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F1EZ FL®HIC

SCOP (Solver for COnstraint Programing : A 32— 7) 1%, KEE AR HIH iR RE 2 5538 12 < 72D Y LN —
THb. 22T, HIFFHHE (constraint programming) & %, FEROEMEE % FH5E T 2 BolLHERDOAKRTH Y
Mo BoE LRI L U 72 RIBIF B 2 FI VN 5 728, EROBEBEHE Y VN — TR W KRB R RIZ S LT h
RMIZRIF IR AR T D5 Z W TE 5.

SCOP D RS54 7 - N—=Y3avix, LOGOPT #DH—LR—

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

NOERITA Y o — RUTCRHTEIENTES., ZOMITATIN - N=Ya g, BEOK 15 £ TOREZ

{ZENTED, £/, RNFaAVICHHAINEZT O I08, AUGEHPSX Y O0—-—NTES,

BEHR 70253225 Python 1%, #IFHEITEL W TBRSE) 270253V Z38ETH 5. Python D FHY
E(F—U—=R) &, hoEKTe s T IV IFREEIARTEFIIZARN. 72, Python, B4 2R EF] 22 HEEE
BHLTW2, 222, ZROEEVBELRLS, ATVERLBELRLS, 2<DOT Ty b7+ —LTHEL, 47
VxZ MEMTHY, LB T7V—-V T +THS.

SCOP % Python SN SFUHUCHATE 3 LR ThHS. ZZ Tl #HIFEHHE Y L N— SCOP %, Python
EFENSHEBEITOH LT, RIS 272ODEY 2 —)b (scop2.py) DHEFEIZDOWTIEIT . ZOEV2—iF, T
AR T Python TEPNZZ FATHEREINTED, V—ZAI—=FE A4 TN - RN=VaveREUEBH»SEDT
U—RNT&E5. £7/2, V-AHGHLAHINTVWEIDT, 2—YRESMHWIAFETS.



B2E JSRATATIZYOERE

scop2.py &, ARD I I AN SHERINTWVWS.
e EF )Y T A Model
o T2 J A Variable
o Hif)2 5 2 (Constraint): Z4Uk, UTFDI FADA—=N=2 5 ATH 5.

— #REHIRI 2 Z A Linear
— 2XHl# 2 5 A Quadratic

— MHEHRZ Z 2 Alldiff

PAFTIE, &7 7 ADMHZETD.

2.1 EFI VX Model

Python 725 SCOP ZIFUH LTS & EiZ, BT REZLFETNI TADA TV b2EKTHI LT
H5. T2z, n LEMIETAVAT V7 bRERLUEZVWE EI1I2E, UITFTO XS IIZ8dT 5.

from scop2 import =*
m = Model ()

1f7HIE, scop2 BV a— 63T RT (TAINRHA—F « TKY) % import IZ & o THARA, TDET2 1T
HTIX, EFLVIZIANSETAA TV bn2ERKLTNWS,
Model 7 7 A%, UFDRAY Y K (IEFTNV%. AV Y R4 TT V7R RATDEAVNEE) 2.

addVariable(Z##, %HiH)
ETNIZ 1 DOLBEEBMNT 5. 5IBDOLEH (518413 name) (EXFHITEX, #HEIZY 2 b (BIE£
domain) &9 5. HBEERT 57-ODY A MOEEX, XFHTHEHMETENE DR,

PARIzH 2R

1||x = model.addVarriable (" var” # domain is set to []
2 || x = model.addVariable (name="var” ,domain=[1,2,3]) # arguments by name
3 ||x = model.addVariable (”var” ,[”A” ,”B” ,”C”]) # arguments by position




17HOHITIE, ZBEH4%E var’ LR E LU ZZOEE A OEREZEMLUTWS. 2 7HDOHITIX, &M &5
BOEBL L HFEZBRTELTWS, 5 1,2,3 OBMETH 5. 3THDOHITIE, HEZ XTI & LU TER %
BMLTWS.

addVariables(Z#®D ') Z b, #iH)

=W N =

ETIVIZ, [FA—DHEKE b OEMOLEE 2 FRHIEBINT 5. 5IEIFEHAZ2EREL Uz) A b (51844 1% names)
Y, HEOHIRE KT ) X N (315041 domain) TH 5. Mz EHT 5000 2 FOEEE, XFHTH
BUETEHE P EDAR.

PN ke

varlist=["varl” ,”var2” ,”var3” ]

x = model.addVariables(varlist) # domain is set to []
x = model.addVariables (names=varlist ,domain=[1,2,3] # arguments by name

x = model.addVariables(varlist ,[”A” ,”B” ,”C” | # arguments by position

L fTHTREHLDY A b % varlist IZRELTWS. T0D, 234 17HTIE, 3@ DHIET, HBDEK
ZEMLTWD.

addConstriant (#1472 7 b)

HIA T 27 b2ETIVEMT S, ATV M, IR S 2A2HWTEREINEZA TV T
H5. HHATI 27 POERFEIZONTIE, UTOETHINTS.

DFRoflTE, #l#A7Y =2 NLEETIVITEMLTWS.

H model. addConstraint (L)

optimize( )

ETNOKME (B#{t) 2175, BE(LDDDNRT A —=&F, NF A —X @M Params TRET 5. RIAE,
BOBEfREDIEIRE RE L EEE L, o MO EHmERE LHEDOX 7L () TH5.

7 ZiE, LR T A TIIEREMRE % BEE sol (T - 72l % §EE violated IZIRE T 5.

H sol ,violated= m. optimize ()

BOB PR - 72 Hl#1%, ZBCCHIOARTEZF—L U, MOMEXPHIFENEZHE LBHETHLHDT, L
AT EERZ 9 51218, BAND & S5 IZFR T id R .

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

FERIZUATDO XS24 5.

oMmmar=
N O N~ -



ETNANATY T ML, RE (FEl) OBIZHAWS NS A —X %2 KT @M Params 2% D.
Params J@MECHRETRER/NT A — XL, ATO@D.
#IPREFME (TimeLimit)
FIREFRNIZ I EBE 2 % E T2 RELH bV, ZTOHEMIX 600 () TH 3.

L ziE, EFNVATI LY b nDSTA—RTHBHIRIEE (TimeLimit) % 1 BIZZET 2121, UF0&
SIZFLBR T HIXR .

Hm. Params. TimeLimit=1

L DFE (RandomSeed)
SCOP TIIERIZT Y X LMZNIAL TVWE DT, HEBDHEZLZ S L, BoNSMPILEDLLWHRELVD 5.
ALBOMOEMIZ 1 TH 5.

77757 (OutputFlag)
Bl b OfE%E M 2RO S 2 HIHT 27200 F7 A =2 ThH 5. E (True b L IZIEDMHE) IZET S
MR A H U, M (False B L <13 0) IZET 5 & BUNROEHRE 19 5. BUEEIXR (0) TH 5.

BiR{& (Target)
FR ORI ENHEE IR o5 HER T EIEE20DNFA—XThH5. HEMTI0THS.

/o, ETANATV I ML, ETVOEREXTFFIE LTRTZENTES. 722, [ETV4] L4607
ETNITADA TV 27 b OIEH (ZBEHWOK, HIRIOFERE L REL 22X 13,

H print € 7V %

THHIENTES.
2 A2, &R BHIEDE TV model %KL 72T,

H print model

9B e, WNORMBMPEEIZHE DTG,

number of variables = 3

number of constraints= 2

variable A:[0, 1, 2]

variable B:[0, 1, 2]

variable C: [0, 1, 2]

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

L: 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

2.2 Z# Y 7 A Variable

TTIZRAREZ X ST, B T A Variable DA 7V 27 Mid, EFI ATV 7 bOD addVariable H L < 1%
addVariables XV v REHWTHEKI NS,
BEI I, UTOEMYEZE D.



name

ZRDHMTH 5.

72 ZE, BEA TV b var DT % ¢ ‘NewVarName"IZZA X 5121k, A RO LSz 3 5.

H var.name( ”NewVarName” )

domain
EROHRERTVANTH2.
e R, BEAT Y27 b var OB “CTERBMT ZIT1E, YA LD append AV v FEMAWT, BTFO
£ 2Rt T 5.

H var.domain.append( 7C”)

Erz, BEA TV ML, BHOWEREXTHE LTRT I ENTES. e AW,

var = model.addVariable(”x”, ["A”,”B”,”C"])
print var

W&koT, BEATY T b var DIFER (BEALHEE) 2H 0358, UTORENPESNS.

variable x: ["A","B","C"]

2.3 #RFHEI# Y 5 X Linear

FIEEIF 2 5 A Linear DA 7V x2 M, UTDO LS I24EHKT 5.

Hym‘ylar:Linear(%mg.,@&,twiﬁ,%m@ﬁs)

G DERIZLAT D@D .

#l#% (name)
Hf#4 1L, HHEZXTBDDHMTH Y, HEDOHETE XTI TANT DHENDD. (AHIVEEL
BT, FCEZRLZHRAEEENS.)

EaH (weight)
B, HROEEEZRTERSE L IEXFEH “nf” THSH. I T “inf” IFMERERL, HIHKZE
BIDLEIIHVWONS., EAIFEAKT LI LNTE, ZOHEGOMEMEIX 1 THS.

HILEH (rhs)
GIOERE, HROALERSTER BEE) TH5. HUEBIIERT S LATE, TOHHEDOEEMEIT

0TH5.

R DA E (direction)
F DM EE, ‘<=7, “>=", “=” OWTNrDOXFH L U, BEMIT “<=" Th5.



Linear 7 7 A%, BATDAYV v R& %D,

addTerms(ffR¥ (VR N), ATz (YAK), E (YAK))
FRIEHEIRY (DAL) 121 25 UK IFEBOHEZENT 5. ZHEMEZ2 L2 ST 1, Thllsoe s 0 &b
RABDZEH - Z 2 HRELTIEME (D7) B L 5% o284, ] L9568, BMINDIHSI,

(R x 2585, M

R

addTerms A Y v NiE, 1 DOIHZBENT 50, HEOEHE —~EIENT 5. 1 DOHEZBEMNT 256121, 3l
BOBEITEEME, ZREIEBA 7Y 27 b TEHER, HREBOHEROER L $L (EIX, XFFHTLHUET
EnEDLR) . EROEEZ —EIENT 256121, AUES 25D, 8, 2847V b, HOY XL
THEZ5.

e ZIE, HE bW HA 7Y 22 F LIZH LT,

H L.addTerms (1, y, "A”)

&1 DDHEEBINT 5 &, HlfDALE

1 X[y, "A"]

kins.

FRkIC, HEDZRWEHINA 7Y 22 b LIZHLT,

HL.addTerms([Z, 3, 11, [y, v, z], [7C”, "D, »C”])

&3 DODEHERKRHIEMT 2L, HIFOELIZUTO LS4k,

2 X[y’llcll] +3 X[y,"D"] + 1 X[Z’IICII]

setRhs(HLEH)
MICHIRI DAL ER Z 3ET 5. SIBUIBBUETH D, BEMIE 0 TH 5.

setDirection(HlfIDMA &)

IO EZ2H/ET 5. 5I8UL <=7, “>=", “=" ODWVWTNRDOXFH & L, BEMIX “«<=" TH5.
setWeight (E #)

FIRIDEAZFET SH. GIBUXELMHES U EXFY] “inf” TH O, “inf” (FMERRZRL, MHExflizesd

LHeEIZHVWONS.

F 7z, WMIEHI 2 5 A Linear 1, HIOERZ XFHE UTRT I ENTE S, /28 20E, L1 &M 725874
WO IADATY =7 bOIEHR (BEALEELZR) I,

H print L1

T2 LNTES.



