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A Backtracking Search Framework for Constraint Satisfaction
Optimization Problems

Surgwon Sohn'

ABSTRACT

It is very hard to obtain a general algorithm for solution of all the constraint satisfaction optimization problems. However, if the whole
problem is separated into subproblems by characteristics of decision variables, we can assume that an algorithm to obtain solutions of
these subproblems is easier. Under the assumption, we propose a problem classifying rule which subdivide the whole problem, and develop
backtracking algorithms fit for these subproblems. One of the methods of finding a quick solution is efficiently arrange for any order of
the search tree nodes. We choose the cluster head positioning problem in wireless sensor networks in which static characteristics is
dominant and interference minimization problem of RFID readers that has hybrid mixture of static and dynamic characteristics. For these
problems, we develop optimal variable ordering algorithms, and compare with the conventional methods. As a result of classifying the
problem into subproblems, we can realize a backtracking framework for systematic search. We also have shown that developed
backtracking algorithms have good performance in their quality.

Keywords : Backtracking Search, Constraint Satisfaction Optimization, Variable Ordering. Problem Classifying Rule, Radio
Resource Allocation

.M 8 . £ ol EAEL

Baest 31848 78344

dde B 383 EAS9 54 F e 2R
ol4t# el (Discrete) 43¢ Ztu vk Zojg. wekM A
& 7AEY(Linear Programming)ollA] %o] ALEHE A&
2 (Simplex) ¥Holy MY HEFd2 PHE AT F
2 A4 A1g4(Integer Programming)& o|-&3dtejol &

# o] =R 0BUE AY(F}| &R Ao FEeEFAde
A g o} Fid T Y(KRF-2008-313- Dm
t A 3 faMdetn A AEgey Ea
= 20114 249 8Y
4 9:14 20119 39 309, 24 20113 49 6
Maberz 2011 49 79

Q Ajzte] ZEA Hu Ay Aoz (AHE T3
YE NP-hard[l] A H$7t g2 =% HH3
(Combinatorial Optimization)] &A1& zta ¢k
FARLET EAE dPE 2% HH3 EA2 29y
2 4 9}, A oFvkEE A (Constraint Satisfaction Problem)
£ A% W (Decision Variables)9} o] #<o| &5 gk
a3 Az (Constraints)®] AFEZ FoJ A2 Ao}
UEEAY dEe dFe] =dd #E AgxdE WEd}e
B o] st Aot o] AgRFHEA ] F4E
Mdoz2X EHFFE F7He Aol AYHS HHSIEA
(Constraint Satisfaction Optimization Problem)[3]]z, o] %



116 H2MIISS=2X A T18-AT RI3=(2011. 6)

& &3 AYF HAsE EAl(Constraint
Problem)g}i ¥2t},

ol ZAE E7] 9% F /9 F8F Wyo| v A
e UFEA(Tree Search) Wiolth oj7e dEY
(Backtrack)e] 7]¥ke Fi glenz WEHZY Y
(Backtracking Search)[4]e]etik E#ch F #s] Wy
A9 &M (Local Search) o] &% Woln AYFY B4
(Hill Climbing Search), Simulated Annealing, Tabu Search
ol dEH Folth o] F 79 Wy BF 1 HEF
Aol we} ko] Exjgs].

(¥ D& YFFaE ol gato] AYwHE A3 F4 9
HE F3ke AAE Jehid, 2 dAe AH dAle 74
& Ags| J|Este Aoz F A dAE AguF: vd
g5 st Aolth o] W AA W, A 2, 18n 5F
rE AR, Zze Y HgEd 1 ¥y ¥3d
F e #EY 99 =vld(Domain)e Z3 9t} o]
g4 Fo] BEoX L BE #EY YL UYe] €A
(Enumeration)#ro.24 s|& Foct. 280 o Hy
g BELEHo|ER RE ®HFo|M AtxAd YuHE
#ES v AAANIE 27 AGdgE APt 277
s g4 Fiho] ¥ AAsA Hed olRAE ¥4 YR
(Search Tree)gti ¥-Et} YFEAL 7|EHOE ¥F+E
of & A2 sy oz LEHE M oA
2 g=xE otk gk FEsjo] #AE oW ¥}
AkxAE fvjstd w2 Ade] G448 ¥R YEHA}
Al €t

A R a7t 9F Yo YedEs WAANYL F
ed o] W Fag o] ¥F 9 g &4 3H(Variable and
Value Ordering)[6]°]t}. o8 HW o} dAdA 283}
v AY &4 @WgozA zoj¢Hd BM(Depth First
Search) W< AMESHE & we] & & A "ok o
AqEHE APstEA AFATE A Hed o AL A
Z1& fvskes v gES v AAs g4S We
Al ok whefel] o] o o) gES ¥IE F A
He W5 A3 gAE QEYAS a8 Hol tE 84E
A=3 8ot HEHARA] F& "o M7t FardAA
g o)A ZE AFRAL U3 gE gnjelrh

