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A Study on Higher Level Representations of Network
Models for Optical Fiber Telecommunication Networks Design

This paper is primarily focused on the function of model management systems such as higher
level representations and buildings of optimization models using them, especially in the area of the
telecommunication network models. This research attempts to provide the model builders an intui-
tive language-namely higher level representation-using five distinctivenesses . Objective, Node,
Link, Topological Constraint including five components, and Decision. The paper elaborates all
components included in each of distinctivenesses extracted from structural characteristics of
typical telecommunication network models. Higher level representations represented with five dis-
tinctivenesses should be converted into base level representations which are employed for se-
mantic representations of linear and integer programming problems in knowledge—assisted optimi-
zation made'ling system{UNIK-OPT). Furthermore, for formulating the network model using higher
level representations, the reasoning process is proposed. A system cafled UNIK-NET is developed

to implement the approach proposed in this research, and the system is illustrated with an exam-
ple of the network model,
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A2 YrolAled, AAe W (Back-

bone) U E A o= o3t EANFE A
T F8 1EFATE X Y3l I L 3
ot 24 7R A2 (Local Access) UE
Haz g2 YEY IS (A A 71Y=te) A
ol A A= B3 FE AEIFAY 4 2
SAARES et vV EY A AA S
MUESZ YL EXT YA e e
2 ArAgRY o2 Rt ol g Bt
ol vt M EYIE A stuAste A
FAENAE A 2B 584 3
HE AN BAIEC] & o202 Fo}g)
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2 Ao]x T8l ZYR-A) 9] Qo] vjA
EH A AHgALNA 87 H I Jlo]A o1& & E

3}7] 9%t o AFA A 2] YA ¥l (Decision Sup-

port System) z}gloA BL =3o] 2 7H
t}.

JAEAA DA 28] AFAES 2ddg
A|2g] Fool B B4lE Zta A7 em
At 271 ATES F2 33 Y Fo
A X8 A & (Linear Programming) 2.3
#F #¥89 FHE FUAH [ Fourer, 1983,
Geoffrion, 1992 ; Lee and Kim, 1995]. 1]

1 1 A 2" & WAE 21L& Simplex Meth-
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Y3 28& F¥3l=tl AolA AAHE A
A 73R AFHA A4 glol= f4A A
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tic Method) ol &J3) A Fejx|=tl, ol2{gt 3
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sgAtolol Bl A7 Washch 22l AL
A ool B BEIIE GloIE AN
YEND 2y 72& A4 oz WHsta 3l
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71&9 daeFd AAANA & T Ue A%
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olgid FAE sAsty] A4, o] =&
HAs 2y Y 2UY dojd| #3ted
7188 ATE Al 27A ZARIAYG. & &
21z §8o 2= Algebraic Modeling Lan-
guage, Constraint Logic Programming
Language, Network—based Representation,
2e}3. Knowledgeassisted Modeling Rep-
resentation Fo| Ut} 181 A 3FdAME
A3 vye JuENY B2 TP, of
AolMe VEYZ 28 & 7AFEY n&
A B8 FAFEY g x€e
vebdoh. 71A5E] ou|2A BE2 A3
2 AeAE 2¥st Az UNIK-OPT
[Lee and Kim, 1995]¢)|4 ©}&31 917] W&
o, 71 M= 2HEFs] g.okste] AHdt). £8
A9aE 8 A Y& 27 & 25y,
I FAME AAeE 38 72, A5 E R
H 2] EA A&, Objective, Node, Link, Topo-
logical Constraint, Decision S tigjA=
A8 =3tz gk 28, 28 B3 o
2] 7hA] AEAQA AT RE L /AL 9 %
ol B B4 4F/TA Tk A 4%
dqxe oA 7t B84, F ZAFELR
Rdd 2¥& /ASE H¥(Base Level
Representation) ¢ 2 W&3}= H2Hd s
A g2 At A 53N 2¥s F
EFA N i3l el EA1& 1 Al
), o] AL A 7HA DA 2aiA P
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g}, 181, Nodes} Link E9) 54 83}
HolE 4 Fol At Al 671 =
Stol| A A E o] 2 A ¢l AU & v oz A
uE 1 Q) UNIK-NET Alxdle] s A
gtk A 7t 9] F8 F AlAHo 2 o] F
oA o] A AL, FUFES o] &7 FAUY
28 3, A5 38 oA 7HA 9 A
A8 zt= 7|ApFd 2] 8 ¥E, 1gn
HAH Y FoA shte AEAIE FAE
A2glo A BT = stE & 7hA 1 A d.

. 7|&AdA A&

Al 1A dFd A%
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T HNM F83 A Fo
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#Hahz dojtt. A Al 27 AME 7S
ArAQl H A3t Y& FET WHEC w
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FelA g myd FEH A4 o] Y= A
A7t SAskaa} she =rlde Aol 4
FEE F A v EFH 2] AJ2=RA
AFDHE AHAAAE & Bdo] Aok ©
A BEHog FeiAY L3& ¥FT AT
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+ Constraint Logic Programming Lan-
guage,
» Network—based Representation, and

