 2tTHQ  iBQMX h?2 "QQi MQ/2 "2T"
bQHMIBQMbX i2p2 v Bi2  iBQM-""bTHBib BMiQ # M+?2b Q7 bQHr
"Bi?K bQHp2b "2H t iBQM BM 2p2°v MQ/2 iQ }M/ i?2 HQr2  #QmM/ 7Q
RKX 1 +?2 #° M+2?26b HQr2° #QmM/ Bb +?22+F2/ : BMbi i?2 ;HQ# HmT
M/ B7i22 G + -i?2r?QH2 # M+? Bb /Bb+ KR BZImmM22 Bi(+ MMQi
H2 /iQ i?2 QTiBK HbQHMIBQMX A7 i?2 QTiBKmK Q7 i?2 +m "2Mi MQ
''n'-72 bB#H2 bQHMIBQM Bb 7QmM/ M/i?2 MQ/2 Bb MQi 7m i?2" #
iQ mT/ i2:1"B7 TTHB+ #H2X

h?Bb Bb i?2 KQbi ;2M2 B+ p2 bBQM Q7 " "- #mi /2}MBi2Hv MQi i?2 G
b2p2° HBbbm2br?B+? M22/ {i2MiBQM M/ r?B+? + MBKT Qp2T2 7Q" |
bB;MB}+ KBi-HNEF2 b2 “+? kj)- BX2X- i?2 Q /2  BM r?B+? MQ/2b 2 2tT
i?2 # M+?BM; bk9i2BX2X- 2Qr i?2 bQHmMIBQM bT +2 Bb T "iBiBQM2/
MQ/2b BM i?2 i°22- M/ i?2 KgnMBERX-mABBK i? i T 2p2Mi pBbBiBM; #
i? i+ Mdi +QMi BM QTiBK HbOQHMIBQMX *m "2MiHv- i?2 KQbi bm++2
BMi2:2° T°Q:" Kb Bb #° M+?@ M/@+miX Ai Bb Q#i BM2/ #v [IBM; +)
iB;?i2M i?2 HQr2  #QmM/ #27Q 2 2p2'v #  M+?BM; biREX 6Q  KQ 2 /2]

B 2.1.2 Constraint Satisfaction Problem

h?2 +QMbi° BMi b iBb7 +iBQM T Q#H2K U*aSV Bb TQr2 ' 7mH T ° /B;
MiQ B HT Q#H2Kb # b2/ QM +QMbi° BMibX +QMbi> BMi Bb HQ:;B+
Q KQ'2p "B #H2b- 2 +?2 i FBM; p Hm2 BM ;Bp2M }MBi2 /QK BMX
i? ii?2mb2  /2}M2b Db2ii?2 +QMbi> BMib M/ ;2M2  H@Tm TQb2 +Q
bQHp2 - HBFRE QG 1Z3{®H2(Bb mb2/iQ }M/ bQHMIBQMi? ib iBb}2b HH
6Q K HHv *aS Bb iuB@HE?2 2

E w JTBTFUPGOEJTDSFUF WBSJBCMFT
VIR & JTBTFUPG O GJOJUF EPNBJOT TVDI UIBU
g og .2JTBTFUPGUDPOTUSBJOUT SFTUSUXXK®H UIF WB

M/ i?2 bQHmMIBQM Q7 *&S BbyfM@imTH22 nu 7Q° r?B+? 2 +?
g Bb b iBKEX (h?2 2 "2 b2p2° HivT2b Q7 Q#D2+iBp2b QM2 K v Tm'k
2X;X- }M/BM; Mv bQHmMiBQM- }M/BM; HH i?2 bQHmMIiBQMb- M/ }M/E
"2; '/IBM; bQK2 ;Bp2M Q#D2+iBp2 7TmM+iBQMX h?2 H ii2° Q7 i?2i? 2.
bi?2 +QMbi® BMi b iBb7 +iBQM QTiBKBkNBQM T Q#H2K U*aPSV (
h?2 K BM H;Q Bi?K 7Q° bQHpBM; *aSh BK3X 4 iB b FrB Bli;2 bt2B K+BPH(
iQ i?2 # M+?2@ M/@#QmM/ H;Q Bi?KX Ai Bb HbQ M 2t +i H;Q Bi
[2Ti?@} bi b2 "+?2 Q7 ;> /m HHv ;2M2" i2/ b2 "+? i 22- 12?222 2 +?2 N
M bbB;MK2Mi Q7 p Hm2 iQ p "B #H2- M/ 2 +?2 # M+? 2T 2b2Mib
AM Qi?2 rQ /b- Ai #mBH/b mT T "iB HbQHMIiBQMb #v +?2QQbBM; p H
"2 +?22b /2 /@2M/-r?2°2 1?2 T "iB HbQHmMIBQM + MMQi #2 2ti2M/2/
bQK2 +QMbi® BMiX q?2M i?Bb ? TT2Mb-Bi # +Fi° +FbiQ i?2 H bi +?Q
MQi?2  #° M+?X h?Bb Bb /QM2 mMiBH i?2 Q#D2+iBp2 Bb 7TmH}HH2/-
bQHMIBQM Bb "2 +?22//2T2M/BM; QM i?2 ivT2 Q7 bbB;MK2MiX