HAHE Falc AL 7|EHog BE B Filn 2R
S WHEAoR HudE Aot A &A% gaFe
HEHFE HAANA AFE At ol RE dE 583
o2 T34 €9 a2z HAFHHE T AsME
Branch & Bound ¥32]&[4]1& AHEsle] @A] =olA
87 )& A3 FH(Upper Bound)22 ¥3 thgo] 33
&3} A& vastd Al HE Fstojof ot AY @A
02A Ho|+AgME AL&SA @X Tabu Search@2
Metaheuristics& AH8-3}A HE W4 A3 A oA gz}
e U € webA o] WM A HHJE F= F
HA Bho] He Aot £ A7 A ¥ A ¥y yF
Ao gloj E&ZF<Q WEHH] #HF Aol

Optimization

Problem Description

Model:
Decision variables
Domain & Objective

ISearch gpace| | Constraints |

Initial Constraint Propagation

y
Search Tree

v

Search Strategy

fail

Solution

objective

| Branch & Bound I

A 4
Optimal Solution

(T2 1) MRIE Hxist Xl B Tos HA

2 #H oF

Ak HA3 BAE Fo QA HEHA 94 dug
< Mgske AL v oy ¢ dolth3). HA3 FAE
7] 9% MEH s durst A gF AER
A Gentt Constrainednessgte= Hd& A ¢stA7]. <]
S WA FAlo] glojA de HolE ;ste W
o] =gl A7) ¥ A5 Feu|gE o438l Kappazt
£ % 34 Hed o)A Constrainednesszhil ek
°] Kappa &< HA3A7|= Wgez devHE =43
o 2& APH A5s dneSL FEiA €

B d7AELS dEHy g9 I ZFFH
(Heuristic) ¥4 ©A13F ¥ig Adsled d+& AT
At 2 FoME  Golomb¥} Baumert[8], Haralick¥}
Elliott[9]= 459 ZolE HAisglels dngdFes §
% ¥4 ¢4 3Dynamic Variable Ordering)¢] 34¢] dom
o diste] dFstAch AGNF A7 ofd UwH E
g4 =29 (Mixed Integer Programming) R @olA]



= Hg gAse dE e 2Ed & 932 w2910l
3 A} 71F A (Constraint Weight)S o] &3 #i4 &
3t HE AetH 7| & sk

FHOZE FAY 540 welM AHH W £43)
(Static Variable Ordering) o] of £& 4%& Y F
Ack. AA W #A3E Freuder[12]9] oaA 2752
b 57t 23 Qe dEE Eu A5 EAE o83
Ak F ¥ ATEH ¥ £A42 HL4E 429 g8
of At ¥FE dEsts AoR degetn EHFT o]
AZ Aol welA, F 59 7HA7 g gl mets w
e Adgo] AAH = o] ofi Ay Ao ojn] W
FAdo] ZAHE Aot Wt diFEe] A$ dom ¢
e Fo] deghth $4% 4% S Hole AL Ad2Yy$
#Agolth, AAZ dege VEOE AEH7 B BzH
 Z2A sgvga AMgEn 2z fA4EH g o] =
ule] & A7Y A4 tie-breaker2A W49 AAEE
AHste dneFe sl o F& Aoz dEzd o
2L Dsatur{13]12 °]& Ao} Fov <dom, deg>Eli%
¥add.

gheF O |57t Evjle] 277 23 dAEE 2E
o vjge] B wuQl A7 HAQ WHFE AHss
ol F& Aot} o]A& Dsatur 1 FSL FAF Ao
2 3 ¥4 tie-breaker® F2tah Smithell ¢l BZ2[14]2
Py et o)A <dom, deg, regretdmin>o 2 Aztd
ded 9714 regretdmine @A 2] W4E AT ol
HUEE 5 2vdY 27171 Al FL ¥W4g ged.

Bessiere®} Regin& #|¢fzz4E0] ofd of A% wig &
Az o]l 4 Wa £43 e domEY AFo] ¢
Fap Agze] FE des degs 5ol WS FA4 &
te AL HE. weby 252 ¥Fe muel arg 9
A: £4& T ¥F €43 daFE Adsded
o] & (dom/deg)[15]2} &t} Boussemarts ©| A& WA
AA dom/wdeg& AT CHIL. o]gjd dae]Fe EF
7152 Wallace[16]0] 9] d++571% %) £ =§dA
T 74 AA HESZS FH2H = YAEFA RFID
A0 M Has FA9} 2L FAHAFAY AYFEAE
A3t FAZ mdYstn A FAEFAHL ol%
sle] ggke WL =43 dnFEL Auste A9 HE
T3l

