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A Design System of Telecommunication Networks
using Structural Knowledge and Object Data

Chulsoo Kim*

ABSTRACT

Higher level representations play an important role in model management systems. The role is
to make decision makers friendly represent their problem using the representations. In this
research, we address higher level representations including five distinctivenesses: Objective,
Node, Link, Topological Constraint including five components, and Decision. Therefore, it is
developed a system called HLRNET that implements the building procedure of network models
using structural knowledge and object data The paper particularly elaborates all components
included in each of distinctivenesses extracted from siructural characteristics of a lot of
telecommunication network models, Higher level representations represented with five
distinctivenesses should be converted into base level representations which are employed for
semantic representations of linear and integer programming problems in a knowledge-assisted
optimization modeling system. The system is illustrated with an example of the local access

network model.
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FH AA UEYT BY9 & 23rlde
dRZolqtt. 2T YEYT YL FYFHOo
2 By, =g I4¢ 27 9% 8839 ¢
ZYFE OFHA By guAEE ddaF
= 2A7 gog s dsteor & Ao},

I, olE FALE FE37] s 9A
AZAY AYdAM drHAY 715ES A
3 o3 2o AAE, VEYS 2¥ S 28
dedl AoA gArEAAA FY AFHQ A
Aol Yol 4A A9 FAE EEE + o
of ¥t} EXE WEYS ZAES uirio] wr
3 3] (Heuristic Method)oll 2lsiA ZEA &),
oli® sie]l A2¥H 4A A4E F LS
2¥3 sAtole] EHo|2v HRsith 18
I AR el AT AR/ QoE AAY
A VMEYE BE¥ F2E Yoz WAz
Aol AAZFZA7E daAsE HE T3] 9
3 AFLE RYPXE FYEY, 1 BYL 7
&9 gugFe dZAA & F e AFIHY
Hol XfEE Ro] AFE gFolnh

AellA AT ZAFES 29y A29 ol
EHAI7] AN E,

D 94 YAMEARA7L F&32A e AT
S VESZ BYo2 A, T3 A%A o
€ 7 Ae BH] Jofok (AN E, AL
FHFEY Zdol Fh).

2) 283 8L N2y Yo F2E m¥s}
T A AAY dolH JPez ARHA
EEHA ¢1AEH 94 AR A9y A%
FAT AAE A8 A ALY "ot g Hol
A4A BY 9 E77} 7Hed 5L Aok dt)

919 F7HA EEE H¥s] 98 A"
UNIK-NET®l®, o] o] 3 WA Exg 78
& VEYZ 2Y3A 289 HLRNETE A3l
I gk ojd FAE HAds] A, B

o)

BellAle 2dae A2 gol AHEHT gl
T Aol disiA 7HeE] Lotz Foh A 2
FelMe B =%9 A2 HLRNETS Awt
HA A2 FZo g Ak Al 33N
T AAsEddd 2y ds ey
T, FAFE BETXE, AAFFEY EAAE,
a8 ALY BYsge He F3)
A dgE2 $oHKim, 1996]. A 4ZAE
UNIK-OPTHl A4 Ed=+= 7AFEY B8 7)
ATEL 2 W] T A3 A2HE o
284 A998} Lee and Kim, 1995]. #] 5%
M HLRNET Al2®E oj&8A AdAH &
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3}y SE T A& HYSEN E AAdo
FHAEAE n@s=d d840] UL Holw

A g
1.2 3 o7

HEHA 2L AT AAE HFEstd A
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H2(Local Access) MIEYAZ WE YEYHAS
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A RAHojA T RFFA BLAY
o] HIAEZQ ARRAINAl Q7T QoA ol & 3
A7l A7 YJAEA AL 2 (Decision  Support
System) 2HQolM B2 ko] 27dT FEA
Y 2y dis dEHA AYo] gle AHEAL
o] HAsIA e TudE f4A ERT
T JEE JuE3FHd BHL AN2HAA AT
OR ApgaleAlE & =g € Aol ol
ol HAY Ao A dotEA,

AU 2y doj(Algebraic  Modeling
Language)© AHA7E AQLYA FE3H, 4
A3 gagFAA 27 Ye A9 +
JE HHE FHE Aol B3 dojd u@
23 ofojrjolojtt, HAE Ze dHolEH ¥y
= A8sA AdEg3ste QgL AA P2
A AoE gt EHA AFH L dF
B2¥& F3AM F3¥cHBisschop and Entriken,
1993: Fourer et al, 1983, Geoffrion, 19921, I 2
Aot Age AEHE (Activity) o] BAR Al
of2g PPN BE3F BHL vVAZ o
FEEOE o]FojAn. Gl VEHI K
¥g B ZHNT A 2 AT
ol W BEEC FHYAA Yoz HYY
oo} Zo] AEHQA A4 ko] A