2.4 2R##2 5 X Quadratic

2 KH#I 2 A Quadratic DA 7V 7 M, UTFD XS I2EKT 5.
Hﬁfﬁz&M@mﬂmqﬂ%%jﬂhﬁﬂﬁﬁﬂ%@ﬁé)

BI80L, MIEHIK 2 T A Linear EF UEKEZ £ D.
Quadratic 7 7 A&, BAFDOAY v K& HD.

addTerms(fR% (YR bN) ,ZHA Tz b1 (YRDN) JEL (VDZKN) ,ZBFHATVzob2 (VDAKN) B2 (YR

2 AR (DFEL) 122 DOEBDEP SKAHEEMT . BEA TV Mi(i=1,2) PMEi(i =1,2) %
LHEEITL, TNUANDE E 0 LB EE (HER) % o[B8 H1i £ 35L&, BINTNDIHEI,

BB x o[B80 1, 18 1] x o[ 24 2, {f 2]
ik ns.

addTerms AV v Ni&, 1 DOIHZEIT 570, HHOEHEZ —~EITENT 5. 1 DOHEZEMNT 558121, 5l
BOBREIIEERE, ZBIIEBA 7Y 27 P THA, HRIAROHEBOEZL T2 (EIX, XFFTELHEMET
LhEDLR) . HROEEZ —-EIGENT 558121, AUES 25D, R, 284722 b, HDOY A B
THZ%.

72z, HEL RV 2XEHWA 7Yz b iz LT,
HL.addTerms(l, y, A", z, "B")

&1 DODWEEBEINT 5 &, HlIRIDELIX

1 X[y,"A"] * X[Z,"B"]

LiR5.

FRkZ, HEzS 2RV 2 XA 7Y 22 b QIZHLT,

“L'addTe“ns([Z’ 3, 1], [y, v, z], [’C", "'D", "C’], [x, x, y], ["A", "B", "C"])

&3 DODEHEFRKHITEMT 5 &, HFIOLELIFATD L5125,

2 X[y,"C"] * X[X,”A"] + 3 X[y,IIDlI] * X[X’IIBII] + 1 X[z,llcll] * x[y’llcll]

setRhs(GLEH)

MIEHR DAL ER EBET 5. SIBUIBBUETH D, BEMIZ 0 TH 5.

setDirection(#I#DME &)

RRDOHEZ2RET S, BT “<=", “>=", “=" ODVITNPDOXFF L L, BEMIT “<=" TH5.



setWeight (& #)
I DEAZKET S, SIEFELMEDS U 3T “inf” TH Y, “inf” I3MERKERL, MHAHKZERT
LrEiTHvensg.

7z, 2XHI# 2 7 A Quadratic 1%, HIFIOHEHREZ XFHE U TRT ZENTES. L2, QL &4M1) 7244
B2 2 ADA 7Y 27 bOER (EALEMLZA) I,

H print Q1

TR LNTES.

2.5 HMHEEHKWI Z R Alldiff

MR Z S A AT OA 7Y 227 M, UTO LS ITHERKT 5.

Hﬁf&%ﬁ?b::AHMH(ﬂ%%u EWALDOY AN, EH)

EHHDY) A ME, TRTOEDOERS (VT v I R) BELDZIEEZERINIEHDVANTHY, BIgH A
BEThD. TOHEOBEMIE, OV AR5, ZITENTAEHIE, EFIVY I ATBMEINEEHTH S
WEND 5.

Hf L EAIZDWTIE, #EHIR 2 Z A Linear LU LS IZHRET 5.

addVariable(ZE# A7 7 M)
FMEGFIFI OLEEZ 1 DHFNENT 5.

addVariables(ZE¥A 7Yz hD ) X 1)
FHE BRI DL 2 EREIRZ (VAR LT) EBINT 5.

setWeight (E #)
HFIRIDEAZZRET S, FIBUFERES U < IFXFEH] “inf” TH Y, “inf” FERERZRL, MR zEET
LHEEIZHVWONS.

T, HRBIZ 72 AN &, FIRIOEREXFHE UTET I ENTE S, e XE, Al &AM 7 FE 5
W2 IADATY =7 b OWE#R (EALRTEETNLEH) 3,

H print Al

THLZILENTES.
RETIE, EOhDHZFWT, scop2.py DEFAEZEEHT 5.
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B3E HHRELME

ARETI, fHELHIEZEL T scop2.py O HEE 2L,

3.1 E0nzY 1

A OFIEIL, 3 ADEEE ABC %23 204H 0,1,2 IZH D B THMETHS. TRTOMLFITIE, 1 ADE
HEEREOMTEILEND LD, FEELAFITITEE D, 0L TIThrrsERH (BAIEAM) X, UTOX
TR o TV,

0 1 2
A[15 20 30
B| 7 15 12
c\25 10 13
MREHZR/NMIT 2 X RIERBOE D M TERDZ Z L MEOEHKTH 5.
%9, scop2 EVa—IVEHMAR, ETFNZTA Model DA TV bma2AEKTS.

from scop2 import x
m = Model ()

EZEE XY A b workers T, EIMEMHIZY A MDY X b Cost IZIHEE L THL.

WOrkers:[”AH 777B7’ 777C’7]

Cost=[ [15, 20, 30],
[7, 15, 12],
[25,10,13] ]

RIZ, ETFTNAT Oz bnlZH LU TCEEEZEINTS. ET) 2 T AD addVariables AV v KEHWT, TRCT

DEEEIZFR U (EOHES) 0,1,2 2% ET 5. ZZlE, Python @ range () BA%ZE HWIIZR .
Hm. addVariables (workers ,range (3))

BWTHWNZ ATz b2Eld 5. ZOMEIE, 1 AOFEEBIZL DOHFH2E OB TE I L 2KTH
HER L, BHWEBZRITHEEHNTCERETE 5. £9, all diff_constraint & &A{HF 7=HEFIH conl #{E-T
BKL.

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

LA7HTIE, HHIOEAZERLTVWEDT, EARBEMHED 1 7> TWad. 2 17HT setWeight XV v N %
FAWTEAZERKX (nf) IZZHLZOT, ZOHMIZHSHEKRE 25, £55A4Z001F, UTFTO L3121 7TEN
THRELW.

11




|

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

UL W N

JKIZ linear _constraint & AT 72MRIEHIRY con2 24T 5. ZOHIFOEAL, BEEMD 1 £T250DT, 5l
D weight IFEMHLTWD. TOHED21THMS 4 fTHTIL, addTerm XV v NZFHWT, AIZHZBML TW
%. ZOEE, i BEHOMEEMNEHE §ZH 0 YTS5NE L = ITHA Cost [1] [§] B0 h 5 Z L 2 KT, 5 FHIA
A0, 6 ITHIEHIRIALT (<=) 2RI I 2BELTWS. RIFMEHIF 2 7 ZOEEMEIX <=0 TH D
DT, HED2TIFERLTERL.

con2 = 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 ("<=")

|

£z, Lo70r I L0 1T7HT, I8UCEA, ALEREHHOME 2#EL THNZEXLTHRUTHS.

con2=Linear (’L” ,weight=1,rhs=0,direction="<=")

=W N

w2z, AU 7ZHIF) conl, con2 %[ p (T addConstrant AV v REZHWTEML (12 17H) L, T A—
X TimeLimit % 1 (2% (3 17H : HIMRKH 1 TR T L L %246%E) L, optimize XV v N TCMEZHEERT S
4 17H) .

m. addConstraint (conl)
m. addConstraint (con2)
m. Params. TimeLimit=1
sol ,violated=m. optimize ()

optimize XV v FORMEIE, fRE&@EMLZHHNOHETHY, TNEN sol, violated IZRFFLTWVWS. I
EFRRTBITIE, UFOXSICBHEDF — L2 BEEEH I Python @ print I Y RTHAUTHIERY (22T
Python D/N— 3 Vid 2x Z{KELTW5S. 3x DFEITIE, print () &FEIMT E OB TIFOHTHRELHS) .

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

L@ Python 70277 L% %5958, #ERIIUTFOLSIcHEINn.

solution

A O

Cc1

B 2

violated comstraint(s)
linear_constraint 37

FERP S, FEB AICRMEF O %2, FEEBICEMEFH2 %2, FEECIZRMEFH 1 ZHOYTIONRERTH D
ZEeWnhd. FOYTONERER L ARFONITNIET 2BHZNLTHATRTE, MFDOL 31245,

12




FHELHIHY all_diff_constraint OMMEIL 0 THAHDT, ETREHERINTOVR. @HAH 2 DI%, G
linear_constraint TH Y, HiEIX 37, HHOEAIL 1 TH-72DT, A 37(=15+12+10) HHIZ#HR5 Z
EMING.

mB, (ERUETIVEMRTSI21E, ETAVATY LY b n% print TRRSENIEXE.

“print m

ZhZ&-T, WFoHARPRoNnD.

number of variables = 3

number of constraints= 2

variable A: [0, 1, 2]

variable B: [0, 1, 2]

variable C:[0, 1, 2]

Al1diff: all_diff_constraint: weight=inf

ABC

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

Z D#EIL Python @ shell THEFEWIZTE DT, TAY ZOBIZIIMERTHS. 55 A, ZECCHIT S MG
(2 print THINT B LA TE 5.

3.2 TE0EY 2

Kz, 5 ADEEB AB,CDE % 3 DO{LH 0,1,2 IO Y TCHMEEEZERS. ZITlE, HALFITr»BEE
BOBREBABDREZ 5NTEY, ThTN 1,22 ABETH D, B DY TOROER (HEAIXAM) &, LFDLS

IZHoTWBED LT 5.
0 1 2

15 20 30
7 15 12
25 10 13
15 18 3

5 12 17
IS DFFIEN— R LT 5728, HIDOEA (veight)

X m oY Qowm o

TEEBDBRARNEIL, #EGIR & U TRETE
PR K (inf) X H/ET .
Z DORE%Z SCOP2 Z H\WTHEL 728D Pythn 7027 5 A%, MTFD X > 12&EI) 5.

13
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from scop2 import x

m=Model ()
workers:[”A” ,”B” ’77077 777])77 ’77E77}
Cost=[[15, 20, 30],[7, 15, 12],[25,10,13],[15,18,3],[5,12,17]]
LB=[1,2,2]
varlist=m.addVariables (workers ,range (3))
LBC={} #dictionary for keeping lower bound constraints
for j in range(len(LB)):
LBC[j]=Linear ("LB%s”%;j ,” inf” ,LB[j],”>=")
coeffs=[1 for i in range(5)]
values=[j for i in range(5)]
LBC[j].addTerms(coeffs , varlist ,values)
m. addConstraint (LBC[j])
conl=Linear (”L”)
for i in range(len(workers)):
for j in range(3):
conl.addTerms(Cost[i][j],varlist[i],j)
m. addConstraint (conl)
m. Params . TimeLimit=1
sol ,violated=m. optimize ()
print m
print ”solution”
for x in sol:
print x,sol [x]
print ”violated constraint(s)”
for v in violated: print v, violated [v]

LTI LEEGTTEE, DTOMENIRFONS.

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 constraint(s)
linear_constraint 50

RSB L 51T, FEE A IR L 2, FEA BICRAEFE 2 2, FEA CICRHEHFE 1 2, EEED
I 2 &2, ERA B IR0 ZEVYTLOPRETH L Z D05, &0 LTSS 5 8% TH
ATERTE, LFD L5245,

14




© 00~ U WN -

1
2
3

0 1 2

Al 15 @O 30
Bl 7 15 @©@
cl2 @ 13
D15 18 (3
E\G) 12 17

N— RRHRIOEBE L 0 THEDT, TRTOMAHOBEALBUIHER SN, HLYEAOAFN 00U TTHS L
EFZLZY 7 MR OGEBiEIX 50 THEDT, BAX50(=20+ 12+ 10+ 3 +5) HHIZRE Z D0 5.

3.3 t=0HIH 3

LOBEEFRURNT, EFHE2EVIRAS L LA, fFEE A & CIIPPEL, —#ITfhHz 85 L
OB Z ML, fFER A & CEFUMARIZH VIR 20K DITT2ITE, ES5LESRWIAEEATAS.

FOBIETIET -2 2HETI2OICVAMNEMAVED, ZITREBEERZHVTEREL X5, FEBERMEZ M BRI
&, BHOADVEEIFINTEEZLPT .

