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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

sCOP0O000IOOIONONONOOOOOLOGOPTOOOOOODODO

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

goooooobooooobobooogobobooooobooboooboobooooboboboOobO BOobooooo
oboobOoboooobooooboobooooobobo0ooboobobooooboOobooooobooonoo

OO00D000D0O0000 PythonOODOOODODOOODOOODOOODOOODDOOODOPythonOOO
co0oo0o0poOoOd0ooOoO0ooO0bOOo00oOo0o0Do0oOoOOoOoOO0ooOOoODOPPythondOOOOoODOOOO
obooobooooboobooooboooooooobooooboooboOooooboobooobooooOoon
gboboobobooobobooooboboooon

SCOPO PythonOODOOODOOOOODODOOODDOOODOOOOODOOODCOOOODODO SCOP OO Python
0000000000000 0b000b000000Oscop.pyl 00000000 O0O0OOOOOOOODOOODOOO
OO0 PythonOOODOOOOOOODODOOODODOODOOOOOOODODOOOOOOODOODOOOODODO
gooobooboooboobouoooobooboooobooooboboboooDooooo



020 scop.pyUlUUOOOOOOODON

scop.py 000000000000000000

e 0O OO0 Problem
e JIUDODO (Constraint): 00 O0OODUODOOOOOOOOOODOOOODO

— 0O0O0OO0D00O0O Linear
— 2000000 Quadratic

— 0000000 Aldift

ubooobobooooboboon

2.1 0O00OOOO Problem

Python OO SCOPODOOOOOODOOOOOOODOOOOODOODOOOOOOOOOOODOOOOODOD
bboobonoooobooooboboooobobooooobooooboOobooon

H O O O=Problem ()

Problem 000000000000 OO0.0000000000O000O0DODO0OOODDOOO

addVariable(OOOOOO)
O001000000000000000000D0O0OstringD000D00000DOOLstDDOOOODOO

gbhoobooboobobbooboobooboobobobob

addVariables(ODODOOOOOOO)
boooobobooobobOoocobooboobooobobooboOobooOoOoboOobOoobOoboboboOoDno
uboboobobooobooboooobooboooobobooooboon

addConstriant(0 0 000000)
cooooooooooooOoocooOooOoOoOoOooOoboOoO0oOOoOoOoOoOoOoOoOoOCcOODOOObObOOOOoOonn
cooooooooooo



solve(0O0OO,0000)
0000000000000000000000000000000000000000000000000
00 6000 000000000000 100000000000000000000 10000000000
OOtme=0000000000000000000000000000000000000 2000000
000O0MDseed=00000000000000000000SCOPOONONONNNO00000O0O0O0O00
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000

0000000 ProblemO0O000CO00D0OOO0DOOO0ODOOOODOOOOODODOODODOODOOODODOOO
obooooOobobooobobooobooboooooboobooboobobooonog

Hprint Oooao

gboooboooogad

2.2 0O0O0OOOOO Linear

O000000 Lneer 00000000000 OO0ODODOOOOD

HDDDDDD:Linear(DDD,D 0)

gboboooboobooobooooobooboooobooobooboooooboobooboooooboooobooooaon
O0000oooo0o0o0ooooomOoo0o00oooooo0ooooooOoooD “nf”000 “inf”0000O
goooobooboooobooooboobooooboboboooboboobooooboooobo 100b0o0
Lnear 000000000 DOO0OMOOO0.0000DOC000O0DOOOODODOOOODDOOO

addTerm(000OO0O0O0OO)
uooboooboboo 1100000 ooboboobobbooooobooDb 1booooboobb oooooDo
x[000,0)]000000000000O

00 xz[000,0]

ubooooooboboboooooboobobdbOOstringDO0 00000000000 DOOOO00OCOO0OO0

gbogbooboobobod

setRhs(0D 00 0)
cooobOoooobOocOoOoOooboOooOooboOo0oOoOoooooboc oODOn

setDirection(0 0 000)
O000D00000D0000 “<=",%=",“=0000000000000000 “«<="0000



setWeight(O O )

0000000000000 0000oOoooooOoD “nfPP0000«nf?000000O0OO0COCOOOOO
oooobooogo

000000000 Liner 0OO0OOO0ODOOOOODOOODOODOOOODODOODOOLIODODOOOOO
oboooooooooobooooboooooooboon

H print L1

oooobooooon

23 2000000 Quadratic

2000000 QuadraticO0O0O00O0OO0O0OOOOOOOOOOOODO

HD 00 000=Quadratic(00 0,0 0)

oo0oobo0bo0o0obo0obobooooDoon Lineer 0000 O0O0OODOOO

Quadratic 00O OO0O0DOOO0O0O0ODOOODOO.0DOO0O00DOOOOOOOOOOOODOOOOOD

addTerm(0 0,000 1,0 1,000 2,0 2)
2000000000200000000000000000000 i(G;=1,2)00 000000 1000

00000 0000000 «2[0004,04 0000000000000
00 x«[000 1,0 1] xz000 2,0 2]

ob0oo0o0o0o0o0ob0ob0oboob0ooooobD0obOboOstringD00000O0O00OD0O0O0DO0O0DOOOOO0OO0OO0
obooobOooooooboooon

setRhs(0 00 0)

gboogbooboobobobooboobooboooboob oobO

setDirection(J 00 00)

OO000D00000D0000 “«<=",%=",“=0000000000000000 “«=0000

setWeight(O O )

OOoO00ooooOoOoopoooOooooooOoooD s“mf”0000f” 0000000D00OC0O0O0ODOO0O
oooobooogon

0002000000 Quadratic 000000000 O00DOOOOO0ODOOOODDOOOODOQIOODOOOO
gbobooboboobooboooboobobooooboooo

H print Q1

gooobooogon



24 0000O0O0O0O Aldiff

0000000 AldifO000O0OO0O0OOOOOOOOOODODODOO

HAlldiff(DEID, 0o0oDOoDOoDO0O0oooo)

gooooboooooooboooooooboobooooboboobobboobobooobboobooooDOoo
oboobooobooooboobooobooobooooobooooobooooboboOobooobOoooOooboooooon
goooo

oo0oobo0bo0o0obo0obobooooDoon Lineer 0000 O0O0OODOOO

addVariable(O O 0O)
gggobobobboooobobboobog

addVariables(D OO O OOO)
booobOobooooobobooooobooooogan

setWeight (O O)
0000000000000 00000000000 “nf"0000«nf"0000000000O0OO0OOOO

ooooboooon

0000000000 Aldif000000000000000000000C00O00000DAlIOOOOOODOO
obooobOobooooobooooboboooooboooon

H print Al

oooobooooon
Ubooob0O0obooboobdbOOscoppy 0 0OO0OOO0O0ODO



030 scop.pyUd U U

3.1 ODOO0OO0O0O 1

goooooos30o0ooo0o0 ABCOs3OO0OO0OOo,l,200000000000000O0O0O0OOOCODO1IDOOO
gboobooooboobooboooboobooooboooboooobooobOOooooboooboOooobooon

googooboogo
0 1 2

Al15 20 30

Bl 7 15 12

C\25 10 13
gooobooboooobobooooobooooobooboboboooboOoboooo
OO0OscopO0O00O00D0OOOODOOOODO Problem DOOO0D0OCO pOOOonooOO

import scop
p=scop . Problem ()

