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SCOPO Solver for COnstraint Programingd 00 0000000000000 O00O0O0O0ODOODOOODOOOO
U0000dddudddddeconstraint programmingl 0000000 0DD0ODDO0OD0O0OO0OOO0O0OOO0OOOOOO
gooooooooobuoobuoobb bbb oo b oo oo b uooobuoooobo
o0o00o0oO0o0oo0oO0O0O0O0O0O0OO0O0O0O0O0

scop0O0OOoooooogn

e 000 IDODUODOOLOOOODUODODOUDLOOOODOUDODULOODODODOLODOOODO
obooobobooooobooooboboooboOobOoobooboobooboOobOobooobooooOoDno
gbooobooooboboooooboooobobooooon

e 000U DOODOOOOOUDOODODODLDOOOODOODODODOOOOOODODODOOOOOODOO
ooooobooogo

e OO OODLOODLOOLOOODOODOOODOUODLOOLOOLbOOLDbDOUObUObLDOObLOOn
obooobOoboooobooboooobooboooobooboooooboon

scopiddoooooooooooLrLoGgopPToOOOOOOO
http://www.logopt.com/scop.htm

gboboobobooooboboooobooooooboooobooboooobOoboboOon 1s0b0obooon
oboooobooboooobooooboobooooboboooboboboooboOobooooobooonoo

gbooboooboooboooobooobooooobooooboooooooOobooooboooboooboooooooOon
gooobooooon



120 SCOPOO

gooogoscopUoooooooooOoOoOoOoOoOoOoOoooooooooooooooOoooOog scopOo
googoooood
OO00D0O0O0O00000DOCODOO0000DOOCO0OO00000DOO constraint satisfaction problemO0 00000 3 O

obooooobooog

OOOvariabled: 00000000000 OCO0O0O0ODOOOOOOOOOOOODOOOOOOOODOOOOOOO
boboobooomuob1b0booboobooboobooboooonbo

O00domainll: 000000000000 O0OOCOO0OOOOOO

OO0Oconstraint0: 0000000000 OCOO0ODOOOO0ODOOOO0ODOODOOODOOOO

goboooboooboooobooobobooobOoobboooob10bo0oobboooobooooon
COo0OOoOoOooscorpOoOlDOOUODOUOO0OOUUDOUOODOOODDOONDOD weighted constraint satisfaction
problem0 000000000 O0O0OCOO0OCO0DO0O0ODOOOOOOO0COOOsolutiondd0OOoOScopOdnnonOon
gboboobooobooboobooobooooobooobooboobooobooboooboOoobOooboboobOooooDo
0000000000000 00DCOO00000DDODODOOdobjective functiondO0O0000O0O0O0OO00OO
oooooooono

gooooOoOoOoOoOOOOOScopOOOOOOOOOOOOOOOOOO

21 ODOO0OOO 1

goooooos3o0ooo0 ABCO3OO0OO0OO o,,200000000000000O0O0OOOOOO1IDOOO
gboobooooboobooboooboobooooboboobooooboobO0ooooboooboOooobooon

googooogo
0o 1 2

Al15 20 30

Bl 7 15 12

C\25 10 13
gboooboobooboboboobboobooboobooboboboboon

OO00000DOO0OOoOogoscopOOuODOOOO variable D in 00000



variable OO0 in { OO }
00000000000 0domain0 00000O0O0ODOOOOOOODODOO
o1, 02, 03,

gbooobOmooooooooon
3000000 ABCOOOOOOD 0,1,2000000030000000000000DOO0ODOO AB,C
0000000O000oOoooooo {o0,1,2} 0000000 SCoPO0UIOOOUODOOUOOOUUOOOUODOO

variable A in {0, 1, 2}
variable B in {0, 1, 2}
variable C in {0, 1, 2}

000000000000SCOPOOOOONONONDD weight O type 00000
000: weight= 00000 +type=00000 [0000]

goboooooooboooooboobboobboooboooooooobobooboobooobooboooboooboobboooDo:
U00000000Oweight=00000000000000O0000O0O0O0O0O0O0OCOOO0OOOOOOO00O00O0
gbbo0obooboobobbo0 inf0000004inf 0000000000 OOO0ODOO00OOO0ODOO0OCOO0OO0
gobooooooooobboooobooooboooobooboooooooobboboobooooobOOoooooDOooDOoODbo
oboboobOobooooobobooobooboooooboooobooboooooboOooOooobOOobooboOoboon

type= 0000000000000 OOOOOSCOPOOOOOOOODOOOOOODODOOOOineardalldift,
quadratic 0 3 000000linear 000000 Q1I1dif£f 0000000000 0O00O00O0O0OO0O0OODOOO0OO
U00000, quadratic0000 20000000000000001inear0alldiff 0 2000000000003
quadratic000000230000000000003200350000000000000000000000
oooooobooooobooboobooboooo

scorogpoooOoOoboOoOOoDbOOOl1000O0OOoO00ODOOO00DbDOO0O0OODODOODODODOODOOODOOO
obooobOo1gb0o0oooooboooo

ooooooooo

o011 (0001 ,01) ,0020002,02), .... <= (>=, =) 0000

gboooboobgoooobobobi1oboob 10oboboobobo1oobooobobooboboobDo 20
gbogbobobooboobobooboboobobobobooboobobooboobobooboboooan
0000000000 0DbOO00O0O0bO0bO00O0DbObO<=O00Db0OO>=O0bU0O0OO0=0000D0ObOOODOD
objUbldbOODOODOOOODOODLOOOODLOObOOOn
obj: weight=1 type=linear
15 (A, 0) 20(A, 1) 30(4, 2)
7 (B, 0) 15(B, 1) 12(B, 2)

25 (C, 0) 10(c, 1) 13(C, 2)
<=0



cooooooooo0oOoooooooooooboOo0 ooooDObOOOOooOoOooooSscorPpOObDOOOd
gbooobOob 1bo0ooob0oboooboobooooboobooooboboobooboooboon

googoboobologooooooboobooboobooboobuoobooboboboobobooobo

gboobuodgbouoobgobobboobboobboobodboubiut al1diff 0ggogooaooanoo

alldiff 0000000

gooi1, 00020 ... ,000000;

gobooooooob,0ooooooogbooboobobooooooboooboooooooooobooooooon
goooobooooooobos;o0obooobo

oooooOoOoO0O0O0 A)B,CO0QOOOOOOOOOOOOOOODOOODOOOOOOOOOOOOOOOO

constraint: weight=inf type=alldiff A B C;

OO00o0ooo0oOoboopoOooo scopooooooooooood

variable A in {0, 1, 2}
variable B in {0, 1, 2}
variable C in {0, 1, 2}
constraint: weight=inf type=alldiff A B C;
obj: weight=1 type=linear
15 (A, 0) 20(A, 1) 30(A, 2)
7 (B, 0) 15(B, 1) 12(B, 2)
25 (C, 0) 10(C, 1) 13(C, 2)
<=0

OOoO00OgOgscorPOiiddibODbOODDO ext-scop.datd 0000000 O0ODOOOOOOOOODODODODO

scop < exl-scop.dat

# reading data ... dome: 0.00(s)

penalty = 1/32 (hard/soft), time = 0.00(s), iteration = 0
# improving the initial solution greedily

penalty = 0/47 (hard/soft), time = 0.00(s), iteration = 0
# start tabu search

penalty = 0/37 (hard/soft), time = 0.01(s), iteration = 2

# penalty = 0/37 (hard/soft)
# cpu time = 0.01/0.05(s)
# iteration = 2/100

[best solution]
A: 0O
B: 2
C: 1
penalty: 0/37 (hard/soft)
[Violated constraints]
obj: 37
00000000 AOOOO0O o00O0O0bO BOOOO 200000 CcCOO0O0OO0 100000000O00O00O0000
go0oooooooooooooooobooooooooooooobooobooooooooooon



Al@® 20 30
Bl 7 15 @©
c\ 2 13

gooooooooboob obboOoOoOoooOOOODODODO 100000000000 ooboobooDoOoOoOooo
oobobooo ob0ooobbO0oOoooObOoooooDbbOOo0O 3700 opjODOO 1DOO0OOODOOOO
37(=154+12+10) 000000000000

22 QJOooon 2

ooos500000 ABCDEDO3OOCODO o l,20000000000000000000000000O0A0
oboobooobooooooooobo 1,2,200000000000000000000000000000OC

ugbooaboaaogagod
0 1 2

15 20 30
7 156 12
25 10 13

S Q W =

15 18 3

E\5 12 17
gobooOoobobOoooooooooooooobooooO0ooobOo0o0obo0obo0oob0o0obOo0dnweightd
Ubobo00infO000O000OO0
gbooooboob obooooboooobobobo 100o0oboboboobooboooooboboooDooD

constraintO: weight=inf type=linear 1(A,0) 1(B,0) 1(C,0) 1(D,0) 1(E,0) >=1

scop0ddooooooooooooon

variable A in {0, 1, 2}
variable B in {0, 1, 2}
variable C in {0, 1, 2}
variable D in {0, 1, 2}
variable E in {0, 1, 2}

constraint0: weight=inf type=linear 1(A,0) 1(B,0) 1(C,0) 1(D,0) 1(E,0) >
constraintl: weight=inf type=linear 1(4,1) 1(B,1) 1(C,1) 1(D,1) 1(E,1) >
constraint2: weight=inf type=linear 1(A,2) 1(B,2) 1(C,2) 1(D,2) 1(E,2) >

1
2
2

obj: weight=1 type=linear
15 (A, 0) 20(A, 1) 30(4, 2)
7 (B, 0) 15(B, 1) 12(B, 2)
25 (C, 0) 10(C, 1) 13(C, 2)
15 (D, 0) 18(D, 1) 3(D, 2)
5 (E, 0) 12(E, 1) 17(E, 2)
<=0



OOoOo0ggscorPOiiddibObOODD ex2-scop.datd 0000000 O0ODOOOOOOOOODODODODO

scop <ex2-scop.dat
# reading data ... dome: 0.00(s)

