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On Implementing a Hybrid Solver from
Constraint Programming and Optimization

& & & (Hak-Jin Kim)

QA e BEHE Eus

2 %

ARy 2o s $Hle TFE BAE B7) 99 APLEA ME OE FYeA wrEof) 53
Aok G A% AgHe F 999 FH JHeex 23 HF8 BAE Fed W ALE £ e BY
7bed Bt ZPHECI AR ol B A% AxE FE § JPEE U8 MY Y Bl T
Atk & =RE B9 e T JHEL TE AR fsiHe 28 94 FRE Yt s o B
¥ T B2 Holx 1 E AolA oFA F WY &89 FELR BHE0 A2 EF &8 73 5

A& H]loh

FIFE : Aok Z2adge, qokes A, =9 5 A, A Y, 9F AFY,

I+ AGY, LxEH]

I.A &

A3} 53] =3 HH3 24w A9 AN @
oAlE t4rel NEY EAE sEs] A% A
22 7P WA AZsEe JiHEA JE 39 s
oty AFES B T AFTHA A A
Yol v & Ye YAt 2 AV 3L ®
Ao FAZ §FdE RoEn g vEN= 3
Axel 2AZ At dAlS) EAl, AEe] A
g sjdsjord FAAY Mg JHHEY T 7
AFR] EAE, 22l3 dedolghe A2 Wl
AN "ojAls ZE 2Rl A9 AAle FAEL Eo
A= W3E qEARt AF5HYU el A9 &

AEgH F2HoE FYsit 53 2H HH3 BA
T OREHoIA QAFS &2 e 37 93
=L FAlolth # =F2 OREole} & w7
< 77, Ho 2438 1FAT oA 2§ 3
Azl BAE 87198 PHeE Z49e vy] A3
Ak Z2aiwle] AHE ORS] HAHs) 71w 4
g3l AuiA] EHE 29 & e E8 AdsiEn
AA EME FEE 9 nsold HES ARSI
AL gt

A4 A& }(Integer Programming, IP)3} A|oF4
Z2)(Constraint  Programming, CP) WAy
(Simplex Method)2h= 413 A ¥(Linear Programming,
LP) Eo] 7IYa} AFY &1PH(Constraint Propagation)
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TR

olgfe F /M9 ME & EA4 o] /g 7R
At o] E& F&FoklA Bel vehie 2] HH
3l(Combinatorial Optimization) FAE Z7) s A
2o AL AR 4 v 5YY AANE AW
7PEeltt AR 19 B§e ¥ HIA
o el gt} P& ANZof4KCapital budgeting),
Hisj7) EA(Bin Packing), $F Y £HEH (Crew
Scheduling), £}9¢ 3EFA|(Traveling Salesman Pro-
blem)9} o] TpFet 2% HHzl FAlo AF7A
AR FH&Hol Yotk CPe A2 10431
2AE8, Adn 93 53 go] £, o)k, uiA
Y F2E X¥ste 27 HH3 Ao HEEHA
a8 A o g duR JYgHer 4%
g Wiolt) o] & FEAHLE B YY) FAldl
WAE 71&Ye 2N EAE U] £83ow &
e WHE A HAT AALYHA B8 7t
T8¢ 9AA =AU

CPu IP ZF 71839 Yo zA g4 37
9 & EASE 7HAA 7l &G} FHRR]
o] & QoA CPY IPE A Eolo FE(nfe-
rence)3} B A(Search)ol e ArhHQ H WY ol
ok CPe ©] & A4 golzte HHE F&
g o] ZExgrh & dge THdedA A4E B}
T FEEL AAS v Aotk ojAL P}
gol A4 &g 27|77 A4 gAE SHCP
o Xe @A (Complete Labelling)e} F-8t})
§ o} Wie g4 Aol Aok IPE MY
AY RPo2 FHHE o] ¢ (Relaxation)S §
Aug-o] 7 wEoA Fo] 9AE HE I B
AL F o] A AAs] v