000000 workersUO0OOO0OO0O0OO0O0DOOO CostOODOOOOOO

WOI‘keI‘s:[”A” ,”B” 7770,7]
Cost=[[15, 20, 30],[7, 15, 12],[25,10,13]]

gbobgpb00D0O0OD0O0O0DODLOOO0O0D0O0D addvariablesU OO0 O0OO0O0OO00OO0OO0O0OO0OOO0O0O

ooooo0o0o,1,200000000000PythonD range() JO0DO0OO0OODOODO

H p.addVariables (workers ,range (3))

gbooooboooboboobooobooobobooboobobooboool1ooboobobo1b0oboo0oboooboooboooooon
oboobooobooooboooboboodobOodbO0alldiff constraint 000000000 con1 0000
goo

conl=scop. Alldiff(” all_diff_constraint” ,workers)
conl.setWeight (”inf”)

100000000000000000000000000D 100000002000 setWeight OO OO
Oo00000000omf00000000000000O0O00000000OO000O0O0OOO0OOOO 10000
googo

H conl=scop. Alldiff (” all_diff_constraint” ,workers,”inf”)




UL W N

00 linear constraint 00000000 con200000000000000O000O0O0O0 10000000
U0 weight U0 0OO000OO0O000O0 20000 400000addTerm 000000000000 O000O0O0O0O0C
O00000Dib0000o0D0ob0 jOoOoOoOoOoDoOODOobOoOonbcestliljlOOObOOnOOoDOOSbOOOO
obO0ob odeDbO0OD0O0O0OO0O0O0OO0O<x=0000000000000D00D0O0D0O0DO0ODODODOD <=00000

gboooboo2000000000a0

con2=scop . Linear (”linear_constraint”)
for i in range(len(workers)):
for j in range(3):
con2.addTerm(Cost[i][j],workers[i],j)
con2.setRhs (0)
con2.setDirection ("<=")

U000000000 contcon2000 p0 addConstrant D00 DODO0O0DOOO0OOOL,20000solved OO
000000003 00000000solve0 0000000000 OOODOO time=1000000 100000
obooobooboooogn

p.addConstraint (conl)
p.addConstraint (con2)
sol ,violated=p.solve (time=1)

solve OO OOO0OUODOODOODOODOODODOOO0O0DOOONO sol0violatedOOUODOOOODOOOODOOO
0000000000000 00000OD0O0000 PythonOD print000000CO0O0O0DOCCOOO PythonO

OO00000 2x000000003x000000printOO0O0000DODOOOODOOOO

print ”solution”
for x in sol:
print x,sol [x]

print ”violated constraint(s)”
for v in violated:
print v, violated [v]

uboboobOoooobOoboooobOobooOobDpUpprintd00O000OO0O00OO

H print p

obooobOobooooboboooog

number of variables = 3

number of constraints= 2

variable A:[0, 1, 2]

variable B: [0, 1, 2]

variable C: [0, 1, 2]

Alldiff: all_diff_constraint: weight=inf

ACB

Linear: linear_constraint: weight=1

15%x[A:0] 20*x[A:1] 30*%x[A:2] 7*x[B:0] 15%x[B:1] 12*%x[B:2] 25*x[C:0] 10*x[C:1] 13*x[C:2] <=0

OO0 Python OO DOOOODOOOODOOOODOOOODODOOOODO

solution

AO




—

H O © 000 Utk Wi

Cc1
B 2
violated constraint(s)

linear_constraint 37

oo0o0o0000 ADQOOOoOOOOO BOOOO 200000 cOOO0OO0 100000opoooooooo
gooooobooooboobooooooobooooboooobobboooDobooboobobOoobDOoo

U000 alldiff constraint 0O0O0O0 0000000000 O0O0O0O0OC0OOO0OO0OOO0DOOOOOOOO
linear_constraint 00000000 370000000 10000000000 37(=154+12+10)000000
oooooog

3.2 0OOOOO 2

Ooo0o0Os500000 ABCDEDO3OOCODO O,l,20000000000000000000000000O0A0
gboboobooobooooooooobo 1,2,20000000000000000000000O0O00O00O0O000OO

oboooboooboooogn
0 1 2

15 20 30
7 15 12
25 10 13

S Q W =

15 18 3

E\5 12 17
gobobobooboooboboboooooobobobobobooobobobobobooobubi weightd
ob0o000inf0000000O
gooooscop0OiooooooOoPpythnd0O0O0OOOOO0O00O0O0O0O0O0O

import scop
p=scop .Problem ()
WOI'keI'S:[”A” ,”B” ’ncw 777D77 ’77E77}
Cost=[[15, 20, 30],[7, 15, 12],[25,10,13],[15,18,3],[5,12,17]]
LB=[1,2,2]
p.addVariables (workers ,range (3))
LB_Constraint={} #dictionary for keeping lower bound constraints
for j in range(3):
LB_Constraint [ j]=scop.Linear (” LB_constraint”+str (j),” inf”)
for i in range(len(workers)):
LB_Constraint [j].addTerm(1,workers[i],]j)

10




12
13
14
15
16
17
18
19
20
21
22
23

25
26
27
28
29

LB_Constraint [j].setRhs(LB[j])
LB_Constraint [j]. setDirection (">=")
p.addConstraint (LB_Constraint [j])
conl=scop.Linear (”linear_constraint”)
for i in range(len(workers))
for j in range(3):
conl.addTerm(Cost[i][]j],workers[i],])
p.addConstraint (conl)
sol ,violated=p.solve (time=1)

print p

print ”solution”
for x in sol:
print x,sol[x]
print ”violated constraint(s)”
for v in violated:
print v, violated [v]

gbooobOobooooobooooooboooooono

number of variables = 5

number of constraints= 4

variable A:[0, 1, 2]

variable B:[0, 1, 2]

variable C: [0, 1, 2]

variable D: [0, 1, 2]

variable E: [0, 1, 2]

Linear: LB_constraintO: weight=inf

1xx[A:0] 1*x[B:0] 1*x[C:0] 1*x[D:0] 1*x[E:0] >=1
Linear: LB_constraintl: weight=inf

1kx[A:1] 1*x[B:1] 1*x[C:1] 1*x[D:1] 1*x[E:1] >=2
Linear: LB_constraint2: weight=inf

1xx[A:2] 1*x[B:2] 1*x[C:2] 1*x[D:2] 1*x[E:2] >=2
Linear: linear_constraint: weight=1