Aek=al 2 PAo(Constraint  Logic
Programming Language)t CLP <o+ =334
A4 (Logic Problem)& E&317) SldiA e
ck I8y IR AFAY 2Y7A G
o 2714 #& 47t AdEE, €9 TR
Lauriere®] ALICEE HAH3} Z¥& thF3H 0|
=23 2 B H2d FHE
AFZE CHIP ZZHME(Dincbas et al,
1990)elA] Van Hentenryck 52 ZEZ211 99
g 7o ¢ AFAF WM =8 AYH
(Logic Programming)el #3 T=7& F&34

g Ko

% 71 AFRYeld WEYA BYE 7]
AsAM  AF ARHE Jhsdle & (Lower
Bound)& AFdE ¢rAEH Adse= EAE
#Asts Aol & FA ol

W ELF-71%3 ¥ (Network-based Represent-
ation) & AFAY AN 71F e ¢9F &
d Fo st k= k=g dFIE ¥3
(Link), 2812 JZ2ER d-E dolHe e
2 ZAE YA s Aol MEHIE 7]
ygk BHolt}, o] EokdllE Glover, Klingman¥
Phillips(1990) 7} MIEY A E¥ & UIEHI to
oIYe R Yo FZXE HAse AFHA W
w3 JENZ dolgg ddsl  AMA
netformol @ He]& ANk Steiger, Sharda
9} Leclaire(1993)9] GINE netform& HAH &
HENZ 23] HE3gth e ol Ogryczak,
Studzinski®} Zorychta®l DINAS/EDINET(1992),
McBrides®] NETSYS(1988), Jones?] NET-
WORKS(1993) 18lx Kendrick® PTS(1991)
5ol 3tk netform Al292 VEYI RYE
gy¥3ted JAME AHEATE viFE B A
EAE 4 e FHo A, ugsA HE&E
4 & Hub-problem A g, €Y A4 & ¥
4702 Yol o]&HT UE EJF FAld o
HHE S840 FoAe AR ZAEHILH,
# E3AsE EA dsA EE&FHA €3g
< 4A A9sAY AZAE F dE AL"
A & olg ol AUk

A 478t ¥ (Knowledge-based Represent-
ation)2 F¥3 43 =v¢(Domain) A<
AHEEHE A A S VNt e RR By =7
7F it} Ma(1989) & WIE# o8 AFAES A
BAY 2¥o] Tz IHY S AAYLEA A
3 EZE AYAY 2Y L FHMIA do £
g e 7wg HIWEE ds=d ol OR

oy H
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(Operation Research) HAE7IE §71 4% Aol
Atk Stohr(1987) HH3 E¥S sHHA &
dEde 299 2doz dxx Jyo adg
I, g3 33 d&He 2% $E Agye
2 HEx 3R 59 dFc 23 A2H
FRAdME € 9vE 7Y OR AEMTE A
PgE A7t Atk 2eiA Binbasioglu$k
Jarke(1986) = M FAYRYY FHAQA A4
dHE JnEAA FHE A3t ORY H|A
77 A8 2R e THdE RYRE 9
A & F AT B¥FH AIWUE AL
Bhargava®} Krishnan(1993)2 PM*E Adfs
g PM*s A4AHA 8L ¥ F e =vd
Fd Aol AAAY =g s HYAY
2yoz my3sie RdFY AYuoliE e
o},

£ A2 iAo AgE A7 2@
2 VEYI YL FHI=W, B3 4A-E
E¥3} o] AP VIAFEY BEE MY
UNIK-OPT(A¥ % AFAY EAE 2y
289 uEFQYA ¥ Yol we} AYPs Uz
o}

2. HLRNETS| AlA&H =

HLRNETE 34T 4AE A8 45 =
3l F= A olg NATEY PSR W@
3] 1o AR FYLE WYPES AFAA
F A& 5EE g Ytk o] A2"E UNK
AlZd @704 AEE T Qleel, UNIK 3tolA
o2 FH A2HEDY FAR ol Rl #¥
He A29EL UNIK-OBJECT, UNIK-FWD,
UNIK-OPT, Z8]lZ UNIK-RELAX $FolthLee
et al, 1994: Kim and Lee, 1997]. HLRNET A
29 Windows 31904 FEHE A2Pez

