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10 tdood

SCOPO Solver for COnstraint Programingd 00 0000000000000 0OCOO0OOOOOOOOOOO
0000000000000 constraint programming0 0 0000000000000 0O0O0O0OO0OOOOOOOOO
goooooooobbbobobbbobobobboboobbbbbbbbooodoooDoUL b
goooobobobooooooooobooboo

scopO0OdOooooooogn

e JO00OD0OOO0OOODODOOOLOOODOODOOOODODOODOODDOODOOODOOOODOODOOOODOOD
ooboooboobooooboooooobooooobooooboboobooboboobbobOobobUoDbOooD
gboboobOobooboobooooobooboooooboobooon

e JO00OD0OO0O0OOODODOOOLOOODOODOOODOOLOOODOODOOOOOODOOOOOOODODODOOO
goooooboooon

e N0ODOO0ODOODOODOODOODOLODDOODLODOODOODOODOOODOODOODOODO
gboogobooobooboobooboobooboobooboobo

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

booooOoboboooobooboobooooboobooboOobooobooboboooooboob 10000000
gbooobooobooobooboobooboobooboobooobobobobooboobobooboo

gboooboobooboobooboobooboobobboboobooboobooboobobboOobon
gbooooooooon



120 SCOPUOU

gooooscopoioopoooooUUooOooOoOoOoOoOOoOOOoUOOooooooooOoOooOooonscorO
gooooooao
OO00O0O0OC0OO0000000DODOOOO0O00O0O00000O constraint satisfaction problemO000000 3 O

gbooobooobooon

OO0OvariabledD: 000000000 DOO0O00O0ODOOO0OOOOOOOOODOOOOOOO0OODOOOOODOO

oboboooobomob 1b0b0o0o00ob00obooooooboboon
OO0O0domain: OOOOOOOOOOOOOOOOOOOOOO

OOCOconstraintd: 00 0000000000000 O0OO0OOOOOOOOOOOOOOO

oooUo0o0oooo0oO0oooUU00oO0oooOUU0O0OOOUU00D0OOOU0 10000 U0D0ODOOLOUODOODO
OooooooscopiioOoOoOOOOlllODOOOODOOOOOOnOODOdweighted constraint satisfaction
problem0 0 0000000000000 0OOCOODOODOODO0OOOODOOOsolution0d0OOOSCOPOODOONO
0000oO0o0000oO00o00oO0o0oO0O0U0O0OU000O0O0OU00DU0OO0OUDOUOOOODUOOOOOOO
000000000000 000000000000000000Oobjective function0 000000000000
gooooobooog

gooooooooOoooooscopOOoOoOoOoOoOoOoOoOoOOOOOOOO

2.1 O0O0OO0O0O 1

gooooOoo300000 ABCO 30000 0,1,2000000000000000000O0O0O0100A0
gboboooobooboooooobooooboboooooobooboobooooobooboboboobOOobOooboobOoDbo
oooooood

0o 1 2
Al 15 20 30
Bl 7 15 12
cC\25 10 13

gboboooOobobooooobobooooobobooooboobooooonoog

OO0000OoooOooooscopPodddDOOOO variabled in OO0 OO0



variable OO0 in { OO }
0000000000 0domain0 0 000O00OOOOOOOOOOOOO
o1, 02, 0 3,

uboooomoooboooon

3000000 ABCOOOOOOOo,,200000003000000000DO0O0CO0O0O0OOOO ABC
O00000o0oOoooooOoooo {o,1,2} 0000000 SCoOPOOOOOODOUOOODDOOOODDOOUOOOO
variable A in {0, 1, 2}