J MVi2+?MB[m2b 7Q BKT QpBM,; i?22{+B2M+v Q7 # +Fi° +FBM; b2
#22M bm;;2bi2/ M/ 2p Hm i2/- BM+HmM/BM; +QMbi° BMi T°'QT ; iBQM
# +tF@DmKTBM;-?2m BbiB+b7Q p B #H2 M/ p Hm2 Q' /2'BM;- M/ |
bi™ i2;BgpX(



*aS BbBM K Mvr vb bBKBH ~iQ AGSX A7 T Q#H2K 7Q KmH iBQM 7
7mMM+iBQM M/ HH i?2 #QMbHBBMIB-BBM + M #2 bQHp2/ #v #Qi? *a$S
AGS bQHpP2'bX h?2 7mM/ K2Mi H /Bz2 2M+2 #2ir22M AGS M/ *aS B
HBKBi2/iQ 'Bi?K2iB+ +QMbi> BMib U2[m HBiB2b M/ BM2[m HBiB2b\

fo N N 44X

MBKTQ'i MiivT2 Q7 +QMbi> BMiBb bQ@+ HH2/ ;HQ# H +QMbi B
Bb bBM;H2 +QMbi> BMii? i 2T 2b2Mib ?B;?Hvbi'm+im 2/ b2i Q7 +C
rQmH/ #2HW/Bz2'QMbi> BMii? i "2[mB 2b b2iQ7p "B #H2biQi F2 /Bk
Ai bBKTHB}2b i?2 T'Q#H2K 7Q KmH iBQM b Bi "2T 2b2Mib H ;2 b2
i?72 b K2 iBK2bQHp2'b+ Mi F2 /p Mi ;2Q7i?2bT2+B Hbi'm+im 2 Q"
i22°27Q°2 + M #2 BKTH2K2Mi2/ Km$RXQ 2 2{+B2MiHv (

B 2.1.3 Metaheuristic solvers

J2i ?2m " BbiB+b "2 ;°"QmT Q7 p2 v ~2tB#H2 T ~ /B;Kbi? i+ M#2 mb2,
iB+b7Q pB'im HHv Mv +QK#BM iQ B HQTiBKBx iBQM T Q#H2KX h?
'B2b i? i +QK#BM2 QM2 Q' KQ'2 QTiBKBxXx iBQM T °Q+2/m 2b- ivTB+ F
#2 2t +i br2HH- M/ Qi?2 K2i?Q/b+ T #H2 Q7 2b+ TBM; 7' QK i?2 HQA
T2'7Q KBM; "Q#mbib2 "+? Q7NjkQHMIBQM bT +2 (

h?Bb ~2tB#BHBiv HbQ +QK2b i +Qbi, 2b2 +?2 b mbm HHv bT2
iBK2T QT2 Hv/2bB;MBM; M/ imMBM; i?2B K2i ?2m BbiB+X b Q#b2"
T T2 b-/2bB;MBM; M 2{+B2Mi K2i ?2m BbiB+ "2[mB '2b HQi Q7 BMin
K2i ?22m BbiB+ jRPB; M2 (