Borland C++2 ZE9EHIUth #A HLRNET7t
MagAe] gloid & =8dAe AHEA7E B8
T AAFEd ZEde NAFEY ZHYe=
A¥HE A 1 29E ZHYE /AL F
A 2y ZE B3 A Y9 AE
F3ted w$ E&AQ Lagrangian relaxation
FHLHoR2 AZAA Fo HE F3te AL
FHE Al2ge 9sA Ho|za} gtk HLRNET
9 718 5AE 4A33E AAE, A9AZAA
HAEE EQZ dAE AYs) £ HES
A 2Y L GAAARA g Tl &3
o T8 JAZA L FIEE XY} gi B
ol B Ax A ATl LFHIE A
9 AA5ES F0AM Y EHo) ARFFA B
8 7hsatr] Wi BAT AA A AELE
ZA @2 AHgAE SHBE RYFE & o
BHE&E ZA ¥devh EAE, oW FAFEY
F¥E& ZE= HLRNETE E=dige] &30l
Bk Z¥3 AANA BEHE oA EYRAES
BR3¢ =Hd 9e FdsE Aol oEER o
Fg ol EHo] Leoldint, 71EQ UNIK-
OPTE AHEA7E 1 A2"e  <Euo)x
(Interface) 278 R¥Z HAY wo] 2¥3} &
Aol ol (Ambiguity) AAFZLZRE olg
g A& B Utk 9A7IME FAFEY B
oAM= olHE He YehA f3, NNAGFE
A YerA s IR UNIK-OPTE wWEA
¥} [Lee and Kim, 1995]. 22, HLRNETE
ZEA AW o] 2 (Common Knowledge Base)$t =
QA ¥ o] 2~ (Domain Knowledge Base)E& %
T, R A FFAYu)AZRE ALE
A7 Y3t o948 FAT B¥E FEEA €4
olZ g Ao AT FYE F2aH, I A4H)
oj&7t WA E Aol Aol ANE EFA
A& FAs AV IAHE, oy 7
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= =2HY EQHE FEAYHolzd €T
stn2H, oju] AAE Yo JAPKA 2
2§ 2A ¥ErHLee and Kim, 199%5].

20 Al&" 7=

(13 1) HLRNETY #3343 & vehdoh

IYAME HEo], HLRNETY #F8 7]5Z 5
A2 FEEed, 495459 £ (Higher Level
Representation), ¥ & (Transformation), 71A+&
o] E#(Base Level Representation), +&24 ¥
$(Syntactic Transformation) ¥ 31%871(Solver)
zoltt, 2z 7% s A9s B WA, 4
9429 EWL 7Y F&A(Model Builder)7}
A9 BAE AAFEY EAABEAA 47

)€ /AL PG drjde A 7AY 2
Y3 AL FAA EHsA ok of FAANA
HLRNETE 77tA18l #3& AHSAsh iziy 4
oz APz, o) FHAN UEHAIT 2y
FZ2HQY A g o433 Y9 YeiF A
A gk Ede, HERY0E oA AH+rE
o BPE 7A$EY HHOZ WA He,
o] FAAME AAFLEY Z B ¥
AL AAFEY O 7EA(Model =Y,
Constraint Z#¢J, BOT =& ¢, Attribute Z#
¢ %@ Index THY F22 AEIRHKim,
1996]. ola% AV/AYL YA HIW(Top-
down Approach)ol S#iA Afdch A dxE,
HEAgd A MY BFEE VIATEY B
gojg s, o] AHAME ZHse] €8 Y

Solver

Mathematical Notational Form

Syntactic Transformation

Data Base

I

Base Level! Representation

Modeling
Knowledge Base

Transformation

Transformation
Rule Base

T

L

Higher Level Representation

Network Structure
Knowledge Base

Model Builder

<213 1) HLRNETS| 8 2d
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A Huo) A7t £ 747t I, shts 2ER] 4
H o]~ (Common Knowledge Base)ol®, t2 3}
U A2 o] ~(Specific Knowledge Base)
oltt, AAE EE 83 Ry TEAH x4
< 7HAZ e, o 43dAM dysA g )
AFEd RETRE 58 Y9 F2d B
AYolty. £, 2yl A% o<1 (Domain)
€ YehlE A2ojat & & 3} o8 59 y
EHI AT YelE Conservation 543}
22 ZEE o] N2do] golRx gk v WA
o TEF dIRAL dYsld JdY=as 99y
Heolele F4& AAsE FAolth & Eq,
ol® 2¥& Branch and Bound 'yl <JsjA
EAHE A4, +EH WAL HolEuo)
29 8 [guelEE 7A 3 LINDOY ¢
HYHE A5t I dHolHE yrld YAS
A B E2Z, AYrdME 139 Ry 5
g Toe 98 sk, o AAddAME &
ArAY 282 1§ 78+ Branch and Bound
o] @3gFo| 7Hs¥ LINDO 303 945 ek