IPE o]¢ha) & o8 24F7] g8 FoiX AY
HEERE MY EF54E =&die dY 32
(Cutting Plane Generation) oA & AA¢ AJe
g, 53] EA7F tbHA E4(Polyhedral Analysis)
£ FP37) A€ o FYHF =FEA ALET
oz IPe 2 Ao A4 HaE Eisie
Fo4on} 549 B2 BHEHF e o

2l dol gich wefF a¥A BHEA gow
go] 4% EFH =FELS FEAEC Hu
th ol "X IPe EAE FTHE 7Y o
HoE AT AFRE AYx o

2 =RdXE CP A4 Fiyd) P LP
7IRol MZE 2Y dolE HASh=H gy
T MEEL A Folo] EME AFHL =
gt ok F N2 2Y Adoj9) oM 2
F&7F HE e 4EAE 53 AA2EA F O
& B8t EAE F= &8 759 ES AN
1A gk 1 EAE 93 4 AR olFAR
B8 =HES Aey AVEY, 2§ A4l &
AA A IPe} CPe] EAHES vlwsjEo g A
AZ 2} IP, CP] ¥4 £8 238 o & 53 nm
3 i g B E2 EAE X8 4 o
H TR ERJE UeAE AHEG. A=
MEE B8 TZF ol83A oFA AL &
7l 788 F eAE Auig rxger 3
EM =8 89 F3ich

. 58 9+

ANz 2 a3 LA E™-(The Integer Prog-
ramming, IP) &2 ¥4 &Y (The Linear Prog-
ramming, LP)& F&% dlojHz= &wel] oigt of
ojtjole H o] =l AAIE vl YrHSmith
%, 1995; Darby-Dowman, Little,1998), =1 =Fof o}
29 Z ARl WEc] 21 e EREC] e
FEAI 25 =53 9 v o B3] FeAg
He F& o)¢EA|(Relaxation Problem)S ZH= AH$
of A Ao E Jeht ol¢HEAle] ARkl o
A 2 23 No)(Modeling Lanauage) 412} o}
S22 Q3] Z7Pt & EEL AAE Ald A £o]
of g oleiE FES WX Aoy Tz
(Constraint Programming, CP)2 7]&2] #3233} 1y
e gl FH3 B8 ARES 7KL Qlol B
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HepAlz2 e 258t 0|83 sfo|2z2|= uiol T

o] gl o] =7Vt AdF R L 2YE A
Y 5 1, I=R Adgo] @ FAGN FHE =
it} ST CP o|$hiE Atia oz 2z} Akl
FTAY BERES ol837] wEe Po) vz A=
o)z Rajrk

MZ2o FHE B Y8 ke UM AW
< 5¥3ke 8ol loisith(Beringer, De Backer,
1995)= CP9] ¥4 #-:H(Bounds Propagation)¥} i1
3 WFE o83l CPs} LPE Zishs Wy o
3 Azrs) B o] 9lth (Rodosek &, 1997)2 W
THlQlel Qe e FEuln g HHE 3]
A8 ¥ A bF(Search Tree)ollA] CP &9} LP
EWME 7 ARSI gabRe] 7} koA E
olopdte BPlEAE B 7HA Aeel A¥ B4
& TS, gies § wee] =Hde 33
331AU, LP EHE B3 ¢k ¥AVE 4d Evbs
Fo] WA, oA X ghol AA F
AR 45 Wyt asitk 289 ololdol:
EAE CPEX 2338l o] 23 s AL
2 “agzP PEEE 438 F U e T4
Az ek 2 dHe AEAE 44 A
alldifferent Ao} 52 ¥gTE 1 o] REY
(Modeler)7} 7&50] A4S ojd &HE - CP,
LP Z& F7HAE BAlol - o) 88XE AT 4
Ay AL B} F OR8] Y% AFE 5=
dhe AT% AYHRATE (Hajian F, 1996; Hajian,
1996)2 IP W7t Bot 2 OF & e e B
Aotk 1Eln o] F3 aldifferent A|FAE MY
EHoA ojgA & AE A3 Bockmayrs})
Kasper(Brockmyr, Kasper, 1998)-> CPs} IPE 53
71908 FrEE B3 BS AE{ch 1 BN B
7149 Biol 7Fsgl, oA 4AY Aleke] A
W AFAHY Pof] Fio] 7FsdA|, 48 54 A
Azl %A 4AE Aoz CPE 5H/E &
UEAE BYIL, 4Y 547 ¥ Zrigle] &
2 AoFA A7A(Constranit Store)dl] HFEAE =
o] gick