9, FEBCHFRY A MUMELAEBT, EREEAAFCEH Y YTHELEBOTREFEEL LTHRET 5.

from scop2 import =*

m=Model ()

WOI’keI‘S:[”A” ,”B” ’77077 777])77 ,77E”}

Jobs =1[0,1,2]

Cost={ (”A”,0):15, (”A”,1):20, ("A”,2):30,
(’7B77 ’0): 77 (”B77,1):15’ (”B” 72):12’
(7C7,0):25, (7C7,1):10, ("C”,2):13,
(77]:)77’0):157 (”D”,l):lB, (”D”,Z): 3,
("E”,0): 5, ("E”,1):12, ("B ,2):17

LB={0:
1:
2:
}

)
)

NN =

ZZTCostld, fEEEXMHFHDOX TN EF—L L, BHZME LAEHETHY, IBIIAFEZ2F—2L, FR2ME
EULEHETHA.
ZHxbHELLTUTOLSIZEHELTHL.

x={}
for i in workers:
x[1]= m.addVariable (i, Jobs)

TR x3F—2MEEE, 22847V GEBEFIHEFEOY AN L ULEHETHS.
FEEBO FTREFZU RO LS IZEHL, HIHLHEE
t LBCIZfRE LT L.

LBC={}
for j in Jobs:
LBC|[j]=Linear ("LB%s”%j ,” inf” ,LB[j],”>=")

15




ot

=W N -

=W N =

for i in workers:
LBC[j].addTerms(1,x[i],j)
m. addConstraint (LBC[j])

HIBEE (BRLEHDAR) 22X 3THEIZATDO & 5 IZRET 5.

obj=Linear (”obj” ,1,0,’<=")
for i in workers:
for j in Jobs:
obj.addTerms(Cost [i,j],x[1],])

BRI, BMEN/fERA A & CZRACAEFICHIO Y TS 2 e 281k d 401k, 2 KHH (EAalk 100) & U
TURD &S IZ3d 9 5.

conf=Quadratic(” conflict” ,100,0,”=")
for j in Jobs:

conf.addTerms (1 ,x["A”],j,x["C"],j)
m. addConstraint (conf)

THUFZER xx ["A"] & x["C"] DA UMHE j o7z & ETELIZ 1 22 5HTHY, HAAHN 0 THBHDT, 7%
ERAMEEA A L CERUMAFICH DY TRV &IZRS.
ZOHNEEBMUZTR I L2FTT 5L, UFOKENELNS.

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]

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

LB1: weight= inf type=linear 1(A,1) 1(B,1) 1(C,1) 1(D,1) 1(E,1) >=2

LB2: weight= inf type=linear 1(A,2) 1(B,2) 1(C,2) 1(D,2) 1(E,2) >=2

obj: weight= 1 type=linear 15(A4,0) 20(4,1) 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

conflict: weight= 100 type=quadratic 1(4,0) (C,0) 1(A,1) (C,1) 1(A,2) (C,2) =0

solution

obj 52

FRPODPDHE DI, A AITIIMFE 0 2, /EEA BITIHMEH 2 2, FXE CITMEF 1 2, XA D
ZidfEHE 2 &2, EERECIHAHE 1 2E0YTI0RETHE I LD 0H 5. FI0 L TITHIET S 8 Z A TH
ATERTE, BFOLSI245.
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0 1 2

Af@® 20 30
Bl 7 15

cl2 @ 13
D15 18 (3
E\5 @©@ 17

Nz, TE¥ER A & ClE, BRA2HFIZEVIRONTEY, N—FRHHOEHEIZ 0 THBDT, §RTOMH:
HOBEABIIHME SN, EYEHAOAHRN 0T THEEH LY 7 MO ®IiEIX 52 THEDT, EH
i 52(=15+ 124+ 10+ 3+ 12) SHIZZR 5 Z & nh 5.
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B4E AR LHEEEHRELERE

22T, REMLHMAETEHELITEZHIE LT, SCOP Python € ¥ 2 —)b scop2.py OFHIE%E i 5.

4.1 77 I7HEEE

WE, 6 A\OBRERZ2ODF—AIZR/TTI=H v h—%2LL520LT03 (KM41). B34, AN EEHAT
7201z, WUABUZRZ X523 AT2DI20F5. =-L, BRERTLICFMARULIVWT, HEUBHOF— 4
W25 Z MR - W e EBEZ T WA, T, EDLDIIF—L0T0%E2LEZRBWEASM1?

BAE

(a)

//
/4

M 4.1: 75 7 5EREOH. (a) HOFWTHE A LEMRLTHEILE2XKTFT 7. (b) HELBHOF— A
B EHR/NITEENE., ESF—LIFAETAMELDORTIIRBTRINTED, 2 KThHb. £oT,
ZOENEOEHMBEBEIX 2 £ 5.

Lo, 75 72EIERE (graph partitioning problem) & X iXh 2 & RE/IMEOHITH S, FEEIZIL,
Py H—DF =L} TR, VLSIHFZIXUHETELOEHBERICHZ D NP-H¥HETH 5.
T 7 NnEMEE S LA ERT DL, RITEDIZETS.

72 7 NEIRE

R n=|V| MEETHEEH I 77 G=(V,E) 5260z, SEEV OFSE (uniform partition,
eqipartition) (L,R) &%, LNR=0, LUR=V,|L| = |R|=n/2 2§72 MOEIEEONTHS. 777
AEIFEE X, L & R OMIZH 2ROAEZ T/NZT 2E0E (L, R) %KD 5 [H#E.

Mz AT 272012, 77 7 pEIRMEZ BEGHEFEE LTEML T LK. W7 57 G=(V,E) XL
T, LNR=0 (JLBEHHH\), LUR=V (b¥ s aEA2Rhd) 23 EFPN (L, R) 29%
(partition) H U <12 2% (bipartition) & KX, 2# (L, R) I2BWT, L I&EM, RIFHMZRT, Zhsik
HIZUTEAUAEITHEDT, FEFTE LiIEND. fi D, 2% (LR O LACEEFNTWEEE 1, TN
HO (RANZEENTWVWD) EZ 0D 0-1 E o, 2HATS. 20L&, ERHTHE7DI1TE, z; DEFH n/2
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THEBENRDS. B (i,)) BL L REEFVTVBEEIE, z(1-12;) BULIE (1—a)z; A1 I%B2 2
5, BFOEMEEES.

minimize Z zi(1—x;)+ (1 —z)xj

(i,J)eE
subject to Zml =n/2
i€V
z; € {0,1} VieV

ZDEAIZ, HIEEZE 2 ROZEHIFI L LT, RNz OMHEK e LTANTSZ &iz&>T, SCOP
THABIIKRIFTES.
HIREEIE 1 A 2 Xl LT, BAFDO XS TR TE 5.

con2=Quadratic( ”obj”)
for i in range(n):
for j in adj[i]:
con2.addTerms (1, varlist [i],1,varlist[j],0)
con2.addTerms (1, varlist [i],0,varlist[j],1)
m. addConstraint (con2)

LA L, KREBERERIZSWTIE, RO 7027 LRT 512, HWBEROIEZ 212 2 XOff %L 7274
N, ShRRSBERTE S, ZNEHMET 5121, SCOP IHER I N T WA HEERE (EHEIZE > L 28MERE) ©
ANZALEMBRBENH D, EEE R, 1 DOLEBIZH D Y ToNME%, FHBNOMOMEIZEETLILTHS.
1 ARD 2 REEE UTHMBRZ KL 581018, Z2EPMUOMIZETEINDEIZ, BWvW2 XAOMEZEHHELT, H
MR D2 L& 2 F i 2 M BN DB, —F, EOHEEZHIKE L TRLUEZGEICE, Z2EA3MOMEIZZL-E
SOHMEBMEDOZLEDF AN TTE 5. Lzd>T, 8% AT Tu s I L) OFH, [FHUGHHERHH A
SRV RWEEZREHT S Z W TE 5.

from scop2 import x
m=Model ()

nodes=["n%i"%i for i in range (6)]
adj=[[1,4],[0,2,4],[1],[4,5],[0,1,3,5],[3 ,4]]
n=len (nodes)

varlist=m.addVariables (nodes ,[0,1])

conl=Linear (” constraint” ,” inf” ;n/2,”=")

for i in range(len(nodes)):
conl.addTerms(1,varlist[i],1)

m. addConstraint (conl)

con2={}
for i in range(n):
for j in adj[i]:
con2[i,j]= Quadratic( "obj %s-%s”"%(i,j) )
con2[i,j].addTerms(1,varlist[i],1,varlist[]j],0)
con2[i,j].addTerms(1,varlist[i],0,varlist[j],1)
m. addConstraint (con2[i,j])

m. Params. TimeLimit=1
sol ,violated=m. optimize ()

print m

print ”solution”

19




for x in sol:

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

print v,violated [v]

from scop2 import =*

HIWEEEZ 1 AD 2 K& UZGEoRIZ, UToX5I12kh5.

number of variables = 6

number of constraints= 2

variable n0O: [0, 1]

variable nl1:[0, 1]

variable n2:[0, 1]

variable n3:[0, 1]

variable n4: [0, 1]

variable n5:[0, 1]

constraint: weight= inf type=linear 1(n0,1) 1(n1,1) 1(n2,1) 1(n3,1) 1(n4,1) 1(n5,1) =3

obj: weight= 1 type=quadratic 1(n0,1) (n1,0) 1(n0,0) (n1,1) 1(n0,1) (n4,0) 1(n0,0) (n4,1) 1(n1,1) (n0,0) 1(ni1,0

solution
n0 0

nl 0
n2 0
n3 1
nd 1
nb5 1

violated constraint(s)
obj 4

4.2 BRAREEEMEE

H77-12 6 NADBRENSMAAPNEAT I 72y 2127258 B>Tnwa. LA, 4.2 TRATHEA T
HHEANALIFE TEHEMDPEL, WMoy 7IZiG eEonLDELWEI =y IDREHELIZR->T
LEDS. RERL LK IADMBITCY 7 =y 2127 RH#Z2F IR VAKESS 2

1.2: BRBEHEATTEDON. (a) HOFWTH B AR EIZMAENZ L 2RS35 7. (b) HAENF L2 EHT
GHRBRNTY 2=y 212474 L EORANI. HTHAL A E BN T & HINEEILE 4 ¥4, Zhh Bl
%5.

ZhiE, RALZEESHE (maximum stable set problem) & X277 7MEROIEBRENLMED —HlTH 5.
RARLZEEGHEIZ, ROXSICEHEINLMETH 5.

20



(a) (b)

& 4.3: (a) RRLZEESE. (b) #i7 T 7 Lok I ) —72.

RAREESHE

R n O 257 G=(V,E) "EZX5NLE, JOHAHES S (CV) X, TXTD S NORDBIZED
BN ERERS (stable set) & XidN s, HARLELEAMELIL, BEITE TN ERL (M) |S| PR
ZRBLEES S 2RD BHE.

ZOMEDT I 70T T 7 BDEEERIEIEZT77) 2525, UMTICEZEINSGRKRKY ) —JBE
(maximum clique problem) 12724, ZH 6D 2 DORMEIE (BHEWIHBELABIZ L >TREI NS LW EE
T) FfETHS (K 4.3).

=A7)— V&

1257 G= (V) BEZSNEL =, HOWHES C (CV) 1, C 12k > THMNEFEES T 5 7%
2457 (complete graph) (2725 & &7 1) —72 (clique) & XiEhd (5E227 T 7 21%, TRTOHOMIZFED
BT T7ThHD). AoV —I7MEEIX, M |C| BEKICRE2)—2 C %KD BME.

InoOfEIE, FFsHEm, ERM, EEY, FHY, VLSRG R ERWEHZ .
R DEERS SITEENDLE 1, TNLPSMDLEE 0D 0-1 ZHEHVD L, RRZEELSHEIL, LFOX
SIZEALTES.

maximize Zzi
eV
subject to x; +2; <1 V(i,j) e E
z; €{0,1} VieV
EoEAE SCOP ZHWTREST B121F, BATFD &S5 ITTIXR.

m=Model ()
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)
varlist=m.addVariables (nodes ,[0,1])
for i in range(n):
for j in adj[i]:
if i<j:
conl=Linear (” constraint”+str (i)+str(j),”inf” 1)
conl.addTerms(1,varlist [i],1)
conl.addTerms(1,varlist[j],1)
m. addConstraint (conl)
obj=Linear (" obj” ,1,n,”>=")
for i in range(n):
obj.addTerms (1, varlist [i],1)
m. addConstraint (obj)
m. Params . TimeLimit=1
sol , violated=m. optimize ()
print m

21



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

LEoTa 7T LAOETHERIE, TFDOX SIS,

number of variables = 6

number of constraints= 7

variable n0O: [0, 1]

variable ni:[0, 1]

variable n2: [0, 1]

variable n3:[0, 1]

variable n4: [0, 1]

variable n5: [0, 1]

constraint02: weight= inf type=linear 1(n0,1) 1(n2,1)
constraint13: weight= inf type=linear 1(n1,1) 1(n3,1)
constraint23: weight= inf type=linear 1(n2,1) 1(n3,1)
constraint24: weight= inf type=linear 1(n2,1) 1(n4,1)
constraint25: weight= inf type=linear 1(n2,1) 1(n5,1)
constraint35: weight= inf type=linear 1(n3,1) 1(n5,1)
obj: weight= 1 type=linear 1(n0,1) 1(n1,1) 1(n2,1) 1(n3,1) 1(n4,1) 1(n5,1) >=6

solution
n0 1

nil
n2
n3
né
n5 1

violated comnstraint(s)
obj 2

= O O

4.3 U5 I7%BRE

Hiizlt, BRKZEDOI TADITTHATWS., BAERLCHIENIL, 44 THMTHATH S, fhHEN
BREZFRUZ TAZAND EEEZIBRDOTUE D, RERLIDBRNWT T 2AI/IF 512, Yo L5 z3hnidn
WATZAD ?