22 M2H9l 2 b

HLRNETS] FQ2u7E 29 JEY3 78
YurE “Optimization” ", Y A4z
o ZHYE B2 “Higher Level” ®, o2
ZIAFE2 2 WdE “Transformation” %7}
Aew, HEH JIALFEe =YL EHoE
“Base Level” "+t WY Fa2yg dye &
2 2.& “Heuristic” ™%, 123 &Y 2zE B

FE "Results” W7+ 522 o|fxd} (1Y
2>t HLRNETH F2 wl#& A3 98 =
713 E HAFR Qi

3. &%
2

10

HHOf 2

rot

O| AKX
T
i3ty
¥ FINE MEDD S oulEF e

A BAFEd BETE 2 EE AA S gis)
A AR

ool- 4o
0>I

A X

aln

31, d9Ee

Jlm

YENZ 239 YumEFd AY¢ze 8
87 e vEHA Eﬁ'—l E?ﬁ-’f’-?.:% e
f Wojok geh YEYI 23S Nodest Linke
AYeZ 18 =(Graph) "WW 7@—451% T
AL Byoln, 11 8 FHo B v
A FEHA W desgn B $ g (2
d DS VEYI ol A X
(Distinctiveness) 2 T2, 2&7He] A
& B33 o

NETWORK__MODEL-2 Object, Node, Link,
Topological Constraint, Decision §¢] 57}A) &4
AE 7Y, o] ZFo]A Topological Constraint:
Source/Destination/Commodity/Path, ~Capacity/
Requirement/Balance, Value 59 ¥43¢ 3=
# Setup®t Conservations} 7+ Xe#o) =
22 #@5 AcHKim, 1996].

1) Objective

HEHNT BN dehdes 249 32
U 72 JehdEd, MinimumCost_ [setupl,
MinimumWeight__[setup], MinimumDelay, 1]
I MaximumFlow o]t}

2) Node

UEHT Z¥YoA Node EAAE FHs=

B2 thgsith o]2 E#81H, NodeCluster_n,
NodeCost, NodeValue, NodeReliability, Node-
Center__n, 283 NodeTraffic S¢] it}
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3) Link

SA%A Linke 3% A$ste Aojd
o] EA & ol = LinkCost,
LinkWeight, LinkCapacity, LinkSetupFlow %
LinkMultipleFlow §°] Slth,

4) Topological Constraint

HEYZ 2HNA NodeEH LinkEZHe] #d
gel Ry EA4E AR Hed, 971M=
a3 FEAE FHeE 289 st 54A
2 A3 ©]F Topological Constraintd}l A}

o] £ Al A9 FES Eiai=d,
1 3EESE unit_ term, operator, value, setup,
3} characteristics Solvh Zt &5 ved F
Ae &S B¥ o ZoKim, 1996],

{{ topological__constraint__name

LinkDirection,

IS-A" topological__constraint

unit__term: (source/destination/
commodity/path/hub)

operator: (capacity/requirement/

balance)

value: (0/1/(-1,01)/2/n/ ..)

setup: (null/link/node)

characteristics: (null/conservation/

tour/hub/setup) }
topological__constraint ZH YL WET 2F
oA A4 g verdt

z} 325 B “unit_term"dA Sourcew A
$8E Aggew ,21 ©y% 2ol 2402
EHSY, Destinatione E#H¥Y ZAPoE

le,-,% 2ol EAEH 182 AU

Hel7t o3 EfPo)A commadityol 2, O-D 7+
9] path7} ZA8tH pathZ YehlZ, p-Hub &
Al o™ hubZ HA S} “operator” A=

Capacity, Requirement, 12]3. Balancey 2Ztzt
(= b, >= b, = bE Yudt=H, 9714 b
right-hand-side®} Ztelth, 2|2 “value"#52
WENZ Z¥AM AF A= right-hand-
side®} #tolgt & 4 Urh “setup” ¥HFL Link
Y Nodedol setup 35 &, 4AHE ¢ 7
o] FA ¥, 1A ¥ zerod ol FA
= A& Yud. 282 “characteristics” %
< HEYI AolA AgxZY Fyz A3 &
Ads 54 vgulled, Network Flow #3)
oA WA= conservation A 2F4], Traveling
Sales AN HAHE towr A, IR
p-Hub Location &4 A== hub &A ¢
EA4L 9usiy, olgix ¥ EAL 3
setup, cycle, sum__of__traffic & 9t} o7]A
ABE Az A 7Y 5L A5 FEo|
o Yojx] £ 7bA] 52 dgFeltt, 9o AY
A EAY RYEL IPIY BE UEYA
2y SAEE topological constrainte] ZE
ZdS Jepdd <a" )9 2 o)A YE
93 Z¥o] B F2HA Ay HLRNET
Woll ZH Y Yoz HAHo YA
AHERL7E B B AAY & UA B