1]
o

penalty = 1/52 (hard/soft), time = 0.01(s), iteration
# improving the initial solution greedily

penalty = 0/57 (hard/soft), time = 0.01(s), iteration
# start tabu search

penalty = 0/50 (hard/soft), time = 0.03(s), iteration
# penalty = 0/50 (hard/soft)

# cpu time = 0.03/0.05(s)

# iteration = 2/100

]
o

]
N

[best solution]
A: 1

2
1
2
0

moaQw

penalty: 0/50 (hard/soft)
[Violated constraints]
obj: 50

0000000 000o00DooD ADOOO 100000 BOOOO 200000 cODODOO 100000 D
o000 200000 EOCODOO0OoO0DO0OOODOOOODODOODOODOODOOOOODOODODOUOOODOOO
ocoooooooooooooon

0o 1 2
Al 15 @O 30
Bl 7 15

c| 25 13
D15 18 (3
E\G) 12 17

gbooooooooobo oobobOobobobobobobooOooooooooooooboobo oobobOoo
000000000000000 0000000000 50(=20+12410+3+5) 000000000000

23 00000 3

ooo00oooooO0o0ooooooo0o0ooooo0oop0oD A0 Ccoooopoooooooooooooo

00000000000000 AD CO0O0OO0ODOOO0OO0OO0D00DO0O0O0O0OO0OOODOOO0O0O0O0OODODOODOOOO0
oboobOobo0ooooboboboobo 2000000000000 qudraticODOOOO0O0O0O0ODOOO
2000000000



oo:1(O0001,01) cOO002,02)
oob2(O00oos,03) 0004, 04)

<= (>=, =) O00O0O0O

obooboooooobooobobooooobooboOobo 200000000000 0000bO000O0 1100000
l00oooboobo 200000 20000000000 100000000DOOOOODOODOOOOODOOO
gooooboooooooboooobooooooDooooooOoooDooboobOo0oboobOobooDboOb
obooo0O0bo0ooooboboboOobo<=00000>=000000=000000000000

O0o0 A0 cCODOQOOOOoOOoOOOOOOOOOODOODODOOD 100ODOOODOOOOOOOOOOO0

quad: weight=100 type=quadratic
1 (4,0) (C,00 1 (Aa,1) (C,1) 1 (A4,2) (C,2) <=0

000000000000 00O00000000OD0O000 ex3-scop.datdd SCOPOOOOOOOOOOOOO

googoood

scop <ex3-scop.dat
# reading data ... done: 0.00(s)

penalty = 1/52 (hard/soft), time = 0.00(s), iteration = 0
# improving the initial solution greedily

penalty = 0/157 (hard/soft), time = 0.00(s), iteration = 0O
# start tabu search

penalty = 0/60 (hard/soft), time
penalty = 0/52 (hard/soft), time
# penalty = 0/52 (hard/soft)

# cpu time = 0.01/0.03(s)

# iteration = 8/100

|
N

0.01(s), iteration =
0.01(s), iteration

]
¢}

[best solution]
A: O

Mmoo aw
=N =N

penalty: 0/52 (hard/soft)
[Violated constraints]
obj: 52
J0ooooooooooono ADOODO o00O0O00 BOoOOOo 200000 cOOoOO 100000 D
0000 200000 EOOOO 100000000000 000O0O0O0OO00O0O0O0OOOO0O0O0O0O0O0O0OO0

gboogobooboobooog



A
B
c| 25 13
D
E\5 @©@ 17
0000000 AOD CODD0ODD00000000000000000000000 000000000000

gbobooboobooboobooboboo ooboobOoboooboboooboooboOobbo 200000000
0 52(=15+12+10+34+12) 000000000000

2.4 SCOrPOUOOO

scop0O0O00OdOopDOOOOOdODDOOOOOO0ODOOODDOOOOO. DODOOoO0OoOooDooOoOoOoooOo
mputfile 00 O,

scop < inputfile

oooooo.

scopiddddfiooodoooooooooooooooooooooooo
scop -help
oood

Usage: scop [-optioms...]
-noadjust deactivate weight adjustment mechanism
-display # set log display level
-iteration # set iteration limit

-interval # set log display interval

-seed # set random seed
-target # set target
-time #.# set cpu time limit in second

oooooOoo.oo,00bo0o0o0oooboooooboon.

-noadjust
0000000000000 000000000O00U00 (DUooO0O,00000oOO0OoDOUooOoooOon).
oooboooooboobo,booboobobooboobobooobo,boobobooobog.
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-display
cooooooooboooo.ogooooooooocgonoboOon

0: 00000 +000
1: 00000 +000 (00)

2: 00000 +000 +000000000

3300000 +000 (00)+000000000
00,000000 -interval 00 000000000000000000000.

-interval
ood0dooooooooooooooooooooooooooooooo0 oooboooobooOooooooao

ooooboooooboooon

—-iteration
O00oooooooooooooboooooooooooooooooooobooooooooobooonoon

oooooo

-seed

gbooobooboobgoobooboobobbo1bo0o0on

—target
oooooooooooooooo. oodooooooooooodoooooooooooooooon.

go0oooooooooo oooon
-time

000000 (0)oo0o0ooO0o0D0oooOoooooOoO 6000000
go,0o00b00obooooooboo.boobooooooa,

1. 00,0000
2.000000

3. 0n0agno

0300b000obo.10 200b0000000000,30 ,2000000000000000.00,#000
gboooboooboobooboooo. oo, 0boboboobobooboobooboobooboobg.
1. 0ogooan

variable OO0 in { O, O, ... }

00000000000,000 (az, A-2),00 (0-9),000 ([ 1),000000 (),000 e0000000
oooooo.

11



2. 000000

target = 00O
oooooooooo0ooooooobo0o0oooDboO0O00.00000DOoObO00000D0,0000D0 target =
oOOpDUObO.ObL,b0000OD0O0D -target OO DOOOOODOD,DO00O0O0DODOO.

3. 00000

OO00: weight = 0000000 type = 00000 0000

000000000000 0Uo00 inf 000000000 (DOOO0OD0,000000000000). 00000
Ob000bO0o0oo0obo0obD,b0000000D00 1inear, quadraticlalldiff 0 3000000000000

gooo.

e linear

ooo z; 0D00000O0OO0OOOOOD. 0000000

oo @oo, o) oo @ooo, Oy ... <=000

000000 (00,000000).<=00000 >»=0000 =00000000.
e quadratic

0dd oy OO0 2000000000. 0000000

oo (ooo, 0) OO0 (oD 1, 01 W@WDO2, 02

oo @oo, o) oo (o011, 01 @oboobz2, 02 ...<=000

000000 (00,000000).<=00000 >»=>0000 =00000000.

e alldiff

ooooooooo vooo,vooooooobooooooboooogoboooooob.ooooooo
oboooo,0bobobobooboooooooooooo. coboobobobo, 0. oooboboo
ubooobooooboobooooboooon,bob,b0 vart 000 var200000

variable varl in { vall, val2 }

variable var2 in { val2, vall }

ob0O000000,00 var1 00 vall,val2000000000O00O0O00O0O 1,00 var2 00 vall,
val2 0000000000 1,o000.000000¢0

12



ooo ooo ... ogoo

oooobo.oboooooo ;o000b00oboooooa.
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030 tUbutdbootdbotutbod

gooooSscopOOdopopopoOoOoOoOOOOO0OOOOOOOOOOOOOO0OOOOOOOOOOOObOOoOO
gbooobooboobooboboo™@ooobooooobooobooboobooobo@mobobbobooboonoo
goooboboooooboooboboOoboobooboooboobooobobooboboob0oboboobbooobobooobooon

ooo

3.1 UOooooooood

gboobooooooooooooboobOooboboboboooooooobooooobOobobobobooboon
oboocooOobooboooooboboooooboboooobooboboooooboboooboobobon 40
gooooooooooboooobobobobob sagbooboooooooooooboboboboboo
gboboooooooobooooooboooooboobobobooooobooobooooboooboobobooboon
000007kg000000000000000000000O0010000em®*010/00000000000000
obboooboooobobobooboobooooobooooobooon

A 2875
2375 1] 2

@ o immp
s 5"
2 3 4 5 T xeg

3000 3500 5100 7200 10000 cm?

197H

031 00b0oboobooboooobobobooboboon

OO00000D0OC0O00DDOO0D0OQO OO multi-constrained knapsack problemO0 0000000000000 0OCO
00000 10000000000000000ANP-OD00000D00O0O0O0D00O0O0DOO0O0OOOObranch and
bound method O O O O O O dynamic programmingd 0000000000000 DOODOO0DOOOOODOOOO
oooooooooo

coooo-100ofobooOoobooOooooogoooog

14



N O U W N

ooooooboooo

n00000000000D000 NOmOOOOODDOOOO MOOOOOOOO jeNDOOO v (>000
000 jeNOOD +:eMOODOODOO a; (>0 000000 ¢eMOOODOODOOOO L (>0000
oooooooooooooooooooOoOoboobobobD reMOOOO pOO0OoOoOoOoOODOOOOOCCDOO
gooooobooboo NOODOOoOooooboboooo