6Q imM i2Hv- i?2°2 "2 bQK2 bQHp2' b i? i 2tTHQBIi K2i ?2m BbiB+ T
b2 pBM; p " BQmb H2p2Hb Q7 ;2M2" HBivX PM2 Q7 i?2 KQbi MQi #H2
GQ+ HaQHp2 X Ai Bb +QKK2 +B H bQ7ir "2 i? i /Q2b MQi "2Hv QM
TT Q +?X Ai +QK#BM2b b2p2° H 2t +i M/ ?2m BbiB+ K2i?Q/b /vM k
+QKTmi iBQMX aBKBH "iQ MAGS bQHpP2'-6GQ+ HaQHp2 b2 “+?2b
HmiBQMb- +QKTmi2b HQr2  #QmM/b M/ QTiBK HBivT QQ7b- M/ + M
Q7 M QTiBKBx iBOQM KQ/2HX "mi GQ+ HaQHp2  MQi QMHv +?B2p2b |
HbQ QM ?B;?Hv MQMHBM2 ~ M/ +QK#BM iQ B HKQ/2Hb- BMpQHpBM
+QHH2+iBQM p "B #H2b- "~ vb- Q 2p2M2ti2"M H7mM+iBQMbd (

MQi?2  BMi2 2biBM; bQHp2  Bb PTi SH MM2 X Ai Bb M QT2M bQn
+ HaQHp2 /2p2HQT2/ #v _2/ > iX 6PTi SH MM2" +QK#BM2b bQT?Bb
i2HHB;2M+2 QTiBKBx iBQM H;Q Bi?Kb Ubm+? b h #m a2 +7?- aBKm
++2Ti M+2 M/ Qi?2° K2i ?2m BbiB+bV rBi? p2'v 2{+B2Mi b+Q 2 + H
bi i2@Q7@i?2@ i +QMbi° BMi bQHpBM; i2+?MB[m2b 7Q LS@+QKTH!
(8) X

1pQHMIBQM ‘v H;Q'Bi?Kb "2 b2i Q7 K2i ?22m BbiB+ TQTmH iBQ
T /B;KbX h?2 2 27 K2rQ Fbi? i? p2BKTH2K2Mi2/ KQbiTQTmH °
[2}M2 M2r QM2b-bm+? b1pQHmMIBQM v *QKTme)irB @ MibB#RIrZAJ F Ul*eE
1pQHmMIBQM v H;Q Bi?Kb BM Siyi 1@ Hp B M5;VR@)D 2 Mib K{ Mv
KQ'2X h?2b2 7" K2rQ Fb H2i6b mb2  /2}M2 }iM2bb 7mM+iBQM- BX2X
7mM+iBQM BM AS- M/ +?2QQb2 ;2MQivT2- BX2X- + M/B/ i2 bQHmIiEB
"2T°2b2Mi iBQM Bb mbm HHv 2Bi?2° #BM v p2+iQ - "2 H p2+iQ - T2
/i bi'm+im 2X

H2bb p2 b iBH2Vv2i TQr2 7mHQMNIpRD BY GtEZMGEQM iQ i?72 2{+B2Mi
E2"MB;? M@>2Hb; mM haSOyQHREY BEFQ(2 7mHHQ+ Hb2 "+?2?22m"
i?72haS# b2/ QM i?2p "B #H2 /2Ti? HQ+ Hb2 "+?X GE>? b T ' Q/m+2/
7Q° HHDbQHP2/ T Q#H2Kb r2 ? p2 #22M #H2iQ Q#i BMc BM+HmM/BM;



OR GE>@]j 2ti2M/b i?2 Q'B;BM H GE> rBi? i?2 TQbbB#BHBiv iQ ? M/
KmHiIBTH2 i° p2HBM: b H2bK2M r?B+? BM+'2 b2b i?2 MmK#2 Q7 T Q7
>Qr2p2°-i?2v "2 HHp "B iBQMb Q7 haS M/ 02?B+HBR)XQmiBM; S Q#|

Bl 2.1.4 Transformations to Fundamental Combinatorial

Optimization Problems

MQi?2  BKTQ'i Mi bQHMIBQM TT'Q +? Bb iQ K F2 mb2 Q7 M 2{+B:
bQHPpP2  #vi° Mb7Q KBM; i?2 ;:Bp2M QTiBKBx iBQM T Q#H2K BMiQ i?:
bQHpP2  /2bB;M2/ 7Q X h?Bb QTiBQM b?QmH/ #2 +QMbB/2° 2/ #27Q "2
bQHpP2" bbT2+B HBx2/ bQHp2 rBHH KQbi T Q# #Hv Qz2  #2ii2" “2bm
iBQM iBK2 M/ bQHMmMIiBQM [m HBivX 6Q 2t KTH2- 6HQr a?QT a+?2/mH
7 KQmb b+?2/mHBM; T Q#H2K i? i+ M #2 i° Mb7Q K2/ M/ bQHp2/ #

h?2:;Q HQ7 h® p2HBM; a H2bK M S ' Q#H2K BbiQ }M/ > KBHIiQMB M +
r2B;?2i2/ ;" T?2i? i KBMBKBx2b i?2bmK Q7 /Bbi M+2b Ur2B;?ibVvV Q7 i?2
AMbi M+2 Q7 haS + M #2 2T 2b2Mi2/ b /Bbi M+2 K i BtX