5) Decision

DecisionZ WENI RN F&zzx &
AW, E Yepie SARAE, o Y3t &
A topological constraint®] unit_ term,
operator, value Sl ¥%E FAEth Decision
2 Jed & JEe e assignment$} flowol
t}. assignmentdl= Y¥FA Q] assignment W49}
hub__allocation ¥<*, capacity__assignment <
2 o]A(Binary) ¥4 5ol o, flowele 3
e 9l A-¥est 9121 Modularity Property
off sy Asdes 23R golx "rh
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{(source_destmatlon balance_one
: Topological _Constraint
unit_term : source/destination
operator : balance
value : 1
setup :
characteristics }}
« conservatxon _telepak
’I‘opologlcal Constraint
unit_ term source
operator : balance
value : traffic_requirement
setup : .
characteristics : conservation }}
{{ traffic cagxacﬂ:y _setup
Topologlcal_Constramt
unit_term : source/destmatlon
operator : capacity
value : traffic_capacity
setup
charactenstxcs . setup })

{{time_dela
{ S-A : Topological Constraint
unit_term : source/destination
operator :@ requirement
value : time_threshold

setup :

characteristics }}
{(pathjeshnatxon arrive_rate

1S- Topolo ical_Constraint

operator : balance
value : arrive_rate
setup
charactenstlcs hH
{{hub_total_number
IS-A Topologncal_Constramt
unit_term :
operator : balance
value : hub_total_number
setup
characteristics H
{{ source destmanon_hub _capacity
Topological_Constraint
unit_term : source/destination/hub
operator : capacit
value : hub(s), (d
set
charactenstlcs D
{{balance_two _degree
IS-A Topological_Constraint
unit_term : source, destination
operator : balance
value two

charactensucs )
{{ undirect_] lm
: Topological_Constraint
unit, term source/destination
operator : balance

value : zero

setup

charactenstxcs )]
{{ one_tour

IS-A : Topologlcal Constraint
unit_term : source/aestmatxon
operator : capacity

value : number_of_node - 1
setup :

characteristics ' tour }}

{{ node_having_more_than_one_degree
IS- Topologlcal Constraint
unit_term : source, center
operator : requirement
value : one

charactenstlcs 3]
{{ all_node :_spanned
IS-A : Topologlcal_Constramt
unit_term
operator : balance
value ! number_of node - 1
setup :
characteristics }}
{{ cycle_of all_node
IS-A : Topological_Constraint
unit_term :
operator @ capacity
value : cycle_value
setup :
characteristics cycle }}
{ conservatxon_multxcommodlty
Topologlca Constramt
unit_f term source/commodity
operator : balance
value : (-1,0,1)
setup : .
. characteristics : conservation)}
{ lmk_setug
A:T opologxcal Constraint
unit_term : source/destination
operator : balance
value :
setup :
characteristics : setup }}
{{ capacity_multicommodi
IS-A Topologlcal_Constramt
umt nerm source
operator :@ capacity
value :  total_requirement -
requirement_of _node
setup
characteristics : conservation }}
{{ all_node :_spanned_by_center
IS-A : Topologlcal_Constramt
unit_term :
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 '

charactenstlcs )]
{ start_node of _ dgFree _one

opologlcal_Constramt
umt_term
operator : balance
value :
setu

p :
charactenstlcs N
{{ sum_of | traffic_capacity_total_capacity
IS- * Topological_Constraint
unit_| term
operator capacity
value ' total_capacity
setup
characteristics : sum_of_traffic })

<38 2) Yol AU 28F2| Topological Constraint =AIRF Zajje
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A494% EWY SHAES 4P DA
A g QTANE AGAF Bobld 293 9
ol B8 A77t Bol JFIAL, WY ¥

A HANAE 9@ g 1948 FAY B
8e AT AA5EY BAS Hd) BoA
oA

F3 BERAAE Y B4 =4k F o
A ENY ZYEL off o Zoh
. 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]
a3 gelA AR AYAHA AT Z¥E
Zt7+e A4FE B389 oA JHA B4R 9
A BEP AL AND/OR =2 YA
(a9 33 2