00000000000000000 j(eN)UODODOODUDOOOOOOO 1I000OO0ODOOO OOOO 0-10
0Oqz; 00000000000O0O00O0O0O0O0O0O0OO0O0O0000
maximize Zvjwj
JEN
subject to Zaijxjgbi Vie M
JEN
z; €{0,1} VjeN
0000000000000 ooooooooooooDo0ooooooooooooDooooogon
gdo0d0ooob0o0ooOobOoOobOOo0ooO0boO0bOO00bO0o0ooOOooOoO0obOoOoDO0bOoOObOoooOobooDoOooo
ooobdooobOOoO0ooOOoboOobOOoboOo0bOoUooO0bOOo0obOO00obDO0obOO0oDOo00obDOoobODOoOooOOoDOooOo
00o00ooDo0Dooooooooooooooon
oooooo (o,]]00oo0 v, 0000000000000 U00ooooooUoooUoooooo
oooo0oo0o00O0000 a; 0O 1—-100010g,U(0,1] DODOOOO0O b; O O.QSZjaijDDDDEIDEIEI v; O
10) . a;;/m+100(0,1] 00000000 n=10000000 m=500000000000000000000
g0o00dooOd200000000000000000D0DO00OC00DO0DOO0ODOODOODOO
scop00dUlOOOoOUO0DOOU0O0DOOU00ODOOUOUODOOUOODOOOODOOOODOOO
gooOoopogoooscopUipoOoUooDOoOoUOoDOoOoUOOoDOoOoOoOoDO

variable x[0] in {0,1}

variable x[1] in {0,1}

variable x[2] in {0,1}

variable x[3] in {0,1}

constraintO : weight=inf type=linear 2(x[0],1) 3(x[1],1) 4(x[2],1) 5(x[3],1) <=7

constraintl : weight=inf type=linear 3000(x[0],1) 3500(x[1],1) 5100(x[2],1) 7200(x[3],1) <=10000
object: weight=1 type=linear 16(x[0],1)19(x[1],1)23(x[2],1)28(x[3],1)>=86

gboooboobooooboooobobooboboobooobooboobooooboobooobooobooooaon
gboboooboooobooboooobobooooobobooooboooooboooboon
Ooo0ooooOoOooooooOoOooooogooscopoodoooooOonO pythenDODOOODODODOOO

boooooooboboooooobobobooo0 .obooooooboobobovyboobobooooo
gboovpOobOoOO

[16,19,23,28]
[[2,3,4,5],[3000,3500,5100,7200]]
[7,10000]

len (v)

n=len (b)

f = open(”mkp—scop.dat”,
for i in range(n):

v
a
b

7W’)

15



10
11
12
13
14
15
16
17
18
19
20
21

f.write(”variable x["+str(i)+”] in {0,1}”4+”\n”)

for i in range(m):
f.write( ”constraint”+str(i)+” : weight=inf type=linear ”)

for j in range(n):
f.write( str(a

[N+ (x[P4str (+7],1) 7 )
f.write( 7’<="+str(b[1i]

)47 \n")

f.write( "object: weight=1 type=linear ”)
for i in range(n):
f.write( str(v[i])+”(x["+str(i)+7],1)")

f.write( ">="+str (sum(v)) +’\n”)
f.close ()

oooogooooooscopoobooOooOooooopooboooboOoOo00ooogoooUoU ,2000000
gobooboboooobbooobooobooboboo 40000000b0O0DOOO0O0O0OO0O0DOOOOOO0On 0,4
gooooobooo

scop <mkp-scop.dat
# reading data ... done: 0.00(s)

penalty = 2302/35 (hard/soft), time = 0.00(s), iteration = 0O
# improving the initial solution greedily

penalty = 0/47 (hard/soft), time = 0.00(s), iteration = 0

# start tabu search

penalty = 0/44 (hard/soft), time = 0.00(s), iteration

2

# penalty = 0/44 (hard/soft)
# cpu time = 0.00/0.00(s)
# iteration = 2/2

[best solution]

x[0]: O
x[1]: 1
x[2]: 1
x[3]: 0

penalty: 0/44 (hard/soft)

[Violated constraints]
object: 44

00000DOO0D0OO0DOO0DO0bOO0DOoDOOgoooooooooscopoonoonoonoOonoO e0o0b0OODOO
0000000000000 0000000000D0000D00000O0Otargetd 4400SCcopOdO0dnoooon
0000000000000 o00o0ooo0oDDb00ooDb0o0oDDO0o0oDbO0o0ODDbOo0ooDDOO0OooDg 440¢<

gbooboodaoooogaooo

scop -target 44 <mkp-scop.dat

16




3.2 OOOOOOO

gboboedbOoOobOOo200000000000000DOOO0OOODOOOOODOO 3200000000000¢0
gboocooooobobooo3oboobooooobobobooooobooboOobooboooooobooboOooboon
gboooobooboooobobooboobooboooobobooooboboboooobooooon

0320000000000 0000O00O0O0OO0OO0OODO0OO0OOOUOOO0OOM OODOUODOOOOO
bobobooobooobooboboboboboboooboboboboobooobobobob2000000000
oboooooboooono 20000

OO00000O000D0ODOO00Ograph partitioning problem0 0000000000000 DOCOO0ODOCOOODO
000000000000000VLSIDODODODO00000000000oooooo NP-OODOOOO00D
ooooboobOooooboboboooobooooooDo

0oooooo

00 n=|V|00000000000 G=(V,E)000000D000000 V 00000 uniform partition,
eqipartitiond (L,R) DOOLNR=0, LUR=V,|L=|R=»/20000000000000000000
0000000LO ROOOOOOOOOOOOOOOOOO (L,R) 000000,

000U0o00o0O0000o0O0000o0000o0o0O0OUoOoO0O0U0oOoO0o0ooUoooO0 G=(V,E)ooo
O0OLNR=(00D000000000LUR=VO0DDOOOD0O0DO0O0DD0D00D00DOOOOOO (L,ROODO
O partition0 0000 2 000 bipartitionD0 000000 (L,R) 0000O0LO0OO0ORUOOOOOOOOOOODO
0000oO0o0U00ooOo0o0ooO0o0UoO0OUoOO0OO0O0 0000 (LL,R)U LODUOOOUDDODODO 10000
O00OROOODDOOOOOOOOODOO100 2, 0000000000000 0DO0O0O0O0OO02, 0000 n/2
ooooooooboo (,j)0 L0 ROODOOOO0OO0O0O0D0O0x;(1—2;) 0000 (1—=2,)z; 0 1000000
obooooooooogon
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minimize Z zi(1—z;) + (1 — )z

(i,j)€E
subject to Zazi =n/2
eV
z; € {0,1} VieV

gboooboboobooboooobooboobooboobooobo2000000000000O0OO0O0O0O0OO0
boboobooooboobobooobooooboooobooooboooob20000b0000O0DbDO0On
Oooooooooooggscorpt 200000ooooOOOOO0O000O0OODOoOoODOoOoOoooOoooDOObDOD

gboooooobobooobooooboobOobooobooooobdOen=100000000000000000O
go0oo0o0oO0oOooooooooooscopiidddn=10000000000000000000000O000O0O
oooooog

OO00e0000O0O020D00000SCoOpPOOOOODOOOODOOOOO

variable x[0] in {0,1}

variable x[1] in {0,1}

variable x[2] in {0,1}

variable x[3] in {0,1}

variable x[4] in {0,1}

variable x[5] in {0,1}

constraintl : weight=inf type=linear 1(x[0],1) 1(x[1],1) 1(x[2],1) 1(x[3]1,1) 1(x[4],1) 1(x[5],1) =3

object: weight=1 type=quadratic 1 (x[0],1)(x[1],0) 1 (x[0],0)(x[1],1) 1 (x[0],1)(x[4]1,0) 1 (x[0],0)(x[4]1,1) 1
(x[1],0) (x[0],0) 1 (x[1]1,0)(x[0],1) 1 (x[1],1)(x[2],0) 1 (x[1],0)(x[2],1) 1 (x[1],1)(x[4],0) 1 (x[1],0)(x[4],1
1 (x[2],1) (x[1],0) 1 (x[2],0) (x[1]1,1) 1 (x[3]1,1)(x[4]1,0) 1 (x[3],0)(x[4],1) 1 (x[31,1)(x[51,0) 1 (x[3],0)(x[5]
1 (x[4],1) (x[0],0) 1 (x[4]1,0)(x[0],1) 1 (x[4],1)(x[1],0) 1 (x[4],0)(x[11,1) 1 (x[4]1,1)(x[3]1,0) 1 (x[4],0)(x[3]
1 (x[4],1)(x[5],0) 1 (x[4],0)(x[5]1,1) 1 (x[5],1)(x[3]1,0) 1 (x[5],0)(x[3]1,1) 1 (x[5],1)(x[4]1,0) 1 (x[5],0)(x[4]

OO0000o0o00oooO0oOd pythenDOOOODOOOODOOOOODO

nodes=range (6)
adj=[[1,4],[0,2,4],[1],[4,5],[0,1,3,5] (3 ,4]]
n=len (nodes)
f = open(”gpp—scop.dat”,
for i in range(n):
f.write(”variable x["+str(i)+”] in {0,1}”4+\n”)
f.write( ”constraintl : weight=inf type=linear )
for j in range(n):
f.write( "1(x["+str(j)+7],1) 7 )
f.write( "="+str (n/2)+”\n")
f.write( “object: weight=1 type=quadratic ”)
for i in range(n):
for j in adj[i]:
f.write( 7 1 (x[74str(i)+7],
f.write( ” 1 (x["+str(i)+7],0)”
f.write( "<="+str (0) +’\n")
f.close ()

7W’)

X
X

1200000000000000000000000000000000 nodesd0000000000000
0adjO00000
scoPO00O0O0OOOOOOOOOOOOO0

# reading data ... domne: 0.00(s)

penalty = 0/10 (hard/soft), time = 0.00(s), iteration = 0
# improving the initial solution greedily
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penalty = 0/10 (hard/soft), time = 0.00(s), iteration = 0
# start tabu search
penalty = 0/4 (hard/soft), time = 0.00(s), iteration = 2

# penalty = 0/4 (hard/soft)
# cpu time = 0.00/0.00(s)
# iteration = 2/2

[best solution]
x[0]: O

x[1]:
x[2]:
x[3]:
x[4]:
x[5]:

P, P, OO0

penalty: 0/4 (hard/soft)

[Violated constraints]
object: 4

00 o,1,203,4500000000000000000DO0O000DOO0OOODOOOOODODOO 40000
oo0oOo0o0oOooOoOooDooOoboOoOo 20000O0OScCoPOOOOOOOOODOD 200000000DDOLOO
oboooooboo 40000

3.3 Uooooonon

gbobooeb0obOObOOoOOOOObOOOOOOObOOO0OOOOObOOOOObOObOOO0O 33000000
oboboboboboboobooboobooooboboooooooooboobOobOobOOobOOobOobobOooboon
goobooboooooboooboooobobooooobobobooobooboobOoDo