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

OO0000OD0O0DOOOSCoOPUOOOOOODD weight O type O ODODO
O00: weight= 00000 +type=sOOOOO [0oool

bobooobooboobooooooboobooooboobOooooboobOobOooooobOobooboOoobann
U:0000000000D0weight=000000000000000000D00DO00O0O0OO0ODOO0OO0OO0ODOAO
obobOobOobooobOobo000 inf000000inf 000000000000 O0DOOOOC0O0ODOO0
gbooooooboboboooooboboooobooboobooooboooboobooboooooobooooon
goooogoooooobobooooboboooooobobooooobobboooDoDboDbO

type=000000000000O0OCOOOCOSCOPOOOOOOOOOOOOOOODOOOOLineardalldift,
quadratic0 30000001linear000000O0al11diff 0 0000000000000 OOO00OOO0OOODO
U00000,quadratic0000 2000000000000 0O1inearHalldiff 0 200000000000
quadratic000000230000000000003200340000000000000000000000
gbooooOobooooboboooooboboo

scopodOopoOOo0OOOoOoOODOO11O0D000b0OO00O0OODO0OO0ODOO0ODOODODO0ODOOOODDOOObOD
obooooo1gboboooocooooboan

gooooooao

oo1 (00011, 01) o022 c0oO0oz2,02), .... <= (>=, =) 0O0O0O

ooooooooooooooooilooooboloooggoggooloooooooooooooooon 20
gbobooboobdboooobooodboobooboboooooobboboobdoboooboooobOooon
gboooboooboobooboobooboobbobd<=00o00bo>=g0boob=00000000000O0
obj0IIOOOOOOOOO00000O0O0OOODOOODOO
obj: weight=1 type=linear
15 (A, 0) 20(A, 1) 30(A, 2)
7 (B, 0) 16(B, 1) 12(B, 2)

26 (C, 0) 10(C, 1) 13(C, 2)
<=0



ooooooooooooooOooooooooobobD oOoOoOODOCOOOOOOOoOooscorPpObUbDOOd
gbooooob1booooooboboooobooboobobooooobOobooooobooonon

gboooobooboboliooboobooooobobooobooboooobooboooooobobooooboon

gbooobooboobooboobooboboboboboibboibbUal1aifft 0000000000000

alldiff 00 gooon

oo, 00020 ... ,000000;

oboooobooob,0oo0oboooboobooooooobooboobboooboobbooobooOoooooboon
goooboobooboboobos;obooboo
go0o0ooOoOoOoDOD A,B,CO0000O000ODODODODOUODDODODODDODODODODOOOODOODOOOOOOOO

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

gooOoOoOoOoOoooOooOoOoSscopoooOopoOopoopooooo

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

DOoO0O0OgOoscorPO0dddldbDOODOOd exi-scop.datd0000000OOO0OOO0OODDOOODOOO

scop < exl-scop.dat

# reading data ... done: 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
# penalty = 0/37 (hard/soft)

# cpu time = 0.01/0.05(s)

# iteration = 2/100

1]
N

[best solution]
A: O
B: 2
C: 1
penalty: 0/37 (hard/soft)
[Violated constraints]
obj: 37
00000000 AOODODO o0OO0O0O0OO0 BOOODOD 200000 CcOOO0OO 100000000 OOOOO
gooooooooooooooooooooooooooooooooooOooooooooboooooo



c\2 @ 13

gooooooooobob obboOoOoOoooOOODODbOOO10000000oOooOoooOoOoooOObOOoOoOoao
oooo000 ob0O0OO0DOO0OO0OO0ODOOOO0OODOOOODOODO 37100D opjO OO0 10000O0DOOODO
37(=15+12+10) 000000000000

2.2 QOOOOO 2

000500000 ABCDEDO30O0OODO 0,1, 200000000000000000000000000A0
uboooooboobooooobooooo 1,2,2000000000000000000000D0000000O0O0

gbooobooobooooboo
0 1 2

15 20 30
7 15 12
25 10 13

D Q @ =

15 18 3

E\5 12 17
gbobobooooobobobobooooooobobobobobooobobobbobdnl weight

obOoO00infO0D0O000OO
gooooboob obobobOobOoboboboobDo 1100000 obob0ooooboobooobDOobooo

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

scop0dOddoooooooooooon

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(A,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(A, 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