B 4.4: 77 7RAHEDH. (a) OBIWTH DALV ENI L E2RTIT7. (b)3 2D FRAIRITDLE
OEWAZEIZF U2 7 2T A3\, HWBEEE (77 280 133 &0, IhHPERERIZRS.

NS 7% ERRE (graph coloring problem) & XX 2 5 #iit) fdLEEOHITH 5.
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77 7REMERE, DTOLSICERINLMETH 5.

72 7% ERE

R n O 777 G = (V,E) DK 28| (K partition) &1, m&EHV O K HOEHHEE DD E|
T={Vi,,Vk} T VinV; =0,Vi#j GEEBEADZN), ULV, =V (GbE 5L iEa2kicns) %
W73 LDEET. ZV,(i=1,--- ,K) 287352 (color class) & &, K f#E|IX, §XTOMEIZITAV, H
EES (FHOMIZH» W) D& K %8 (K coloring) & XiEN3. 77 7RAMEL X, 5EX 57K
757 G=(V,E) KNLT, B0 K (ZNEROME &) 28 K BT = {V, -, Vi} &Red B8,

77 IR, REEEIE, R R SRk s R S .

75708 K B CRATMENE P ZHET 2HEIK, SCOP 2H W5 LIz 2N TE 5. (RhNO¥ iz
RKDB7DITIE, K Z2NFTA—RL UL TOLEZRHS SCOP 2HWVTRET 5 BENDH 5.)

F9, AT HEEE (1,2, K} 208 EEET D, KIZ, B (1,7) € E Ol 4, B8RS EII8A
IND LD ITHEGINZ N 5.

HlE% SCOP THRMT 5121F, ATD LS IZTIERE .

from scop2 import x

m=Model ()
K=3
nodes=["n%s"%i for i in range (6)]

adj=[[2],[3],[0,3,4,5],[1,2,5],[2],[2,3]]
n=len (nodes)

varlist=m.addVariables (nodes,range (K))

for i in range(n):
for j in adj[i]:
if i<j:
conl=A11diff (” alldiff_%s %s”%(i,j),[varlist [i],varlist[j]],”inf”)
m. addConstraint (conl)

m. Params. TimeLimit=1
sol ,violated=m. optimize ()
print m
print ”solution”
for x in sol:
print x,sol[x]
print ”violated constraint(s)’
for v in violated:
print v,violated [Vv]

)

ETRRIE, IFDL 1245,

number of variables = 6
number of constraints= 6
variable nO: [0, 1, 2]
variable n1:[0, 1, 2]
variable n2:[0, 1, 2]
variable n3:[0, 1, 2]

variable n4:[0, 1, 2]

variable n5:[0, 1, 2]

alldiff_0_2: weight= inf type=alldiff nO n2
alldiff_1_3: weight= inf type=alldiff n3 nl
alldiff_2_3: weight= inf type=alldiff n2 n3
alldiff_2_4: weight= inf type=alldiff n2 n4
alldiff_2_5: weight= inf type=alldiff n2 nb
alldiff_3_5: weight= inf type=alldiff n3 nb

23




4.5: 2 REPLYHEOH]. (a) 3 AOBKENHLEELEA2TAHE. B LOBTIXE MBS EbE 2T 55
2RT. (b) 3EFORLBLEDE D M TOH. FHO EOBFIIHSMOMNRE £, BAERLOTERT 25
ELED YT ONZKOMOIEEORMIX, 2x54+3x1+1x2=15 &40, ZOHH L Y TOHMEEIEIZX, ZoD
215 (BRERLIZFETZ2S) T2x15=30 &5,

solution
n0 0

nil
n2
n3
né
n5 0

violated constraint(s)

NN = O

4.4 2RENYRERE

WE, 3 AOBKEN3 EMOKIZAES S L LTWA. 3 NIEEMRINEEZITbELEETH20ENHD, T
LEDLDEOHEX, K45 (a) DEIITHR>TWD. ROMOBEFHEHL, 4.5 (D) DLITR->THED, 3 A
B H5EOED L SIIBETHHMER/NMNIT LI BRGICAEL I L 2MELTWD. 3T, iz LOZIZH
DUTHELLXVDHEASIH?

ZORMEIE, 2 REYME (quadratic assignment problem) & KiXt, NP-KREARED d©H R EL &S WM
HEOHITHB.
2REILMEE EBLALTEHET DL, UTFDLS12h 5.

2 REILREE

2 RENYMEL X, EEV = {1, ,n} BXUO22D nxnfidl F = [fij], D= [dkg] NEZ 5Nz & &,
D fiadntie)
i€V jev

ER/NZTBIES 7V — {1 ,n} 23K 5 ME.

Z OMEIZ, Koopmans—Beckmann (Z &> TEAINAZMETH Y, HEKOEEZFETINALSEETNT .
n EOMEHR VDY, Thik n EFFOMAIHEST DI L 2EZ 5. ik i,j MIZIXYMOBER f; B0, S k0
M2 BENT 21308 dy D005 0235, MEOHWIL, MORBEEHER/MNIT B L1z, FHMifz1 D
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FOMRERET - L Thb. N« 1T i 2 7(j) KRBT 5 Z & & RT.
45 OBIETIE, 1351 F = [f;;], D = [dp] 1,

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

L%, EF) m X, BEEETS D DT B0 W E RS, 175 D D17 i & w(i) T KL, RRHZH 5 % 7()) 17
ERMU 415 % D' 2T 5. ZOIHD i, K EATH F @ i, j B OEE, $RTO 4, I LTHMAZED
Y, 2 RENYFEOHMBERE 25, e 21E, 7= (2,1,3), BHTELL 1(1) = 2,7(2) = 1,7(3) = 3 DJEF]IZ
XUT, DI
0 5 2
D=5 01
2 10
LD, FEOEATLORMIE, 2x5+3x2+1x1=17 D2 5T 34 £7%25.
2 REPYEIZ NP-WEE R FEO R TEMD TREZ I WHED 1 D Th Y, KElk—L2~< U ME (4.6 i) %
Rl E e LTEATWS., REIADTHY,

1 2 3 n—1 n

1 01 0 0 0

2 0 01 0 0
D=

n—110 0 0 1 0

n 1 00 0 0

EHZETHNIXR .
Wik i DHE kE ICHEI NS E 1, TALSNDOL E 0 &755 0-1 Bz 2HVWD &, 2 RENRSEIXSITO &
SIZEANLTES.

minimize E E fijArexir e

i,jEV i) kLEV, kAL

subject to lek =1 Vk eV
i€V
Z Tk =1 VieV
keVv
xi; € {0,1} Vi,k eV

SCOP T, 2 X0 (HEE) 2F0F R TEI3DT, 7ul L3385 TH5.

from scop2 import *

m=Model ()

n=3

d:[[ K 73]7[ 7071]’[37170]]
f=[[0,5,1],[5,0,2],[1,2,0]]
nodes=["n%s”"%i for i in range(n)]
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varlist=m.addVariables (nodes,range(n))

conl=Alldiff (?AD” ,varlist ,” inf”)
m. addConstraint (conl)

obj=Quadratic (7 obj”)
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:
obj.addTerms(f[i][j]*d[k][ell],varlist[i],k,varlist[j],ell)

m. addConstraint (obj)

m. Params. TimeLimit=1
sol ,violated=m. optimize ()

print m

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

EoTa I LAOETHERIE, LTI SIS,

number of variables = 3
number of constraints= 2
variable nO: [0, 1, 2]
variable n1:[0, 1, 2]
variable n2:[0, 1, 2]
AD: weight= inf type=alldiff n0 n2 nil ;
obj: weight= 1 type=quadratic 10(n0,0) (n1,1) 15(n0,0) (n1,2) 10(n0,1) (n1,0) 5(n0,1) (n1,2) 15(n0,2)
(n1,0) 5(n0,2) (n1,1) 2(n0,0) (n2,1) 3(n0,0) (n2,2) 2(n0,1) (n2,0) 1(n0,1) (n2,2) 3(n0,2) (n2,0)
1(n0,2) (n2,1) 4(n1,0) (n2,1) 6(@1,0) (n2,2) 4(ni,1) (n2,0) 2(ni1,1) (n2,2) 6(1,2) (n2,0) 2(n1,2) (n2,1) <=0

solution

n0 2

nl 1

n2 0

violated constraint(s)
obj 12

4.5 EvRyvxVIRE%E

BT, KEEOHEDHLIME., HR-DOMHFHE, 4R RKESIDEDE, IODOSNZKREIDHIZ TEF
2] DB ThHSE. OB, H5FOEERERLADRLLTEILEN, b0 ER. (RE-T, bz
DOEREDRFIHL TV B EREZH T, EEFHOBICHHIL TROSNEDS.) 1 DOFICHED SNBHYO L
BRI Tkg LIRESTED, MPOEIEDP->TWD. GEDIAGHYIOEREY A %, FEIHIC (6,5,4,3,1,2)
35 (XM46). Lhrd, DELZOEETHE > TOEEWIE, ENHEAZVEDIENRD DT, BREIFIEIZTS
RBENFRWD (TROLBHORERIXTDEETETS). T, EDLIIHEDTEALZSBWEZA I N?

Z OFERRMEL, MEEOBED LIZEY /Ry £V B (bin packing problem) & XX 2 REDO—HITH 5.
EroRy ¥ v B E BFICER T S LRI K S ITE T 5.
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© 00~ U WN -

RN NN H s e e e e
JO N ERXUNHOOOTIDU R WN O

VAT i ]
nflOT A TLNOKABERESE N LY 1 X B O YBREREHEMFMINTNS., HL2DT71TLic N OYA
Z0<w; <BROIP>TWVWEHEDETE,. Zhs nflDOT71TL%, Y1 X BOYVIIFEDLI L2 EZ DL

T, BRELRVYYVOMZEZER/NIT A LD REDON 2RO L.
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B 4.6: FeEOHLIED L Ny F v JREOREN & SCOP 12 & 5 fif.

OB, WEOBMFEY NN—BNEFL TR0 TORETH D, BHEMZIE, KEVIHIZFED SR ED
La—V AT ZAMNEDLND Z LNE . T TIE, SCOP ZHWTH HIEIZDOWTH R 5. SCOP WS Z
LIZ& T, BIFEMETHREIIO SONIMINEMESEDOE Y Ny v ZRIEICH L TEERIIIENATE 5.