3. YWEHZY B9 Fxs5}

1 2HEF & 44

BE AGUSZEAE F= N YEYR dndFe
MEshHs AL wie o222 FAE Wy 4 mey
M2 EReta, 4749 AEstd EAC A% HHY
HEH] dnelFE T2 ok A AS Y=
A 4 ¥ £Ase 34 R’i-‘?— T3 Wyl AR
Bl wbA FAle 5ol T R AY FAo] ERH

HAULES 25 BME fist WEMZ EMO| P37

e A4E gl E£3 FH EXo] AujH A%
Ao 5Ae] A setulgle] 3A oEdE A7) il
£ oA W49 “ME A (Preferences)’o|g

42
CmEkA Al HHE FAE EReed oY
o8 AN AlEstele A& ”P—e“ T 9 &
5-'3°§’*‘] v 27], A §Ho2A ¥F -4 ‘3‘1
E a8n & 98 33 54 ’di’él o|-g3t FA4
A 4 72 BFE  Jdtd o8 EAEFTH
(Problem Classifying Rule)e]g} &t} =ul¢l =7|9} W
F9 AZEE ME oA g 28y 9dEs A
IAL L A SAo7] wEe MR A Uk
A7 AEAE 21 S dele 2383 g8 dgrg
'-—Er"‘d ghehn) E o 4%5}" Ao Ut
AE oA EHdE 54 ztzte "'“‘"5-]‘% oA 8
g U43h= 7“°} A5 £A3 ¢aE =
&o] H7] fFolch A W £A40| 7]‘”‘" F AR
FraE ol&slq A9 FeHE R AL dgH
Zod 3% (29 2)9 £t
@A 1 Al A3 FAe AAHRSFE AEdi

%-‘L ?P

ruWnﬂ.r_.r-iNI—‘-gﬂ«Hﬂ.?.

JlN

Selection of
decision
variable

:- :-J.-.‘I..-._.' ps
Change the
decision vari
for dua

(3% 2) ENERWES SEE

g 2 UF g4 oA FAEFY = a7]9
EEHAHod)7t 9259 EEHAHoc)BY v & g& o]
TAE D-typel 2 A% F ¥ Tl A7)0 =
EE gAsHA A Hle 1\:"“ Fejolr}.



118 ZEHM2I=B =R A HM18-AT MI3=(2011. 6)

a7 3 : ¥ glolM dZAEe FEUAL Evijl 2
71¢] BEAAEG ul§ & g o] FAE S-typel
FAR & o7 gAge mekd =] =] W)
7} 718 @& oldte|dA dAEe 2] WS & A e
ojt},

@A 4 EvQl 279 4R EEAAL BT 4Y
How ol {19 7| sur}t j$ F woE o] £4
€ DS-typel.®2 A% F 3 2 AHH 5o EFE
EAlo]t}.

a7 5: 2ol A9 ddxe EFAHAL BF 59
Hlsesta, a2 Wgo] iAol e Wl o EAE
Sp-typel.2 A FC o2 A= D-type E S-typed
EAo] glE EAZA #2587 odE EA 2 & Atk
agy AsAe] ke AHle FEdS FAPHE 24
3 Aol

@7 6 : = 279 ddxe ¥FUA BF 5%
H|48ta, aglm Mo AEAe] gl dolE ARWSE
HAste] @A 12 HEolztt o] GAdME FAle e
g AY dFY £4 B o] BRI AR
& vk O EAREF 73 OA H&se Ao 24
HEE ol go = 4d 29(Dual Model)& o] -£3H17].

RS
e
4

2
N e

o o

, S, DS % Sp-typeo A3 & glong
2 ol 71 A 4 71A FFY B £438
12 F¢ AL £ A A A ¥F £M8 gndF
< D-type #AE dAses dngFo 24 DVO(Dynamic
Variable Ordering) #ejo]™ ¥4 54 54 7|¥s &
Ao 2M AF7A 71 2 g8l A& dom g Folth
oA g W E AYE v xvile ars} 74 Fe
HEE Addn. g2bM o] A& “smallest domain first”2h
1= g9 gAYRY golg HAsgch wofo] MEg
g A57E 2L 279 E6UY A9de HE E2A
d24x Ex A5 deg’t 7HF 2 WFE AdS "ok
o] AL Dsatur €2 E(13]e2 v <domdeg>E HA|
2 4 Qlth o] 1 degt tie-breaker2 F gt}

5 WA 432lF2 SVO(Static Variable Ordering) ¥ E
ol# S-type Al 3o #d Aol o e d:F
A 7B & 48z AL A aYzdN ddxs)
2 HFEEH A2 A3 He deg € Fold BE
A7 E 22 AZEY o tie-breakerZA] =w|9l =77}
e MyE MEYsE <deg, dom> YuYEFEE ALY &
ot o3 g S-typed] EA=A Z]2H g (Clustering) &
Ag € F U &§ Eoke AA vEYA F2H
=9 JAEAE & F Uk