» Knowledge—assisted Modeling Repre-
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2.1 Algebraic Modeling Language
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AHEAF A2 EA F-HE, 438 ¢
gFdA 878 e v 5 e ¥
B2 F¥3te Ao ZY3} dojol #d F8
g ofoltjofolt}. HALE = HolE Y B
= g3 A E3tste 928 HA JAYe
Z2A Aol & Holgit). B A3 Aok 5&
HyEde SaA FAE T Bisschop and
Entriken, 1993 ; Fourer et al, 1983, Geo-
ffrion, 1992]. 71 23 W49} A3E JEJH|E
(Activity) o] BARY Aok S FH2H E5
33 FEE vVIA 2 QFRH 02 o] 7o
Atk A% 4 A5A 8 238 7] 93 9
© 2+ Branch and Bound9] #{& A3}
=, YHoZ= VM ENA 28 & B3IV
T 53443 Ao F ARG S g &
5o FAQ RYPoz A w9} 2o

A A3 =¥o] A Hrh
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2.2 Constraint Logic Programming
(CLP) Language

CLP ¢lol& =23 &4l (Logic Problem)
& X ¥sb] A4 ALHJH. 223 IR
< ZAFAY 2 7A FFHJS. 2719 B
& A7h AEH, EEd |TtEs
Lauriere®] ALICEZ A3 2¥$& 43
olx =g|&Ql Fez wH3}A}. HIol &
214 2 977 = CHIP =24 E (Dincbas et
al, 1990)9 4] Van Hentenryck & &2
2 AoE e g F AFAT FHAA =
2] A8 (Logic Programming)ol] #3 =+
& T3 A EH e 223 A= C
++9 2 HEo AR AFAHQ Aoz &
3 =24 R¥E& 758 7 Ude AE
Byt d 2= 2LP[McAloon and Tretkoff,
1995], CHARME ILOG Solver[Puget,
1994 ]9} Oz[Schultz et al., 1994] 5-©] At}.
A5 R¥E F= HPo2ZE JHed 49
(Feasible Solution Space)& ©A3l= dut
Aol Wl & ALg-ste], o7]M AFr ot
HESa 238 27 984 AF AHSEHE
7Fs8l 9] &% (Lower Bound) & Al Fdh= &
18& A3k EAE dAdE= o]
A o]t}

2.3 Network-based Representation

AFAE XA 718 de &l 28
ZFo 3t =9 ==E JdAdE Ha
(Link or Arc), 22|1 23 &3 BHE Hlo
B9 P2 EAE e R} e o] Yl
EYAE 7|9 FHo|t}. o] Folol= Glov-



er, Klingman# Phillips(1990)7} JE$=
RS YEHZ dolojagdog RYo 7=
€ R8sl A4 WA Y ELA dlo]H
€ d2st7] A8 netformeld el & &)
3}dt}. Steiger, Sharda®} Leclaire(1993)
9] GIN netform& HAn & JEYA 23
of A&l o2 o2 Ogryczak, Stu-
dzinski®} Zorychta?] DINAS/EDINET
(1992), McBrides?] NETSYS(1988),
Jones] NETWORKS(1993) 221 Kend-
rick9] PTS(1991) %-o] it} netform A] A
AU EYA 288 g8ty oM A
SA7L vlFE R g4A 38T 5 de A
ool ok, oFEAl H8% 4 e Hub-
problem A, €29 A Z& Aoz
Bol] o]&H1 Qe B3 Al disiMe
L84l HolX = Aoz RAME N o, T3
FaAe EA] A B ¢uEE
S AA AL BAAZ § A AlAE
o] Aol & ol go] Utk

2.4 Knowledge—assisted

Representation

233 A4 =1 (Domain) A 4]-& A}
23t A28 so =g WY B Y £
7b Aok Ma(1989) & ¥%3 g8 d72s
&4 239 Tk adae Dl
BN a3 B MEA 8 wEs FE2staxt
Aok £ Ao s)uket QJ%E A=t o
& OR(Operation Research) A&7}1& F7)
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95+ Aot Stohr(1987) & H A3 ¥ &
A gERTE R xHo = sl
A gk 2, Al 39 d4H e 2%
ge Aoz HER ST 9o dFe
2y@e] Alag FHAE & ou|E 7MUY
OR M E7}He A d&chs BAZL vk 22)
A] Binbasioglu¢} Jarke(1986)= A& A=
o] FHAA A7 duE )& FH
£ Abe-ste] ORS) vlAE7}7} s Aozt &t
s EdS REsE W Y S F U B
7% HIWUE ALY Bhargavad)
Krishnan(1993) & PM * & 7\ &3 &=, PM
B AAAER] FES ¥ 5 e =Hd B
A2 o] 20} HAAY ErfdE AEAY =
oz BYssie BHy X4 o|~E Zke
o} A s Astaat s =ulQl A4 7t
AH 2Zgle #F AEAdo] Qo= A &

e 1&g 71 k. PM *+= Krishnand
Arg PDME #4350 ctn & &= gt} o] &
ol #3 A= T 2] e, AA
= AREEY A TE5E RYPEO| o=
A A shte] daelEd ntE AAANAFE
AZAL B EAE 2 28 724U 7

FE9 ALE HEE FE0 A B3t o
g daEF Foll htE AAsH AFAA
= A4 HEANEE B ATE T
57 9T Kim and Lee, 1997).