DOoO0O0OgOoscorPO0dddlOdDOODOOd ex2-scop.datd000000O0OOO0OOO0OODDOOODOOO

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

1]
o

penalty = 1/562 (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

1]
o

1]
N

[best solution]
A: 1

2
1
2
0

moaQw

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

0000000000000 AODOOD 100000 BOOODO 200000 cObOOO0 100000 D
0000 200000 EODOOCDO 00DOODOODOODODODODODODODDODDODOODOOODOOODOOODOOO0
Jooooobobooooooo

0o 1 2
A 15 30
Bl 7 15 ©
cl 25 13
D| 15 18

E\G 12 17

bobOoooobooboobOOoboOooobOobOobooooboobobobobobooobobooboboOobOonn
000000000000000 50000000000 50(20+12+104+3+5) 000000000000

23 0UOOOo 3

oo000O0OoooooOo0oooooOo0oOooooOo00OD A CcOoOoOoOogooooooOooooooooo
0000000000O00O00 AD COODDODOOO0OD0OOODOOO0OODO0ODODODODODOODOOODODOODOODOOOO
obooooobooobooogboooD 2000000000000 quaraticOO0O0OO0OO0O0OOODOOO

2000000000



o011 (0001 ,01) (0002, 02)

oo20o0os,03) (0004, O04)

<= (>=, =) 00O0O0O

gooobooooooobooboooboooooooobobo2000b0obooOobooooboboOooD 10000 O
1000000000 200000 20000000000 10000000000000000O0O00O0DOO0OOO
gboooooboboooobOoboooooobooboboooboboboooobOobobOOoboo0oooboOoDn
obooooobDobooobOobboObo<=00000O»>=000000=000b0000b00DbO

oo A0 CO0O000o0o0o0o0oUoUoUoOoUUOoUUUUOOOO DO oOOoOoOoOoOoOoOOOoOOO

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

0000000000000 000000D000D0000 ex3-scop.datd SCOPOODOOOOOOOODOOO

gooooao

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 = 0
# 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

1]
N

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

1]
]

[best solution]
A: O

moaQw
= N =N

penalty: 0/52 (hard/soft)
[Violated constraints]
obj: 52

0000000000000 AOODOOD o00OUOO0O0O BOOODO 200000 cCcObOOO 100000 D
0000 200000 EODOOCDO 10000D000DOO0O0DOOO0DODODODODODODODOODOOODOOODOOODOOn0
Jooooobobooooooo



0 1 2

@ 20 30
715 12
25 13
15 18
5 @12 17

0000000 AD CO0D00D0D0D0D0D0D0D0D0D0D00D00O0O0O0O0OOODOOOODO OODODOODODOOODOOO

g Q % =

gboboooobooboooobooooooboobOobOoOoboOobOOobOooboOoOoOobooOonDs200000000
O 52(=15+12+10+3+12) 000000000000

24 SCOorpOOOO

scordpopoO0Q0O0OOOODODOO0OODOOOOODOOO0ODOOOOO.DO0ODODOOODODODODOOO

inputfile 00 O,
scop < inputfile

gooooo.

scopildfiioooooooooooooooooooooooooooon
% scop -help
oooo

Usage: scop [-options...]
-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

googboo.ob,obboobobboooboobon.

-noadjust
000000000000 00000000000000 (D0000,0000000000000000).
gboocoooboboooo,bobooooooboobooooobo,ooboooooboaon.

10



-display
goboooboobooooooaa.

0: 00000 +000
1: 00000 +000 (00)
2. 00000 +000 +000000000

3 00000 +000 (D0)+000UDODOOOOO

ob0,000000 -interval 000000000000 O0O0O0OOCODOODOO.

-interval

gbooooobobooooobooboooon.

-iteration

goocoooooooo.

-seed

goocoooooooo.

-target

gboooooboboooooboob.bobooooboobooooooooboooooobooboboobooooona.

-time

0oo0o00o0 (0)o0oooo.

gbO,000000000000b000.bo0o0oo00oboo0baa,

1. 00,0000
2.000000

3. 0000no
U30000bob.10o20000b00000o00onD,30 ,2000000000000D000.00,#000
booooobobooooboobooo.oo,0cobobooboooobobooooooboOooboon.
1. 000ogoo

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

00000000000,000 (a2, A-2Z),00 (0-9),000 ([,1),000000 (1),000 e0000000O

gooooo.