(a) (b)

033 00000000000 O00000O00DO00O0O0O0OD0O0O0O0ODO0OUO0OOO(M)ODO0O0OUOOOOO
ocoooooooooooooobooOoo0o0oOooooooboo0oOooooDoOobooOooooD 4000000000OO
oono
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OO00DO0O0O0DOO0DO maximum stable set problem0 0000000000000 O00OCOODOOODO
gbboobOobooooobobooooobooooboboooOoboon
goooooooobooboooooboobooooboo

goooogood

00 nO000O0O0O0 G=(V,E)OOOUUOOOOOOOOOOO S(CVv)oooOoUoo soooouoooo
O000000OOstableset0 0000000000000 00O0O0OOOOOOOOOOOOOOO|S|IOOO
oooooogo sooogoo.

ooooopo0oobooo0oOooooOooooooovLsIoopooooopooooo
O.00000 SO000000O0 10000DOO000 OO0 O0-1O00000DDOOO0DDOOOODODOOODOOO
gooobooboo

maximize Z T;
eV

subject to x; +2; <1 V(i,j) e E
x; €{0,1} VieV

goooOoOoOoOoOoOoOOOOOOOSscopUUOoOoOoOoOoOoOoOoOoOoOoOooo

variable x[0] in {0, 1}

variable x[1] in {0, 1}

variable x[2] in {0, 1}

variable x[3] in {0, 1}

variable x[4] in {0, 1}

variable x[5] in {0, 1}

constraint02 : weight=inf type=linear 1(x[0],1) +1(x[2],1)<=1
constraintl3 : weight=inf type=linear 1(x[1],1) +1(x[3],1)<=1
constraint23 : weight=inf type=linear 1(x[2],1) +1(x[3],1)<=1
constraint24 : weight=inf type=linear 1(x[2],1) +1(x[4],1)<=1
constraint25 : weight=inf type=linear 1(x[2],1) +1(x[5],1)<=1
constraint35 : weight=inf type=linear 1(x[3],1) +1(x[5],1)<=1
object: welght 1 type=linear 1(x[0],1)1(x[1],1)1(x[2],1)1(x[3],1)1(x[4],1)1(x[5],1)>=6

oobooobooobooobooobooob eOOOOOOOOODOOODOOODOOODOODOOODOOOOOOOn
gboboobOooboooooboooobooboooobooooboobooogooboon

0000000000000 PythenOOOOOODDODOOOOOODODDOODOOOOODDO nodesOOOOOO

ugbodobodibd adjoodanod

nodes=range (6)
adj=[[2],[3],[0,3,4,5],[1,2,5],[2],(2,3]]
n=len (nodes)
f = open(”ssp—scop.dat”,
for i in range(n):
f.write(”variable x["+str(i)+”] in {0,1} \n”)
for i in range(n):
for j in adj[i]:

7W’)

if i<y
f.write( ”"constraint”+str (i )+str(J) +” : weight=inf type=linear ”)
f.write( str(l)4+” (x[7+str(i)+”],1) +’+ str(1)+” (x["+str (j)+7],1)” "<="+str(1)+”\n”)

f.write( "object: weight=1 type=linear ”)
for i in range(n):
f.write( str(1)4+7(x["+str(i)+”],1)”)

20
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f.write( ">="4str(n) +’\n”)
f.close ()

ocooooooooo scopoOoOooooOoOoooOoOoOOoOoOoOOoOoOoOOOoOoDOD o,1,4,50000000
boooobooooboboooob 2000000000000 0000000O0DOOOOOO

scop <ssp-scop.dat
# reading data ... done: 0.00(s)

1]
o

penalty = 2/3 (hard/soft), time = 0.00(s), iteration
# improving the initial solution greedily

penalty = 0/3 (hard/soft), time = 0.00(s), iteration
# start tabu search

penalty = 0/2 (hard/soft), time = 0.00(s), iteration

]
o

]
-

# penalty = 0/2 (hard/soft)
# cpu time = 0.00/0.00(s)
# iteration = 1/1

[best solution]
x[0]: 1

x[1]:
x[2]:
x[3]:
x[4]:
x[5]:

=, O O -

penalty: 0/2 (hard/soft)

[Violated constraints]
object: 2

3.4 UJUoooood

goooooooogooboooboboboboboooobooooooooooobo 3400b00b0O0obDOoDbODbDOO
gboobooobooooooooooooooooooboooboboboboboboboboboboboooboon
gooood

00000000000 graph coloring problemO 000000000000 OOOOOOO0O
0000000 00oDoooooDooooooooooon

ooooooo

OO0 nO00OOO0OODO G=(V,E)O KOOOK partition00O000O00 VO KOOOOOOQOOOQOO
T:{V1,~',VK}DDViﬁVj:@,Vi%jDDDDDDDDDDUJKlej:VDDDDDDDDDDDDDDDD
o00oooooog v; (i=1,---,K)0000O00color classO 0000 KOOODOOOODOOOOO V; 0O
O00000oobo0o0obD0o0o0o0nD KOODOK coloringd OOODOOOOOODOOOODOOODOODOO
000 G=(V,E)00000000 KOODOOoOooooo)ooo Koo r={wn,---,Vx}oooooo.

oboboooOoboooobobobooboobooooobobooooboon
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(a) (b)

034 0000000000()000O0O0O0O0O0OOO0O0UOOOOOO0ODODOOO(M 30000000000
gboboobOoboooooboboooboobooooboboooboo 3obooooobooooonoa

gooOooOoOo3Q0oooooscopooooooooooooood

variable x[0] in {0, 1, 2}
variable x[1] in {0, 1, 2}
variable x[2] in {0, 1, 2}
variable x[3] in {0, 1, 2}
variable x[4] in {0, 1, 2}
variable x[5] in {0, 1, 2}

constraint02 : weight=1 type=alldiff x[0] x[2] ;
constraintl3 : weight=1 type=alldiff x[1] x[3] ;
constraint23 : weight=1 type=alldiff x[2] x[3] ;
constraint24 : weight=1 type=alldiff x[2] x[4] ;
constraint25 : weight=1 type=alldiff x[2] x[5] ;
constraint35 : weight=1 type=alldiff x[3] x[5] ;

O00o00o0ooboooDOoO PythonODOODOODOODODOOOOODOOOOOODOOODO nodes0oogn

ugbodabodibd adjooanod

K=3
nodes=range (6)
adj=([2],(3],10,3,4,5],(1,2,5] (2] ,[2,3]]
n=len (nodes)
f = open(”gcp—scop.dat”, ’'w’)
colorset=str (range(K))[1: —1]
for i in range(n):
f.write(”variable x["+str(i)+”] in {"+colorset+”}”’4+”\n”)

)

for i in range(n):
for j in adj[i]:

if i<j:
f.write( ”"constraint”+str(i)+str(j)+” : weight=1 type=alldiff ”)
f.write( "x[74str(i)+”7] 7+ 7’x["+str(j)+7] ; \n” )
f.close ()

|

00000000 600000str(range(X)) DOOOOODOOO [0,1,..,K—1)0000 [[0D000O0OO
0,1,..,K—-100000000PythonOO0OODODO3.000000000000000O0COO0O00ODODOOOO

colorset=str (set (range(K)))
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oooopooooooscopoooooopoooOooooobooOooooboOoooooL,bogononon 20

01000 3,400 2000 3000000

scop <gcp-scop.dat
# reading data ... done: 0.00(s)

penalty = 0/0 (hard/soft), time = 0.00(s), iteration
# improving the initial solution greedily

penalty = 0/0 (hard/soft), time = 0.00(s), iteration
# start tabu search

# penalty = 0/0 (hard/soft)
# cpu time = 0.00/0.00(s)
# iteration = 0/0

[best solution]

x[0]: O
x[1]: O
x[2]: 1
x[3]: 2
x[4]: 2
x[6]: 0

penalty: 0/0 (hard/soft)

[Violated constraints]

3.5 200000

ooos3sbooboo3ooboooboobooobooosobooooboooobooooooooobooooboooboon
0000000000 35 () 000000000000DO0O0O0O0OOO0UD 35(b)00000O0O0O0ODOO30
gbooooooooooooobooboobobobobobobooooooooboooooobOoboboboon

obooobooooooooon

0000002000000 quadratic assignment problem0 D DO OONP-0000000O000O00O0O00O00O

gbooobood

2000000000 O0O00O0O0O0O0O0DOO0O0O0O0O00D0

200004

i€V jeV

O0o00ooouo0 »n:V—={l---,n} 0000000

20000000000 V={1,---,n} 000200 nxn00 F=[f;]0D=1[d] 000000000

> fud

w(9)7(5)

gbooooO,00b0o0o0oooboooobooboooonbOO0bOO0b0Ob00o0bO0o0 nOO0OOOODOOOOODOOO

ooo0o0o s, ;00000000 f; 000000 k0000000000 d,0000000000000O0

23




(a) (b)

0 35:200000000(3000000000000000000O0O0O0OUODOOUOOOOOUOOOOO
0000 3000000000000000000000000000O000U00UO00O000OODOO0OOOn
bdbobOobooboboooboobdb2xs+3x1+1x2=1500000000000000000000
2000000000000D0O0O0 2x15=300000

0000000000000000000000001000000000000000000 0004000
() 00000000000

00000 k00000000 100000000 0000 0-100 23, 00000020000000000
0ooooooon

minimize E g fijdpexinje

1,JEV, i kLEV, kAL

subject to szk =1 VkeV
ieV
> =1 VieV
keV
xi; € {0,1} Vi,keV

gbooboooobooooboobooboooboboooboo20000000000000O00O0O0O0O0O00
goooooscorpOOO2000000000000O00O0O0O0O0000000O0O0OOOOOOO
COoOoOoopogooscopooooOooooOoOopoooon

variable x[0] in {0, 1, 2}

variable x[1] in {0, 1, 2}

variable x[2] in {0, 1, 2}

constraint: weight=inf type=alldiff x[0] x[1] x[2] ;

obj: weight=1 type=quadratic 10(x[0], 0) (x[1], 1) 15(x[0], 0) (x[1]1, 2)
10(x[0], 1) (x[1], 0) 5(x[0], 1) (x[1], 2) 15(x[0], 2) (x[1], 0)