15%x[A:0] 20*x[A:1] 30*x[A:2] 7*x[B:0] 15*x[B:1] 12*x[B:2] 25*x[C:0]

10*x[C:1] 13*x[C:2] 15%x[D:0] 18*x[D:1] 3*x[D:2] 5*x[E:0] 12*x[E:1] 17*x[E:2] <=0

solution

A1l

c1

B 2

EO

D 2

violated comnstraint(s)
linear_constraint 50

0000000000000 0 AJ0D0OO 100000 BOOOO 200000 coodOo1oooog Db
obooOo 200000 EO00DOO0 o0O0O0OO0OO0OO0OOCO0OOO0OOO0OO0OOO0OOOOOO0bOOOOObOOOOODbO0On

gboooooboooobooon
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W N

0 1 2

Al 15 @O 30
B| 7 15

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

gbooooooooobo oobobobobobobobobooOooOoooboooboooooboobo oobobOoo

000000000000000 50000000000 50(=20+12410+3+5) 000000000000

3.3 oo 3

ooo00oooooO0o0ooooooo0o0ooooo0oOop0oD A0 coooopoooooooooooooo
00000000000000 AD CO0O0OO0ODO0O0OO0OO0DD00DO0O0O0O0OOOODOOO0O0O0OO0OODODODOODOOOO0
000 A0 cCOOQOQoQoOoOoOoOoOoOOOOOOOO 20000000 100CDCOOOOODOOODODODOOOO

con2=scop . Quadratic(” quadratic_constraint” ,100)
for j in range(3):

con2.addTerm(1,”A” ,j,”C”,j)
p.addConstraint (con2)

gbooobooboobobobobooboobooboobonooo

number of variables = 5

number of constraints= 5

variable A: [0, 1, 2]

variable B: [0, 1, 2]

variable C:[0, 1, 2]

variable D: [0, 1, 2]

variable E: [0, 1, 2]

Linear: LB_constraintO: weight=inf

1xx[A:0] 1*x[B:0] 1*x[C:0] 1*x[D:0] 1*x[E:0] >=1

Linear: LB_constraintl: weight=inf

1kx[A:1] 1*x[B:1] 1*x[C:1] 1*x[D:1] 1*x[E:1] >=2

Linear: LB_constraint2: weight=inf

1xx[A:2] 1*x[B:2] 1*x[C:2] 1*x[D:2] 1*x[E:2] >=2

Linear: linear_constraint: weight=1

15%x[A:0] 20*x[A:1] 30*x[A:2] 7+x[B:0] 15*x[B:1] 12*x[B:2] 25*x[C:0]
10*x[C:1] 13#x[C:2] 15*x[D:0] 18*x[D:1] 3*x[D:2] 5*x[E:0] 12*x[E:1] 17*x[E:2] <=0

Quadratic: quadratic_constraint: weight=100

1xx[A:0]*x[C:0] 1*x[A:1]1*x[C:1] 1xx[A:2]*x[C:2] <=0

solution

AO

c1

B 2

E1

D 2

violated comstraint(s)
linear_constraint 52
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0o 1 2
A[@® 20 30
Bl 7 15
c| 25 13
D| 15 18
E\5 @© 17

ooo0O000 AD cOOOoopoooooooOoOoOoOoOooOOOOOOO0OOO0OO0O0 oODOoOoOoooooooo
gooobooooobooboobooboboo ooboobOoboboobOoboboobOooboOoDbObO 2ObUbooooo
0 52(=15+124+10+3+12) 000000000000

3.4 0O00OO0OO0OOOO0OO

gobooooobooooooboooboooobooobooooooobooobooboooOoobooooboobooboaon
goooooobooboboooooboboboobooooboboboooooobOobOooDoboobOoboon
goooooobooooboboooooboobooboooDoboobooDbWmIooDoboobooogoDooo
00 7kge00000000O0O0OOO0OOOCOOOOOOOOOOOOOOOOOOOOOOO (6,5,4,3,1,2)
gooobo 3.1goboooboooooboboboobooooobooobooooboooobobobooooooan
gbooooboobooboobobooboooobooooobooooooboooooboobooboooboooboon

OO00000000OO0000O000DO0O000DDO0O00ODbin packing problemO0 00000000000 O0ODO
uboboobobooobooboooobooboooooboooo

goooooobooo

nO00000000000000 NOOOO poOOoOO0oO0OOoOobOO0oO0oOoOobooOobOOoooonboO seNOOO
Uo<w, £ B0O00OO0OOOOODOOODODOOO nOODOODOOODO BOODODOODOOOOODOOOO

gboboobobooooboooooobooooobooobo
1
-l
7
5 5
4 4

031:00000000000000DOOOODOO SscopOOoOOO
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Oo00000OooooOoO0OoO0O0OoOoogoooooooscopoOoOoOoOoOoOoOooOoooOoOooOooOoscopooOoOn
gooooooooooboobooooooooobobooooboobooDooooooboboboobDOoo
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OO0O000O0000D PythenOOOOOOOODOOOOODOODOO

bpp=Problem ()

Items=[6,5,4,3,1,2]
B=7

num_bins=3

n=len (Items)

for i in range(n):
bpp.addVariable (" Item”+str (i), range(num-_bins))

Bin={}
for j in range(num_bins):
Bin[j]=Linear (”Bin”"+str (j),weight="inf")
Bin[]j].setWeight (1)
Bin[j].setDirection ("<=")
Bin[j].setRhs(B)
for i in range(n):
Bin[j].addTerm(Items [i],” Item”+str (i),j)
bpp.addConstraint (Bin[j])

sol ,violated=bpp.solve (time=1,seed=3)
print bpp

print ”solution="

for i in sol:

print i,sol[i]

print ”violated constraints=",violated

gboooooboooooboon

number of variables = 6
number of constraints= 3
variable ItemO: [0, 1, 2]
variable Iteml:[0, 1, 2]
variable Item2:[0, 1, 2]
variable Item3:[0, 1, 2]

variable Item4: [0, 1, 2]

variable Item5:[0, 1, 2]

Linear: BinO: weight=1

6*x[Item0:0] 5*x[Iteml1:0] 4*x[Item2:0] 3*x[Item3:0] 1*x[Item4:0] 2*x[Item5:0] <=7
Linear: Binl: weight=1

6*%x[Item0:1] 5*x[Iteml:1] 4#*x[Item2:1] 3*x[Item3:1] 1*x[Item4:1] 2*x[Item5:1] <=7
Linear: Bin2: weight=1