11



2. 000000

target = 000

ooooooooooobooOooooooooooo0oooo. boooooooooobooO, 0000 target =
oO0OO0OO0OO0.00,000000000 —targetO0O0O0OO0O0OO0O0O0O,000000000.

3. 0gnoog

OO00: weight = 0000000 type = 00000 0000

0000000000000 000D inf 000000000 (DOCOOO0,000000000O0). 0000000
Uo0oooooooDoOo,00b00000000 linear, quadraticlalldiff 0 30 0000000000000

go.

e linear

0ol gy DO0O00O00oooo00goo.0o00agooo

oo (oo, 0o) oo (oo, 0) ... <=000

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

Oooo z; 0000 2000000000.0000000

oo (oo, 0) 00 (oD 1, 01 (@MOO2, 02

oo (oo, 0) 0o (oo 1, 01 (@ODO2, 02 ...<=000

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

e alldiff

ooooooooobo vooo,voooooooooooooooboooooboooooobo.bboooooo
ooooo,0boooboboobobobobobobobo.bbobobbobOobD,0l. ooOoDOoDOoon

gboboooOobooocooobobooooooo,oonbo,bd vart 000 var200000

variable varl in { valil, val2 }

variable var2 in { val2, vall }

U0000000,00 vart 00 vall,val200000000000000O00O 1,00 var2 00 valt,

val20 000000000 1,0000.00000000

12



goo ooo ... oo

goooboo.obooboob ;s ooboobbobbob.
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30 tUbouotbbttdbootdud

gooooscopUifipoOoOoOoOoOoUoooUoooooooooooooooooooooooooooooo
gboboobOobooooooboboomoooooboobooooobooboon

3.1 ODOo0ogoboooon

gboboobboobooboobooobboobooboobooboobooboobbooooboaon
ocooooooooobooOoooooooboOoooobOooooDOb0ooooObOO0obDOOOoOoDbDOODOoOD 40
gboooooboboobooooooboboob 3agbooooobobobobobooboooobobo
gobobooobobooobboobooobooboooboobbooobobooobboobooboon
000007kg0000000000000O0O0O0O0O0ODOOO10000em®010/00000000000000O
oboboooboooooboboooobobooooboboooon

28771
2377 H
165 M 19711 @ @
0O o
B o @ Il
g 8!
& 3 o o°
AVJ
2 3 4 5 7 kg
3000 3500 5100 7200 10000 cm3

U3l:00b000000b00b000b00obo0oboooooa

000D000D0000D0O0O0OO0OOmulti-constrained knapsack problemO 00000000000 OO0OO
00000 10000000000000000NP-O000000000000O0OO0O0OOO0OObranch and
bound method 0 0 0 0 O O dynamic programmingd 0000 0000000000000 ODOOOOOOOOO
oooooooooo

goooo-1ooooboobooobobooobobobobooooon

gooooooooboo

nO000000000D00000 NOmOOODOOOOODODO MOODOODOOOO jeNDOOO v (>000
000 jeNDOOD ieMODOOOOO a; (>0 000000 ¢eMDOODODOOODO b (>00000
oooooooooooooooOoOooooooobeeMOOOO 00000000 OOO0OO0OODDOO
ocoooooOoooo0o NOOOODOOOOooOoOoooo
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O~ O ULk W