G

(2

33 2¥s oA

o] AN E AHERZE Edld A4E T8 )

EQT BAE A2 EHEHT ol§ AlEHo
A4 2o mysse HH daEA
ARs B2 sk o] #32 32FAA 4
3 A4E 8ol #3 NETWORK_MODEL
@ A3} Topological_Constraint THYEE A
AsA Hed, AYEE FESFLS AN
08 o]RoFY, AAY TF Ao FATE 4
Az st AHEA7E 4% #¥ Domaing
A A& ol e Aol watd EF@EA Eok

1) 23¥se] gdig 2R e

2) Node A%l 54 AR

3) Link A% 54& AF 8

4) 239 BAAg AYgr}

5) 239 A} Y.

6) dlole IEE FA @k

99 HARE APyl Y8, 4 dAEe
HLRNET(UNIK-NET$¢ 2¥3 Al2d)e 3,
N2E A AAHE g, 223 AR Y
o2 FEIHAM sy gk VENZ 2¥Y
Generalized Assignment Problem oA Plant
Assignment Problem ZA& 7FAZ AW
a1 A9 4L td3 A

Minimize 2 2 Ci Xy
=1 j=1 vy

subject to

--- (D)

@A 1) 2385 ¥eHE 2R

[(N2"] <" OA4 BRo] AgA7
SELECT DECISION TYPE ®wl%& €33 Al
7tAe ge F, AujiAEA Y (FACILITY
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{7 Hourlslics Result

faliy MODEL BUILDING MENU .

GSELECT DECISION TYPE

‘ 2. SELECT NODE CHARCTER

‘ 3. SELECT LINK CHARACTER

G SELECT OBJECTIVE

5. SELECT TOPOLOG_I_CAL CON

GCREATE DATA SET

1. SELECT DECISION TYPE

¢ FACILITY TYPE !
{ RouTe TYPE |

| FLOW TYPE

(ox] LawnTi

(33 4 2Y8 BYe| PHHo| HEl ML

TYPE), Z249%4 ¥=(ROUTE TYPE), 1
dx E8¥MEA ¥ (FLOW TYPE)ES
o &,
(A1) 89 A9 A$ele FACILITY
TYPES A€t
(A2"] A2 e =8 Wde B
o o 2
{ PLANT__ASSIGNMENT__PROBLEM
IS-A : NETWORK_MODEL
OBJECTIVE :
NODE :
LINK
TOPOLOGICAL__CONSTRAINT :
DECISION : ASSIGNMENT.__
BINARY }

@7 2) Node A% §4& AR 8

(N2"] a@ 5AH HXRol AgAst
SELECT NODE CHARACTERISTICS ®l¥&
A9, Nodeol % §A4Eol sidd EHH
o

[AHEAH] AHEARE $19 ofAle] di#iAl, Node
Aol Source ¥} Destination P22 F&
5]7] wj&o] NODECLUSTER_2& Ald93}e,
Nodeo| £3Age] o] lojA NODEVALUE
P22 ARFc 127 Node® HES ZIL
AEe £ JRe) 1§22 UrojA B,

(A2"d] o] #3 ol%d] £AY ZHY W&
€ By uUg3 Ao

{{ PLANT__ASSIGNMENT__PROBLEM
IS-A : NETWORK__MODEL
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T UNIK-NET

i+ Howes

" Result

MODEL BUILDING MENU-

2. SELECT NODE CHARCTER

'{ 1. SELECT DECISION TYPE

@. SELECT NODE CHARCTER

ES. SELECT LINK CHARACTER

ﬁ. SELECT OBJECTIVE

6 SELECT TOPOLOGICAL CON

(6. creATE DATA SET

{ NobécLUs?%ﬁ:N :
{  NODECOST
i "NODEVALUE "
 NODERELWBILITY
| NODECENTER_N

" NODETRAFFIC |

(ox)

auiT)

OBJECTIVE :
NODE : NODECLUSTER_ 2
NODEVALUE
LINK :
TOPOLOGICAL__CONSTRAINT :
DECISION : ASSIGNMENT__
BINARY }

@A 3) Link %] 548 238

[(A1£"] a8 6994 o] AHEAL
SELECT LINK CHARACTERISTICS Ww&
A3, Linke] 3¢ E545¢) 3pdd 538
o}

[(AHEA] AHgAtE f19) oAle] dislA, ZE
Link €°] Source Node #olA Destination

Node F¥L® WIYAHE 22 oA LINK-
DIRECTIONE 4739, Link Flth WEHA
A ARHD grol FoIAT I¥A ¥OW zero
9 @ A= & Setup BEAE %) HEI
LINKSETUPFLOWE A3 &tk Linkd & &
A 2914 ZAE Noded ¢ F M9 vrez
el ot AP