6*x[Item0:2] 5*x[Iteml1:2] 4*x[Item2:2] 3*x[Item3:2] 1*x[Item4:2] 2*x[Item5:2] <=7

solution=
Item2 O
Item3
ItemO
Iteml
Item4
Itemb 1

violated constraints= {}

N = N O
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3.5 UOO0boooooobood

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

oboooboooobOobooobooboooboboooooboooobOobooooobom

uob2 30000000 200000000000000000
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© 00~ U WN -

go0OscopO0UppoOoOoOoOOOOOOOO0D oOOOOOOODOODO AB,C,DO0OUODODOOOODODOO
ooooooo,1,..,6 0range(mI0DO0OO0ODOOOOODOODOO {00000 ¢«DOO0OO0O0O0ODODOOOOO
O0oooooooooo {0,1,2,3} Orange(4)0 D000

OO0O000O0000D PythenOOOOOOOODOOOOODOODOO

import scop
p=scop . Problem ()
periods=range (7)
shifts=range (4) #three shifts named 0 (off), 1, 2, and 3
St&ffS:[”A” 777]377 777017 777D”}
variables =[] #list of wvariables
for i in staffs:

for t in periods:

variables .append (i+str(t))

p.addVariables (variables , shifts)

LB={} #dictionary for holding lower bound constraints
for i in staffs:
LB[i]=scop.Linear ("LB’+i) #weight is set to default (1)
for t in periods:
for s in shifts [1:]:
LB[i].addTerm(1,i+str(t),s)
LB[i].setRhs(5)
LB[i].setDirection (">=")
p.addConstraint (LB[i])

UB={} #dictionary for holding upper bound constraints
for t in periods:
for s in shifts [1:]:
UB[(t,s)]=scop.Linear ("UB”+str (t)+str(s)) #weight is set to default (1)
for i in staffs:
UB[(t,s)].addTerm(1,i+str(t),s)
UB[(t,s)].setRhs(1)
UB[(t,s)].setDirection ("<=")
p.addConstraint (UB[(t,s)])

#forbid two different shifts on two comnsecutive days
Forbid={}
for i in staffs:
for t in periods:
for s in shifts [1:]:
Forbid [(i,t,s)]=scop.Linear (”Forbid”+i+str (t)+str(s))
Forbid [(i,t,s)].addTerm(1,i+str(t),s)
for k in shifts [1:]:
if kl=s:
if t=—=periods[—1]:
Forbid [(i,t,s)].addTerm(1,i+str (0),k)
else:
Forbid [(i,t,s)].addTerm(1,i+str(t+1),k)
Forbid [(i,t,s)].setRhs(1)
Forbid [(i,t,s)].setDirection ("<=")
p.addConstraint (Forbid [(i,t,s)])

#shifts 2 and 38 must do at least two consecutive days
Cons={}
for i in staffs:
for t in periods:
for s in shifts [2:]:
Cons[(i,t)]=scop.Linear (”Cons”’+i+str(t))
Cons[(i,t)].addTerm(—1,i+str(t),s)
if t==0:
Cons[(i,t)].addTerm(1,i+str (periods[—1]),s)
else:
Cons[(i,t)].addTerm(1,i+str(t—1),s)
if t—periods[—1]:
Cons[(i,t)].addTerm(1,i+str (0),s)

16




else:

Cons[(i,t)].addTerm(1,i+str (t+1),s)
Cons[(i,t)].setRhs(0)
Cons[(i,t)].setDirection (">=")
p.addConstraint (Cons[(i,t)])

sol ,violated=p.solve (time=1)
print ”solution”
for x in sol:

print x,sol [x]
print ”violated constraint(s)”
for v in violated:

print v, violated [v]

gboboobOobooooboboooobobooooobooooobooboooooboooon

solution
Al 3

AO
A3
A2
A5
A4
A6
C3
C2
C1
Co
C6
Cb5
Cc4
B4
B5
B6
BO
B1
B2
B3
D6
D4
D5
D2
D3
DO
D1 1

violated comstraint(s)
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oboooooboooono 20000
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oo0o0o00O0O000O0O02000000000000000000000O00O00OOOOOODOOOOOOSscoP
oooooooogon

import scop
p=scop .Problem ()
nodes=["n"+str (i) for i in range (6)]
adj=[[1,4],[0,2,4],[1],[4,5],[0,1,3,5] (3 ,4]]
n=len (nodes)
p.addVariables (nodes,[0,1])
conl=scop.Linear (” constraint” ,”inf”)
for i in nodes:
conl.addTerm(1,i,1)
conl.setRhs(n/2)
conl.setDirection (
p.addConstraint (conl)
con2=scop . Quadratic(” obj”)
for i in range(n):
for j in adj[i]:
con2.addTerm(1,nodes[i],1,nodes[]j],0)
con2.addTerm(1,nodes[i],0,nodes[j],1)
con2.setRhs (0)
con2.setDirection ("<=")
p.addConstraint (con2)
p.solve (1)

9 __9

gbooobobooboobooooboobobooooboooooobo200000000bD0b0O0O0DObOOODOn
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minimize Z Yij
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subject to Z:cl =n/2
eV
z;—x; <y V(i,j) €EE
Tj— T < Yij V(Z,]) cFk
x; € {0,1} VieV
Yij € {07 1} V(Za]) €FE
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from gurobipy import x*
n=6
nodes=range (n)
adj=[[1,4],[0,2,4],[1],[4,5],[0,1,3,5],[3 ,4]]
model=Model (” gpp”)
x={}
y={}
for i in range(n):
x[i]=model.addVar(0,1,0,GRB.BINARY,”x"+str (1))
for j in adj[i]:
y[i,j]=model.addVar(0,1,1 ,GRB.BINARY,”y”+str (i)+str(j))
model . update ()
conl=LinExpr ()
for i in range(n):
conl.addTerms(1,x[i])
model.addConstr (lhs=conl, sense=GRB.EQUAL, rhs=n /2 ,name=" constraintl”)
for i in range(n):
for j in adj[i]:
con2=LinExpr ()
con2.addTerms(1,x[i])
con2.addTerms(—1,x[j])
con2.addTerms(—1,y[i,]])
model.addConstr (lhs=con2 , sense=GRB.LESS_EQUAL, rhs=0,name="con2”+str (i)+str(j))
con3=LinExpr ()
con3.addTerms(1,x[j])
con3d.addTerms(—1,x[i])
con3.addTerms(—1,y[i,]])
model.addConstr (lhs=con3, sense=GRB.LESS_EQUAL, rhs=0,name="con3”+str (i)+str(j))
model . update ()
model. write (”gpp.lp”)
model. optimize ()
print ”Opt.value=" ,model.ObjVal
for v in model.getVars():
if v.X>0.001:
print v.VarName,v.X