00000000000000000 j(eN)OODODDOODODOODOOODO 1000000000000 0-10
02, 0000000000000000COO0O0OCOO00OO0O0
maximize Zvj:vj
JEN
subject to Zaija:jgbi Yie M
JEN
z; € {0,1} VjeN
0O00o0o00o00ooooDoooO00o0oo00ooo0ooDoOo00ooDoO00oooooooDooDoooDoooon
O000o000oooooooooooooDooO000DoO000oDo0U0DoOo0oo0oDoOoODooUooOoDOoOOon
0000000 0oooo0oooo0oooo00o0ooo000DoO000oDoDo00oo0oOo0oOooDoOoOoOoDo
oo0ooooOoooooooooooooooooon
oooooo (0100000 U(o,l])000000000000O0O0OD0DU00D0DoDOoOoODO0OOo
00000000000 a; 0O 1-100010g,0U(0,11 0000000 b; O O.QSZjaijEIEIDEIEIEIEID v; O
10>, a;;/m+10U(0,1] 00000000 n=10000000 m=500000000000000000000
0000020 00000000000000000000D0O000O0O0O0O00OOOO
scCop00DO0O0O0ODOO0OO0UOODODODOOODODOODODODODODOUODODODOODO
oooooooooscopUipoUiUioOoOoOooOoOoOOoooOOoOoOoOonO

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]1,1) 4(x[2],1) 5(x[3]1,1) <=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)>=42

COo0o0OooO00opoooo0oOooooOoOooooscorpoooooOoUoOoDOO PythonOODOODOOOOOOO
boboooOooobobooooboboobooboobD «.bobooboobobobooovooooobooooo

gbOv000D0O00DO0O0DO0ODOO

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

f.write(”variable x[”+str(i)+”] in {0,1}”47\n”)

for i in range(m):
f.write( ”constraint”+str (i)+” : weight=inf type=linear ”)
for j in range(n):
f.write( str(ali,j])+”(x["+str(j)+7],1) ” )
f.write( "<="+str(b[i])+”\n"”)

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

f.write( ”>="+str (sum(v)) +’\n”)
f.close ()
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3.2 UO0ooognd

gboboedboOoOooOo20000000000O0O00bOO0OO0OOcOOODbOOOOO00 3.2000000000000
goooooobooooobogoo 3oooooboobobooboboooooboboooobOoboobOobobooo
goooboobobooboboobbobboboobobbobbobbobbobbobbob

N

0320000000000 0OODODO0O0O0OO0O0O0O0O0O0O0O0O0O0O0O0O0O00000(MG) 000000000
gbobOooooboobobooooboooooboobobobooobOoboooobooboo2000000000
ooooooooooonbo 20000

OO0000OD0OO000DDOOO0OOgraph partitioning problem00 000000000000 0O0CO0OOOCOOOODO
000000000000000VLSIOO0OO000000000000000000 MP-00000000
gboooooboboooooboobooboboooonog

0oooooo

00 n=|V|00000000000 G=(V,E)000000000000 V 00000 uniform partition,
eqipartitiond) (L,R) DOOOLNR=0,LUR=V,|L|=|R=7/20000000000000000000
0000D000LO ROODODDOOOOOODODOO0O00O0OO (L,R)ODO0O0OO.

000000000000000000000000000O0O0OOOOOOOOONNNNO G=(V,E)000
O0DLNR=00000000000LUR=VOO0OO0O00000O00000000000000 (L,R) 000
O partitiond 0 000 2 00 Obipartition 0000000 (L,R) 00000LOO0O0OROOOOOONOONONOOO0
00000000000000000000000000:0000 (L,R)0 LO0000000000 10000
O00ORODOOO0OOOOOOO00O0-100 2;0000000000000000000000%; 0000 n/2
0000000000 (,)0 LO ROODOOODD000000#(1—2;)0000 (1—=,)e; 0 1000000
oooooooooooo0

minimize Z zi(l —z;) + (1 — zi)z;
(i,J)€EE
subject to in:n/2
iev
z; € {0,1} VieV
doooooobooobooooobobbooobooobobDbooD200b000bLDO0o0bLODO0o0ObLOOo0ObOOoOobDOoOn

goooooooooboboobooooboooooboboooooboboboooobo200b00bObOOODODbO
oo0o0oOoOooooopoooscopo200p0OoOoOO0UOOOoOoOOOOOOOOODODODOOOObOOODODOOOOn
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gbooooooogooboobooooooboboooooboboooboobbodoe=1000000000000O000DO0DO
gooOoOoOoOoOoOoOoOoOoOOoOoOooscopOddOn=1000000000000000000000O0000O00
goooog