2 JF= o HA e Knowledge-assisted
Representation®. 2 WEY A 282 F s}
=, 53] Ars 18 ol & FEst 7]
AFFe] EHE 7Hsd UNIK-OPT AJxHl
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3.1 HEST g2 2jo|EX¢l
7|MsE

AA3s 28& UNIK-OPT =79 2JsiA
Zg ¢ FZ2 F¥s] EA[Lee and Kim,
1995 ; Kim and Lee, 1996]. 94 WEHY=
2304 & ¢4#R generalized assignment
problem 23 & Az} B4}

Minimize 3 3 ¢, 2 (1)
i=1 j=1

subject to
s aii Xij < bj,j=1,...,n (2)
i=1
Sz=1,i=1m (3)
=1
X ij - {Oy]-} V i 7 (4)

hags

m

NETVORK_MODEL

INDEXED
BOT

INDEXED
VARIABLE ATTRIBUTE

unit_index

OPERATOR

has

linked_inde inked_at linked_index

(28 1) &Xsl 2gol o|n|EXOI HH X
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{{ plant_assignment_problem
1S-A: NETWORK_MODEL
DIRECTION : min
OBJECTIVE : (ﬂtml cost BOT)
CONSTRAINT : d _capacity int source_balence_one_constraint
BOT:
ATTRIBUTE :

EX: })

IS-A : CONSTRAINT
OPERATOR : LE
LHS : (+ source_sum_BOT)
RHS : (+ destination_capacity BOT)
UNIT_INDEX : destination }}
{{ source_| balance _one_constraint
IS-A : CONSTRAINT
OPERATOR : EQ
LHS : (+ source_choice_BOT)
RHS : (+ one_BOT)
UNTT_INDEX : source }}
{{ total_cost BOT
IS-A : BOT
ATTRIBUTE : unit_cost assignment_var
SUMMATION_INDEX : source destination }}
{{ source_choice_BOT
IS-A : BOT
ATTRIBUTE : one assignment_var
SUMMATION_INDEX : destination} }
{{ source_sum BOT
IS-A: BOT
ATTRIBUTE : destination_volume assi _var
SUMMATION _INDEX : source }}
{{ one_BOT
IS-A : BOT
ATTRIBUTE : one
SUMMATION_ INDEX : }}
{{ destination_capacity BOT
IS-A : BOT
ATTRIBUTE : destination_capacity
SUMMATION_INDEX : }}
{{ assignment_var
IS-A : VARIABLE
SYMBOL : x
LINKED_INDEX : source destination
TYPE : binary }}
{{ unit_cost
I8-A : CONSTANT
SYMBOL : ¢
LINKED_INDEX : source destination }}
{{ one
IS-A : CONSTANT
SYMBOL : 1
LINKED_INDEX : }}
{{ destination_volume
1S-A : CONSTANT
SYMBOL : a
LINKED_INDEX : source destination }}
{{ destination_capacity
1S-A ; CONSTANT
SYMBOL : b
LINKED_INDEX : destination }}
{{ source
1S-A - INDEX
SYMBOL : i
LINKED_ATTRIBUTE : assignment_var unit_cost destination_volume }}
{{ destination
I5-A : INDEX
SYMBOL : j
LINKED_ATTRIBUTE : assignment_var unit_cost destination_volume destination_capacity }}

{{d

{18l 2) Generalized Assignment Problem<| 2|D| 20| 18
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I M BRo] MEYA 2E2 OBJEC-
TIVE$} INDEXED CONSTRAINTZ +4
HAew, 1 F i A (Object)= IN-
DEXED BOT<¢} OPERATORZ o]|&o{# &
& ¢ 4 9. 2 BOT+ COEFFICIENT(*
2, CONSTANT)¢} VARIABLE== AT-
TRIBUTEZ wrolA 851, INDEX 2
Ae A9 ZE FEAA A 2851 o
A 7 AAE ol &AM FHEF (1)~(4)
& =z 722 vehiE (29 2) ¢ 2t}

(29 2)+= UNIK-OPTHA E& 5= 9fv|
249 BEE AT 919 28 (1)~(4)8
EAE Aolth. 2d9 2¥2 plant_assign-
ment_problem ©. 2 generalized assignment
problemef] &3}= EA| 24, Aits|obd A E
i1E 37 ol @d3ths Aot B =84
€ ol8% B8L J|AFE BYol FET
WA, ATTRIBUTEE @58} A5z T35
=, 99 oA Yehd ¢ e A& Be
A (2] 2)d4 BRo| IS-A9] &Xghol
VARIABLE®} CONSTANT¢! Z#de o
Afolth. 2 BH ARAFIE Al F-&
oA vebdd & ¢ At FAA B o
T QduEAA Fe 2H9 LEF RHAA
B F Uk 53], 2n &3 FollA LINK-
ED_INDEX= ¥y Alsd 82 A& U
1SRul=

BOTs(Blocks Of Terms)+ ol A€
ATTRIBUTEES Al2np(R)E HE Ao
o Ao YA Yehd e A& 2ol
25 A 7R ol 1ol A 1o IS-A ]

&F3ko] BOTS oAl A9l =Y AAEE,
o]u] 2242l Hoj 4= SUMMATION-INDEX
£z} BOT A & & Y= Alarke] FAE u
bttt 289 2E BOT &2 99 2§
oA g WA vehta )i

CONSTRAINT BOT$} OPERATOR] <]
A o]Fo)Zh Arlde F A9 Ak
(2)9+ (3)o] Utk 1YelA HKo] IS-A9
&F3to] CONSTRAINTQ % 7He] =&Y
AAER, 2 AFd g on 232 /e
yehiz ok a9 ouEF FelA
UNIT_INDEX &%& AlFae] dejr} 2o
dol8 & Yehe ddxe] JFEE et
aeln 9% 31 9 8% 38 OPERATOR
2 d78%g.