A WA duzlFe DVOS SVO £ HEH2AM Wy
34 9 AX S4L o838 EEI(Hybrid) EnelZoz
A DSVOR E@E 4 k. Afzzdo] 3% = A

]

1e O ofk
=l ot =
E

MEAE DS-typel2 AZE 4 oot webd e 3
2 AAEARE B e EFY dnFol 5
A% vehd Aeld a2z AYEACAH 7]E2] Dsatur
dagFol 7 $5% 458 BYtd Dsatur ugFe
DVOeltt, ey 2= HAEAE EALFT 2HE3)
H DS-typed S ¢ = ov AF7A ¢AZ Dsatur ¢
gFRY o $58 dugFe] EAFE FET F IA &
t} o] F5HE= dnEFE LAY 540 DS-type¥ & 1
gt §4 L AFEA0] 42 EYF Fe9 LuzFo
g otk o] &Y L FoeA AFAA Agd A
F A%l 7V £ AL dom/deg¥ dom/wdeg7t Utk ©l
AL 54 54 A9 27|19 Y EAQA dAE vE
o] 88 oz W MY ER ALgd

2 =2oA g wdom—deg EElEF FA DVOSt
SVO ¢1EE AT 439 E(Hybrid) guzFol
o 2¥d domol 715 A (weight)E Foid HALZE
2A s 4L 3 JAE w9 FE e AL Y
HoZ dg # 9.

vl WA guzEFS SpVO Hel=A Sp-typee] EAlol
isis 713 Aol & daeZoln] HEAL o]&d A
ojc}. Sp-typee] EAlolE= DVOY SVO LiglFe] 5%
Aeg Holx Ytk aRL A E4L H$se= W
o] EAo] AzAe 7|Ng 7] g b5 ¢AM3 ¢
1YFE 54 dEvHE Fohlo] HFXNE Folof TS
ojv) e},

33 @& =AM3 232|F

A9 By A3 daFAA dert AgE gfds
3 g dgd 3" go] Fr 49 A e F
Atk M2 ol ge WA Wy @7t e A
A 44 3 FHE dd YoM ARHeR u¢ & I
&g v o s g4 ZpReN g4o] Asg 714
vo #7r 4 e JHAE 9A BASHA Hel 1 ¢F
o 2 H& Zg 5 Ac 2FAT {7} e FAlA
U 2E e Feotd o @& @Azt nzt fAl |k

E oA Z4Ze] wgfd SulE gto] ¥3ELE AL
HEHFo] BAsA ¥ FalA F A4 T ¥F 2
& A glold da% FuFs HATE Holop @t o
A Fage] HA2sE FAPFR e Ao A
gete Agxae UEFUN J)Ed AHEE Fie
Aggol BTE AA FAse Hagehe FHF5
e Aol

4.

iz

41 74 dM YESZ2 S2AH FE AXEH

AM k= 9 F2E S qux L7} FAld 3
27t H=E 93 e BAe FaAAEASG 2l
NP-hard £[1]7} Hv| &As& T317] o|gA €ch %



7] A7t U =S| F2EHE A ==F
BE Fej2f =2 AFd}E 2-tier MEHIE AT
ot ol g A4 YESZ R 7|EHe2 LEACH[S]
2dg ngd

giEe ouzEe $£48 o 22HY 433571
1-2GHz ¢ o, AAxEs Fe2H = Alelg A7t
ok 90m ojUidlM = AFF7H 22 (Free-space Mode) 2 3l
Mslo] 4 oluxE Po vl @t £3 ALzt Om
ol4to] ¥ t}F7 2 R d(Multi-path Mode)Z &}45 o]
£4 duzE FASNA F7kste] rlol s B
LEACH Ed9d| w2 {33 2ddA k HEQ] vz
g Ad ) 2 &H F=o Agsied 2¥EHE AM:
zo AgduRe o 4 (D2 BN

E, (k) = E,, (k) + E,, (kr) =kE

efﬂ ‘amp elec

+kP? (1)

&)7)14 B AA7)7] B2o)M AHHE U2
Azlo] BAgol AAEA AU A Emps $4%9 oy
A2A P2 BAHY Agld #A7 dE ol A(0)
& 4373z RddAE 42 ¥l

‘Ef.r(k’d) vﬁe‘r(k)+ mnp(k d) e.‘m+k‘Pm;}dx @

4714 di= AAMk:E9 FY2E FE Aol Al
A3} 837 98 d2 Jdepiit AX =4 Hol
HE FA% dol= Aol @Al dRF oyAw 4y
s9) 4 3oz FddC

'E"r,\':(',‘:J fff‘r‘(k) c.'c' 3)
gel2g = FuE9 JA¥E RN={1,..m}el&
S 27l 2 A7 AA slew jEe 2 =

7 deiEo] A AMxe=e] IS SN={1,..,n}
o2 FAHY 999 AMxE it Ee2H = jo &3
2 g Aok EelzH dodA rAF2z Afsted &
HEE dyz] deE Xepa dou X 22 d= j
dA aHlEE dUALE guFch FYLH IJE j= 2
A 39 n7le AMx==2RE Zz g HES] o
AAE golA 7|Axo R s oW o oy
Ae dFZ2 242 ZdHY 4 (499 2.