4.2 0O0O0O0O0OOOO
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0000000000000000000000000VLSIOOOOoO0ooo0o0oo
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import scop

p=scop . Problem ()

nodes=["n"+str (i) for i in range(6)]
adj=[[2],(3],10,3,4,5] ,[1,2,5],[2],[2,3]]
n=len (nodes)

p.addVariables (nodes,[0,1])

for i in range(n):
for j in adj[i]:
if i<j:
conl=scop.Linear (” constraint”)
conl.addTerm(1,nodes[i],1)
conl.addTerm(1,nodes[j],1)

conl.setRhs (1)
conl.setDirection ("<=")
p.addConstraint (conl)
obj=scop.Linear (”obj”)
for i in range(n):
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obj.addTerm (1,nodes[i],1)
obj.setRhs(n)
obj.setDirection (">=")
p.addConstraint (obj)
p.solve (1)

000000000000 GwobiDOOODOOOOODOOODOODODOOO

from gurobipy import x
n=6
nodes=range (n)
adj=[[2],[3],[0,3,4,5],[1,2,5],[2],[2,3]]
model=Model (”ssp”)
x—{}
for i in range(n):
x[i]=model.addVar(0,1,1 ,GRB.BINARY,”x"+str (1))
model. update ()
for i in range(n):
for j in adj[i]:
if i<j:
conl=LinExpr ()
conl.addTerms(1,x[1])
conl.addTerms(1,x[j])
model. addConstr (lhs=conl , sense=GRB.LESS_EQUAL, rhs=1,name="edge”+str (i)+str(j))

model. ModelSense=—1
model . update ()
model. write (”ssp.1lp”)
model. optimize ()
print ”Opt.value=" ,model.ObjVal
for v in model.getVars():

if v.X>0.001:

print v.VarName,v.X

4.3 UOOOOOO
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0D0000000000000000 KOOOK coloringd00000000000000000000000
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import scop
p=scop .Problem ()

K=3
nodes=["n"+str (i) for i in range(6)]
adj:[[2]7[3]7[0737415]7[172’5]7[2]7[273}]

n=len (nodes)
p.addVariables (nodes ,range (K))
for i in range(n):
for j in adj[i]:
if i<y
conl=scop. Alldiff (” alldiff”+str(i)+str(j),[nodes[i],nodes[j]],”inf")
p.addConstraint (conl)
p.solve ()

Uoo00oo0ooOoooobooobooboob0o0b0o0ob0o0b00o00noOnnO Koy 0000oooooogoo
OO00000000DD0O0 KOOOD1<K<EKnh.OOOODOOOOoOOoDOo

00000000 k000 10D00DO0DbO0ObO oD 0100 x4 000000 V,ODOODODOO 10D00OO
oboo0o 1ibooooboooboobooooboo o0 o100 yw OOODODOODOOODODOOOODOOO
goooog

minimize E Yk

subject to Z Tip =1 VieV

l'i]g—FiL’jk Syk V(Za.]) EE,:ZC: 17 aKInax
e € 0,1} VieVik=1,-, Knax
ykE{O,l} Vk:]w'"v}'{max

00000oO0o000oO0o0ooOo0oUoo <000 100000000000 DO0OD200000000 (1,5)00

gboog .00 j000000000000000O000DO000DODO0OO0O

xik‘f'l'jkgl v(iaj)EE7k:1;"'aKmaX
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0000000000000 00000000000000000000000000 Vi =41,2,3},Va={4,5} O
Own={45},%={1,23}0000000000000000000000000000 z,y0O0O0O0O0O0O0OO
oobdd -,y OOOOOOOCODOODODOOODUOOODOOODDUOODDOOODDOODODbDOUODbDOOO
goooooobuooboobooboobooboobboobuooboobobobobboobnooobag
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from gurobipy import x*
model=Model (” gcp”)
K=3
nodes=["n"+str (i) for i in range(6)]
adj=[[2],[3],[0,3,4,5],[1,2,5],[2],[2,3]]
n=len (nodes)
x={}
y={}
for i in range(n):
for k in range (K):
x[i,k]=model.addVar(0,1,0,GRB.BINARY,”x"+str (i)+str(k))
for k in range(K):
v [k]=model.addVar(0,1,1 ,GRB.BINARY,”y"+str (k))

model . update ()

for i in range(n):
lin=LinExpr ()
for k in range (K):
lin .addTerms (1 ,x[i,k])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=1,name=" constraintl_"+str (i))

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

for k in range(K):
lin=LinExpr ()
lin.addTerms(1,x[i,k])
lin .addTerms (1,x[j,k])
lin.addTerms(—1,y[k])
model.addConstr (lhs=lin , sense=GRB.LESS_EQUAL, rhs =0,

name="constraint2_"+str (i)+str (j)+str(k))

for k in range(K—1):
lin=LinExpr ()
lin.addTerms(1,y[k])
lin.addTerms(—1,y[k+1])
model.addConstr (lhs=lin , sense=GRB.LESS_EQUAL, rhs=0,name="constraint3_"+str (k))

model . update ()
model. write ("gep.1p”)
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045 200000000(x)300000000000000000O00O0O0O0OOOOOOOOOOUOOOOO
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2000000000000D000DO0 2x1b=300000

model. optimize ()
print ”Opt.value=" ;model.ObjVal
for v in model.getVars ():
if v.X>0.001:
print v.VarName,v.X
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gobos3sbooboboo3oobooboobooboo3obooobooooboooooooobooooboooonoon
0000000000 45 () 0000000000000 OOO0OOOOO 45 (b)000000O0OOOO30O
goooooooooooooobooobooboooboboboobobooobooooboooooboboboboo
uboooboooobooon

0000002000000 quadratic assignment problem0 D DD OONP-0 0000000000 OOOOO
ooooood

2000000000 O0DOO0bOOOOODbOObOOODbOOn

200000
20000000000 V={1,---,n}000200 nxnO0 F=[f;]0D=1[dy] 000000000

SN fiidaiiyei)

i€V jEV

Oooooouo »n:V—>{l---,n} 0000000

O00D0O, Koopmans-Beckmann 000 0000000000000 0O00O0O0ODOO0O0OO0OO0OOOOOOODO
nO0000000000C0 nO0OO0OOO0O0OOOOOOOOOCOOOOO ¢,;00000000 f,000000 k,¢
oooooooooO0 dee00DDOOOOO0OO0OOOODOOOOOOO0O0OODOOOOOODODODOOOOO1O
000000000000 00000 000 000 () OOODOOOOOODOO