OBJECTIVE® A9l =& 2] g1
2d x=g ¢ WollA DIRECTION3} OBJEC-
TIVEY] F &£FAM 389t 99 22
“FH8-g FHro e Ao BT Ao
O HEo] IS-Ae &Rgo| NET-
WORK-MODEL-& 3hite] =g ¢l A2 =2
3 AA ] uEH FEE vERAY.

UNIK-OPT Al2"lo| A, (28 2)9A4
239 ZaY 72 &, 4 AAE (28 DY
vhgko] wheta] g o] shte FERFE S A
A, 1 28g A Aoz AR
A Bl F712 39, £4o] A& T3}7]
A& solverdlAl RuUiFE= FH|, & Y,
MPS ey LINDO #el2 dlo]e 9] 183
2] AZ = §o|}t.
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otol| A} plant assignment problem$] 3
3 2¥& /ixa =yYer 343k, 38
g ZHde AR 3t shie) A3t =Y
< FE37] 93 434 FE(Bottom Up
Reasoning) o] th s A 8319}
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S =8 yojok gt} MEH A 2¥ L Nodes}
Link ] ®gto 2 18832 (Graph) 3ol A G
e SEel myold, 1 %A T
B4 v A 72 RE gesita 2
& At 2w FEAQ Be AR B,
oAl &89 EAA(Distinctiveness) 52 M|
EYa »ge 749 28 O 9 T
o] EAAET 187t dBdAE i (1
g 3)1 2t} NETWORK_MODEL& Ob-
ject, Node, Link, Topological Constraint,

Decision 59 57}2 EAXE 7pAlH, o] &

@work ModD

has has
Obiecti Topological
jectives Constraint
has
has

Source/
Destination/

has \pas

Values

has

Setup

Conservation

0/1/-1,0,1/

Link/Node

(I8 3) Aol St U EQZ 2YS BH T
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9] A1 Topological Constraint: Source/Des-
tination/Commodity/Path,  Capacity/Re-
quirement/Balance, Value %2 I3l 3
&3} Setup9} Conversation¥} 72 Ae]Z <l
FFoz g Ak,
(29 3)llA g 9] ou]& F 7k 2
EHed, 9438 “has”9] 9nE = A
Decision®} Conversation Sz} Zo] ojH
E447} e $4Ae) 9580 9% T
oJulg 2 Aol ok A95E BHo
dEE vMEHZ 2FE A& JdA 23
FEAAGA A BA HAA Hed, 9%
T FEST s FFE Y FE9|
u]g] o] Folr}.
BTE B SHRES APl &
MA & ATlM e FIAF ZokllA 237
AP B A7 Bol o]FoF, BLH
Q FAF A Aolx da] ¢ 1349
A% 2EYE /AL A9 FES BEE H 43
Bo2N A58 SRS g B8 e =
Rt & €27 FAT 2P EL ofefio} 2t
» Capacity Assignment[Duta, 1993]
+ Flow Assignment[Duta, 1993]
» p—Hub Center[ Cambel, 1994 ]
» p~Hub Median[ Cambel, 1994 ]
-« Hub Location[ O kelly, 1992]
» Two—connected Spanning Network
Design[ Monma, 1990]

+ Telepak Problem[Gavish, 1991]

+ Capacitated Minimal Spanning Tree
[Kershenbaum, 1993]

» Multicommodity Network Flow
[Gavish, 1989]

» Multicenter Tree Network
[Gavish, 1991]

« Minimal Cost Loop[ Gavish, 1991]

« Minimal Cost Constrained Loop °
[Gavish, 1991]

» Multicenter Minimal Cost Constrained
Loop[ Gavish, 1991]

32.1 AQI4E BN SHXIE

1) Objective

ELUER-L L RRELIE R
& 4y 7Ix2 vehteEd, MinimumCost—
[setup], MinimumWeight_[setup], Mini-
mum-Delay, 18] 32 MaximumFlow %°]|tc}.

A F¥L  FA2AZEZ (Minimum
Span-ning Tree) EA)¢} uj 3] (Matching) &
Ao BAA Ze Folz FAZFE HA
Hgog Afste et Ixn
dede Aoz Wy
(Telepak) EA|oNA HAs= LAHX 0L
golt}. o] H|&-Hisle FATAA H &=
53 3 AEAFE 48, VESYA 9
A& A3 T EST F HA 73
& p-Hub Median &4 FollA 2A3= 54
2o g 7tFA 9 4o ¥ E& Yepdg. O
g “[setup]”& AEAQ Aoz p-Hub
Location EA1914 Yelv= 24 2|u| & &
olt}. Al HA #3-& Flow Assignment &4

“[Setup]"—.‘:’_-



ANA Vel BRAo g Fatae] X dA 7t
& Hasished, R AR B3F BT
A Fo e e 2F™ e
o, shte RE Fart 2R84 vheld,
Flow Assignment 42} 2A3¥<= Origin
7} Destination 7te] F3la-73ko] WS
olth. ] MA ¥ AL HE Bl Ak
& € HEHI A dAE3te 5312 F
HFE Fate BF 4 sgEct

» NodeCluster.n : A& =9 ZF$o] n
Nz EEEHU5
* NodeCost : x=0f H| &A1 8471 2

[o]

* NodeValue ;| =59 8 70| £8H g
27} A2

» NodeReliability : =7} AT E 19
3},

» NodeCenter_n | AA] =29 H3F} Qhofl
n7f e} AME7F EAE.