ZDMEZEREL 72D Python ® 7025 L%, MFD L1245,

from scop2 import x*
bpp=Model ()

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

num_bins=3

n=len (Items)

x={}
for i in range(n):

x[1] = bpp.addVariable (”x_-%s”%i ,range (num_bins))
Bin={}

for j in range(num_bins):
Bin[j]=Linear (” Bin_%s”%j , weight=1,rhs=B, direction="<=")
for i in range(n):
Bin[j].addTerms(Items[i],x[i],])
bpp.addConstraint (Bin[j])

sol ,violated=bpp.optimize ()
print bpp

print ”solution="
for i in sol:
print i,sol[i]

)

print ”violated constraints=",violated

ETRRIE, IFD L1245,

number of variables = 6
number of constraints= 3

variable x_0:[0, 1, 2]
variable x_1:[0, 1, 2]
variable x_2:[0, 1, 2]
variable x_3:[0, 1, 2]
variable x_4:[0, 1, 2]
variable x_5:[0, 1, 2]
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Bin_0: weight= 1 type=linear 6(x_0,0) 5(x_1,0) 4(x_2,0) 3(x_3,0) 1(x_4,0) 2(x_5,0) <=7
Bin_1: weight= 1 type=linear 6(x_0,1) 5(x_1,1) 4(x_2,1) 3(x_3,1) 1(x_4,1) 2(x_5,1) <=7
Bin_2: weight= 1 type=linear 6(x_0,2) 5(x_1,2) 4(x_2,2) 3(x_.3,2) 1(x_4,2) 2(x_5,2) <=7

solution=
x_4 2

1
o w N o
N = = O

x_10
violated constraints= {}

4.6 KolE—ILAT VERE

HIIREBEFMALTCI—a vy D ELEIDIEEITVS. BEASTADF a2 - Yy RIZEEMATVWSH
RIOHWMIE, ARI ORIy RTRIFEZRZZE, 1 FVADRY RV TE Y IRVERMTEZ L,
ZVT7OU—=TIAYTLERSEIE, FIYVORLY VTAREOE—LE2REZETHS.

BTV VRN AT R=FEDTEHLBZ 212070, BEEEEHZ G L /- @4 L v ZIVR 2 b7
iERsiwn, ULzdioT, ik Fa—V v 2HEFELULE, RERIEWIERTMHmD 4 DOHH (¢ F
Yy R, By Ry, a—=, /LY V) 28HL, BOFa—U v ilFosTRES &EZ7=. #lioMoOBIEEE
Al > CTAEZAM AT DEIITHR>TWE I RbhoTz. T, ¥DO&SRIEFTRITSE, BB
DB INZ IR B 725 5 )7

4.7 A—ay NfRIFDO T 5 7 KB (B EOBEIZEEEECRAIE~ 1 )V) & BoEKEIE CRFR) .

ZOREIE, —MRICKEEZ—IIL A< U BERE (traveling salesman problem) & KIX 3 w5 L1 70 fH &8 Fd L e

ThH5.

KEL =A< VREIE, UTOLSICERINIMETH 5.

KEtE—IL R &

nflHORM» K5 757 G=(V,E), K Lo (BA EH) BB D E—-RPERAONEZEE, TRTOM
BEV 2L ESE 1 ETORMT KA T, K EOEHOGH (N2 KEBORI L &) 2HMITHE
D% K> 5 M.
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% SCOP # AWTIRIZIE, 2 RENSFIEDERF & & 2 THRITIZE .

from scop2 import x*
m=Model ()
CitieS:[”T” ”7L77 777M7 777R77 7’7B77]
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)
varlist=m.addVariables(cities ,range(n))
conl=Al1ldiff (?AD” ,varlist ,” inf”)
m. addConstraint (conl)
obj=Quadratic (7 obj”)
for i in range(n):
for j in range(n):
ifoil=j:
for k in range(n):
if k =n-—1:
ell=0
else:
ell=k+1
obj.addTerms(d[i][j], varlist[i],k,varlist[j],ell)
m. addConstraint (obj)
m. Params. TimeLimit=1
sol ,violated=m. optimize ()
print m
print ”solution”
for x in sol:
print x,sol [x]
print ”violated constraint(s)”
for v in violated:
print v, violated [v]

77 7 nEMED L ZATHR

N7k 5z, BWEER® 2 REHIL, HAICEZLZABRRBWY. TD7=0I121%, H
HEBOESHEZUTO LS IcES

HY.

obj={}
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
obj[i,]j,k,ell]=Quadratic(” obj_%s_%s_-%s_%s”%(i,j,k, ell))
obj[i,]j,k,ell].addTerms(d[i][]j],varlist[i],k,varlist[j],ell)
m. addConstraint (obj[i,]j,k, ell])

HWEEZ 1 20 2 REKE LTE WL 2RI, UTokdizns.

number of variables = 5
number of constraints= 2
variable T:[0, 1, 2, 3, 4]

variable L:[0, 1, 2, 3, 4]
variable M:[0, 1, 2, 3, 4]
variable R: [0, 1, 2, 3, 4]
variable B: [0, 1, 2, 3, 4]

AD: weight= inf type=alldiff TML BR ;

obj: weight= 1 type=quadratic 476(T,0) (L,1) 476(T,1) (L,2) 476(T,2) (L,3) 476(T,3) (L,4) 476(T,4) (L,0)
774(T,0) (M,1) 774(T,1) (M,2) 774(T,2) (M,3) 774(T,3) (M,4) 774(T,4) (M,0) 434(T,0) (R,1) 434(T,1) (R,2)
434(T,2) (R,3) 434(T,3) (R,4) 434(T,4) (R,0) 408(T,0) (B,1) 408(T,1) (B,2) 408(T,2) (B,3) 408(T,3) (B,4)
408(T,4) (B,0) 476(L,0) (T,1) 476(L,1) (T,2) 476(L,2) (T,3) 476(L,3) (T,4) 476(L,4) (T,0) 784(L,0) (M,1)
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784(L,1)
894(L,3)
774(M,0)
784(M,2)
852(M,4)
434(R,1)
894 (R, 3)
569(R,0)
408(B,2)
569(B,4)
569(B,1)

solution
B 2
RO
M 4
T1
L3

M,2)
(R,4)
(T,
(L,3
(R,0)
(T,2)
(L,4)
(B,1)
(T,3
(L,0)
(R,2)

784(L,2) (M,3) 784(L,3) (M,4) 784(L,4) (M,0) 894(L,0) (R,1) 894(L,1) (R,2) 894(L,2) (R,3)
894(L,4) (R,0) 569(L,0) (B,1) 569(L,1) (B,2) 569(L,2) (B,3) 569(L,3) (B,4) 569(L,4) (B,0)
774M,1) (T,2) 774M,2) (T,3) 774(M,3) (T,4) 774(M,4) (T,0) 784(M,0) (L,1) 784(M,1) (L,2)
784(M,3) (L,4) 784(M,4) (L,0) 852(M,0) (R,1) 852(M,1) (R,2) 852(M,2) (R,3) 852(M,3) (R,4)
1154(M,0) (B,1) 1154(M,1) (B,2) 1154(M,2) (B,3) 1154(M,3) (B,4) 1154(M,4) (B,0) 434(R,0) (T,1)
434(R,2) (T,3) 434(R,3) (T,4) 434(R,4) (T,0) 894(R,0) (L,1) 894(R,1) (L,2) 894(R,2) (L,3)
894(R,4) (L,0) 852(R,0) (M,1) 852(R,1) (M,2) 852(R,2) (M,3) 852(R,3) (M,4) 852(R,4) (M,0)
569(R,1) (B,2) 569(R,2) (B,3) 569(R,3) (B,4) 569(R,4) (B,0) 408(B,0) (T,1) 408(B,1) (T,2)
408(B,3) (T,4) 408(B,4) (T,0) 569(B,0) (L,1) 569(B,1) (L,2) 569(B,2) (L,3) 569(B,3) (L,4)
1154(B,0) (M,1) 1154(B,1) (M,2) 1154(B,2) (M,3) 1154(B,3) (M,4) 1154(B,4) (M,0) 569(B,0)(R,1)
569(B,2) (R,3) 569(B,3) (R,4) 569(B,4) (R,0) <=0

violated constraint(s)

obj 3047

4.7

ZHEIWF Y THy VREE

HinTlE, BV EAEMDIER. HEM, HazidEmEbnw A AEIZZ >ZTOATIAAT, BLYEEA
TW5., HhEEHPA, Y=T7OMTEHEATIOE EINTVWE I IAANERE. IS AN, BUE 41K
GEENTWT, TNODMEBEEI LARMIX, M48 DLIIZh>T W5, Hilid, BEMEOEHIIRK
W3 X5 IANERZEBATRITIOEESTWEY, bRV EREHIIEHAL WSy Ty 2ide
THHL, Tkg EVBEWEYZ ANS &, EXRITTULES L, 10000cm?® (10 ¢) Z2BX7-fmYE AND i

TLES. 3T, EOIRIANEERZE > TRITNWERWES I ?
9375 P% 28}J &
16EW
# 88% * * —°
7 kg
3000 3500 5100 7200 10000 CmS
X 4.8: VX SXANEDITA YTy TEBHAOFY TH vy 7,

ZOMEE, ZHEIEF Y Yy JRBE (multi-constrained knapsack problem) & XIEZN 2 & RE/IHETH

v, HHA 1 AROME (Fy THy JiE) T NP-WHTHD. Fv 7Yy 7HEIE, DRREZE (branch and
bound method) X EHEHE (dynamic programming) TEBIZHEL TR TE DM, FIHOED Y Z 725512 137
ST EDVWEIZZRD.

LR (0-1) Fv TV y JREIE, UTOXSICE#HIND.
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ZHEWF Y Ty R

nlOT AT LS R5AREE N, m ROGIHORZATHES M, £4DT7 4T L je N Offif v; (>0), 7
1T L jeN OflF i € M IZHT2EA a;; (>0), B i € M 1Zx3 2HIFD EBRAE b; (> 0) 2352
oz &, BRULEZTA TLOEADEHDEHK i € M O ERME b, 2B RWVEWS FMEDTT, fifED
BRIEBRRKIZTE LD N o717 L% ERT 2 RHE.

Fu TYy SRER, TATFAj(EN) B Fy THy 2ICiEDBHEE 1, TAUADEE 01245 0-1 28 2, %
58, BFOX S CBEGHERMEY L TRERMLTE 2.

maximize Z VT
JEN
subject to Z aj;r; <b; VieM
JEN
xzj € {0,1} VjeN
MIREMZ & > CTlE, TIROBEEEE Y VN—1Z EORERE ZTDF AN TIE, Bolfds85Z 2L
WiEGEMRH L. MUIZ, KM (0,1] O—#KEE U0,1] ZHVWTUTDOLS & (MEHWELWEEbNTWS) [
B2 AE L T AT, FIRIADRE ai; & 1-10001og, U(0,1] & U, FMEL b & 0.25)° aij, HABEO R
vj & 10, a;5/m+10U(0,1] &35, ZHO n =100, HHIDE m =5 OREHIZ, HHROBELEIE Y LN —
Xpress-MP TREL 722 Z 5, 2 KENT CTHEEMERFDZ LN TET, A€ ERZ@EBLTLE -7,
SCOP # MW, e TR RIFRALREZEL Z N TE 5.
% SCOP TRf#ET 2T a I LlE, ARDEDIZHk5.

rom scop2 import x

model=Model ()

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%s”%j for j in range(n)]

varlist=model.addVariables (items ,[0,1])
for i in range(m):
conl=Linear (”mkp %s”%i ,” inf” ,b[i])
for j in range(n):
conl.addTerms(a[i][j],varlist[j],1)
model.addConstraint (conl)

con2=Linear (”obj” ,1,sum(v),”>=")

for j in range(n):
con2.addTerms(v[j],varlist[j],1)

model. addConstraint (con2)

model . Params. TimeLimit=1
sol , violated=model. optimize ()

print model

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

)
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number of variables = 4

number of constraints= 3

variable itemO: [0, 1]

variable iteml:[0, 1]

variable item2:[0, 1]

variable item3:[0, 1]

mkp_0: weight= inf type=linear 2(item0,1) 3(item1,1) 4(item2,1) 5(item3,1) <=7

mkp_1: weight= inf type=linear 3000(itemO,1) 3500(iteml,1) 5100(item2,1) 7200(item3,1) <=10000
obj: weight= 1 type=linear 16(item0,1) 19(iteml,1) 23(item2,1) 28(item3,1) >=86

solution

item2 1

item3 0O

itemO O

iteml 1

violated constraint(s)
obj 44
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BS5E A

AKRETIE, SCOP %k~ 2B F MBI S U7l 2 =g

51 RV IR a—Yvy

ZLOWH TR, AZYyTArYa—Y) v J3EELEERENED 1 >DTHS. ZOMEIE, 8, TS
b, N=hREDPS, BERARY 72 EDLDITHRL, »28M2E/MET S Z &% HINE UME8 5o ki
BTHBM, TN oMLK DD, LIXUVIETETVEDREIZZRS. 22Tk, SCOP ZHW/=ET ML
RS 5.