4(x[11, 1 x[2], 0) 2(x[1]1, 1) (x[2], 2) e6(x[1], 2) (x[2], 0) 2(x[1], 2) (x[2], 1) <=0

Oo0o0opoooO0ooooo PythenOOOO0ODODODOOOOODODOOOOOOOOD 2000000000 1,
ddb00ooobOoboocobOoboooooobOobooooboobooobOoboooooboobooonoo

n=3
d=[[0,2,3],[2,0,1],[3,1,0]]
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£=[10,5,1],[5,0,2] ,[1,2,0]]
fi = open(”qap—scop.dat”, ’
for i in range(n):
fi.write(”variable x[”+str(i)+”] in {”’+str(range(n))[l:—1]+7}"4+"\n")
fi.write( ”constraint: weight=inf type=alldiff ”)
for i in range(n):
fi.write( "x[7+str(i)+”7] 7 )
fi.write(”; \n”)

w’)

fi.write( 7obj: weight=1 type=quadratic ”)
for i in range(n—1):
for j in range(i+1,n):
for k in range(n):
for ell in range(n):

if k !l=ell:
fi.write( str(f[i][j]xd[k][ell]) + 7 (x[” +str(i) +7], 7 +str(k) +7) "+
”(X[” +Str(j)+ ’7]’ ” +Str(e11) +77) 77)

fi.write (7<=0")
fi.close ()

00000000 600000str(range(n)) OO0OODOOOODO [0,1,..,n,—1) 0000 [JO00DO0O0OO
0,1,..,n—100000000Python0000D0O0C 3.00000000000000DO00O0ODOOOODODOOO

H

fi.write(”variable x["+str(i)+”] in str(set(range(n))) +’\n”)

O00000oooOoscopllUiOUOOOO0DUDOOOOUOUOOOOOOOOOO (2,1,000000000
o0 12000000000000000000000O0C000O00

scop < gap-scop.dat
# reading data ... dome: 0.00(s)

penalty = 1/6 (hard/soft), time = 0.00(s), iteration = 0
# improving the initial solution greedily

penalty = 0/20 (hard/soft), time = 0.00(s), iteration
# start tabu search

penalty = 0/19 (hard/soft), time = 0.00(s), iteration = 2
penalty = 0/15 (hard/soft), time = 0.00(s), iteration = 8
penalty = 0/13 (hard/soft), time = 0.00(s), iteration = 18
penalty = 0/12 (hard/soft), time = 0.01(s), iteration = 86

]
o

# penalty = 0/12 (hard/soft)
# cpu time = 0.01/0.01(s)
# iteration = 86/86

[best solution]

x[0]: 2
x[1]: 1
x[2]: O

penalty: 0/12 (hard/soft)

[Violated constraints]
obj: 12
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3.6 UUOOOOoOOooon

gobooobooooboobobooooboooboobooboboooooboobooooboooobooooboOoon
gboobooooooooooooobobobooboboobOooOooooooooooobobOoboboobon
goooboobooooboboobooboobooooboboooobobooboooobooooon
gooooooooooooooboobooboboboboboooooboooooobDoboboboboboOoo
gboboooOobooooooboobooooobobooooobobooobooboboboboob 40000000
ooboooobooooobooooooooooooooooooooooboooooboooooooooboooooOon
goooooooogobD se0boooooobobob0oboboooboooooobobobOobOobOoboo
goooooooooor

<~ RU R

036 000000000000D0000O0DOO0OOOODOOOOOOODOOOOODOObOOOnO

0000000000 DOO0OD0DOO0ODDOAOdtraveling salesman problemd0 0000000000 O0O0OOODOO0O
oooo
O00000o000ooDoOoooooooooooooooooo

oooooboooogon

nO0000000000 G=(V,E),00000000,00000 D:F—-RO0OOOUODOOOOOODOOO
U0 vioooob1ooooooooooooooboooboooooobooobooooooobooooooooaon
gooooooo

gboobooobooobooooboooooboooobooobooooboooobooboooboobooboooon
gboboobobooooobooooboobooooobooooboboooooboooono
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obooooboooboooooboooboobooobooboooooooobooobobooobooooOoooobooooon
gooooOoOoOoOOOOODOOOOODOOOOOOScoOPOOOOOOOOOOOOOOOOOOnO

OO000o0o0DooO00o0O 200000000000D00000O000O0DOO0OOO0ODOOOO0OOOO0O scopOod
gboooobooobooooboooboooobooobooboooboooobobooboobooboobboooboOooDooon
scop0ddoooooonon

oooOoOoOoogscopopoOoOoOoOpoOoOoOoOoOoOoOooOoOoOooooOoOO o0,1,2,3,40000000000
ooooobooboooboobooooboobobooboboooon

variable x[0] in {0, 1, 2, 3, 4}
variable x[1] in {0, 1, 2, 3, 4}
variable x[2] in {0, 1, 2, 3, 4}
variable x[3] in {0, 1, 2, 3, 4}
variable x[4] in {0, 1, 2, 3, 4}

constraint: weight=inf type=alldiff x[0] x[1] x[2] x[3] x[4] ;
obj: weight=1 type=quadratic 476(x[0], 0) (x[1], 1) 476(x[0], 1) (x[1], 2) 476(x[0], 2)

5é9(x[4], 2) (x[3], 3) 569(x[4], 3) (x[3], 4) 569(x[4], 4) (x[3]1, 0) <=0

O0ooooDOoo0ooooD PythonOO0OO00O0DDOOOO0ODODOOOOOOODO 2000000000 £,

dbdboodboogbogobooboobobbobboobooboobooboobooobabo

n=>5
d=[[0,476,774,434,408] ,[476,0,784,894 ,569] ,[774,784,0,852,1154],
[434,894,852,0,569],[408,569,1154,569,0]]
f = open(”tsp—scop.dat”, ’'w’)
for i in range(n):
f.write(”variable x["+str(i)+”] in {"+str(range(n))[1l:—1]+"}"4+\n")
f.write( ”"constraint: weight=inf type=alldiff ”)
for i in range(n):
f.write( "x[7+str(i)+7] 7 )
f.write(”; \n”)

f.write( ”obj: weight=1 type=quadratic ”)
for i in range(n):
for j in range(n):
if il=j:
for k in range(n):
if k =n-—1:
ell=0
else:
ell=k+1
fowrite( str(d[i][J]) + 7 (x[ +str(i) 471, 7 +str(k) +7) "+ 7 (x[" +str())+ 7], 7
+str(ell) +7) )
f.write (7<=0")
f.close ()

00000000 50000O0str(range(n)) DO OOQOQoog o,1,.,n,—10000 0000000
0,1,..,n—100000000Python0000D00 3.00000000000000000O0DOOOODOOOO

H

fi.write(”variable x["+str(i)+”] in str(set(range(n))) +’\n”)

|

0000000000 scopPOUOUOUOUlUOUOODOOUODOOUODOOUOODOOUDO (1,3,4,0,2) 0000
oooOo 347 0b0oooopooooooboobooogD g,0,4,2,3000000000000
000 =000000 ==0000 =0000 =00000 =000000
oooooo0oooobooooobobo0ooooboobo0oooooOo0ooOo0oooDOOo0oooOO0oO 304700 OOO
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scop < tsp-scop.dat
# reading data ... dome: 0.00(s)

penalty = 2/4311 (hard/soft), time = 0.00(s), iteration = 0
# improving the initial solution greedily

penalty = 0/3867 (hard/soft), time = 0.00(s), iteration = 0
# start tabu search

penalty = 0/3784 (hard/soft), time = 0.00(s), iteration = 2
penalty = 0/3674 (hard/soft), time = 0.00(s), iteration = 4
penalty = 0/3485 (hard/soft), time = 0.00(s), iteration = 8
penalty = 0/3047 (hard/soft), time = 0.00(s), iteration = 10

# penalty = 0/3047 (hard/soft)
# cpu time = 0.00/0.00(s)
# iteration = 10/10

[best solution]
x[0]: 1

x[1]:
x[2]:
x[3]:
x[4]:

N O b W

penalty: 0/3047 (hard/soft)

[Violated constraints]
obj: 3047

3.7 UUuobooogd

0000000000000 00000000000000000000000000000000000
000000000000 0000000000000000000000000000000000O00000
000000000000 00000000000000000000000000M1 00000000
0000000 9k 0000000000000 00000000000000000000000000
(6,6,5,5,5,4,4,4,4,2,2,2,2,3,3,7,7,5,5,8,8,4,4,5) 00000 3700 000000000000000000
0000000000000 00000000000000000000000000000000000000
0000000000000000000

000000000000 00O000DO0O000DDO0O00ODbin packing problem0 00000000000 O0ODO
uboboobobooobooboooobooboooooboooo

goooooobooo

nO00000000000000 NOOOO poOooOOoOoOoOobOOoO0oboobooobo0oooobog seNOOO
Uo<w, £ BO0O0OO0OOOOODOOODODOOO0 nOODOOODOOODO BOODODOODOOOOODOOOO
gboboobobooooboooooobooooobooobo

gobooooooboooboobooobooboooboboooboooobbobobOooboobobbooDOooboo
oooooooooooooooooooOooooooscopoboooooooooOoOoOooobooscoponnonO
boboooooooboobooobooooboooboooooboooboooooboobOooooboooboooboooon
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O 3.7 0 0000000000000 O0O0O00O0OOUOTG O Or = 20N =
{6,6,5,5,5,4,4,4,4,2,2,2,2,3,3,7,7,5,5,8,8,4,4,5}0 B = 90

obod43000000000DO0340000000000000000000DOD0ODODODODOOODOOOODOOO
gooooscopOipOopoOoOooOooOoDOoOOOd
oo0oooOOobOoOoogobogoobo SscopoOobDUObOOoObDOobDOobObOODnO
variable x[0] in {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
;;£iable x[23] in {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
constraintO : weight=1 type=linear 6 (x[0],0) 6 (x[11,0) 5 (x[2]1,0) 5 (x[3]1,0) 5 (x[4]1,0) 4 (x[5],0) 4 (x