X;=m;(2E,,.+ E;, +P,,d;) (4

elee mpy

4714 Byt 22128 H=7} dolbg witshey) v
9t ootk Yys AME i7h Fd2H HE jol g
MES dolEld Adater 265 dUNE Ba,

Y, = (B +Pprt) (5)

MRS AN SHE IS WEHY PMQ FXH 119

Yie E22H jo €38 EE AAk:EdA AvHE
ouxe e ddo FAE UM AMxERRY £
e2E =AY Age vny MR AHFEL 2
2g A e Yie 4 (622 el A

E(Eh,+P,,#) (6)

Y

4714 L& E2H jo 298 dXese] IS Pt
o @A e nl7k €3EdE RE @, E32H
SE AAEAS & Ta7] A MEAZ AAo|A ZH]
HE dYAE HaxFNe= ARG 479 FH2HAA
2HHE dUAE 78 WA B=E A FadH #et
A 2e2H =9 AEAlE A AT FAESFE
olg] A(ME A4 & Ao

min{maxjeR_.\rYj} (?}
AMNE Y99 EFH2EHAA AHHE AMxE9 Ay

A% Adighe AT vjoldt. o] o Az
& Of 42 28490

Yz, =1, ViESN ®
ji=1

z; <y, ViESN, VjERN @
E?f_;':k (10)
Emu < VjERN (11)
U,ij{D,l} ViESN, YjERN (12)

AgxA @)L AMxE 7t dd Fe2E = jo &
gede A& 28 234 Ot AMx=7 FE 29
ZH = FollA shie] SY2E = P Tl
o H10dA ks E2HY £& oudth 7]A% 9
g 13 g £ AMEES JUARE 17
3 LEACHSH 22 2 2H RddAMs 39 F2H
Mg A & F ok HADAA CGe AN £28 ¥
o7] ¥ ALE APFHOE Nk Bu 7o @} 9474
N& YEH]Z #AA9 AMxE JjFeldt. 4 (1003 (D2
Ao FHFLE A 29 F Aon A FALEE
EolA drh.

Ao AL UESAY A7) § ¥o] 100m o A
Zgol 10078 AM:= Fo] FAHR AXNEH. FA
REE AMeERDG 84 & 27YAE 2 e
N FE AAE HEYZ 4AS7] A vlg A 4
Heo] d#4dE 98I LEACHO d7elM AHgdd A
#e A7le] VES ARG 22 F9 AMxE, T8 22
setule] & ALE-3tGich LEACH =894 #F | Ze2H



120 ZEXN2IS2=EX A H18-AT H3=(2011. 6)

FE 671019, o] W 4 (09 EAFPsE FHoz W3
= FARES JAE Zohe o] B AHe EHo|

A2 Fe 782 ILOG OPL Studio 351 AH&3le
o IBM PCAlA A3sgict. OPL dole Al =z ae)d
oA @ol AHgHE Aoz B AgdAHE 4 (D9 ez
4965 mJo] Ygen F BALE $+ 11,6617)0]

42 RFID 2|{(Reader) 74 43 2|

FDMAE AH83H= RFID YEH AN A4 Y F8
o B g7t 9 9 2326 2= (Dense Reader Mode)
gt 3 o] o ] Apojo] MupztAo] WAIsIA HoH19].
ozt ANEE HAsEe AA AN2de HEE
(Read Rate)& ¥ol& Zl°] gt ] Hxst EAolt. o
AL Bol dFHAAE v dYolM g b4 Bt FE
FAR0% s b2 Aol o A= AY HAHs EA=2
2dgddE & glov HHE EAYSE oo e3HE
Ad & iz Aolth o] ¥A= NP-hard FAIZ
A Fog gFEAoln] k-coloring FAS vl AL
299 & & gl

Fug g9 FAE A5HOZ Brelazrh AloHg ag=
Aol 7H8 &3}AH<Q E3}%(Saturation Degree) die]E
Q! Dsaturg AM&3le & Falglen oA T4 WSF
A3 Wel dgEn. F, o] FA4E D-typee® Bl
A9 g Fr duEFe AL Aoz FHE o
AL Fog gE9 EvQle] 7HF AL WE FolM W
A FHrE @38ty ¥38 HFE AAS D A& =g
o] 2L WFE Fo} FH5E Y. =6l 27#
el &gd3 = e Fa59 NFE Do) ghefo] g
2719 W7t yehdd 945 £ 2<4(Connectivity or
Degree)7t & W& A9t AdZ4EE Freuderdl 934
At Ao2A oA gAEy| Aol olu] WMo A7}
BaAE BA A5 €48 Hiot F dEAEE WS
Mg glojd EHQl A7|7F 2L H 9ol AdHozA
A g g 2A7 g Aol