ARy TR Y a—) v IREOERET VL, MFOT—X%20EL T 5.

29y IDEE : WGETEH Z N TEL ABEDEMESTHY, #HE, TIUNAL N, R=F DIV —TI1Z55F
TEMINS, @FEIE, -7 bhZ28, JV—=THORBRBEFEABNEZ SN TWS., £/, AXvy 7T
CIZHRHARAEY 7 PR EDIFRIAGZ o NTWEEDET 5.

HOES: Arva—) v 2lOaRe 2o MMOES. @E X, HEMATEREZITV, 30 HFEEWHRMME

5.

2T N OES: ML) SN EHOMEOES. e 2L, W, &, KO3 V7 b hoMRE N3 E05A
i3, YT ROHER, {8, B, %, Kk} EERILG.

ZO[#EIX, SCOP 2HWad L, UFDLSIZHRIZETVELTES.

ARy 7 T, Y7 MOESGEERE UAAB X 2EHT L. &M - o7 MTLT, =TTtk
B ARy 7OED ETREZREHIIE UTEBE TS, AZy 7OFLEY 7 b, XN TWaiiiEy 7 haro
HilRE, FEHRE U <2 Kl e UTRIT 5. 2o, FEERMET & IChBERMm&Efs, SCOP 2H\WT
KETE 5. FEBIZ, SCOP VY NN—X, H#RATY 21— V7R OEMRERMEEMRT 52212
L TW5.

PAFIZ, iR ARy 727 Ya—) v 7MEOHZ RS, ZOHEIE, 7 —F%F—2 82 KkD John Hooker D
2009 FDOFEDOHIZBET L72EDTH S,

DR E IZLA R D@D .

o 1 V7 MISEMT, 37 bzaifkifilE T 5.
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O~ Utk WN -

¢ 4 ADARY 7%, 1 HDE41 2D 7 MUDTI T EMNTER.

e MO LITOND 1 HED ATV 2 —VDHT, AZXY 73K 5 HREIZEIH L 223 iEm S0,
o ZYT MIEIDLUTOHNDE ARy 7OMIE, BEOX 1 ATRITFNIERS R,

o BBV 7 FEBEHIT-oTEWITRW. (RR5Y 7 MBI L EITiE, HTHKHEANS.)

o U7 b2 31k Aid 2 HMEG TTbRITNIE R S0,

I % SCOP T 7201, kKHZRT 7 b 0 2HATS. AXv 7d A, B,C,D &ML 7= XFHDY A b
T#LU, #%0,1,....6 (range(7)) THET. £, ZARZv I70ES i LHOFS t 2HAFLL, TOMHEEZY
7 MZKHE A 284 {0,1,2,3} (range(4)) &3 53.

ZDMEZEIEL 72D Python D70 275 L%, UMTFDX 512725,

from scop2 import x
m=Model ()

periods=range (7)
shifts=range (4) #three shifts named 0 (off), 1, 2, and 3
staffs=["A” "B’ ,”C” ,”D”]

var={} #list of variables
for i in range(len(staffs)):
for t in periods:
var[i,t]=m.addVariable (name=staffs [i]+str(t),domain=shifts)

LB={} #dictionary for holding lower bound constraints
for i in range(len(staffs)):
LB[i]=Linear ("LB%s”%i ,rhs=5,direction=">=") #weight is set to default (1)
for t in periods:
for s in shifts [1:]:
LB[i].addTerms(1,var[i,t],s)
m. addConstraint (LB[i])

UB={} #dictionary for holding upper bound constraints
for t in periods:
for s in shifts [1:]:
UB[t,s]=Linear ("UB%s_%s”%(t ,s ) ,rhs=1) #weight is set to default (1)
for i in range(len(staffs)):
UB[t,s].addTerms(1,var[i,t],s)
m. addConstraint (UB[t,s])

#forbid two different shifts on two consecutive days
Forbid={}
for i in range(len(staffs)):
for t in periods:
for s in shifts [1:]:
Forbid [(i,t,s)]=Linear (” Forbid_%s_%s_%s”%(i ,t,s),1,1)
Forbid [(i,t,s)].addTerms(1,var[i,t],s)
for k in shifts [1:]:
if kl=s:
if t=—=periods[—1]:
Forbid [(i,t,s)].addTerms(1,var[i,0],k)
else:
Forbid [(i,t,s)].addTerms(1,var[i,t+1],k)
m. addConstraint (Forbid [(i,t,s)])

#shifts 2 and 8 must do at least two consecutive days
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Cons={}
for i in range(len(staffs)):
for t in periods:
for s in shifts [2:]:
Cons[(i,t)]=Linear (” Cons %s_-%s”%(i ,t),direction=">=")
Cons[(i,t)].addTerms(—1,var[i,t],s)
if t==0:
Cons[(i,t)].addTerms(1,var[i, periods[—1]],s)
else:
Cons[(i,t)].addTerms(1,var[i,t—1],s)
if t=—periods|[—1]:
Cons[(i,t)].addTerms(1,var[i,0],s)
else:
Cons[(i,t)].addTerms(1,var[i,t+1],s)
m. addConstraint (Cons|[(1,t)])

m. Params. TimeLimit=1
sol ,violated=m. optimize ()

#print m

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

FITHERIL, LTSIk, BRIZTRCOHNEEZLEY 7 NE2BAZ e TE 5,

solution
Al 3

AO
A3
A2
A5
A4
A6
C3
C2
C1
Co
C6
Ch5
Cc4
B4
B5
B6
BO
B1
B2
B3
D6
D4
D5
D2
D3
DO
D1 1

violated comnstraint(s)

P NOONFRFRRPEPOWWOR WWONNNONONWOWO
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5.2 n 7’(—VFD|15I=E

HIFI T E OWETHZEIZHWONEZ AL LT n 7214 —VEERD S, ZOREIX, UTOLSITERERINS.

n 74— EE
nxnOF z ABOEIZ, EOREL ATOHEZ2HEMIZTELH (714 —2) 2BEWIEE 2817720k S
2 n JEL.

X 5.1: 724 —>0FEE s 8 71— BEEDMD—H.

T, BITICELS 74—V OfE FIFS) 228 T5. 8HDI 1 —VEET 5612, ZH5DEHD
X {0,1,...,7} &7 5. FIBRFIEHNICRREZHENHEHDT, Tk alldiff RETHBRTS. £7/2, 71—
VRO DFE TEHWIZID b d &FE, MEHNE T 8IZE>TETMETES.

FiE, ZoOMBEIIBGELIEE UTA S LR LMETH L. MELHAVWEDOLT 272012, 71 —V%
AT JINCRE L2 2 ZZ i x j DB S 2 WS HIEEZEML TAS. SCOP TiX, HBE$K % £ I HIH
obj %, HEA 1 ORYEHIE L TEMT 27 TRW. 2k, BT® Python 70275 ATHATE 5.

from scop2 import *
m=Model ()
n==8
varlist =[]
for i in range(n):
varlist .append ("x"+str (1))

var=m. addVariables(varlist ,range(n))
conl=Alldiff (?AD” ,var,” inf”)
m. addConstraint (conl)

for k in range(2,2xn—1):
con2=Linear (?rightdown _%s”%k,” inf” ,1,7<=")
for i in range(n):
j=k—n-+i
if j>=0 and j<=n-—1:
con2.addTerms(1,var[i],j)
m. addConstraint (con2)
for k in range(2,2xn—1):
con3=Linear (”leftdown _%s”%k,” inf” ,1,7<="
for i in range(n):
j=k—i—1
if j>=0 and j<=n-—1:
con3.addTerms(1,var[i],])
m. addConstraint (con3)
obj=Linear (”obj” ,1,0,’<=")
for i in range(n):
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for j in range(n):
obj.addTerms ((i+1)*(j+1),var[i],])

m. addConstraint (obj)
m. Params. TimeLimit=1
sol ,violated=m. optimize ()
print m
print ”solution”
for x in sol:

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

print v,violated [v]

SCOP ZHWTKMELTHAD L, BARDESI12745.

number of variables = 8
number of constraints= 28

variable x0:[0, 1, 2, 3, 4, 5, 6, 7]
variable x1:[0, 1, 2, 3, 4, 5, 6, 7]
variable x2:[0, 1, 2, 3, 4, 5, 6, 7]
variable x3:[0, 1, 2, 3, 4, 5, 6, 7]
variable x4:[0, 1, 2, 3, 4, 5, 6, 7]
variable x5:[0, 1, 2, 3, 4, 5, 6, 7]
variable x6:[0, 1, 2, 3, 4, 5, 6, 7]
variable x7:[0, 1, 2, 3, 4, 5, 6, 7]

AD: weight= inf type=alldiff x0 x3 x2 x5 x1 x7 x6 x4 ;

rightdown_2: weight= inf type=linear 1(x6,0) 1(x7,1) <=1

rightdown_3: weight= inf type=linear 1(x5,0) 1(x6,1) 1(x7,2) <=1

rightdown_4: weight= inf type=linear 1(x4,0) 1(x5,1) 1(x6,2) 1(x7,3) <=1

rightdown_5: weight= inf type=linear 1(x3,0) 1(x4,1) 1(x5,2) 1(x6,3) 1(x7,4) <=1

rightdown_6: weight= inf type=linear 1(x2,0) 1(x3,1) 1(x4,2) 1(x5,3) 1(x6,4) 1(x7,5) <=1

rightdown_7: weight= inf type=linear 1(x1,0) 1(x2,1) 1(x3,2) 1(x4,3) 1(x5,4) 1(x6,5) 1(x7,6) <=1

rightdown_8: weight= inf type=linear 1(x0,0) 1(x1,1) 1(x2,2) 1(x3,3) 1(x4,4) 1(x5,5) 1(x6,6) 1(x7,7) <=1

rightdown_9: weight= inf type=linear 1(x0,1) 1(x1,2) 1(x2,3) 1(x3,4) 1(x4,5) 1(x5,6) 1(x6,7) <=1

rightdown_10: weight= inf type=linear 1(x0,2) 1(x1,3) 1(x2,4) 1(x3,5) 1(x4,6) 1(x5,7) <=1

rightdown_11: weight= inf type=linear 1(x0,3) 1(x1,4) 1(x2,5) 1(x3,6) 1(x4,7) <=1

rightdown_12: weight= inf type=linear 1(x0,4) 1(x1,5) 1(x2,6) 1(x3,7) <=1

rightdown_13: weight= inf type=linear 1(x0,5) 1(x1,6) 1(x2,7) <=1

rightdown_14: weight= inf type=linear 1(x0,6) 1(x1,7) <=1

leftdown_2: weight= inf type=linear 1(x0,1) 1(x1,0) <=1

leftdown_3: weight= inf type=linear 1(x0,2) 1(x1,1) 1(x2,0) <=1

leftdown_4: weight= inf type=linear 1(x0,3) 1(x1,2) 1(x2,1) 1(x3,0) <=1

leftdown_5: weight= inf type=linear 1(x0,4) 1(x1,3) 1(x2,2) 1(x3,1) 1(x4,0) <=1

leftdown_6: weight= inf type=linear 1(x0,5) 1(x1,4) 1(x2,3) 1(x3,2) 1(x4,1) 1(x5,0) <=1

leftdown_7: weight= inf type=linear 1(x0,6) 1(x1,5) 1(x2,4) 1(x3,3) 1(x4,2) 1(x5,1) 1(x6,0) <=1

leftdown_8: weight= inf type=linear 1(x0,7) 1(x1,6) 1(x2,5) 1(x3,4) 1(x4,3) 1(x5,2) 1(x6,1) 1(x7,0) <=1

leftdown_9: weight= inf type=linear 1(x1,7) 1(x2,6) 1(x3,5) 1(x4,4) 1(x5,3) 1(x6,2) 1(x7,1) <=1

leftdown_10: weight= inf type=linear 1(x2,7) 1(x3,6) 1(x4,5) 1(x5,4) 1(x6,3) 1(x7,2) <=1

leftdown_11: weight= inf type=linear 1(x3,7) 1(x4,6) 1(x5,5) 1(x6,4) 1(x7,3) <=1

leftdown_12: weight= inf type=linear 1(x4,7) 1(x5,6) 1(x6,5) 1(x7,4) <=1

leftdown_13: weight= inf type=linear 1(x5,7) 1(x6,6) 1(x7,5) <=1

leftdown_14: weight= inf type=linear 1(x6,7) 1(x7,6) <=1

obj: weight= 1 type=linear 1(x0,0) 2(x0,1) 3(x0,2) 4(x0,3) 5(x0,4) 6(x0,5) 7(x0,6) 8(x0,7) 2(x1,0)