» NodeTraffic | 48 >==%£4d]| Originy}
Destination(O—D) 7}e] £3lg Fako]

EAE

3) Link
AT A Linke 5338 A43e 4o
o} o] & F A3 ofef ok At
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« LinkDirection : z} Linke] ®WakAdo] ¢}

o]

o

« LinkCost : Z Linko] #]&#<Ql 847}
U

« LinkWeight : Zt Linkd] 7}5x& Hdo
3 .

+ LinkCapacity : 4% && E§E Linkd]
A && FHx LFAE .

o LinkSetupFlow : 2t Linko|
Flow7} 1=

« LinkMultipleFlow : 2z} Linke| o8&

79 58 52 FUZ0] g

Setup

4) ‘Topological Constraint

YESA A NodeE# LinkEZH]
#eAo] ngo EA& A3 HeH, 497]
ME 18§ BEAS AAFE 289 sty
Exatz AgfA o]& Topological Constraint
2t Y}, o] A= A 7HA Y] 5 £7
sh=dl, 2 552 unit_term, operator,
value, setup®} characteristics 50|t} z+ &

Bof Uehd 4 9E b wHE the g,

{{topological -constraint_name
IS-A : topologicalconstraint
unit_term : (source/destination/commodity/path/hub)
operator . {capacity/requirement/balance)
value ; (0/1/(-1,0,1)/2/n/...)
setup ; (null/link/node)

characteristics . (null/conservation/tour/hub/setup) }}
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{{source_destination_balance_one
-A : Topological_Constraint
unit_term : source/destination
operator : balance
value : 1

setup
characteristics }}

{{ conservation_telepak )
S-A: Topologlcal_ConstIamt
unit_term : source
operator : balance
value : trafﬁc _requirement
setup : .
characteristics : conservation }}

{{ traffic_ cagamty setup

Topologlcal_Constramt
unit_term : source/destination
operator capacity
value : traffic_capacity
setup :

. characteristics : setup }}

{{time_delay
IS-A : Topologlcal Constraint
unit_term : source/aestmalmn
operator requirement
value : time_threshold

setup :
characteristics }}
{{path_destination_arrive_rate
IS-A : Topological_Constraint
umt_term . patl
operator : balance
value : arrive_rate

setup :

characteristics }}
{{hub_total_number ) )

IS-A : Topological_Constraint

unit_term :bal

perator : balance

value : hub_total number

setup :
characteristics })
{ source_destmatlon hub_capacity
Topologlcal Constraint
umt term source/destination/hub
perator : capacity
value hub(s), (d)

characteristics i
{{balance_two_degree
IS- Topologlcal_Constralnt
unit_f term source, destination
operator : balance
value : two

characbenshcs hH

{{ undirect_link
IS-A: Topologlcal Constraint
unit_term : source/destination
operator : balance
value zero

characteristics 1

{{ one_tour
IS-A : Topologlcal Constraint
unit_{ nerm source/aestlnatlon
operator : capacity
value : number_of_node - 1
setup
characteristics : tour }}

{{ node_having _ more_ than_one_degree
1S- Topologncal Constraint
unit_f term source, center
operator : requlrement
value : one

setup : |
characteristics }}
{{ all_node_spanned
IS-A : Topo]oglcal Constraint
unit_term :
operator : balance
value : number_of node - 1
setup
charactenstlcs 1
{{ cycle_ of all_n
IS-A ’I‘opologlcal_Constramt
unit_f term :
operator : capacity
value : cycle value
setup
charactenstlcs 0é/cle )
{{ conservation_multicomm
IS-A : Topologica Constramt
unit_term . source/commodity
operator : balance
value : (-1,0,1)
setup :
characteristics : conservation}}

{{ link_setu
g -A: T opologlc Constraint
unit_term . source/destination
operator : balance
value :
setup -
characteristics : setup }}
{ capacxty multlcommodlty
S-A Topologlcal Constraint
umt term source
operator : capacity
value :  total_requirement -
requirement_of _node
setup

characterlstlcs ! conservation }}
{{ all_node_spanned_by_center
IS-A opologlcaLConstramt
unit_|
operator : balance
value :  number_of_node -
number_of_center

setup : |
characteristics }}

{{ all_node_of_degree_two .
IS-A : Topological_Constraint
unit_term : source
operator : balance
value @ 2
setup -
characteristics }}

{{ start_node_of_degree_one
ISCA:

pologlcal_Constramt
unit_term :
operator : balance
value :

setup
characterlstlcs )]

{{ sum_of trafflc _capacity_total_capacity
IS- Topologlcal_Constramt
unit_ term
operator capacity
value : total_capacity
setup -
characteristics : sum_of_traffic }}

(Oag 4) MgHl EMY Y E9| Topological Constraint SAI X} Zajj @l




topological_constraint T Y& YEY=A
2RAA Ak g deRdch 7 35S B,
“uni-term” 9| A} Source= HAEE = AEA O
2 Sy ool Foz E8, Destina:
tion EdjEe] m@Ho 2 1,9 Zo] B
NEe. 2en BRRSY Bt e =4
Yol commodityo] i, O-D 7+¢] path7} &
A&tA path2 Vepf i1, p-Hub £4) o]
H hubg EAET. “operator’ oA e Ca-
pacity, Requirement, 18] 1 Balance:= 7}7}+
<=b, >=b, = b& 9uldl=d], 4714 b
+ right-hand-side®] Ztolth. aglm
“value” S22 YEYI REHJA 2F 2
3} right-hand-side®] gtolg} & 4 ).
“setup” 2L Linky NodeA}td] setup &=
&, AXNEHH G5 gto] Foixa, 184 &
O zerof] gro| Fo{Al= AL 9nidit). 1
2]aL “characteristics” 22 Y E Y3 Ao
A Az Pz 25 D 54
el =d|, Network Flow &304 28 5
+ conservation A|2F24], Traveling Sales &
Ao A FA == tour A4, 12l p-Hub
Location Aol A A == hub #H# ] E4
< onjeiy, ool ¥ EAL 1T
setup, cycle, sum_of _traffic 3% Qlt}. «7]
A A" AR A VA 9] 8-S d5Eel &
Fojr ynz] F 71| 5 A Aot} 9
o] AYPHQ BAY 2¥ES ¥l BE
YEHNA 23 A S5 = topological con-
straint®] 2 ZFQl& JeH (19 4)9
Zrh.
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5) Decision