25



04500000000 F=[f;]0D = [dk] OO

0 2 3 0 5 1
F=12 01 D=15 0 2
310 1 20

000000 000000 DOOODDOO0OOOO0OOO DOO40 #(3) 0000000000 50 x(j)0
00000000 D’O000000O000,j00000 FO 40000000000 4,;000000000
00200000000000000000007=(2,1,3)0000000 7(1)=2,7(2)=1,7(3)=30000
0oooD O
05 2
D=5 0 1
2 1 0
OD000FO00000000002x543%x2+1x1=170200 340000
2000000 NMP-O00000D000000D0000000001000000000000000045000

obooobOobooooboboooooboooon

12 3 -+ n—-1 n

1 0 1 0 0 0

2 0 01 0 0
D=

n—110 0 0 1 0

n 1 00 0 0

ooooooobooo
0oo0«:000 kODDOOOO0O0OO0 1O0DO0O0O00ODO o000 0100 2 0OODODO2000D0D00000O0O
gooobooooo
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scop0dd2p000000000000000O0OD0OO0OD0OO0OO0OO0O0OOOOOOOOOOOO

import scop

n=3

d=[[0,2,3],[2,0,1],[3,1,0]]

f:[[o 75 71] 7[5 70 72] 7[1 72 70]]

p=scop .Problem ()

nodes=["n"+4str (i) for i in range(n)]
p.addVariables (nodes ,range(n))
conl=scop . Alldiff (’AD” ,nodes ,” inf”)
p.addConstraint (conl)
obj=scop.Quadratic(”obj”)

for i in range(n—1):
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for j in range(i+1,n):
for k in range(n):
for ell in range(n):
if k l=ell:
obj.addTerm (f[i][j]*d[k][ell],nodes[i],k,nodes[j],ell)
p.addConstraint (obj)
p.solve (1)
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from gurobipy import =x
n=3
d=[[0,2,3],[2,0,1],[3,1,0]]
f=[[0,5,1],[5,0,2],[1,2,0]]
model=Model (” qap”)
w={}
x—{}
for i in range(n):
for j in range(n):
w[i,j]=model.addVar(0,100000,1,GRB.CONTINUOUS, ”w”+str (i)+str(j))
for i in range(n):
for j in range(n):
x[i,j]=model.addVar(0,1,0,GRB.BINARY,”x"+str (i)+str(j))

model . update ()
V={}
for i in range(n):
for k in range(n):
M[i,k]=0.0
for j in range(n):
for ell in range(n):
M[i K+=F[1][]]*d[k][ell]

for i in range(n):
lin=LinExpr ()
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for j in range(n):
lin.addTerms (1,x[i,j])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=1,name=" assignl_"+str (1))

for j in range(n):
lin=LinExpr ()
for i in range(n):
lin.addTerms (1,x[i,j])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=1,name="assign2_"+str (j))

for i in range(n):
for k in range(n):
lin=LinExpr ()
lin.addTerms M[i,k],x[1,k])
lin .addTerms(—1,w[i,k])
for j in range(n):
for ell in range(n):
if i—j and k=—=ell:
pass
else:
lin.addTerms(f[i][j]*d[k][ell],x[j,ell])
model.addConstr (lhs=lin , sense=GRB.LESS_ EQUAL, rhs=M][i , k] ,name="const”+str (i)+str (k))

model . update ()
model. write ("qap.1p”)
model . Params . MIPfocus=3
model. optimize ()
print ”Opt.value=" ;model.ObjVal
for v in model.getVars ():

if v.X>0.001:

print v.VarName,v.X
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from gurobipy import x

n=3
d=[[0,2,3],[2,0,1],[3,1,0]]
f=[[0,5,1],[5,0,2],[1,2,0]]
model=Model (” qap2”)

x={}

y={}
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for i in range(n):
for j in range(n):
x[i,j]=model.addVar(0,1,0,GRB.BINARY,”x”+str (i)+str(j))

for i in range(n):
for j in range(n):
if oil=j:
for k in range(n):
for ell in range(n):
if kl=ell:
y[i,k,j,ell]=model.addVar(0,1,f[i][j]*d[k][ell],
GRB.BINARY,”y"+str (i)+str (k)+str (j)+str(ell))
model . update ()

for i in range(n):
lin=LinExpr ()
for j in range(n):
lin.addTerms(1,x[i,j])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=1,name=" assignl_"+str (1))

for j in range(n):
lin=LinExpr ()
for i in range(n):
lin.addTerms(1,x[i,j])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=1,name="assign2_"+str (j))

for k in range(n):
for j in range(n):
for ell in range(n):
if kl=ell:
lin=LinExpr ()
lin.addTerms(—1,x[j, ell])
for i in range(n):
if o=
lin.addTerms (1,y[i,k,j,ell])
model. addConstr (lhs=lin , sense=GRB.LESS_EQUAL,
rhs=0,name="const1”+str (k)+str (j)+str(ell))

for i in range(n):
for j in range(n):
for ell in range(n):
if il=j:
lin=LinExpr ()
lin.addTerms(—1,x[j, ell])
for k in range(n):
if kl=ell:
lin.addTerms(1,y[i,k,j,ell])
model.addConstr (lhs=lin , sense=GRB.EQUAL, rhs=0,
name="const2”+str (i)+str(j)+str(ell))

for i in range(n):
for j in range(n):
if il=j:
for k in range(n):
for ell in range(n):
if kl=ell:
lin=LinExpr ()
lin.addTerms (1,y[i,k,j,ell])
lin .addTerms(—1,y[j,ell ,i, k])
model. addConstr (lhs=lin , sense=GRB.EQUAL, rhs=0,
name="const3”+str (i)+str(j)+str(k)+str(ell))
model. update ()
model. write (?qap2.1p”)
model. optimize ()
print ”Opt.value=" ;model.ObjVal
for v in model.getVars():
if v.X>0.001:
print v.VarName,v.X
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4.5 O0OO0OO0OOOOOO

gobooobooooboobobooooboooboobooboboooooboobooooboooobooooboOoon
gboobooooooooooooobobobooboboobOooOooooooooooobobOoboboobon
goooboobooooboboobooboobooooboboooobobooboooobooooon
gooooooooooooooboobooboboboboboooooboooooobDoboboboboboOoo
gboboooOobooooooboobooooobobooooobobooobooboboboboob 40000000
ooboooobooooobooooooooooooooooooooooboooooboooooooooboooooOon
goooooooogob 460000000000 0D0DOO0O0OOOODODODODODODODODOO
goooooooooor

0 46: 000000000000DOO0O0OOODOOOOODOOOOOOOOOOOOOObOO0OnO

0000000000000 0D00O0OD0DOOdtraveling salesman problem0 000000000000 OO0DOO0O
oooo

obooobOoooobooboooobooooooboooon

oooooboooogoon

nO00000000O00 G=(V,E),00000000,00000 D:EF—-RO0DOD0OO0O0OOOOOOOD
oo vooboo11goooooooooooooooooooooooooobooooooooobooboog
oooooooo

gooooscopOOoooooooo20000O0O0OOOOOOOOOOOOn

import scop
n=>5
p=scop . Problem ()
CitieS:[”T” ’77L” ’77M7 7”R97 777B77]
d=1[[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]]

n=len (cities)
p.addVariables (cities ,range(n))
conl=scop. Alldiff (?AD” ,cities ,” inf”)
p.addConstraint (conl)
obj=scop.Quadratic(”obj”)
for i in range(n):

for j in range(n):

if il=j:
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for k in range(n):
if k =n-1:
ell=0
else:
ell=k+1
obj.addTerm(d[i][j],cities[i],k,cities[j],ell)
p.addConstraint (obj)
p.solve (1)