(A2"] 38 =dd &S H9 oes
Z,

{{ PLANT__ASSIGNMENT__PROBLEM
IS-A : NETWORK__MODEL
OBJECTIVE :

NODE : NODECLUSTER_ 2
NODEVALUE
LINK : LINKDIRECTION
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/7 +MODEL BUILDING MENU -

(1. SELECT DECISION TYPE

(2. SELECT NODE CHARCTER
SR

{'3. SELECT LINK CHARACTER

(a. seLECT oBUECTIVE

@Bmééﬁdﬁw)
CEINKCOST” )
(T UNKWEIGHT )

LINKCAPACITY |

@iks'E'TupFLow' )

SELECT LINK CHARACTER © .

<O 6) 283t BHEA LINK BY& MBS #H

LINKSETUPFLOW
TOPOLOGICAL__CONSTRAINT :
DECISION : ASSIGNMENT__

BINARY }

A 4) e ERAE g

[N2"] <T@ DN BEol AgA%}
SELECT OBJECTIVE HIWF& A¥3lH, 3139
A A9E Y Y BRYo] HojAw Hge] B
3§22 APV

[AFeA] § BAGANE W&(AAHL)E F
238t EAojm g MINIMUMCOST®]t},

[N2"] $38 =g Wee Bu 0o
2

{{ PLANT_ASSIGNMENT__PROBLEM

IS-A : NETWORK__MODEL
OBJECTIVE : MINIMUMCOST
NODE : NODECLUSTER__2
NODEVALUE
LINK : LINKDIRECTION
LINKSETUPFLOW
TOPOLOGICAL__CONSTRAINT :
DECISION : ASSIGNMENT__
BINARY }

Al 5) 2y AGYT APy,

[(A2d]

18 A EHERe] ALEATL

SELECT TOPOLOGICAL CONSTRAINT i+
€ 939, (08 O 498 L& $EE°]
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ilibis

'E

f'MODEL‘ BUILDINGMENU

(1. seLEcT DECISION TYPE

[z. SELECT NODE CHARCTER |
1

3. SELECT LINK CHARACTER |

(4. sELECT OBJECTIVE

15, SELECT TOPOLOGICAL CON

(o cReate paTA sET

4. SELECT OBJECTIVE

( ~ MINIMUMCOST_[SETUP]

{ MINIMUMWEIGHT_[SETUP]

C MINIMUMDELAY

[ maxmumrLOW

QUIT

A8 7> 2% st 3=ollM OBECTIVER Mesh= siH

st AAlRT
[AHEAL] AMEAE 919 oAl s, A=
Destination Node #}tt NODEVALUE %2 7te
Hl, Source NodeZH¥E UYFHE ol I 3ol
A7) W Fol DESTINATION__CAPACITY
o] ¥ES AR, Source NodeZHE 25
+ Link 1o]oje} #E2=Z SOURCE__
BALANCE__ONES A%t
(A1) +#48 =&Y WEd 1 =gye
o]§2 2 Al2de] WAE Topological Constraint
9 EXUEST HLed O3 2o
{{ PLANT__ASSIGNMENT_PROBLEM
IS-A : NETWORK__MODEL
OBJECTIVE : MINIMUMCOST
NODE : NODECLUSTER_ 2

&=
T

NODEVALUE
LINK : LINKDIRECTION
LINKSETUPFLOW
TOPOLOGICAL_CONSTRAINT :
DESTINATION__CAPACITY
SOURCE_BALANCE__ ONE
DECISION : ASSIGNMENT__
BINARY }

{{ DESTINATION_CAPACITY

IS-A: TOPOLOGICAL__

CONSTRAINT
UNIT_TERM : DESTINATION
OPERATOR : CAPACITY
VALUE : TRAFFIC_CAPACITY
SETUP : LINK
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" 5, SELECT TOPOLOGICAL CON.