4 (x[71,0) 4 (x[8],0) 2 (x[9],0) 2 (x[10],0) 2 (x[11],0) 2 (x[12],0) 3 (x[13],0) 3 (x[14]1,0) 7 (x[15],0)
7 (x[16]1,0) 5 (x[17]1,0) 5 (x[18]1,0) 8 (x[19],0) 8 (x[20],0) 4 (x[21],0) 4 (x[22],0) 5 (x[23],0) <=9

0000000000000 pythonODOOOODOOOODOOOOODO

Items=[6,6,5,5,5,4,4,4,4,2,2,2,2,3,3,7,7,5,5,8,8,4,4,5]
B=9
num_bins=sum (Items)/B+1
n=len (Items)
f = open(”bpp—scop.dat”, ’'w’)
binset=str (range (num_bins))[1: —1]
for i in range(n):
f.write(”variable x["+str(i)+”] in {"+binset+’}”4+”\n”)
for i in range(num_bins):
f.write( ”constraint”+str(i)+” : weight=1 type=linear ”)
for j in range(n):
f.write( str(Items[j])4+” (x[7+str(j)+7], +str (i) +7) 7 )
f.write(” <="+ str(B)+” \n”)
f.close ()

)

00000000 200000str(range(nun bing)) DO0ODO0O0O0O0OO [0,1,...,numbins—1] 0000 [JO
OO0000O0O000DO00O0Pythond 00000 3.000000000000000DOOOODOOOODOO

H

bin_set=str (set (range(num_bins)))

|

scop0dopoOOOOpOOOOO0OOOO0OO0ODOOOOODOO0ODODOO 380000

scop <bpp-scop.dat
# reading data ... dome: 0.00(s)
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o

penalty = 0/24 (hard/soft), time = 0.01(s), iteration
# improving the initial solution greedily

penalty = 0/11 (hard/soft), time = 0.01(s), iteration = O
# start tabu search

penalty = 0/8 (hard/soft), time =
penalty = 0/6 (hard/soft), time =
penalty = 0/5 (hard/soft), time =
penalty = 0/4 (hard/soft), time =
penalty = 0/2 (hard/soft), time =
penalty = 0/1 (hard/soft), time =

.01(s), iteration =
.01(s), iteration =
.01(s), iteration =
.01(s), iteration =
.01(s), iteration =
.01(s), iteration =

O O O O O O
© N oW N e

penalty = 0/0 (hard/soft), time = 0.05(s), iteration = 123

# penalty = 0/0 (hard/soft)
# cpu time = 0.05/0.05(s)
# iteration = 123/123

[best solution]
x[0]: O

x[1]: 7

x[2]: 5

x[3]: 9

x[4]: 12

x[5]: 2

x[6]: 10

x[7]: 5

x[8]: 8

x[9]: 10

x[10]: 1

x[11]:
x[12]:
x[13]:
x[14]:
x[15]:
x[16]:
x[17]:
x[18]:
x[19]:
x[20]:
x[21]:
x[22]:
x[23]:

= O O
o

O©C WPk P, DR O
-

0 =
N

penalty: 0/0 (hard/soft)

[Violated constraints]
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3.8 nUUUoogong

ugboobuoobooobgoobogbooobodob nOobbooboobooboobobbobboboanbood

n 000000
nxnO00000000000O000DO000O000O000O0000000O000O0O00O0O00OO0O0OO0O00OOd
On000O0O

039 0000000080000000DO0OOO

boboobooobooboooobooooboooooosboooooobooooboobooooboooooboaoon

000 {1,2,.,8} 000000000000 0DO00O0D0O0UO0O0O0OD 2114iff0000000000O00O0O0

ooooobooooooDbooOoOooooboOoboOo0ooooooo0oooooDobooOoOoobooooscorpOOO

gooooOoboooooaon

variable
variable
variable
variable
variable
variable
variable
variable
noconflict:
rightdown2:
1 (x[7] ,1)
rightdown3:
1 (x[6] ,1)
rightdown4:
1 (x[5] ,1)
rightdown5:
1 (x[4] ,1)
rightdown6:
1 (x[3] ,1)
rightdown7:
1 (x[2] ,1)
rightdown8:
1 (x[1] ,1)
rightdown9:
1 (x[11 ,2)

rightdownlO:

1 (x[11 ,3)

x[1]
x[2]
x[3]
x[4]
x[5]
x[6]
x[7]
x[8]

{1,
{1,
{1,
{1,
{1,
{1,
{1,
{1,

in

B

. .

in

3

in

>

-

in

B

. .

in

3

in

> >

NGO N N NN
oo oo o1 OO

in

B

4,

B

965

N NNNDNDNDNDN

(9]

in

w

8}
8}
8}
, 8}
, 8}
, 8}
, 8}
7, 8}

N ~NNNNNA

weight=inf type=alldiff x[1] x[2] x[3] x[4]

weight=inf type=linear
1 (x[8] ,2) <=1

weight=inf type=linear
1 (x[71 ,2) 1 (x[8] ,3)
weight=inf type=linear
1 (x[6] ,2) 1 (x[7]1 ,3)
weight=inf type=linear
1 (x[5] ,2) 1 (x[6] ,3)
weight=inf type=linear
1 (x[4] ,2) 1 (x[5] ,3)
weight=inf type=linear
1 (x[3] ,2) 1 (x[4] ,3)
weight=inf type=linear
1 (x[2] ,2) 1 (x[3] ,3)
weight=inf type=linear
1 x[2] ,3) 1 (x[3] ,D)
weight=inf type=linear
1 x[2] ,4) 1 (x[3] ,B)

<=1

1 (x[8]

1 (x[7]

1 (x[6]

1 (x[5]

1 (x[4]

1 (x[4]

1 (x[4]

<=1

1 (x[8]

1 (x[7]

1 (x[6]

1 (x[5]

1 (x[5]

1 (x[5]

31

x[5] x[6] x[7] x[8] ;

<=1

1 (x[8]

1 (x[7]

1 (x[6]

1 (x[6]

1 (x[6]

,8) <=1
,6) 1 (x[8] ,7) <=1

,8) 1 (x[7] ,7) 1 (x[8] ,8) <=1

,7) 1 (x[7] ,8) <=1

,8) <=1




© 00~ U WN -

NODD DD DD DN DN NN = = = = = e e e
N U WNFRF OO0 U WNH~O

rightdownll: weight=inf type=linear

1 (x[11 ,4) 1 (x[2] ,5) 1 (x[3] ,6) 1 (x[4] ,7) 1 (x[5] ,8) <=1
rightdown12: weight=inf type=linear

1 (x[11 ,5) 1 (x[2] ,6) 1 (x[3] ,7) 1 (x[4] ,8) <=1

rightdown13: weight=inf type=linear

1 (x[1]1 ,6) 1 (x[2] ,7) 1 (x[3] ,8) <=1

rightdown14: weight=inf type=linear

1 (x[11 ,7) 1 (x[2] ,8) <=1

leftdown2: weight=inf type=linear

1 (x[11 ,2) 1 (x[2] ,1) <=1

leftdown3: weight=inf type=linear

1 (x[11 ,3) 1 (x[2] ,2) 1 (x[3] ,1) <=1

leftdown4: weight=inf type=linear

1 (x[11 ,4) 1 x[2] ,3) 1 (x[3] ,2) 1 (x[4] ,1) <=1

leftdownb5: weight=inf type=linear

1 (x[11 ,5) 1 (x[2] ,4) 1 (x[3] ,3) 1 (x[4] ,2) 1 (x[5] ,1) <=1

leftdown6: weight=inf type=linear

1 (x[11 ,6) 1 (x[2] ,5) 1 (x[3] ,4) 1 (x[4] ,3) 1 (x[5] ,2) 1 (x[6] ,1) <=1
leftdown7: weight=inf type=linear

1 (x[1]1 ,7) 1 (x[2] ,6) 1 (x[3] ,5) 1 (x[4] ,4) 1 (x[5] ,3) 1 (x[6] ,2) 1 (x[7] ,1) <=1
leftdown8: weight=inf type=linear

1 (x[11 ,8) 1 (x[2] ,7) 1 (x[3] ,6) 1 (x[4] ,5) 1 (x[5] ,4) 1 (x[6] ,3) 1 (x[7] ,2) 1 (x[8]
leftdown9: weight=inf type=linear

1 (x[2] ,8) 1 (x[3] ,7) 1 (x[4] ,6) 1 (x[5] ,5) 1 (x[6] ,4) 1 (x[7] ,3) 1 (x[8] ,2) <=1
leftdownl0: weight=inf type=linear

1 (x[3]1 ,8) 1 (x[4] ,7) 1 (x[5] ,6) 1 (x[6] ,5) 1 (x[7] ,4) 1 (x[8] ,3) <=1
leftdownll: weight=inf type=linear

1 (x[4] ,8) 1 (x[5] ,7) 1 (x[6] ,6) 1 (x[7] ,5) 1 (x[8] ,4) <=1
leftdownl2: weight=inf type=linear