00000000000 GurebiDOOOOOOOMiller-TuckerZemlin 000000000000 O0DODOOCCO

gbooobooobooboomoboooboooboobooboobobo

from gurobi import =x
CitieS:[”T” 777L” 777M7 7”R77 777B?’]
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]]
n=len (cities)
model=Model (" tsp”)
x={}
y={}
for i in range(n):
for j in range(n):
if il=j:
x[i,j]=model.addVar(0,1,d[i][j],GRB.BINARY,”x”+str (i)+str(j))
for i in range(n):
y[i]=model.addVar(0,n—1,0,GRB.CONTINUOUS,” y”+str (i))
model . update ()
for i in range(n):
conl=LinExpr ()
for j in range(n):
if il=j:
conl.addTerms (1 ,x[i,j])
model. addConstr (lhs=conl , sense=GRB.EQUAL, rhs=1,name="degreel_"+str (i))
for j in range(n):
con2=LinExpr ()
for i in range(n):
if oil=j:
con2.addTerms(1,x[i,j])
model.addConstr (lhs=con2, sense=GRB.EQUAL, rhs=1,name="degree2_"+str (j))

for i in range(n):
for j in range(n):
if il=j and j!=0:
con3=LinExpr ()
con3.addTerms(1,y[i])
con3.addTerms(—1,y[j])
con3.addTerms(n—1,x[i,j])
model.addConstr (lhs=con3, sense=GRB.LESS_EQUAL, rhs=n—2,name="edge”+str (i)+str(j))

model . update ()
model. write ("tsp.1p”)
model. optimize ()
print ”Opt.value=" ;model.ObjVal
for v in model.getVars():
if v.X>0.001:
print v.VarName,v.X
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4.6 U0OOOOOOOOOO

gboboooooooobooooooboboboboobooobooooooooooobobobOobobooboon
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obboooboooobobobooboobooooobooooobooon
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U4 00D000000O0DOOO0OO0DObOOODOobDOon

0000000000 DO0ODO0OOOmulti-constrained knapsack problem0 00000000 O0O0OODOO0O
00000 10000000000000000ANP-00000000000000O0O00O0OO0O0Obranch and
bound methodd 0 O 0 O O 0 dynamic programmingD 0000000000000 O0O00OOO0OOO0OOOOO
oooooogoooo

oooOoo-1oboooboob0obOoobooboboboooooboo

obooooobooog

nO00000000000000 NOmODOOOODOOOOO MOOODOOOOO jeNODOO v (>000
000 jeNDOOO+ieMODOOOD a; (>0000000 +eMO0000000O0DO b (>0)000
oooooooooooooooo0oobobOOoooD seMO0O00 ,O0DDOOODOOOODOOODOO
oooooooo0oDoO0 NOOOOOOooooooboo

00000000000000 j(eN)ODOODOODOODOO 1000000000000 0100 250
00000000000 00000oO0b0o000oO0o0o0oDn
maximize Zvjxj
jEN
subject to Zaijxjgbi Vie M
jEN
ij{O,l} VieN
0000000000000 0000000000000O0b00O00 00O 00D O0OO0oO0oO0oO0oOoo0oO0onoOo
goo0oOooooooooo (o,ljooooo vU(o,l]0oo0o0o0O0C0O0O00O0O0OO0O0OOOOLODUOUOUUUOOn

00000o00000000000 a;; O 1-100010g,U(0,1) 0000000 b; O 0.25ZjaijDDDDDDDD
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v; 0 10, a55/m+10U(0,1] 00000000 n=10000000 m=500000000000000000

XpresssMPOOOOOOOOO0200000000000000000D0000000O0DDOOOODDOOO
scopO0dUipoOOoO0OOOOoOUOOOOO0ODOODOUODOOOOOn
cooscopoOoOoOdOopoOoOoOOoDoOoOoOoDOoOoOoOon

import scop

p=scop . Problem ()

v=[16,19,23,28]

a=[[2,3,4,5],[3000,3500,5100,7200]]

b=[7,10000]

n=len (v)

m=len (b)

items=["item”+str(j) for j in range(n)]

p.addVariables (items ,[0,1])

for i in range(m):
conl=scop.Linear ("mkp”+str (i),”inf”)
for j in range(n):

conl.addTerm(a[i][j],items[j],1)

conl.setRhs(b[i])
conl.setDirection ("<=")
p.addConstraint (conl)

con2=scop . Linear (

for j in range(n)
con2.addTerm (v ([j],items[j],1)

con2.setRhs (sum(v))

con2.setDirection (">=")

p.addConstraint (con2)

p.solve (1)

”Obj” 71)

00000000 GuobiOOODOOOOODOOOOODOO

from gurobipy import =x
v=[16,19,23,28]
a=[[2,3,4,5],[3000,3500,5100,7200]]
b=[7,10000]
n=len (v)
m=len (b)
model=Model (" kp”)
var={}
for j in range(n):
var [ j]=model.addVar(0,1,v[j],GRB.BINARY,”x”+str (j))

model . update ()

for i in range(m):
lin=LinExpr ()
for j in range(n):
lin.addTerms(a[i][j],var[j])
model.addConstr (lhs=lin , sense=GRB.LESS_ EQUAL, rhs=b[i],name="constr”’+str (i))

model. ModelSense=—1
model. optimize ()
print ”Opt.value=" ,model.ObjVal
for v in model.getVars():
if v.X>0.001:
print v.VarName,v.X
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0 OA scop.py

000 SCOP O Python 00000 Oscoppyd 00000000000

# file mame scop.py
# ver. 1.0 Copyright Log Opt Co., Ltd.

# place scop.exe in the same folder

class Problem (object ):
def __init__(self):

self.constraints=[] #set of comnstraints is maintained by a list
self.variables={} #set of wariables is maintained by a dictionary
self.target=0 #target value of the total penalty

def __str__(self):
ret="number of variables = ”+str(len(self.variables))+” \n”
ret+="number of constraints= "+str(len(self.constraints))+”\n”
varlist =[(i,self.variables[i]) for i in self.variables]
varlist.sort ()
for (i,j) in varlist:
ret+="variable 7+4str (i)+”:7+str (j)+”\n”

for ¢ in self.constraints:
ret+=str (c)
return ret

def setTarget(self, target=0):
77”7 set a target wvalue of the solver
target is a non—nagative integer value

993 93

self.target=target

def addVariable(self, var, dom):
77”7 add a wvariable (var) and its domain (dom)
var is any hashable object and dom is a list
if var in self.variables:
print (”duplicate variable name error of adding a new variable 74 str(var))
return False
self.variables [var]=dom

def addVariables(self, varlist , dom):
77”7 add wvariables (wvarlist) and their (same) domain (dom)
varlist is a list of any hashable objects and dom is a list
for var in varlist:
self .addVariable (var ,dom)

def addConstraint(self, con):
777 add a constraint (con)
con is an object of a constraint class
»»y
if not isinstance (con, Constraint):
print (”class error of adding a new constraint "+ str(con))
return False