oOoooooO0O0obOeOUOoDOO2000000SCOPOOUODODODODOOODOOODODOO

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) 1(x[2],1) 1(x[31,1) 1(x[4],1) 1(x[51,1) =3

object: weight=1 type=quadratic 1 (x[0],1) (x[5]1,0) 1 (x[0],0)(x[5]1,1) 1 (x[1],1)(x[3]1,0) 1 (x[1]1,0) (x[3]1,1)
1(x[11,1) (x[61,0) 1 (x[11,0) (x[51,1) 1 (x[21,1)(x[41,0) 1 (x[21,0) (x[41,1) 1 (x[31,1)(x[11,0)
1 (x[31,0) (x[11,1) 1 (x[3],1)(x[51,00 1 (x[31,0)(x[51,1) 1 (x[4],1)(x[2]1,0) 1 (x[41,0)(x[2],1)
1 (x[561,1) (x[01,0) 1 (x[51,0)(x[0],1) 1 (x[51,1)(x[11,0) 1 (x[51,0) (x[11,1)
1 (x[51,1)(x[31,0) 1 (x[5],0)(x[31,1)<=0

000000000000 PythonDOODOOODOOODOOODODOOOODODOUODDOODOODO nodesOO

oboooo0Ouobdb djuboboocooobooooon

n=len (nodes)

f = open(”gpp—scop.dat”,

for i in range(n):
f.write(”variable x[”+str(i)+”] in {0,1}”47\n”)

’W,)

f.write( ”constraintl : weight=inf type=linear ”)
for j in range(n):

00~ O Ut WN

e e e e e
~NO Uk W= O O

f.write( 7?1(x[7+str(j)+”],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( ” 1 (x["+str(i)+7],1)” + "(x["+str(j)+7],0)” )
f.write( 7 1 (x[7+str(i)+7],0)” + ,
f.write( ’<="+str (0) +”\n")
f.close ()

3.3 UOooooon

gooooooobobooooboboooooooooboooboooDoOo 33bobooboboooooooo
bhobOoobooboobobobobobobobboobobooboOoobOobooboobOoboooboobOooboon
gooooo

O0O0OO00ODO0OQOOdgraph coloring problemO000000000DOOO0OO0OOODOOOOO
gdooooOoOoOoOoOooODOOODODOODODOOOODOOOO
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(a) (

033 0000000000(x 0000000000000 0OOO0OUODOOOO(M) 30000000000
gboooooboboooobooboobooooboboooo 3uobooooooobooboon

gooooao

00 n000D00O0 G=(V,E)O KOOUOK partition000000O0 VO KOODODODODOOOOO
T:{Vl,---,VK}DI:lViﬂVj:@,Vi#jDDDDDDDDDDUJKlej:VDDDDDDDDDDDDDDDD
ooooooooog v;(i=1,---,K)00000O0colorclass00000 KOOOOOOOOOOOO V; O
000000000000 00000 KOOOKcoloringDOOODODOOOOODOOOOODOODOODOOO
000 G@=(V,E)OOOUOOOOO KOOOOOoooooo)ooo Koo Y={W",---,Vx}000000O.

gboooooboooobobooooboooooobobooon
gcoooooOoooooooogoo4000000ScopOObDOoOoOOoOoOoOoOoOoDOoOO

variable x[0] in {0, 1, 2, 3}
variable x[1] in {0, 1, 2, 3}
variable x[2] in {0, 1, 2, 3}
variable x[3] in {0, 1, 2, 3}
variable x[4] in {0, 1, 2, 3}
variable x[5] in {0, 1, 2, 3}
variable x[6] in {0, 1, 2, 3}
variable x[7] in {0, 1, 2, 3}
variable x[8] in {0, 1, 2, 3}
variable x[9] in {0, 1, 2, 3}