Fog 8% ZAE FARFTHAN F48A g4 7R
o ¢AMd wEt mujfle] Av|s dAEs} AA W)
o] o] EAE D-typeCE BA ¥ DS-typelZ 7HF
3ok el HE SA3 gneEs =dftst ozt
AAEE FAd ndste gngFo| o $Fds AL
d&& g oz wule] wistEa ojve AHES o
ZAxE FAO g EF(Hybrd) nelFL Al
F TrjQle ¥ste) FE3: T3 Wy &AL A2
A= sl FE3h= A W £AYE FAd 19
- & wdom—deg %4NYFEL AU} 9714 dome W
5ol 7Hd F Sl @Y FAPolx degd WFEY d2E
& Z9d. §, 7Huig 27171 932 $4 849 dom
7 AAH222Q degE BHH o2 AMRE WME £AM3E
AYg. we =udz dFE9] 277} g B8 39,
B A glojq & oz A9AE A& WA 9
¢ Ao2 A¥Hog dojA sFA ol

A9S Sk gt A 29y L d oy ¢
o Fu o9 917-9235 MHzEA 3270 AE2 Y¥rx
Zt Ade] g9E%E 200KHzolth SHevelA ZEHHyge
10mWolat2 33 LBT(Listen Before Talk)E AM8-3}#] %
0 7R 2oz AAEHE F4E 100719 99e
2 Wra gzt AAE # e Agzdes A ¢
g ZeE gort AAHA gedn s 4 oad
ZH Aol wg 7H4 AgzAL o Zo] Yehdich
1) #4949 A2 (Co-Site Constraint, CSC) - ¢ 4 ke

AEEL Holx AAHE T A ol4E frAsleof

gtk $Y A G HE Aok 3 A o|4L fA s

of 7H4o] A71A gt

Ifi—fl=3
2) 94 A'd Al °F(Adjacent Channel Constraint, ACC) -

A2 dZAT <ol A F $A71E UFH AdL AHE

g 4 9o 94 Ade BE 1 -2 AEduE dojA A

4 oujgict webA o] AU gy L Ao

2 gdg.

Ifi—Fil= ¢

ACCE n 449 Ak a2 Zo]A nx n FEE Yeh)
ofAH, THE & AY Y= vellloj At o7)A |
# jo|3 ¢y ZZHe] #4417 & (1) o dsA "o F
A Fig o]F ol

2 e gedt 7] st b2 49§ F 500 m
x 500 m & o]Fojz AHAZtY Yolo] gYo a1, oA
S A 50 m x 50 m 9 7R Yol & 10079 A=
T4E Mel2a 498 Ao sue 4 gele g7
7b 0-2707HA] A8 gla TSR 2 E dAR
5719 J2eAR HdYstn Furle 3T F 6742 49
3tgich. 4894 RFID #d7] £8& 10mW 2 A
dngFe 78L& ILOG OPL Studio 3512 AH&3tglon
IBM PColA d&sact. & Agojxes do Adsrt 2
N, F BALE & 56859710t

5. 4 7t

2 BdAME 439 Aol diste] H4d dudFe 3
7M. £ =RoA AL WEHS G Fxsbe AYG
U5 A3 FAC dF dutHQ REHR LuFe v
+ a7l AdoE HAN LAY b £ =)
Ae FAE 28T £49 detA iRz AR
o AEstd £A9 549 M & 2 deyy) gaddF

HEshs Aoz AZEY £3 FAE ARSI 7]
€ AW 34 2 Y 54 g2oz e
A7t oJ8A HE7} dte A &, 85 A8 daF
ol A9 & Fahcd vhg FaF Alge] .