6aaS + M #2 # B2~v /2b+ ' B#2/ b T Q#H2K Q7 bbB;MBM; T'Q+2bbB
JK +?BM2br?2°'22 +? DQ# +QMbBbib Q7 J QT2 iBQMbX HH DQ#b ? |
QT2 iBQM Q/2  r?2M T bbBM; i?2°Qm;? i?2 K +?BM2b #mi + M ? p2 /F
iBK2X h?2 Q'/2° Q7 DQ#b Kmbi #2 i?2 b K2 QM 2 +? K +?BM2X h?2 ;
IM/ bm+? Q /2°BM; i? i KBMBKBx2b i?72 K F2bT M- 8BKRX-iQi HT Q+2

hQ 7Q°"KmH i2 6aaS b haS-BiBb M2+2bb "'viQ7Q KmH i2 6aaS mbB
hQ /Q i?Bb- /Bbi M+2 + M #2 /2}M2/ b T°Q+2bbBM; iBK2b Q7 #Qi? C
K MM2", 6h?2 /Bij, BIBF2K2 bm 2 Q7 BM+'2 b2 Q7 BbFRBT2MMBI2D Q#
7i2° DOQ#FBM; BMiQ ++QmMi QMBY) DQ#b M/ #X0(

MQi?2  r2HH FMQrM 2t KTH2 Q7 T'Q#H2K i Mb7Q K iBQM Bb i?2 L
KiBQWMT?B+? + M#2 mb2/iQ KQ/2H i?2 :2M2" Hh p2HBM; a H2bK N
bi M/ "/ h® p2HBM; a H2bK M ST Q#H2KX
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h?Bb +? Ti2 /2b+ B#2bi?2 T QTQb2/K2i ?2m ' BbiB+bQHp2 X Ai HbC
i?ir2°'2mb2/7Q Bib#2M+?K "FBM;- bT2+B}+ HHv* T +Bi i2/ 02?B+1
U*o SV-Zm /> iB+ bbB;MK2Mi ST Q#H2K UZ SV-LQM@S2 Kmi iBQM 6
M/ am/QFmX h?2b2 70m™ T Q#H2Kb r2°2 b2H2+i2/ #2+ mb2 i?2B"
T QTQb2/ bQHp2" "2 K "F2/Hv /Bz2 2MiX "mi KQ '2iQi? iH i2°"BMi?
h?2} " bib2+iBQMQ7i?Bb +? Ti2 T 'QpB/2bi?27Q'K H/2}MBiBQM Q7
i? 1i1?22T°QTQb2/ bQHp2  + M //"2bbX //BiBQM HHv- Bi BMi'Q/m+2b
BM; T'Q#H2KbX h?2 b2+QM/ b2+iBQM /2b+ " B#2b i?2 ;2M2'B+ T i C
b2;K2Mi Q7 i?2 bQHp2  i? i 7 +BHBi i2b i?2 QTiBKBx iBQM # b2/ QM
M/ #QmM/b p2+iQ bX AiBb M2B;?#Q ?QQ/@Q ' B2Mi2/ 7" K2rQ Fi? i
7°QK KmHIBTH2 TQTmH " HQ+ Hb2 "+? H;Q ' Bi?KbX h?2 H bib2+iBC
i?72 7Qm"> T Q#H2Kb #2 7Q KmH i2/ M/ BKTH2K2Mi2/ BM i?2 T°QTQb:
6mM’i?2 KQ ' 2-Bi T'2b2Mib JAGS 7Q°KmH iBQMb mb2/ 7Q" i?2 +QKT |
QTiBKBx2 X

B e vao-Ae.; i"1"0i¢
B i e éesjlijia —aa0-AiE«; 171701
h?2 T°QTQb2/ bQHp2" //°2bb2b T'Q#H2Kb i? i+ M #2 /2}M2/ b 7QHH
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