4(x1,1) 6(x1,2) 8(x1,3) 10(x1,4) 12(x1,5) 14(x1,6) 16(x1,7) 3(x2,0) 6(x2,1) 9(x2,2) 12(x2,3) 15(x2,4)
18(x2,5) 21(x2,6) 24(x2,7) 4(x3,0) 8(x3,1) 12(x3,2) 16(x3,3) 20(x3,4) 24(x3,5) 28(x3,6) 32(x3,7) 5(x4,0)
10(x4,1) 15(x4,2) 20(x4,3) 25(x4,4) 30(x4,5) 35(x4,6) 40(x4,7) 6(x5,0) 12(x5,1) 18(x5,2) 24(x5,3) 30(x5,4)

36(x5,5) 42(x5,6) 48(x5,7) 7(x6,0) 14(x6,1) 21(x6,2) 28(x6,3) 35(x6,4) 42(x6,5) 49(x6,6) 56(x6,7) 8(x7,0)
16(x7,1) 24(x7,2) 32(x7,3) 40(x7,4) 48(x7,5) 56(x7,6) 64(x7,7) <=0

solution

x2 7
x3 3
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x0
x1
x6
x7
x4
x5 0

violated comstraint(s)
obj 150

D= 0N D

HIBE %2 R THIH OB EIX 150 TH D, BAD (ITHBEVRKREWV) 74 —VIF NI (FIFESD/NE WG
12) BLE T BRI > TWA I N5,

5.3 HETA UADOBRANIRRERBE

ZIT, EETAVADHOEAEREDOH Z KT, TNk, Edward Tsang # “Foundations of constraint
satisfaction” DHIZHFTL7ZEDTH 5.

AYRT — R~ ERMCHAZEDEET A VE2FRXD. ZOT1 VI, BOPOEEGHSHERI N, Th
TNOEEGTIEELRDIEE TONS. WX, 4 HEOFHEZFEUAEET A v THRELTEY, ThThzETIL
A,B,C,D ¥ ¥5%. KAHOBEHEX, ZhEh 30,30,20,40 BTH5.

A DIEREGTIE, YV —TDOWMO T 2T-oTED, ZHIEXETINV B,C ZIFICHEREX(ETHSD. ROEHE
BTk, I—FEOWMO BTN TED, ZHIFETIV A C ZFICBEREETH L. TNTNOEEGILE
TELL, YUN—TWMOMNIFTEHES B, I—FEWOMNITEHE I3 E2ORI 2D, iz, FEGIZEMEER
NEOETOoNTED, YU —TWOMIFIZ3 A, Z—FECHDOMIHE 2 NAOEXENRESINTE Y, F¥E
DRI ZBA L WHIPH TR 2 IZFEEZTD.

BT A VNDHEOBAIEF %2 5 £ kO NE, FEGORHBENTHEEZTE T TIEMNTERN. LEXE,
C,A, A, B,C DJHTHAT L, Y2 IL—T7WO Tl 3 NAOEEERENETNETIV C,B,C (T 2/E%%
15DTHIZE DD, H—FEWOFHITIE, 2 ADEEETIX C,A A D3 EDHDIFEEMKAD I ENTER.

T, EEGORERIKE Kidh, Y- WO MITOEES T, TARTOERT S 5 GOHOHIZ, T
NV B,C DE% 3 DOA>TWAZE (A—F O AMANIFOEEEG T, TRTOHEKT S 3 B0HOFIZ, EFI)L
A, CHE# 2DA>TWBZ L) WSR3,

Z OREEIE, 120(= 30+ 30 + 20 + 40) fEDH {A, B,C, D} % £ D&% ¥ L, A, B,C,D OEBOEFH*Z
NEN 30,30,20,40 & WISl E, LEOBRGIFZERS T LITERTNIE, SCOP TESGILMS ZLNTE 3.

HlEZER AL 72dD T 7T Lk, MFROXSI1245.

from scop2 import x

m=Model ()

Type:[ﬁAﬂ 777B77 7)3077 y77]3)1] #car types

Number=[30,30,20,40] #number of cars needed

n=sum (Number) #planning horizon

#1st line produces car type B and C that has a workplace with length 5 and 8 workers
#2nd line produces car type A anc C that has a workplace with length &8 and 2 workers
Need:[[”B77 777(:71] ’[77A77 777C77:|]

Length=[5,3]

Capacity =[3,2]
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

30
31
32
33
34
35

37
38
39
40

x={}
for i in range(n):
x[1]=m.addVariable (”seq[%s]”%i , Type)

#production wvolume constraints
for i in range(len(Type)):
Li=Linear ("req[%s]”%i , direction="=",rhs=Number[i])
for j in range(n):
L1.addTerms(1,x[j],Type[i])
m. addConstraint (L1)

for i in range(len(Length)):
for k in range(n—Length[i]+1):
L2=Linear ("ub[%s_%s]|”%(i ,k), direction="<=" ,rhs=Capacity [i])
for t in range(k,k+Length[i]):
for j in range(len(Need[i])):
L2.addTerms (1,x[t],Need[i][j])
m. addConstraint (L2)

m. Params. TimeLimit=1
m. Params. OutputFlag=False
sol ,violated=m. optimize ()

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

)

FIFRERIE, AT LS50, BAITTRTORNZHZ LR AIEEZE2 Z R TE S,

solution
seq[18] C
seq[101] A
seq[26] D
Gl
seq[94] A
seq[28] D
seq[98] A

violated comnstraint(s)

5.4 BFEIEIERN

BA)DEBEBNL, KHEEIOFEKTH S, KEENE, 2 < OHERETHATHWIHED 1 DTHH, ZD7OIHE
HEEIZBE T 2 Z 8202 MDD HEREE TH2IETETH S, RERHIEIERREEIL, EHERHIRIAM O 72 IR 7kl
AEEREAMETH S, BEGHE L L TOREAMEL WRETH LD, TORMIIMO CTHREIZZ2S. T2 Cld, fijHs

RFEEIER D ETVALZFIHL, SCOPIZL2ET Y v/ OHEAMERT.
IFEEIER D EARETIVE, IFOANT X2 B8 LT 5.
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BEDES : M, HiE #HEanloBERHOPLDOEIZONTWVWAEDE T, BRIZIX, FTha8x 5400
EZIFBEAEBRDSNT WS, FD8H, [FURRICEENTONSE &, (BlHZEELFEKIZL DTHDD
T) WAZ&Thb. LEhoT, BURRIZITD 2R TERNWEEIIODVTOHHREEZ5NTVEED
95,

BRROES - K2 HT, 125 6 RETOREVIRELRLGEITIE, HED 1R»S, GO 6 R TodEkid 5
W, KROEELLE. ZORRIZREZED ETL0N, KHEWEKORIOEETH 5.

HEDES: BMEEZTIIENTELIHEDELANEZONTWVWEEDE TS, 2L, HELHZOHELH DD
T, BEITLIL, TOFREERITO ZEDPARBEZDELSNEIOSNTVWEEDE TS, ZOE DY TEID
52 rh, REEERDE 2 OHE L 1 5.

ZoOfM#EIE, SCOP WL, UFRDLSIZHRIZETIVELTES.

BRICHRA#ID Y TH I %R, B X L UTRBTS. £/, BECHEZHVYTEIILEHOERY &L
THRET S, HURRICHRENTERNWI L 2RIT 5720121, alldiff MOGEZ AW, £/, FEE, B=E
EID Y CAREREOBILE 41 DTHAHDT, T2 RO quadratic THRILT 5.

fth D FEEXFE T BB KIS, SCOP ZHWTERIT 2 Z LW ARETH 5. EBEIZ, SCOP WY N —
&, FEREEEROEEE T > X5 1 > 2> (ITC-2007: International Timetabling Competition) (ZEWT, EFHAEK
EEFRLTW5.
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kA  scop.py

BAFIZ SCOP @ Python €Y 2 —)b (scop2.py) DY —A 21— RK%ERT.

# scop interface class

# file mame scop?2.py

# ver. 2.1 Copyright Log Opt Co., Ltd.
# by M. Kubo 2013

# define the path of the scp solver here:
SCOP = ’./scop.exe’
#SCOP = ’./bin/scop’

class Variable ():
SCOP wvariable class. Variables are associated with a particular model.

You can create a variable object by adding a variable to a model (using Model. addVariable or
Model. addVariables)

instead of by wsing a Variable constructor.

99 9

def __init__(self ,name="" domain=[]):
self .name=str (name)
self.domain=1list (domain)

def __str__(self):
return ”variable 7+4str(self.name)+”:”+str(self.domain)

class Parameters():

999

SCOP parameter class to control the operation of SCOP.

TimeLimit: Limits the total time ezxpended (in seconds). Positive integer. Default=600.
OutputFlag: Controls the output log. Boolean. Default=False (0).

RandomSeed: Sets the random seed number. Integer. Default=1.

Target: Sets the target penalty value;

optimization will terminate if the solver determines that the optimum penalty value
for the model is worse than the specified ”Target.” Non—megative integer. Default=0.

2999

def __init__(self):
self.TimeLimit=600
self.OQutputFlag=0
self . RandomSeed=1
self. Target =0

class Model(object ):

999 9

SCOP model class.

Attbibutes :

constraints: Set of constraint objects in the model.
variables: Set of wvariable objects in the model.

Params: Object including all the parameters of the model.
varDict: Dictionary that maps variable names to their domains.

999 9

def __init__(self):

self.constraints = [] # set of constraints is maintained by a list
self.variables = [] # set of wariables is maintained by a list
self.Params=Parameters ()

self.varDict={} # dictionary that maps variable mames to their domains
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def

def

def

def

__str__(self):
777 return the information of the problem

constraints are expanded and are shown in a readable format
» N
ret="number of variables = ”+str(len(self.variables))+” \n”
ret+="number of constraints= "+str(len(self.constraints))+”\n”
for v in self.variables:

ret+=str (v)+”\n”

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

update(self):

299

prepare a string representing the current model in the scop input format
»
f e ” N
#variable declarations
for var in self.variables:
domainList = 7 ,”.join ([str(i) for i in var.domain])
f += ”variable %s in { %s } \n” % (var.name, domainList)
#target value declaration
f += 7target = %s \n” % str(self.target)
#constraint declarations
for con in self.constraints:
f += str(con)
return f

addVariable (self , name="”, domain=[]):
»nn»

addVariable ( name="", domain=[] )
Add a wvariable to the model.

Arguments :

name: Name for new wvariable. A string object.

domain: Domain (list of wvalues) of new wvariable. Each value must be a string or numeric
object.

Return wvalue:
New wvariable object.

Ezample usage:

z = model. addVarriable ("var”) # domain is set to []
z = model.addVariable (name="var”,domain=[1,2,3]) # arguments by name
z = model.addVariable (”var” ,[”A”,”B”,”C”]) # arguments by position

PR

var =Variable (name, domain)

self.variables.append(var)

# keep wvariable mames using the dictionary wvarDict to check the walidity of constraints
self.varDict [ var .name]=var.domain

return var

addVariables (self , names=[], domain=[]):

addVariables (names=[], domain=[])
Add variables and their (identical) domain.

Arguments :

names: list of mew wvariables. A list of string objects.

domain: Domain (list of wvalues) of new wvariables. FEach value must be a string or numeric
object.

Return wvalue:
List of new variable objects.