I. 2% 333 Combinational
Optimization) EAle)A
CPs} IP8] €%

TR Az 12)(CP(FD) 22 FD)d
Azt A AFEL 27 HAge XY HE
7Fedt #EE #83= =dd DE A3 9,
ol Y¥tdow fFTes YLk 1 =He
B9 2 @F(Cartesian Product) D, x...x D, &
FoIF A9 HFE PP BE ZFEAY
HEE A8 Wil o]E8HoE RE UEE
2 grigto 24 AFde dod = AL AR
HogE o] ST Fofnt A& Qg A=
E A2E CPe AgHoziE dddtsiie +
&3 e F43) Atk F CPe EE /e W
ko 2R Fe) FedE F3ERRICH

IPE CPoA e =rRle 53 AHose 3
IE &4 Wie g, gUF9 7 esoA
Aol E o|HEAE Fo dY HEE =&
2k oln Had olghiAle dubog WEo]
A5 &g 2 ke AF AGHE FAGeEHN A
PAY Yoz ol ojgox FoiF A
TFEUG AronHE AL £ Sl BT A
(Valid Constraints)& 3ol 7150 8xR oA
£ 9 B4 /A 29F 5 ik ©1gA 2o
APAY 2y AFPAYY ¢ndEe 5 £
HAHE 271908 C|YEAE 53 LolAe H¥E
7V AuT 487Fs Fge € A HHghol
FAZe] =Ho] gL JIEARITE APAY olgE
Ao AAEAe A ALE THATIAY 7R
AlekAE Wivi2A|oF2(Benders Cuts) O2A EFA]
ZItHBenders, 1962; Geoffrion, 1974). ]9} 2& 3
Bt E =80l AAske 55 EolA %A ol&d
F e Hol o A3 =o€t

CPe thedt 22 AAE ol83ld 39 gd&
71EAE F 3ok
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#gd

o 48 E7FsdE FHEE B A dTd &
el gt ,

o A A%kH(Bounds)H FFAY Y] HEHS
Aok 58 T3 € €A o MR olge
A& ZAED oj2F AFAL CP S} 3
gas 7158 5 ok

o RS B 3AE ARl Za gl
TZE ol83d §o] BUsE JE F
3 5 gtk

g PE T 2 wHe 59 o) wHe
P8 & 9k

o AZH FE22Me] AYAY o|gEA Eole
ARVs HE B e T2 HFs 3y
£ 7Kk

o ojghEA #ok A¥/Vs 8 FAE HAHAHY
9L ATt

o A3 Ble daiE doAle FRe 48 §
7FsAE Wxshe WAl AeFA(Nogoods) & A
Fg.

V. CP, IP 1e|x 3jejBe=
&dje] =3 vl

I3 Bk 23 28714 CPs} LPe] §%
< 93 933 WREL (HCPst IPY] 28E
g ¢ eME WEHoR o83 EAE F
At (b & FEE oE Pl FSHE TP
e RolAtk 7189 FojR BY E& A=y
old NE2E B E& AMshvbe of 3
A=A e olsroltk (he] H2 WAL o¥A
3 & A7) AFE e FASL F 232
AN Yo sl BUsd FEALE da
skt #oltk (Whe ¥EL I/1HeEN £A
el AFHoItk Aushd CPY 34U 433

Aok P8 EHoA ALSE 4 flu, IPo] HW
(Cutting Planes)1} o]&+3)(Relaxaion)5-& CP 230
A AR 4 gl7] WjFolch