#check the feastbility of the constraint added in the class con
if con.feasible(self.variables):

self.constraints.append(con)
else:
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print ”constraint addition error”

return False

def solve(self ,time=600,seced=1):
solve the instance wusing scop.exe in the same folder
input: time= time limit (default 600 seconds)
seed= random number seed (default 1)
»nn»
#prepare the string in a scop input format
f :7777
#variable declaration
for var in self.variables:
vallist=""
for value in self.variables[var]:
vallist +=str(value)+”,”
f+=" variable "+var+ 7 in {”"+ vallist[:—1] 47} \n”
f+="target="+str (self .target)+” \n” #target value declaration
#constraint declaration
for con in self.constraints:
if isinstance(con, Alldiff):
f4+= con.name+” : weight= ”+con.weight4+” type=alldiff ”
for var in con.variables:
f-‘r:V&I‘-‘r” ”
f-‘,—:”; \Il”
elif isinstance (con, Linear):
f4+= con.namet”: weight= "4con.weight+” type=linear
for (coeff ,var,value) in con.terms:
f+=str (coeff)+” ("+var +”,”’+ str(value)+”) ”
f+=con. direction+str (con.rhs) +’\n”
elif isinstance (con, Quadratic):
f4+= con.namet”: weight= "4con.weight+” type=quadratic
for (coeff,varl,valuel ,var2,value2) in con.terms:
f+=str (coeff)+” ("+varl +”,7+ str(valuel)+”) ("+var2 47 ,”+ str(value2)+”) 7
f+=con. direction+str (con.rhs) +’\n”

”

import subprocess

print ”input stream \n”+f

cmd="scop —time ”+str (time)+” —seed "+str(seed) #solver call

pipe = subprocess.Popen(cmd, stdout=subprocess.PIPE, stdin=subprocess.PIPE)

out, err = pipe.communicate(f) #get the result
print out, ’\n’

#extract the solution and the violated constraints

s0 = ”[best solution]”

sl="penalty”

s2="[Violated constraints]”

i0 = out.find (s0)
il = out.find(sl, i0)
i2 = out.find(s2, il)
p = i0 + len(s0)
sollist = [j for j in out[p:il].split ()]
sol={}
for i in range(0,len(sollist),2):
varname=sollist [i][: —1]
value=sollist [1+1]
sol [varname]=value
p = i2 + len(s2)
violist = [j for j in out[p:].split ()]
violated={}
for i in range(0,len(violist),2):
conname=violist [i][: —1]
value=violist [1+1]
violated [conname]=value
#return dictionaries containing the solution and the wviolated constraints
return sol ,violated

class Constraint (object):
» N

Constraint base class
”»y
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pass

class Alldiff (Constraint):

99 9

Alldiff constraint class

99 9

def __init__(self name=None, varlist=None, weight=1):
if name=—None or name=—="":
print ”please specify the name of the constraint”
return False
else:
self .name=name
self.weight=str (weight)

if varlist==None:
self.variables=set ([])
else:
self.variables=set (varlist)

def __str__(self):
ret="Alldiff: ”"+self .namet”’: weight="+str(self.weight)+”\n”
for i in self.variables:
ret+=str (i)+” ”
ret+:”\n”
return ret

def setWeight (self ,weight):
self . weight=str (weight)

def addVariable(self ,var):
777 add a variable (var)
var is wvariable
if var in self.variables:
print (”duplicate variable name error when adding a variable "+ str(var))
return False
self . variables.add(var)

def addVariables(self, varlist):
777 add variables (varlist)
varlist is a list of wariables
for var in varlist:
self . addvar(var)

def feasible(self ,allvars):
for var in self.variables:
if var not in allvars:
print ("no variable in the problem instance named ”"+str (var))
return False
return True

class Linear (Constraint ):
» 0

Linear constraint class
” 0

def __init__(self ,name=None, weight=1):

if name=—None or name="":
print ”please specify the name of the constraint”
return False

self .name=name

self . weight=str (weight)

self.terms=[]

self.rhs=0

self.direction="<="
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def __str__(self):
ret="Linear: ”+self .namet’: weight="+str(self.weight)+”\n”
for (i,j,k) in self.terms:
ret+=str (i)+"«"+"x["+str (j)+” :"+str (k)+7] ”
ret+=self.direction+str (self.rhs)+”\n”
return ret

def setWeight (self ,weight):
self . weight=str (weight)

def addTerm(self ,coeff, var,value):
777add a term to the left—hand—side of the constraint
coeff (var,value)

299

self.terms.append( (coeff, var,value))

def setRhs(self ,rhs=0):
self.rhs=rhs

def setDirection (self ,direction="<="):
if direction in [’<=",">=""="]:
self.direction=direction
else:
print ”direction setting error”

def feasible(self ,allvars):
for (coeff ,var,value) in self.terms:
if var not in allvars:
print ("no variable in the problem instance named ”"+str (var))
return False
if value not in allvars|[var]:
print (”no value "+str(value)+” in the variable named "+str (var))
return False
return True

class Quadratic(Constraint):

2999

Quadratic constraint class

299

def __init__(self ,name=None,weight=1):

if name=—None or name="":
print ”please specify the name of the constraint”
return False

self .name=name

self . weight=str (weight)

self.terms=[]

self.rhs=0

self.direction="<="

def __str__(self):
ret="Quadratic: "+self .namet+”: weight="+str (self.weight)+”\n”
for (i,j,k,l,m) in self.terms:
ret+=str (1)+"«"+"x["+str (j)+” :"+str (k)+” |*x["+str (1)+” :"+str (m)+"] 7
ret+=self.direction+str (self.rhs)+”\n”
return ret

def setWeight (self ,weight):
self . weight=str (weight)

def addTerm(self ,coeff ,varl, h valuel ,var2,value2):
777add a term to the left—hand—side of the constraint
coeff (var,value)

self.terms.append( (coeff , varl,valuel  var2, value2))

def setRhs(self ,rhs=0):
self .rhs=rhs

def setDirection (self ,direction="<="):
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if direction in [’<=",">=" "="]:
self.direction=direction

else:

print ”direction setting error”

def feasible (self ,allvars):
for (coeff,varl,valuel ,var2,value2) in self.terms:

if

if

if

if

return

varl not in allvars:

print(”no variable in the problem instance named ”+4str(varl))
return False

var2 not in allvars:

print(”no variable in the problem instance named ”+str(var2))
return False

valuel not in allvars|[varl]:

print ("no value ”+4str(valuel)+” in the variable named ”+str (varl))
return False

value2 not in allvars|[var2]:

print (”no value "+str(value2)+” in the variable named ”+4str(var2))
return False

True
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