41894 48 F4 AN vEYaY ZH2y =
AAEA = 47H2] AEstd £4 FollA S-typeol sHgd
o owetA QAR MEHR danFE Fie Ang

Ay Hi e



ARG £40] A A E YR o] &3 SVO &
2gFo] o ¢ AL 438 £ e Ao 4
(Me 534 gol FHojol 7 koA 9 HYAH|7} ¢
S3lthe AL guidie § 12 1 Aol g4 = £
(Choice points)= 2% dnglFe &Ac w2 Ao

o} SBE W% 2432 A88% %L Simple Backtracking
2 oujsiy DVOS 54 W4 23 duzZe ehia
SVOE A W £43 dugES vehddh
(E 1) M2 2AM8 Yma|ES| MsH|D
wreAs | A0 .| amazn
PR, gmp |[TEEEEE|
SB 5,457 66,680 63.75
DVO 4961 30,564 2803
SVO 4955 11,661 911

o] BAlE EAHe7 FHFA(S-type)o| B2 SVO &
1gFol /M edtElE dFE F Aded A 48
AojA <E 1>0|A 9} o] SVO g Fol 71 $53S
4 4 9k ol o] A #HE Fae IuryQ W)
EfR guEg Fate AL dFe £48 nyeA &
ong 7tzke] FAd| s HAs7t obd 4 Atk

42494 4383 RFID 29 14 H4st B4 T35
FFEA) FASHA s enE kA AEstE &
Al FolM DS-typedl sjgect webA AdwkEd ‘ﬂiéﬂlz}
duglFE T AR APUFY £4] ¥4 € A
A7k &g DSVO ¢xglFol 53tte AL 458
T Ak O <E 2>+ 47 71 ¥ A3 dnFe
e vud Aol

o o2

(& 2) ¥ =M3 Yne|Fe| dst|n

et |8 W= | gg}m
SB 298 8575 2.08
dom 252 136,119 252
Dsatur 240 55,859 1.89
wdom — deg 21.8 79,027 245
¢7]14 SB & ¥4 £M8 2 @ oMEE A g d

& HERAE AHE ﬁ% Z$-olth. DSVO %"E«]z‘ﬂli
a]ai 7HA7 9ot 7]€ Dsatur gaFEch o 5%
wdom —deg LNTYFL AR & 2014 1 ANE B
Ak & 204 98 AdFdAM wdom—deg EiE|FO
o £ & F AAAT FYxE o AYANAAE
71& Dsatur ¢x2lFol $+¢ AAY B A2 Lo
Aol A HAH3 A R Aol7] g on|7} ik

HUSHE AN SHE ISt WEHY B0 LT 121

dom ZaglFL 328oM 7]&3 vhel ZHo] “smallest
domain first’gt2 #2]ed 2AWMS9] = 277 7
22 WE4E WA gAsE Aotk deg FayFL AY
Y ZAN W AZE EE A5 HF 2 ARH A
H2 gAsE Aol

Sp-type #AE S-type EAl9 HEAFez B 5 ¢
t}. o] BAlE 4148 AFAM EFFE 4 (D ol 2
< 4 (13)3 Zo] wAsE 4 5 U

min{maxjgva_,--l- maijRNY_,-} (13)
4714 X;& 4 (W= FdEH. F, 31-‘:51 3 = ol A
AM|FHE A FoBA AW A kEdqA AHHE o

Uz grd g4 27]) wio ﬂaéﬂ HEe Az o
Aol M 71X T ZHZ Ro|A He MIAo= FFeA €
o} g ER o] AL 7|EAHLE S-typed FEFHFeR
AZg 4 glom §F WS 757 fod SVO ¢n
5o 84 ¥ Ueg 458 + Uk

D-typed] At gutdoz 7] JEo. 234 7%
g FAATEL EAE ERSA & AHoA vl
WE]7] dudFS AL AAd o9 LduF
DVOet EFHolx AAl AHApe] Eijol odH DS-type
oz {57 uﬂ-‘r'~°lt+ Z DVOXRtH= DSVO %}ﬂl"

o F& 45 YAt DS-typeo] o &+
D-type ¥4l& %‘/ﬂ’ﬁlﬂ"ﬂ’% EAFA FSAE RE
6.d B

AGNE HAHs FA A& Tl YutAHQ YEHH
dnFE F3l7] ofgu. wety AA W &4 7]
S Fo] BE FAIE 4714 FH 2 A&sEn o] 7€
Yefol ute} zZtzhe] E43td daelFE H &% 2=,
FA AM vESA E2EF € RFID 249 4
23 e AgiE HAHG FAEe HNEHF duFS
TEAoR T&EA A LS

B4 Ax4 dESZY Z2HEY A A A9
S-type . &4 2o] AH4g SVO WEHH dae|Fo| 13
4% A%< BAY T RFID #4E 54 ¢ 44 &
A7t E¥E DS-type EARA a9 F AHGH
wdom —deg ¥ FS /LSt AEAFOZH Ef 1
gFRY 4%o] +7EE 45 gt BE Aol
Z A3 FA49 e Feb7) A urEe dnEEE
st Ann FAE AEsista o old s YE
#7 ¢ngdFE Fie Aol d 431 45 B 5
4 &k FF Ad7EN FAERTHS Bgdd gy

E77F 44 @2 FAEE & F e 20 g &4
EFt3e] adrh



122 HEXZIS2-FTA HgAR M3B0, 6

#3128

[1] M. Ercsey -Ravasz, T. Roska, and Z. Neda, "Cellular neural
networks for NP-hard optimization,” 11th Int'l Workshop on
Cellular Neural Networks and Their Applications, pp.52 -56,
Jul., 2008.