CP, IP 18j3 3jejBal= w&-8 nlasly] s
e R TElA|e) 278 ol AGsEAL
o] A& E3f MEL EHH Z¥ o] =od
Aoltk, EAle n/fe] 71AINIoA F88jok & »
A Aol kg 1 o) ARIEY 4 2AFE of
A A o] FL&7Ee Roldk 4 714 me

r.3 AY $=E RATT /Mgl old aje]
FEEE S45] A% EFXEME ASEHE VA
o 1 ulg-g il FE AL A o
s Re APY &4 AAoln Pre £k

r =194 ZeEle A4 A7, D Aol 84
Hojoldhe HFo] vl C2 714 mY
34 Hgola i AP AR Alztolnt:

WA IPEYE BaL o] ZYoA] AQJo] e
FAE Jepl7] f8f ol WS 1, & ol8FT: F
A Az e A9 9 7t Ze AN 3
b R AR SME x;=10l1 1%

- A %o 09 g etk A A mel 7

g o]z e y,.=1 223 74 mo] AH-H
9 ojAMSE 2, =1coltk ol B ThF} .

min %sz,,,

S. L

ZmZYmi Ym,J, 6))
Zvm=1, Vi, @)

ty+ g{ij <Dy, Vi

R, < t; Yj,

t+ 2“;—%% < L+ M1—x ), Vi#s, ()
it X2 Ymit Yy~ 1, Vm, i @

Zm ¥ mi % 5€{0,1}, 4,20 Vm, 4, 5.
Aty @)e “bigM” Aol WL ol M
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Rt Z2Teant AMeHE 088 slojHals &Hel T

S 83 & F2 ;=19 9 ARe AP v}

A 78 AW AL AL x,=00" o}F™
A 7helA Fett

The 2 EAE CPEYOE HAF) o)
A HE mpE A0 839 7IAE Eivit:

min ;szm
s.t.
if m;= m;

then (t,-+7&- st,-)V(t,+-§"— <t), Vij 9

w;

(t,-+—?};°)‘if <D), Vj,

Ri<t;, V5,

if atleast (m,[m,,...., m,l, 1)

then z,=1 else z,=0, Vm, (6)
m, ij {l ------ n}, tj 20: er

CPoM= TP E8A ¢H(Permutation)d} F
(Assignment)& H¥Hsh= F 71A] o] WF, x;9
Ve AHEEIA] @3 BEE AR & Uk o] F
7HA MFEL F 9] HAE AYL M IP 2
o) =7)1E sk FE 890] ¥k walA o
HEES AMSEIA WEo 2 X CPe R¥e] =7
E 2ok old A9 I de “FRAHY g
E](Progressive Party Problem)”(Smith et al., 1995)0]
A golE = gled Wl Qe Mzl glee
2 A gsiol ke o Fg FUILE A
Theth

IP ¥ EAFPFY AP (1)) 2
0<y <18he ¥ ojg4& & SlHe] Utk
v B89 278 HulgAg o] ojgAlg F
1 oPdE AP A £9 WSl xpol B9
AL R ojghAg TREHA Hagle] ¥

o 2718 vk web ERY 2¥0| iAol @
B9 8L IP 2¥7 Po] F-83% o4 E =&
& & 1ewA CP7t 717 B¥o HEAZE FAl
AT+ A= e Aol ol Y3l #ES H
2 EeM 7@ AT 2Y EAEC] EHE
& AHE37] Boke $WEd A8 2¥8g ¥4
dAsheAe] #dE & 987t Sloh