Decision& Y E$ 3 R A Ttz 8t
= AW E el 544 E, ole B¥
5l ZEFMAA] topological constraint2]
unit_term, operator, value 5ol 9gg 4
®t}. Decision .2 Jebd 4= Y+ JH & as-
signment$} flowo|t}. assignmento]& Uit
29l assignment ¥<4=9} hub_allocation %
4*, capacity-assignment ¥ 2 o] 4 (Bina-
ry) B 5ol glod, flowdlls AF-FE 9}
ALZE st o1} Modularity Propertyol]
oA AP edie aLefstAl gote "t

322 MY 2| Yor-E B

Aol A AF FHeE BEE AT 54
o oA FAT BHo] RHEHE A& o A
oA dstr2 skt (2" 5)= AY 7HY
2} BAla(Local Access Network)ofjA =
A z]® 24 (Telepak Problem)&
Node$} LinkEo] #A2 AT ot
[Kim and Lee, 1996b]. o] 21¥& W31 o
CEELESEED BERE LU
2,

{{specific_telepak.problem

IS-A : NETWORK_MODEL

Objective : MinimumCost _setup

Node : NodeValue, NodeTraffic

Link : LinkCapacity, LinkDirection,
LinkCost

Topological _Constraint
source-destination_balance_one



traffic_capacity_setup
conservation_telepak
Decision . assignment, flow}}

{{source .destination _balance _one

IS—A : topological _constraint
unit_term ; source/destination
operator : balance

value : 1

setup : null

characteristics : null}}

unit_term : source/destination
operator . capacity

value : traffic_capacity

setup : null

characteristics : setup}}

{{conservation _telepak

IS—A : topological _constraint
unit_term . source

operator . balance

value : traffic_requirement

{{traffic_capacity_setup setup : null

IS-A : topological_constraint characteristics . conservation}}

4, . Traffic Generated

from node i
@ : Center
o : Terminal

(I8 5) 2B (Telepak) 2H2| Nodee} Link S7+| 2

#o] UNIK-OPT Al=®l el X $48 % 3l
= 71AFE = 7A52e o FHOo 2 WIEE 3
3} & ARt (29 2)oA Fojd 7 Zd 9

Ed} ABSHA o] B o] Bo) A Uzt
ol FAME 3golA RRE AAFF E th old ZalgSe 3FAM AR ul e

N
2



plant assignment problem& AF9|4Fo g
R Aol

{{plant_assignment_problem
IS-A : NETWORK_MODEL
Objective . MinimumCost
Node : NodeCluster 2, NodeV alue
Link : LinkDirection, LinkSetupFlow
Topological_Constraint :
destination -capacity,
source _balance _one
Decision : assignment _binary}}
{{destination _capacity
I-5A ; topological _constraint
unit_term : destination
operator ; capacity
value ! traffic_capacity
setup ! link
characteristics : nuli}}
{{source_balance_one
I5-A : topological constraint
unit_term : source
operator : balance
value : 1
setup | null
characteristics : }}

Hass Bge S 2244 (Top-
down Reasoning Method) <l &]aiA] o]F o]
Ak,

41 28 =z

A4 OBJECTIVES] MinimumCosto|)
984} 714422 DIRECTION} OBJEC.
TIVES] &Xgko] ZA €0} 494E T
A Topological_Constraint 5 72} &5 %ko)
7149 CONSTRAINT <237k, desti-
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nation.capacity_constraint®} source_bal-

ance_one_constraint7} A A ¢},
4.2 H|fA] Zyiel

41784 AFE 3 HA AFAL desti-
nation_capacityol] olsiA] 2R =M, 11 =3
Aozt xR gko] oA BAEHAETE BE
th&3t vk WA OPERATOR+: destina-
tion_capacity Z & ¢ ¢] operator &Z9|| 23}
A AAQEEE 2 e “LE"e]lx, LHS9}
RHS+ destination_capacity Z# ¢l ] value
&3 oA AAHY. traffic_capacityzk
I setup &F% ink7} 71X 4F2) source_
sum_BOT$} destination_capacity_BOTE
A%}, 18)a UNIT.INDEXE destina-
tion_capacity Z#H Qg9 unit_termef uwe}
destination2 AW Ht}l. FHA JAFFe
A kA& A4 9] source_balance_one
s
straint2} Ashm, 1 2@ o] 2 SR gho] o
DA AAENE7ME A & 22, WA
OPERATOR+ source-balance_one =& ¢
9] operator &% ¢siA A== 1 %%
& “EQ”o]x:, LHS$¢} RHS¥+ source_bal-
ance_one Z# 2 value £ setup =%
Zxoll olsi A destination—_choice_BOT$} one
-BOT7} A4d& ¢ = ok 2=]a UNIT-
INDEX & zy e
unit_term £3¢j] wkzl source 2 A 2,