constraint08 : weight=1 type=alldiff x[0] x[8] ;
constraint01 : weight=1 type=alldiff x[0] x[1] ;
constraint02 : weight=1 type=alldiff x[0] x[2] ;
constraint04 : weight=1 type=alldiff x[0] x[4] ;
constraintl2 : weight=1 type=alldiff x[1] x[2] ;
constraintl3 : weight=1 type=alldiff x[1] x[3] ;
constraintlb : weight=1 type=alldiff x[1] x[5] ;
constraint16 : weight=1 type=alldiff x[1] x[6] ;
constraint24 : weight=1 type=alldiff x[2] x[4] ;
constraint25 : weight=1 type=alldiff x[2] x[5] ;
constraint26 : weight=1 type=alldiff x[2] x[6] ;
constraint28 : weight=1 type=alldiff x[2] x[8] ;
constraint34 : weight=1 type=alldiff x[3] x[4] ;

000000000000 PythonODOODOODODOODOOODODOOOODODOUODOODOODO nodesOO

oboooo0Ouobdb djuboboocooobooooon

n=len (nodes)
f = open(”gcp—scop.dat”, ’'w’)
colorset=str (range(K))[1: —1]
print colorset
for i in range(n):

)
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0 34:200000000(30000000000000000000O000O0ODOOOUOOOOOOOOO
O00O0()3000000000000000000O0O000OO0O0UOO0O0OOOO0DOO0ODOODOOUOOO
O0000D0o0DbO00bO0b00o0o00od2xs+3x1+1x2=1500000000000000000000
200000000000000DO0O0 2x15=300000

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["+str(i)+7] "+ "x[7+str(j)+7] ; \n” )

f.close ()

3.4 200000

goo3booooo3ogoooooboooooobosgboooobooooboobooooooobooobobooboo
0000000000 34(2)000000000O0OOOUOOOOOCOOO 34 (b)D0O00O0OOOOOO3DO
gbooooobobooooobooboooobooooobooboobooboboboboboobooobobooooonoog
goooooboooooo

0000002000000 quadratic assignment problem0 OO0 O OONP-000000O0O00O0OOOOOO
ocooooog
200 00000000000000000O00O00O00O0

200000
20000000000 V={l,---,n} 000200 nxn00 F=[f;]0D=[d] 000000000

SN fiidryn)

i€V jev

ooooooOod »:V—-{1---,n} 0000000

gbooobo,0oboobooboobooboobtdde.bO00bO00bbOobDDb nOobOOODOODOODOO
0000004, 00000000 f; 000000 k40000000000 d,, OO00O0O0O0OOOOOOOO
gooooooooooogooobooooboooooo1oooobooobooboooobDobbOb0D OO0 2 00ODO

r(j) 00000000000
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minimize Z Z fijdreTinje
1,JEV,i£j kLEV, k#L

subject to szk =1 VEeV
i€V
Y win=1 VieV
keV
xi, € {0,1} Vi,k eV

gboooooobooooooobooooboobooboboooo20b00b0obobOOoOD0obUbbOOoOoOoDUoDbO

goooooscopOOoO20ddddddooooooooooooooOooooooooooo

oo0oooo0ob0 n=50000000000SCoOpOOO0DOOOOODOOOOODO

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

60(x[0]1, 0) (x[11, 1) 42(x[0l1, 0)

(x[11, 2) 18(x[0]1, 0)

10(x[31, 4) (x[4], 2) 10(x[3], 4) (x[4], 3) <=0

O000oooooDOooD PythonOOOODODOOOOOOOOODODODOODOD 20000 f,a0000

gbooobooobooo

)

fi = open(”qap—scop.dat”,

facilityset=str(range(n))[1: —1]
for i in range(n):
fi.write(”variable x[”+str(i)+”] in {"+facilityset+”}7+"\n”)

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

fi.write( "x["4str(i)+”] 7 )
fi.write(”; \n”)

fi.write( ”“obj: 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 !=ell:
fi.write( str(f[i,j]xd[k,ell]) + ”(x[” +str(i) ], ” +str(k) +”) "+
”(X[” +str(j)+ n}’ ” +str(ell) +7a) 77)
fi. write (?<=0")
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