[2] P. Hell and J. Nesetril, “Colouring, constraint satisfaction, and
complexity,” Computer Science Review, Vol2, Issue3,
pp.143-163, Dec., 2008,

[3] F. Rossi, P. van Beek, and T. Walsh (Eds.), Handbook of
Constraint Programming, Elsevier, 2006.

{4] 7. Yujun. X. Jinvun, and S, Haihe, "A category theoretic
approach 1o search algorithms: Towards a4  unified
implementation [or branch-and-hound and backiracking,”
4th Int'l Conference on Computer Science & [ducation,
pp.845 850, Jul, 2000,

151 8. Prestwich, "Local scarch and  backtracking  vs
non-systematic backtracking,” AAAI 2001 Fall Symposium
on Using Uncertainty within Computation, 2001.

[6] H. Terashima-Marin, J.C. Ortiz-Bayliss. . Ross. and M.
Valenzuela-Rendon, "Tlyper-heuristics  for the  dynamic
variable ordering in constraint satisfaction problems,” In
proceedings of the 10th annual conference on genetic and
evolutionary computation, pp571-578. ACM, 2008,

[71 1. P. Gent, . MacIntyre, P. Prosser, B. M. Smith, and T. Walsh,
"An empirical study of dvnamic variable ordering heuristics
for the constraint satisfaction problem,” in Principles and
Practice of Constraint Programming, pp.179 - 193, 1996.

[8] S. W. Golomb and 1.. D. Baumert, "Backtrack programming,”
Journal of the ACM, Vol12, Nod, pp516-524, 1965.

(9] R. M. Haralick and G. L. Elliott, "Increasing tree search
efficiency for constraint satisfaction problems,” Artificial
Intelligence, Vol.14, No.3, pp.263 - 313, 1980.

[10] J. Patel, ].W. Chinneck, "Active-constraint variable ordering
for faster feasibility of mixed inleger linear programs,”
Mathematical Programming, Vol.110 Issue3, pp.445-474 Sep.,
2007,

[11] F. Boussemart, F. llemery, C. Lecoutre, and L. Sais,
"Boosting systematic search by weighting constraints.” In
Proc. 16th Turopean Conference on Artificial Intelligence-
ECAI'04, pp.146 150, 108, 2004.

[12] E. C. Freuder, "A sufficient condition for backtrack frec
search,” Journal of ACM, Vol.29, No.l, pp.24 - 32, 1982,

[13] D. Brelaz, "New methods to color the vertices of a graph,”
Communication of the ACM, Vol.22, No4, pp.251 - 256, 1979,

[14] B. M. Smith, "The Brelaz heuristic and optimal static
orderings.” in CP series, Lecture Notes in Computer Science.
1. Jaffar, Ed., Vol.1713. Springer, pp.405 - 418, 1999.

[15] €. Bessiere and [.-C. Regin, "MAC and combined heuristics:
Two reasons to forsake FC (and CBJ?) on hard problems,”
in CP series. Lecture Notes in Computer Science, E. C.
Freuder, Ed., Vol.1118. Springer, pp.61 - 75, 1996.

[16] RJ. Wallace, "Determining the principles underlying
performance  variation in csp  heunstics,”  International
Journal on  Artificial Intelligence Tools, Vol17 lssued.
pp.&57- 830, Oct., 2008,

[17] B. Hnich, T. Walsh, and B. M. Smith, "Dual modelling of
permutation and injection problems,” Journal of Artificial
Intelligence Ressearch, Vol.21, pp.357 - 391, 2004.

(18] W.B. Heinzelman, A. Chandrakasan, and H. Balakrishnan,
" An application-specific protocol architecture for wireless
microsensor networks”’, [EEE Transactions on Wireless
Communications, 1(4), pp.660 - 670, 2002.

[19] S. Zhou, Z. Luo, E. Wong, CJ. Tan, and . Luo,
"Interconnected RFID Reader Collision Model and its
Application in Reader Anti-collision,” 2007 [EEL
International Conference on RFID, pp.212-219, 2007.

[20] #51el, qbbad, o] A&, “RFID Al 25l A v & Ws) 7k 3
ol &3k 718 &¥ Ee| 7 FE A dmelE" HRA e
3R A A16-AY, A4E, pp.289 298, 2009, 8.

=4 3
email : sohn@hoseo.edu
19854 Qlafuftar Habg-ohat g aHAL)
19873 Ao shar Aapg-dtal-a a4 ah
2007 ] ¥ran e A W E T
(& &hapAh)
19874 ~ 19928 gk gl abE el
19996 ~ 3 A SAE AP E sl By

Baoh: PAENY, A4UE, A5

[