7}A 3 source_balance_one_con-

source._balance_one
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4.3 Block of Terms(BOT) |||

Objective?} Constrainto]] 2JajA] total_
cost_BOT, source_sum_BOT, destination_
capacity_BOT, destination_choice_BOT, 1
2|3l one_BOT Fo] AU o] ZHUE
o] X7 AEHNAY, 7 S B
& (production rule) o) & A AF0 2 vt
o]t} o & 5w, source_sum_BOT<] AT-
TRIBUTE+ destination_volume¥} assign-
ment_var=2, SUMMATION_INDEX+ des-
tination® 2 A5 AAE ¢ ot Y=
A& A1 A4 73 (production rule) e whz}
a8 Yok

4.4 ATTRIBUTE 2} INDEX =3¢

ATTRIBUTEE VARIABLE®} CON-
STANTZ F&3|A 2&= =, A7|Me A
AFo] FdoA plant_assignment_prob-
 lem Z#| Y9 Decision &5 go] assignment
_binarye] we} 7]45Ze TYPES binary
o]1, SYMBOL=} LINKED_INDEX+= A4
T A A5 o2 REEoj Xt

%3 INDEX =g & A9leEe 284
A Node €27k 29 A NodeCluster_29] u}
2} source$} destination®o @ ZAXE o]x|d,
W& (29 2)9 2.

V. 233} #2344

o] Foll e AHEA7E =H AL T3
HEYI BAE A 2" B3I o] & A&
dlo] AgrFe R o2 sl HP
s AR Bz g o] 3L 3%
oA Adud AHg¢s FdA #F NET-
WORK_MODEL =g ¢} 3} Topological_Con-
straint ZHYES YA ==, A8
= FERFL AFAYYOZ o] FoZT A
28 LE Ao BTG AA SR} 3k A
A7} B9 #&8 Domain®] A2 & ofgj o] A
2ol whakA R Eoh 71X 334
d& HQl 5% 7Y Fol Y EAE R
Y3}ste BA & o & Eo] A3t i

1) 23¥iFe] gg & 24T & 9,

Al )24 B, A=Y EA FH=,
a3 EEENEA e FoA A7
e FHE A8 E.

[o]] 2ald BEA= SEFEAY A=A
24 9] B3E EAl0]7] Wil As-
signment9} FlowE& AQWHsE A
g}

2) Node F3to| =29 7|5 S4B 28€

& JeAg A8 £EEHJoH 2
N 2FARE REET.

[el] Felg £ A= Node J#ol 715
EAJA} Center9} Terminal E¢] 43
o2 FEEn. 2 F A 2Fe
2 8357] g&o)] NodeCluster_29]



t}.

3) Node o] EA & ZA .

(o] de)® EA4 & Centery} sl} 48}
o, 2 & Terminal & ztz}te] Egd
< AA3IA =22 NodeCenter-13}
NodeValued] £ 02 A"},

4) Link %] 54& A3t

[1] 9 £41& =& Link Eo] vl &, W3
4 2 E o] e AokE vt of
B9 o]& F&¥3:= LinkCost,
LinkDirection, LinkCapacity & A
gt

5) Alz="l el ™= = vlolHe #4&

AP Al HedZ o 2 4 dlolE] ¢lE e
Tet JEsEE dolH e YoM Wy
H "apel A dojxl AA WS, Node &
43 Link B450| ofsA] Alxrlo] 2}
To= tole W87 FAe A3
1=

(o] R EA A 2o o] dutg
o] g-a A T} & &9 dlolE &
AFLA Hol. 23U 8- (Fixed
Setup Cost), E&4H]&(Flow Cost),
2} Terminalol| A B == E249 <,
7} Link o] 8848k Foltt.

6) 2ol F3 & At

L] 2 EA M= Ax)u) 43} =39
AEH 8¢ Hadele EAolnz
MinimumCost.-setupo|t}.

7) 239 AekAe MYdr}. 3T

AFstAFzol FAFEAA  Decision

141

(o371 Assignment9} Flow)o] A
A=) Topological Constrainte] £4
Aol FEFE ot
(o] ¢ BAlo] E4& Helsl 29, AN
2 E Terminal & ho
A Bk o] A& FAFE FRIA
source _ destination _balance _one
FAEL ¥ WA= 28 Terminald)]
A A S BT LA TS A
Heg
FEA € Al WAl 22E 9] Terminal
o4 thE Node2 e 4 e )
5 oz dgate EdRDte Hole

Conservation 548 zt=t)l, 1A

traffic_capacity_setup o 2

conservation_telepak © 2 ¥ A€}
VI. UNIK-KET A 259 78

UNIK-NET& 4% A48 A48 494
T B F= AR o8 JIAFEY XHL
2 Wgste o] AYE Feay WEES
AZAANA FE= A& FEE 3L ot o] A
B2 UNIK A2l #3004 Mds 9l
], UNIK &tof| Al o] #d A|2j &7
A% o]FoiAt}. #H = A 28EL UNIK
-OBJECT, UNIK-FWD, UNIK-OPT, 1¢]
3 UNIK-RELAX %ojtilee et al,
1994 ; Kim and Lee, 1997 ]. UNIK-NET A]
282 Windows 3.1914 FEH= Alage
2 Borland C+ + 2 I =8t &4 UNIK
~NET7} 7pgaAlol QoA & =&AAe AL