Example wusage:
varlist=["varl”,”var2”,”var8”]
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def

def

z = model. addVariables (varlist)
z = model.addVariables (names=varlist ,domain=[1,2,3]
z = model. addVariables (varlist ,[”A”,”B”,7C”]

R
if type(names)!=type ([]):
print ”"The first argument (names) must be a list.
raise NameError
varlist =[]
for var in names:
varlist .append(self.addVariable(var,domain))
return varlist

addConstraint ( self ,

293 9

addConstraint ( con )
Add a constraint to the model.

con):

Argument :
con: A constraint object (Linear,

Ezxzample usage:
model. addConstraint (L)

993 3

if not isinstance (con,Constraint):
print “error: %r should be a subclass
raise NameError

#check the feasibility of the
try:
if con.feasible(self
self.constraints
except NameError:
print ” Consrtaint %r
raise NameError

.varDict ):
.append (con)

has an error ” % con

optimize (self):

2
optimize ()

Optimize the model using scop.exe
Ezxample usage:

model. optimize ()

2”0

time=self.Params. TimeLimit
seed=self.Params. RandomSeed
LOG=self.Params. OutputFlag
self.target=self.Params. Target

f = self.update()

f3 = open(”scop-input.txt” ,”w")

f3 . write(f)

f3.close ()

if LOG:
print ”scop input: \n”+f + ”\n”
print ”solving using parameters: \n ”
print 7 TimeLimit =%s second”%time
print 7 RandomSeed= %s”%seed
print 7 OutputFlag= %s”%.0G +”\n”

import subprocess
cmd = SCOP + 7 —time "+str (time)+” —seed
try:

pipe = subprocess.Popen(cmd. split (),
except OSError:

”»

74str (seed)

constraint added in the

stdout=subprocess .PIPE,

# domain is set to []
# arguments by name
# arguments by position

”»

Quadratic or AlIDiff).

of Constraint” % con

class con

in the same directory.

#solver call

stdin=subprocess .PIPE)

could not execute command '%s’” % cmd

print ”error:
print ”please check that the solver is in the path”
exit (0)
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out, err = pipe.communicate(f) #get the result
if LOG:

print ”scop output: \n”+f

print out, ’\n’

f = open(”scop_out.txt” ,”w”)
f.write(out)
f.close ()
if err!=None:
f2 = open(”scop_error.txt” ,”w”)
f2 . write(err)
f2.close ()
#extract the solution and the violated constraints
s0 = ”[best solution]”
sl = ”penalty”
s2 = " [Violated constraints]”

i0 = out.find(s0) + len(s0)
il = out.find(sl, i0)
i2 = out.find(s2, il) 4 len(s2)

data = out[i0:il1]. strip ()
sol = {}

if data != 77:
for s in data.split(”\n”):
name, value = s.split(”:”)
try:
temp=int (value)
except:
sol [name] = value
else:
sol [name]=int (value)

data = out[i2:]. strip ()
violated = {}

if data != "7:
for s in data.split(”\n”):
try:
name, value = s.split(”:”)
except:
print ”Error String=",s
try:
temp=int (value)
except:

violated [name] = value
else:
violated [name]

int (value)

#return dictionaries containing the solution and the wviolated constraints
return sol ,violated

class Constraint (object):
» 0

Constraint base class
” 0

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

class Alldiff(Constraint):

2999

Alldiff ( name=None, varlist=None, weight=1 )
Alldiff type constraint constructor.

Arguments :
name: Name of all—different type constraint.
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varlist (optional): List of
weight (optional): Positive

Attributes :
name: Name of all—different
varlist (optional): List of

weight (optional): Positive

299

def __init__(self ,name=None
if name=—None or name=—
print
raise NameError
self .name = name
self.weight = str(weigh

if varlist=—None:
self.variables = se
else:
for var in varlist:
if not isinstan
print 7erro

variables that must have differennt value indices.
integer representing importance of constraint.

type constraint.
variables that must have differennt value indices.

integer representing importance of constraint.

,varlist=None, weight=1):
NN,

?error: please specify the name when creating a constraint”

£)

t (1)

ce(var, Variable):
r: %r should be a subclass of Variable” % var

raise NameError

self.variables = se

def __str__(self):

777 return the informat
2”0

t(varlist)

ion of the alldiff constraint

f = self .namet”: weight= "4self.weight+” type=alldiff ”

for var in self.variabl
f += var.namet” ”

f +: ” ; \n77

return f

def addVariable(self ,var):

299

addVariable ( wvar )

es:

Add new variable into all—different type constraint.

Arguments :

var: Variable object added to all—different type constraint.

Ezample usage:

AD. addVaeiable( z )

993 3

if not isinstance (var, Variable):

”»

print “error: %r should be a subclass of Variable” % var

raise NameError

if var in self.variables:
print ”duplicate variable name error when adding variable %r” % var

return False
self.variables.add(var)

def addVariables(self, varlist):

93 9

addVariables ( wvarlist

)

Add variables into all—different type constraint.

Arguments :
varlist: List or tuple

Ezxample usage:

AD. addVariables( z, vy,

of variable objects added to all—different type constraint.

z )

AD. addVariables( [z1,z2,22] )

45




29999

for var in varlist:
self.addvar (var)

def feasible(self ,allvars):

93 9

return True if the constraint is defined correctly
» N
for var in self.variables:
if var.name not in allvars:
print "no variable in the problem instance named %r” % var.name
raise NameError
return True

class Linear (Constraint ):
»»y
Linear ( mame, weight=1, rhs=0, direction="<=")
Linear constraint constructor.

Arguments :

name: Name of linear constraint.

weight (optiona): Positive integer representing importance of constraint.

rhs: Right—hand—side constant of linear constraint.

direction: Rirection (or semse) of linear constraint; "<=" (default) or ">=" or 7=".

Attributes :
name: Name of linear constraint.
weight (optional): Positive integer representing importance of comnstraint.
rhs: Right—hand—side constant of linear constraint.
direction: Direction (or semnse) of linear constraint; "<=" (default) or ">=" or 7=".
terms: List of terms in left—hand—side of constraint.
FEach term is a tuple of coeffcient ,variable and its wvalue.

999 9

def __init__(self ,name,weight=1,rhs=0,direction="<="):
2”0
Constructor of linear constraint class:
artuments are:

» N
if name—None or name—"":
”»

print 7error: please specify the name when creating a constraint”
raise NameError

self .name = name
self.weight = str (weight)
self.rhs = rhs
self.direction = direction

self.terms = []

def __str__(self):
777 return the information of the linear constraint

the constraint is ezxpanded and is shown in a readable format
»»y

”

f = self .namet”: weight= "+self.weight+” type=linear
for (coeff,var,value) in self.terms:

f 4= str(coeff)+” ("+var.name +”,”+ str(value)+”) ”
f += self.direction+str(self.rhs) +”\n”
return f

def addTerms(self ,coeffs=[],vars=[],values=[]):
addTerms ( coeffs=[],vars=[],values=][] )
Add new terms into left—hand—side of linear constraint.

Arguments :
coeffs: Coefficients for new terms; either a list of coefficients or a single
coefficient.
The three arguments must have the same size.
vars: Variables for new terms; either a list of wvariables or a single variable.
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The three arguments must have the same size.
values: Values for new terms; either a list of wvalues or a single value.
The three arguments must have the same size.

Ezample usage:

L.addTerms (1.0, y, "A”)
L.addTerms([2, 8, 1], [y, vy, z], [7C”, ”D”, 7C”]) #2 X[y,”C”]+3 X[y,”D”]+1 X[z,”C”]

PR

if type(coeffs) !=type ([]): #need a check whether coeffs is numeric
#arguments are nor list; add a term
if type(coeffs)==type(1l):
self.terms.append( (coeffs ,vars,values))
elif type(coeffs)!=type ([]) or type(vars)!=type([]) or type(values)!=type ([]):
print ”coeffs , vars, values must be lists”
raise TypeError
elif len(coeffs)!=len(vars) or len(coeffs)!=len(values):
print ”length of coeffs, vars, values must be identical”
raise TypeError
elif len(coeffs) !=len(vars) or len(coeffs) !=len(values):
print ”error: length of coeffs, vars, and values must be identical”
raise TypeError
else:
for i in range(len(coeffs)):
self.terms.append( (coeffs[i],vars[i],values[i]))

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

def setDirection (self ,direction="<="):

if direction in [’<=",">="7"="]:
self.direction = direction
else:
print ”direction setting error; direction should be one of '<=’, '>=’, or ’=""

raise NameError

def feasible(self ,allvars):
777 return True if the constraint is defined correctly
» N
for (coeff,var,value) in self.terms:
if var.name not in allvars:
print "no variable in the problem instance named %r” % var.name
raise NameError
if value not in allvars[var.name]:
print "no value %r for the variable named %r” % (value, var.name)
raise NameError
return True

class Quadratic(Constraint):
”»
Quadratic ( nmame, weight=1, rhs=0, direction="<=")
Quadratic constraint constructor.

Arguments :

name: Name of quadratic constraint.

weight (optional): Positive integer representing importance of comnstraint.

rhs: Right—hand—side constant of linear constraint.

direction: Direction (or semnse) of linear constraint; "<=" (default) or ">=" or 7=".

Attributes :

name: Name of quadratic constraint.

weight (optiona): Positive integer representing importance of constraint.

rhs: Right—hand—side constant of linear constraint.

direction: Direction (or sense) of linear constraint; "<=" (default) or ">=" or 7=".
terms: List of terms in left—hand—side of constraint.

each term is a tuple of coeffcient, wvariablel , valuel, wvariable2 and value2.
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def

def

def

def

def

def

__init__(self ,name=None,weight=1,rhs=0,direction="<="):

if name=—None or name—"":
print 7error: please specify the name when creating a constraint”
raise NameError

self .name = name

self.weight = str(weight)

self.rhs = rhs

self.direction = direction

self.terms = []

_-str__(self):
777 return the information of the quadratic constraint
the constraint is expanded and ts shown in a readable format
f = self.namet”: weight= "+self.weight+” type=quadratic ”
for (coeff,varl,valuel ,var2,value2) in self.terms:
f 4= str(coeff)+” ("+varl.name +”,”+ str(valuel)+”) (”"+var2.name +’,”+ str(value2)+”)
f += self.direction+str(self.rhs) +”\n”
return f
addTerms (self , coeffs =[],vars=[],values=][],vars2=[],values2=[]):

29 9

addTerms ( coeffs=[],vars=[],values=[],vars2=[],values2=]])
Add new terms into left—hand—side of quadratic constraint.

Arguments :
coeffs: Coefficients for new terms; either a list of coefficients or a single
coefficient.

The five arguments must have the same size.

vars: Variables for mnew terms; either a list of wvariables or a single variable.
The five arguments must have the same size.

values: Values for new terms; either a list of wvalues or a single wvalue.
The five arguments must have the same size.

vars2: Variables for mew terms; either a list of wvariables or a single variable.
The five arguments must have the same size.

values2: Values for new terms; either a list of wvalues or a single value.
The five arguments must have the same size.

Example usage:

L.addTerms (1.0, y, 7"A”, z, "B”)
L.addTerms([2, 8, 1], [y, y, 2], [7C”, "D”, "C”], [z, z, y], ["A”, "B”, 7C”])
#2 X/y, ’)C,!] X[$7}’A)7]+3 X[y7)’D!’/ X/x, ”B7}]+1 X[Z, ”C’)] X[y7’7c}’/
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if type(coeffs) !=type([]): #need a check whether coeffs is numeric
self.terms.append( (coeffs , 6 vars,values,vars2, values2))
elif type(coeffs)!=type([]) or type(vars)!=type([]) or type(values)!=type ([]) \
or type(vars2)!=type ([]) or type(values2)!=type([]):
print ”coeffs , vars, values must be lists”
raise TypeError
elif len(coeffs)!=len(vars) or len(coeffs)!=len(values) or len(values)!=len(vars) \
or len(coeffs)!=len(vars2) or len(coeffs)!=len(values2):
print ”length of coeffs, vars, values must be identical”
raise TypeError

else:
for i in range(len(coeffs)):
self.terms.append( (coeffs[i],vars[i],values[i],vars2[i],values2[i]))
setRhs(self ,rhs=0):

self.rhs = rhs

setDirection (self ,direction="<=")
if direction in ["<=", ">=", 7="]:
self.direction = direction
else:
print ”direction setting error”
feasible (self ,allvars):

777 return True if the constraint is defined correctly
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for (coeff,varl,valuel ,var2,value2) in self.terms:
if varl.name not in allvars:

if

if

if

return

print
raise

"no variable in the problem instance named %r” % varl.name
NameError

var2 .name not in allvars:

print
raise
valuel
print
raise
value2
print
raise
True

?no variable in the problem instance named %r” % var2.name
NameError

not in allvars[varl.name]:

"no value %r for the variable named %r” % (valuel, varl.name)
NameError

not in allvars|[var2.name]:

"no value %r for the variable named %r” % (value2, var2.name)
NameError
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