33 ¥l ESA (Hooker, 1994)3} (Hooker,
Osorio, 1999) 181 ((Hooker %, 2001)o4] A7)
“E =8]8 A &Y (Mixed Logic/Linear Progra-
mming, MLLP)” W3& AWEct 7[8Hog o] v
He A A9 ok RiES 94y RRE
FEL VEille 2749 ¥EE Fd8ske Ao 2
PAoltt. o & Eo| 1 IS vhaa go] vEeRd
g Qo

min cx @)

s.t.
hiy) » Ax =2 b, il

xe R", ye D,

A71M e oliHE WaES] WEoL xE I

-3 g HEoln 2349 FA|(Antecedent)$]

r{y)E CPY 7IH& B34 8128 & v Fiol
t} 274)e] H7KConsequent)t M3 RSS2 A
Ay olghd oz FE 4 Qe FEolth HAQle]
BrlElojof she AY B854 Ax=b0] JTHH ole
7P AAE sl (0= 0)—Ax= b9t o]
zAAgH o2 FHol e wEviRE AY
B2 Fio] glo] Frlslojof sl oldbd Ak
o] AHH ol Tk — (1=0)F Zo] EHo| 7}
3tk EHEFAAA ol Wl fle Aol &
1E oA Fsith ity g oEI= &
g Hlgo] Qlg W ol fA 24 Aoz
HEo] 715tk &, olihS xo &3 £3
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daa

2 Zcfx,?} AE W ol NEEL ALHsy
& =993 E3YTE ZI:xjﬁ. &3

(xj=1)(z;= ¢;) & ARICE F7Bk= A7 2ok

E3 #8F EF AY ETFEMN “HdeEx)
(Variable Subscript)& & 4= Itk o]A& 3h o]
29 o8 HgE ¥k ARE uEe AL
2 g o] WF cpt =B8R EE AP0 87
& o =& Hlgolgt 3pE ¥R oiF & nige
Zj:cjy,.i yie &Y ol €98 =5AE 9vdle
oMY WFolt). ¢ AMY y=(y1,..., vy 8
B2 g9 2o HEE F Sk PN B
g© yolut &gt 3olrels XYL o] &
€ 1 B8 B dSAY B AL

min c¢x
s.t.
hix) = Li(x, 9, il

x€R", yeD

o714
Lix, )= ke%y)a;k(y) % it 2 b{)

ojty, RN e 7|Fe] “F4-AHAHY
(Variable Index Set)” K{v)7} AMEEHAF F53}
2L ol A¥E FoR Ze ME yY Ttk 1
A4 @& e "Hda(Variable Constant)”
b= AHEEATE oY Heje] 2 HA] S8
B 24 AGAE RN 1 V1EA] ¥
B (ME BE JFsditt &80 A%
z2 z}:c,-ij‘:‘: o) Ak g F7IEE 2= Zz,vi
B ol=g

(vi=h—(z;=cw, Vi ksll,. ..., n}

ol % ye{l,...., npoltt. 2Lt oY HE|R

the Jheshd & A oM 2 =7EL -
TR WA AR T - AR 9E 5 A=S
sk Ao] nigrAsich

ol ghollA dFE t-rA-AAEY EAE 3
olpElE B3] &8 dAH &k WA k& oME
(Bvent)E9] oIt stk 7 offlEw ¢ 239
AEe Sujgd o X3AA oplEd] 33,
olflEs} 2y 123 oHESY JAEe FEE °]
SHHIHD. WF f= oOME k9] AR Ao
I, ses AEE A}, 383 me €98 VAE

Juigit. o} Holuels mYe
min %f m
s.t.

P
(mk= m;)ﬂ(tk-!-*;—f- Stl), Vk<l

e

P,
b+ — £ D, , V&,
ka
R, <t VE,
alldifferent {s,,...., S},

fmA: Cm,,, fm 2 0 Vk,m

o] Y& 5 Jie) HAE Ad WFE ASSHA
@31 CP 2 e Avx 3ok Pojxe 2
o] o]g & d7] fAsiA 2R EHTFHT (D)

Tasks Event Machines

Sk tk mp

: ><:®>~<: &

tg @/ Mz

»
t3 ® M,
(g 1) c= 2|H AASBOAM OlHIE At

2|A1e] 2HA| :
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HefNZR2 0D #%SHE 0|88 slol=al= gujo] 7Y

< 2¥ ZFAFIL W 9,8 (10)9] e TE
HEEd =el3og JdZARI.

min %:szm

s.t.