2

g
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{471 B@E FAFTe] =Y YE NAFR R3¢ 2¥9] HE Tt S 283
o = Yoz A% A9 1 T = Lagrangian relaxation Fg]Ag 02 AAA|
g AL FAY 2y 2 Blg & F= HJA & dYstaz g

Higher Level
Representation Knowledge Base
l«—»| ldentification of -
»| Network Model
Rule Base
Base Level
Representation Algorithm 4
' Selector < >
f Case Base
_ \ 4
Input
Data Form
Solver Solver | ... Solver |¢——Pp

(28 6) UNK-KETS| AMut=ol of7|e) X

UNIK-NET= (29 6)3} o] o] & A AAeEd ZHYe Eeles  “Higher
2FE oJsjA o]Fojxrt. UNIK-NET¢] Level” W7, ©]& 7|AsELE HEd)=
F8 v7E B, AHSAZTE VESa B “Transformation” w77} 1o, WEE 7]
& Y= “Optimization” Wy, FEE Aaze] TS B9 = “Base Level” 1



7ol e Felag dg s Bl “Heu-
ristic” Wi, 223 Y BAE BAFE
“Results” 77 502 o]FolF T} A 43
A AFH generalized assignment problem
& 7ML A& 5ol ARt AR dA AL
LAt @R FAFELE F8E RIESS
Bdz Ak oA, 4t REE ARS
A& “Optimization” #72] “Open” & 53}
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A »¥e Bejerh. UNIK-NETE AR&-Ap7}
At B¥L (2 7)3 o] FAFEY
NETWORK_MODELo] =g ¢go] BHoix|H,
oo} A} (1 8) g} Zo) FFE EH e Top-
ological Constraint S48 RAFE), 9
7= 5 7)o E444 Fo| A destination-ca-

pacity ZH A ol & S0 &1}

Yopo-Constraint

(38 7) Plant assignment probleme] At9|4Z& E3 (Model) 2 LIEKH 313

Izl gEd dHelHE Hrl AdAMe
“Data” o7& 93 2E35 FE74 A
AdEd dojH o W& AR E T

AHEAE ¥ E ZHeEe] BA o]l

r

A=A S AL o]4e] flo 7| AFEe
BEEL 97 98 “transformation” #w&
B A SR A T AFEo R T

Ago] o] 2o} A} 7|AFFLE EHY

(A

_2_1:‘

jricd
=,
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(28! 8) plant assignment problem| At9|4=Z= B8 ( Topological Constraint) & LIEHH &}H

A
+
3E
*
:
.
+*
.
:
.
L d
i
.
+*
.
*
+
.
.
*
+ 7.000000
>
*
+
*
>
*
*
+
.
ST
*
<
.
<
>

(a8l 9) plant assignment problem®| LINDO tlloje{ I8 gJel &l™



zH <y MODEL =ZH<¢l, ¥ 7ie) CON-
STRAINT =& ¢, oA 79l BOT =#¢, ot
A 7§} ATTRIBUTES & 2t ©t}.

ol A Wged =& UNIK-RELAX A
283te] e se]~E F8]A Lagrangian
48 A o]E 7}Ai branch and
bound o] A= =d, ojwd dHHYE=
Hole Fej& B (1Y 9)9} 2t}

i.d £

AT 20l 7€y 123, A%3l, 3
o3} o whet 42ef A o] H-HA
2 A F85E O BT I} AR
AAA N = B2 AR u8 JE = (Packet
Switching Network) 7} -85 o] 3}3d % A
AL 9 dole7t AEEn Qg o)
A A ag Y EY] A A UM Fad}
A LdHe $EozE= BF JEHI A9,
HENA Az, e ez, agn
HEHZ ulg Fol ot #7 adt YEY=
o} dwra el A EA) (General Design) &= A
T8 3%, HagY Efge RE=(Con-
servation) 53 22 533k A oF 4 7} Qoj A]
2T BN o] HEH oA Ze EAlm
gt AstA "ot BE dubEel B4
£33 A (Capacity Assignment
Problem : CAP), 3&3% Z4|(Flow As
signment Problem : FAP), &% 9 323

o

3 £A) (Capacity and Flow Assignment
Problem : CFAP) S0z Basl= 797}
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B} 283 99 2 BAE S As] A8
A Ak2ule]  212]&(Sharma’s  Algo-
rithm), Z8] 2% d1e]& (Clustering Al-
gorithm) 7 22 o7 7129 F|x8 @
Ha 7] (Queueing) 4ol 7|23k o= v

Eo] U

e} Zol gt BAY A dey &
A A= FAY AA ¥, 15 RYEL &
71 93 g E A FolA a g RAe Al
g, 183 Al&H 02 dFHAA = FEaY
ol A & Y E F Jdv BEHAYA A
el oS g AZsn Yk B =20l
olg gt A3 &o A il UdRE 314 V)
g B =39 d7EA9E 89%EE T
=3 2.

1) B4 284 gt J¢E #8672

2) AAFEY T 7MY SAAEE 7)

3) AT 2EE AT s =Y

4) UNIK-NETS] o}71elxg} shdtehA e
A= Alxa'l g 2ofst

E ATE g FAY AN &84S

7R M e B 2 AT BE A

o ol o] Fo] Aok st=dl, AT-E ook o]
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7 (Issue) & R 714 A3t v 2o
1) 7189 A% 2859 1 289 5 &
A daelEs AAAIE AT,
2) AFAY BAY 284 A8 Falx
g s Eo] UNIK-NET)} WjAA|1 2 o
o] AAHEAAE AT AFFR B3
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