1 (x[5]1 ,8) 1 (x[6] ,7) 1 (x[7] ,6) 1 (x[8] ,5) <=1

leftdown13: weight=inf type=linear

1 (x[6] ,8) 1 (x[7] ,7) 1 (x[8] ,6) <=1

leftdownl4: weight=inf type=linear

1 x[71 ,8) 1 (x[8] ,7) <=1

OO0O000O0000D PythenOOODOOOOODOOOOODOOOODOO

,1) <=1

n==8
f = open(”queen—scop.dat”, ’'w’)
for i in range(n):

f.write(”variable x["+str(i+1)+”] in {"+ str(range(l,n+1))[1:—=1] +} \n”)

f.write ("noconflict: weight=inf type=alldiff ”)
for i in range(n):

f.write (str("x["+str(i+1)+7] 7))
f.write(”; \n”)

for k in range(2,2xn—1): #right down diagonal constraints
f.write ("rightdown”+str (k)+”: weight=inf type=linear \n”)
for i in range(1l,n+1):
j=k—n+i
if j>=1 and j<=n:
f.write(”l (X[”-"‘Stl‘(i)-’-”] ”+”,”+Str(j)+”) ’7)
f.write(”<=1 \n”)

for k in range(2,2xn—1): #left down diagonal constraints
f.write (”leftdown”+str (k)+”7: weight=inf type=linear \n”)
for i in range(l,n+1):
j=k+1—1i
if j>=1 and j<=n:
f.write(”l (X[”Jrstr(i)Jr”] 77+77,77+Str(j)+77) 77)
f.write(”<=1 \n”)

f.write(”<=0 \n")
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28“f.close()

bobooooboooboooboooboooboooboooobooobooooooooboooooboooboooooooon
(0 j00000000D0«xjO00000000O000O0DOOOODOOOOScCcoPOOODOOOOODOOO
objO0O00O0 1000000000 DOOO0ODOOOODOOOOD PythenOOOOODOOODOOOO

f.write (”obj: weight=1 type=linear 7)
for i in range(l,n+1):
for j in range(l,n+1):
f.write(str(ixj)+” (x[74str(i)+7] "+ ,+str(j)+7) 7)

scopo0dUoOoOoOoOOOOoOoOO0OOOOUOODOOUOODOOO

scop <queen-scop.dat
# reading data ... done: 0.00(s)

penalty = 7/169 (hard/soft), time = 0.00(s), iteration = 0O
# improving the initial solution greedily

penalty = 3/154 (hard/soft), time = 0.00(s), iteration = 0O
# start tabu search

penalty = 2/126 (hard/soft), time =
penalty = 2/124 (hard/soft), time =
penalty = 1/164 (hard/soft), time =
penalty = 1/161 (hard/soft), time =
penalty = 1/143 (hard/soft), time =
penalty = 0/166 (hard/soft), time =
penalty = 0/150 (hard/soft), time =

.00(s), iteration = 1
.00(s), iteration = 2
.00(s), iteration = 3
.00(s), iteration =5
.00(s), iteration =7
.00(s), iteration = 14
.00(s), iteration = 93

O O O O O oo

[incumbent solution]
x[1]: 5

x[2]:
x[3]:
x[4]:
x[5]:
x[6]:
x[7]:
x[8]:

N O N oW

penalty: 0/150 (hard/soft)

[Violated constraints]
obj: 150

gobbooobbooobbo 1sobogoobboobobooobooobboobboobboooboboga
obooobOoooooboobooooobooon
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gooooooboooobooboooboooobooboooooooooboooooboboob10b00obobobooooon
boboobooobooooboooboboooboobooooboobobooboooOooooboooboboobooobooon
oboooboooboooobooooobooooooobooooboobooboooobooboOoooboooboooon
coooooOooooogooooscorpOonoOoOoOoOopDOoOoOOoDoOOOO

oboooOoboooooboboooboOoboooooboooo

oboooOobooooooooobooboobooobooboboooooobobooooooooooobOooon
bobooboobooboooobooobobooobooooboooobooboobooooboobobo 100000
ooooooooboooooobobooobooooobobooooooobDobobObooboooooDOoDboo

oood

obooobOoobooz2000b01000e60000000DOO0O0DOOODOO0OOO1IDOD0O00O0O0O0DOeOOOOOODOO
bobooboboooboobooobooboboooooboooobooboooobOobooooaon

gboboob: 0ooboobooooboooobooobooboooobooooboobOooooboooOoboOoon
gbooooobooooooobooboboobooooobooboboooooobobobooboooooboooboon

oooobooooboobo 20000000

coooooscopoOoOoOdOopoOOoOOoDOOOODOODOOODOO

ooooooboooooooooDbO0 XOooooooooooooooooooooooobooooooob vyoo
oo0ooo0o0oUooobo0oobo0oo0obo0oobo0bD0obobodbaeiff 00000000 ooboooon
OO0000o0o000oDOoO000oD10000000000 20000 quadraticOO000O0O

Oo0000O0OoOooooooooscopoboOoOOOOOOOoOoOoOoOOOOoOOoOooOoSsScopOOOOOoOoOO
0000000000000 000000O0ITC-2007: International Timetabling Competitiond D0 0000000

gbooaboodan
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oboooooboobooobooobobooboooobobooboob 1obooooboobOoboooooboooo
gbobooooobooooboobOoboooboooobooooboooooboobOOobooobOoooboOoboon
oogoopooooOoOo0U0OoOooOooOo0ooooooooooUoooooooOgogOoscopoOboooooonO
gbooaod

gboboobOoboooooboooobobooooobooooboboooonog

obooobOoboooooboobooooooooboobooobbOobobOoooOobobooboooboooooon
boboobooboobobooobooboboooboooobobobooooooboobOoboooboooooboon
oooobooooboboboooooboooobobobooobooo

gbooobobooboobooboobbooboobooboobobobobooboobsoonobooboaon
oono

oboboobOd.:000boobooboooboooobooboooobooobooob 3b00ooboooooboooobooon
00000000000 {0000000 }0o0Uoooo

goooooscopOoOoOoOoOOOOOOOOOOOOOOOOOOO

gooooooboooooooobobooooooD0 Xoooobobooooobobobooooooboboo
obooooooboooooooobooooboooboobooboboooboooboooboOoboboobooooon
oo0oO0O0o0Ooopooo0 2000000000000 0000O0O0O00000O0O0OOOOOOOSsScopPOOOO
goooopoooooscopO0ooOoOoOUOoOoOODOOO0OUOO0OODOOUOO0ODDODODOUOODDOOOOOOO
ooooooo

ooo0o00oo0oooo0ooooooboO0oobOO0bOoOoo0ooo0o0ooO0oDbObO0oOb0O0DOO John Hooker O
2009 000000O0OOobOobOoboOooDoOon

obooobooooooon

e 10000 8SDODODLO3OODLOODOODODO

4000000001000010000000DO0O0DOOOODOO

e 10000DOOO01000O00DO0OOODOLOOODOODOOSDOOODOODOOOODOODOO

obooobOobooobooboboooboobooooob 10b0bo0o0o0oobOoon
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oooSscoepoooOooooooooooobo obobobogooobooooo,2,300b0O0OOo0,n,...,600
00000oU0ooo0o0ooO0 00000 ¢t0D000UU000 2000 O0ODODOOOUOOOOOOOOOO
{0,1,2,3}000O0sScopPOIO0DO0OOOOOUDOOOO

variable x[0][0] in {0, 1, 2, 3}

variable x[3][6] in {0, 1, 2, 3}

LBO: weight=1 type=linear 1 (x[0][0],1) 1 (x[0][0],2) 1 (x[0][0],3) 1 (x[0][1],1) 1 (x[0][1],2) 1 (x[0][1],3)

1 (xf01[2],1) 1 (x[0][2],2) 1 (x[0][2],3) 1 (x[0]1[3],1) 1 (x[0][3],2) 1 (x[01[3],3) 1 (x[0][4],1)
1 (x[0][4],2) 1 (x[0][4],3) 1 (x[0][5],1) 1 (x[0]1[5],2) 1 (x[0][5],3) 1 (x[0][6],1)

1 (x[o]l[6],2) 1 (x[0][6],3) >=5

ShiftUBO_1: weight=1 type=linear 1 (x[0][0],1) 1 (x[1]1[0],1) 1 (x[2]1[0],1) 1 (x[3][0],1) =1

Different0_0_1: weight=1 type=linear 1 (x[0]J[0],1) 1 (x[0][1]1,2) 1 (x[0]1[1],3) <=1

Consecutive0_0_2: weight=1 type=linear -1 (x[0][0],2) 1 (x[0][6]1,2) 1 (x[0][1],2) >=0

0000000000 PythenOOODOOOOODOOOOODOOOO

periods=7
staffs=4
shifts=3
#shift 0 means OFF

f = open(”staff.dat”, ’w’)
for i in range(staffs):
for t in range(periods):
f.write(”variable x["+str(i)4+”][”+str(t)+”] in {4 str(range(shifts+1))[1:=1] +’} \n”)

for i in range(staffs):
f.write ("LB”+str(i)+”: weight=1 type=linear ")
for t in range(periods):
for j in range(1l,shifts+41):
f.write(”1 (x[7+str(i)+7][7+str (t)+7],” +str(j)+7) ”)
f.write(”>=5 \n")

for t in range(periods):
for j in range(1l,shifts+1):
f.write (?ShiftUB”+str (t)+”_"+str(j)+”: weight=1 type=linear ”)
for i in range(staffs):
f.write(”1 (x[7+str(i)+7][7+str (t)+7],” +str(j)+7) ”)
f.write(”=1 \n”)

#forbid two different shifts on two consecutive days
for i in range(staffs):
for t in range(periods):
for j in range(l,shifts+1):
f.write (”Different”+str (i)+” _7+str(t)+”_"+str(j)+”: weight=1 type=linear ”)
fowrite ("1 (x[74str (1)4+7 ][7+str (£)+7],” +str (j)+”) )
for k in range(1l,shifts+1):
if kl=j:
if t=—periods —1:
f.write(”1 (x["+str (i)+7][7+str(0)+"],” +str(k)+7) 7)
else:
f.write (71 (x["4str (i)+7][7+str (t+1)+"],” +str(k)+7) 7)
f.write(”<=1 \n”)