P
(my= mz)"’(fk'f“;"sl <t), VI

te + f;z < D, , Yk,

R,<t V&,
alldifferent (s, ...., Suts

ZmZ Yo, Vm,j, (8)
gym,-‘—*l, Vi, O
VYms = 1, Ve, (10

ol olghd L (8), 9), 0<y,;<1 ZElT (10)7}
BE y,& 19) TP 5,20 AN
TCotn® HEAANE Rl BE y,,% b0l
B8 37159 Aok o\l TFAL 4 Uk

V. speluzE gule] 7d

5.1 D2

g oA =9jE solRHs R¥e A5 Ay
A9} o] ol3t W] didt 7}X|X)7|(Branching) & 5
3 Eok Z¥el 27 Aokl CPe} LPY) e B
A & CP &¥le BV =718 B0l 2
A A AA Pk oity A vE
A7l& HE-3)(Partial Solution)& 7] 93] o)Ak
Y AgHe Hgo] ®rh FAURY 7 ko

A LP &8l A ()7} “rue” 3HE 7R A8 Aok

A'x 2 b & UESE BANE o8 HasiEd
b A EEe uls] $52e] Fgo] drisEe

AWE A o] FE4e ke FHEL LP o)g4
< 2 BEo] £AE B8F0R 4 9T A¥ls
e 2k A7} “rue"ghe 200 Hla LRy} Foi
Tl sl Hshe 2 H ol

F0 A w3y, gnelEe ot Wy ghol
W& 7R 710 o3 g goeM AgE. y,
o sl ZIAA77} olRARE W FaeEe 7} v}

AE y9 4 2IDE AR OE RERY DE

Fafith 28 PEAYe] s davke Ad
Fo ZAHAE W ¥S yE T ol o

B 4 kEoe F O Aol o]F
At ARZE Ay T2ag e W “AH”
= 2z 24 A AA h(yol i S48 =
miQle] 1 HAE vHEsl=x|(Satisfying), A&
Z(Violating), E-& AASIA] E8=X|(Undetermin-
e E. ol RE ye D x....... x D,7}
h(»E TFANFE 2 zuilo] AAE WEA))
I agx R AFEdu Ptk «Es
Di={1,2}912 D,={1,2,3}2 && o& =
ALyt 3228 VEAAIL,  y +y, 26T
BEHM, v +y,2490 HEMe ARG F ok
T AL TEFHAY AEHE 1 2l s
ZAH UK Determined) 3. FHe}. o}8 Wkdle A
Ae Aol ZHHA gdow A A 18
e A& Bool gty oA Aesorsict
(Correctness). 12u} wjij2 Aekalo] wEEER
FEHEAE BY  floke 3olA Behd(Incomplet-
eness)3}t}. SEAIRF BE y ot 13" we A=Y
Asjo}giCompleteness).

AAe QAL zdlQlo] Ak r(y»)E D
A AEseAE 27 98 g3 EEE
AHE-giT}. Aok whE(Constraint Satisfaction)

- & AREShRe o] F Be R A% Ay

oAEre] 7IHES o3 =HdE F2dEE 47
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48

A Z, 2 WHEL, 5O ... k()
€ ye Dy x...x D, & Lix, )7t I8
ke ¥ 24 Aleke) AAEolm & Hol, 4zt
9] eI o) A& { (»), "k (), ..., (0}l A
go] g} 2¥EE AAE Ay 9= HA

3} uho] oJRA 58E 4 YestE olssis Ut
A Wyle Az

5 s Bl A9 Aleklel WY Lol Ul B

A crg Fidlshe H¥AY ol BAE F
7198 LP &W(#H uioA] o] &H)E AM8sh=
Aot L& BEE ZAE AR Lix, 9 A
HE9 oM =rjel Dol o) wEEa W
<, AeAe Waelda Ao 1 EHd
o3 2AHE 28 AGHSoltk

AVsdle 4 ri(») S AAE A Lx, )71
ARFo)1 &7} AF1ESE Ahe BE W
o] A%yl 2429 ErilelA o= gho] E3H 4
Bjoli xv= LPEHd 23 HXa7 B3 ez o
ks 8l (x,9)7F A9k 0@ y9] Hee 47}
EXg2le] gl7] wiEe] 1 e ¥4 etk

ARVss7 dAsEAY Z2 &ulel] o) LP o
SEA7E AEEIFeYe] WA gMe WEY
(Backtrack)& HA8l3 182 o A& 7Ex|A]7)
£ olo] Witk AAF gaElEge a4 Yook

(Hooker, Osorio, 1999)¢l4 Eu® A AYelA
MLLP 2% E& 2§ HArMgt i3t Zlo] ozl A
FH MILP &R o] mE $ME AlFsi) efd
I Froie BHA) okrEo] shEEA| dsker)

o A AAHA AR} A2 FHo
o FolA|A| ¥k,

o LTS 7} ke =djlA LP EH1E F3) ol
e BRI} FE8) ol §EA WL,

o A& Wiro] F FRAA7I9H AEY Ao

W F4HY(Propagtion)o] et 7@ ©]E-o
k= Holtk

5.2 7|2 2=

(Bockmyr, Kasper, 1998)9|4 RoFE B3 5L
g7l AAEE FH ES Ee ¢ IvES
AlZ+g AA gk CPERAME UA(Primitive) A
oF23} Bl YA|(Non-primitive) AH|b2]g& FE3tx
e, dAA%Ae AE&H ddErso HA
B} Z2AIA7} EAdhE (& U daFo) &
Adhs) “A” AL duigh). ojd YAk
A2 Ak AA3L(Constraint Store)o A e =
+d), CP(FD)= @3] W Toidleg w449
HI QA A A o] &4 delEe Al A
A dAL EUEE FE3d FES B8l o »
< EHRlE THEo] W1 o]§ YA A4 ART
of Aggrt PoA A& W g N BF
A& YA el uahd olEe LP £¥ZE o
Fold 4= 317] WiEelck L2 W] oiFh A
Aekae ulhAA 0] Hit.

(Bockmyr, Kasper, 1998)2 LP¢} CPE T3k
F7HA) e AAEE itk ARe o7l 2419
LP RE& ulgA] Aoz CPe Eo FHAIR
o} A o] YoM LP &t A9k Eibg e
& 7Pgo] "ok A AFzelA THRle F3H
He] B2 FEo] g Wl o Hi3h) Ho)
E B3 AEL FATIE £, ol ] AR
o AR

EA He 1Y R5AE 94 AgHos g
EE Aotk Al AFne AGAEQ A& 2
A olgAg AT AF AL wiA gk

ol & Eof, o2 A% Vit TxVa,E '

Ak Ao x+x,21F (1—xp) +xp21
283 0<sx<1E2 F¥E 5 dohutef Aok &
0] xy=bued AGE WA 54 x,<19]

. Aol F7tgh o] JPEe MILPYA L BFS;

A 2] 7)(Preprocessing) 2. & ¢#A JIYPE F
3 A2 F HA BY PR ErR AR B 5
pii=g
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HepAlzm2 T2inl A2 sHE 0|8 slol=Rls g 7H

1 D;: ye A =r9l

22 Lix): A'x=b’

3 A ¥4 =29} =) HE D=( D)2 Adch Axye (Dot
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On Implementing a Hybrid Solver from
Constraint Programming and Optimization
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Abstract

Constraint Programming and Optimization have developed in different fields to solve common problems in real wordd In
particular, constraint propegation and linear programming are their own fundamental and complementary techniques with the potential
for integration to benefit each other. This infersection has evoked the efforts to combine both for a solution method to combinatorial
optimization problems. Attempts to combine them have mainly focused on incorporating either technique into the framework of the
other with traditional models left intact. This paper argues that integrating both techmiques into an old modeling frame loses
advantages from another and the integration should be molded in a new framework to be able to exploit advantages from both.
The paper propose a declarative modeling framework in which the structure of the constraints indicates how constraint programming
and optimization solvers can interact to solve problems,
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