#shifts 2 and 8 must do at least two consecutive days
for i in range(staffs):
for t in range(periods):
for j in range(2,shifts+1):
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43
44
45
46
47
48
49
50
51
52
53
54

f.close ()

f.write (”Consecutive”’+str (i)+” _"+str (t)+”_"+str(j)+”: weight=1 type=linear ”)

f.write(”"—1 (x[74str (1)+”][7+str(t)+7],” +str(j)+7) 7)
if t==0:
f.write(”1 (x["+str (i)+7][”+str(periods—1)+"],” +str(j)+”) ”)
else:
f.write(”?1 (x["+str (1)+7][7+str(t=1)+"],” +str(j)+”) 7)
if t—periods —1:
f.write(”?1 (x["+str (1)+7][7+str(0)+7],” +str(j)+7) )
else:
f.write(”1 (x["+str (1)+”][74str (t4+1)+7],” +str(j)+7) 7)

f.write(”>=0 \n”)

gbobooboboobooboboooobobooooboobooooboboooooboooon

scop <staff.dat

# reading data ... done: 0.03(s)

penalty = 0/37 (hard/soft), time = 0.03(s), iteration = 0
# improving the initial solution greedily

penalty = 0/17 (hard/soft), time = 0.03(s), iteration = 0
tabu search

0/15 (hard/soft), time = 0.03(s), iteration = 1

# start
penalty
penalty

penalty =

penalty

penalty =
penalty =
penalty =
penalty =
penalty =
penalty =
penalty =

penalty =

# penalty

0/13 (hard/soft), time = 0.03(s), iteration =

0/1
0/8
0/7
0/6
0/5
0/4
0/3
0/2
0/1
0/0

N

1 (hard/soft), time = 0.03(s), iteration = 3
(hard/soft), time = 0.03(s), iteration = 4
(hard/soft), time = 0.03(s), iteration =5
(hard/soft), time = 0.03(s), iteration = 6
(hard/soft), time = 0.03(s), iteration =7
(hard/soft), time = 0.03(s), iteration = 16
(hard/soft), time = 0.03(s), iteration = 19
(hard/soft), time = 0.03(s), iteration = 22
(hard/soft), time = 0.03(s), iteration = 26
(hard/soft), time = 0.03(s), iteration = 626

O OO O OO O oOOo

= 0/0 (hard/soft)
# cpu time = 0.03/0.03(s)
# iteration =

626/626

[best solution]

x[0][0]:
x[0] [1]:
x[0][2]:
x[0][3]:
x[0] [4]:
x[0] [5]:
x[0][6]:
x[1][0]:
x[1][1]:
x[11[2]:
x[1]1[3]:
x[1][4]:
x[1]1[5]:
x[1][6]:
x[2][0]:
x[2]1[1]:
x[2][2]:
x[2][3]:
x[2][4]:
x[2] [5]:
x[2][6]:

2
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x[3][0]:
x[3][1]:
x[3]1[2]:
x[3]1[3]:
x[3][4]:
x[3][5]:
x[3][6]:

O W W wwwo

penalty: 0/0 (hard/soft)

[Violated constraints]

4.3 U0O0OO0OO0OOO0OOOOOOOOO0

000d0oooOoo0O0000o0ds34 000000000003y 000000000000 0000O0OOO0O000
Jddddddddddddddddddddd0dddd0ooOoOoOOooOoOoOoooOoo scopUOooOooaod
ooooooooooad

000000000000 oooooooooDooooooooo0o0ooo0o0o0o0000000o0oooooOooa
JddooOo0o0doooDOoDooOoOo0o00dooOoOod0ooDoOoo00ooDoOoOo0o0oooDooo0ooooooOoOoOad
oooooooo
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000000 w; 0000000000 O0O0OO0O0O0OCOO0O0COOO00O0OO0O0O0O00O0O0C0O0O0 /000000
JodooobOo0ooooo HOoooad

000 KOODODOooOOooDoooooDoooOo s 0000000 000 100000000 00 0-100 x40
o (¢,j)0000 4, ;0000000000 10000000000 0100 yw,000000000 G=(V,E)
JoddooooOoO00ooooooOooodoo o-1O0b0o0ooooooobooooodad

minimize Z W;5Yij
(i,5)EE
K
subject to Zl‘igzl VieV
=1
l'ig+l'jg§yij V(i,j)GE,éz].,-“,K
Zhixng VZZI,-“,K
eV
xi0 € {0,1} VieVi=1--- K
yij €{0,1} v(i,j) € E

Jdo0oDoOo0o00doooOo0odoo 0001000000000 000O0020000000000000
000003000000 000 0 yODOOO0ODODODOODOO
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0000000000000 000oooo0oDo00000oooooooDoo00oogoooooooDooOoOoad
goscopoodpoooOOddDODOddDOOOOOODDODOOdOO0OOO0DDODOO0OOUODOOOOODDODOOOd
oooooo
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4.4 OO0O0O0OOOOOOOOOO

0000000 DO0O00000DO0O00000D0DO0000O0OO0OEdward Tsang O “Foundations of constraint
satisfaction” OO0 00000 O0O00O0O0OO

0000000000000 0o0D0Oo0o0o0O0oo0oo0O0ooU0ooOooDUoooOooDoooooDoOoooonDg
0000000000000 0000000004000000000000000D00O0ODOO0DOOODOO0O
A,B,C,DO0D00O0O00DOOOO0OOOOOOO 30,30,20,40 00000

oo0o0oooo0oooooooooogoooooOoooDooDooo0n0 p,COO00OOUOOODDDOOODOOO
00000000000 00oDoOo000oooDoO000DD A, CcO0D00O0O00DOO0O0DODOOO0OoOOO0OOn
o0obo0o0oooo0oboOobOOo0Oo sO00bO0OO0O0OO0OO0OO0OOO0D 3DO0DbD0ODODODbDUObDOUObOUOOUObDOnb
000ooo0oDooU0Ooo0oooU0oOoO000O0 30UU0DoU0oDoOU00D 20000000D0ODODO0OOOOOOOO
O0000oo0oooooooooooog

O00000DoO0d0ooDo0ooOo00oDo0o0oooo0ooooo00oooooo0ooooooooooooon
C,A/A,B,C00000000000O0ODOOOO0ODO300D00O0000O0ODOOO C,B,COO0OODOO
000000ooooooo0ooooooooD 20000000 C,AA030000000000DODODOODOOO

gooooboo0oboooboobOoooo0oboOoobOoO0bOOo0DbO0OoboOOobObOOobObOO hogbUogboooo
O B, CUO0OD030000000DO0O00D0O00DOUDODOUODDODUODODOUODDUODD 30U00OOUOODODOO
ACO0O0 20000000000000000000

000000120(=30+30+20+40) 0000 {A,B,C,D}0000000O0O0O0OA,B,C,DOOOOOODOO
000 30,30,20,40 00 000000D00C00O0ODOOOOODOOOODOOOOSCOPOOUOOOODUOUODOOOOO

oooOopDOooo scopOdooOoOoOoDOoOpDOoDOOD
variable x[0] in {A,B,C,D}
éééiable x[119] in {A,B,C,D}

constraintO : weight=inf type=linear 1(x[0],A) 1(x[1],A) 1(x[2],4) 1(x[3],4)
. 1(x[118],4) 1(x[119],4) = 30

constraint3 : weight=inf type=linear 1(x[0],D) 1(x[1],D) 1(x[2],D) 1(x[3],D)
. 1(x[118],D) 1(x[119],D) = 40

constraint0_0 : weight=1 type=linear 1(x[0],B) 1(x[0],C) 1(x[1]1,B) 1(x[1],C)
1(x[2],B) 1(x[2],C) 1(x[3],B) 1(x[3],C) 1(x[4],B) 1(x[4],C) <=3

ésgstraint0_115 : weight=1 type=linear 1(x[115],B) 1(x[115],C) 1(x[116],B)
1(x[116],C) 1(x[117],B) 1(x[117],C) 1(x[118],B) 1(x[118],C) 1(x[119],B) 1(x[119],C) <= 3

constraintl_0 : weight=1 type=linear 1(x[0],A) 1(x[0],C) 1(x[11,A) 1(x[1],C) 1(x[2],A) 1(x[2],C) <= 2

constraintl_117 : weight=1 type=linear 1(x[117],A) 1(x[117],C) 1(x[118],A) 1(x[118],C)
1(x[119],A) 1(x[119],C) <= 2

0000000000000 pythonOOOOODOOOODOOOOODO
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f=open (” car—scop .dat” ,”

Type=["A” ,”B” ,”C” ,”D” ]
Number=[30,30,20,40]
n=sum ( Number )

Need=[["B” ,”C” | ,["A” ,”C"]]
Length=[5,3]

Capacity =[3,2]

w”’ )

for i in range(n):
f.write(”variable x["+str(i)+”] in {A,B,C,D}"+’\n”)

for i in range(len(Type)):
f.write(” constraint”+str (i)+” : weight=inf type=linear ”)
for j in range(n):
f.write( "1(x["+str(j)+7], 4+ Typeli]+”) 7 )
f.write( "= "+str (Number[i])+” \n” )

for i in range(len(Length)):
for k in range(n—Length[i]+1):
f.write(”constraint”+ str(i)+”_"+str(k)+ 7 : weight=1 type=linear 7)
for t in range(k,k+Length[i]):
for j in range(len(Need[i])):
f.write( 71(x["+str(t)+”],”+Need[i][j]+”) 7)
f.write( 7<= "+str (Capacity [i])+” \n” )
f.close ()

gboboobobooobooboooooboooooboobooooboboooooboooon

scop <car-scop.dat
# reading data ... done: 0.05(s)

penalty = 42/63 (hard/soft), time = 0.05(s), iteration = 0O
# improving the initial solution greedily

penalty = 0/21 (hard/soft), time = 0.06(s), iteration = 0
# start tabu search

penalty = 0/14 (hard/soft), time = 0.08(s), iteration = 2
penalty = 0/9 (hard/soft), time = 0.08(s), iteration = 4
penalty = 0/4 (hard/soft), time = 0.08(s), iteration = 6
penalty = 0/2 (hard/soft), time = 0.08(s), iteration = 8
penalty = 0/1 (hard/soft), time = 0.09(s), iteration = 10
penalty = 0/0 (hard/soft), time = 0.09(s), iteration = 12

# penalty = 0/0 (hard/soft)
# cpu time = 0.09/0.09(s)
# iteration = 12/12

[best solution]
x[0]: D

x[1]:
x[2]:
x[3]:
x[4]:
x[5]:

=0 U Q=

x[117]: C
x[118]: D
x[119]: A
penalty: 0/0 (hard/soft)

[Violated constraints]
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