1 SELECT DECISION TYPE A .

(2 SELECT NODE CHARCTER

(3. SELECT LINK CHARACTER

E SELECT OBJECTNE

-

5. SELECT™ TOPOLOGICAL CON

I CREAT DATA SET

* CONSERVATION_TELEPAK
* TRAFFIC_CAPACITY_SETUP
* TIME_DELAY

* BALANCE_TWO_DEGREE
* UNDIRECT_LINK
* ONE_TOUR

* NODE_HAVING_MORE_THAN_ONE_DE
* ALL_NODE_SPANNED =

SOURCE_DESTINATION_BALANCE_OIJ

mij

* PATH_DESTINATION_ARRIVE_RATE
HUB_TOTAL_NUMBER
SOURCE_DESTINATION_HUB_CAPACIT

SR T

iauit)

(a3 8) 283 IXoilA] TOPOLOGICAL CONSTRAINTE MEiSH= #H

CHARACTERISTICS : }}
{{ SOURCE_BALANCE__ONE
IS-A: TOPOLOGICAL__
CONSTRAINT

UNIT__TERM : SOURCE
OPERATOR : BALANCE
VALUE : 1

SETUP :
CHARACTERISTICS : }}

@A 6) Hole e e

[(A2d] <T"d DA BXRo] ARAL
CREAT DATA SET d"iwe Adsid, Y€
Holgl 3 Fgo] 3jde] HoIHA AL
A7t deole g 48 & A THEC

gsE

(AHEA] 9o dAelM d3E WggE 7122

A YEHE dojeg &L
4] & (Setup Cost),
Traffic),

Linkviche] 43
I EF L% (Fixed Flow
Source$} Destination NodeE2 £%

(Capacity) ¥=E9°] Node 9 Link ol 2A

g HoAe
LR

g, 1 ¥8d s doHEd

(N2"] #38 =4 ezt I ZHdY
ooz Al2de] WZE Topological Constraint

o £XFUES LY o 2o

{{ PLANT_ASSIGNMENT__PROBLEM

IS-A : NETWORK__MODEL

OBJECTIVE : MINIMUMCOST

NODE : NODECLUSTER__2
NODEVALUE
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-. ' -MODEL BUILDING MENU

6. CREATE DATA SET

(1. SELECT DECISION TYPE

)

[2 SELECT NODE CHARCTER )

l 3. SELECT LINKC CTER l

4.8

s i et A it ettt e,

GELECT TOPOLOGICAL CON }

{"'NO. OF NODE AND LINK

i
i

[TLINK TRANSMISSION COST

" LINK SETUP COST

AVAILABLE LINKS

A}
(6. creATE DATA sSET o

Cox)

NODE CAPACITY

fQUIT

O 9 23 DpHollM Elollel TS

LINK : LINKDIRECTION
LINKSETUPFLOW
TOPOLOGICAL __CONSTRAINT :
DESTINATION__CAPACITY
SOURCE_BALANCE__ONE
DECISION : ASSIGNMENT__

BINARY }

R
oz0| HE

HH

mlo

7| ™=

M

€ AdME UEQT Z9S 9guE3F
A 7IAeEY BETE 2 AAFEAA RS
T2 HBFA A @it

s

=
[ ] ™

B &
4.1 HESHI 28| J|NH+F BS

A3 2¥& UNIK-OPT =79 2JajA =g
4 F22 B HA{Lee and Kim, 1995:
Kim and Lee, 1997]. 33delA /49§ Plant
Assignment Problem ¥4 (1)-(4)& 7R 9
N EFQA NAFEY EE 2 729 FY5F
A ZIAFELE AEAAH S AP ZE s
A3 7Y 9uEFoz FHEHY] A

= B9 F2AHA S4E BgF AME W

A dgsoR el gk 1 AAEY AR E‘F}
FL8d, 1AL AW, %3 2y
OBJECTIVES} INDEXED CONSTRAINTS #
Az FA4=9, 1 5 M9 A INDEXED
BOTE #i, A7)el ¥A+= OPERATORT Z
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o] o]%ojzt} 7z BOTE COEFFICIENT(Z2,
CONSTANT)$ VARIABLEZ:= ATTRIBUTE
2 oA E¥HY, INDEX AAe 99 BE
FEAA BA EHHIL 3o

42 7|MFE2| H

o] #AdAE HLRNET7} AH4E9 E®S
UNIK-OPT Al2" WA 88 F A& 71A
F3o ZY BHoZ HPSHE FAHE 43¢
th 33N AP 2¥s HAd wa} PEAA
5& Plant Assignment Problem®] ZTH YL ot
=3 2.

{{ plant__assignment_ problem

IS-A : NETWORK__MODEL

Objective : MinimumCost

Node : NodeCluster 2, NodeValue

Link : LinkDirection, LinkSetupFlow

Topological__Constraint :
destination__capacity,

source__balance _one

Decision : assignment_ binary }}
{{ destination__capacity
IS-A: topological _ constraint
unit__term: destination
operator: capacity
value: traffic_ capacity
setup: link
characteristics: null }}
{{ source__balance _one
IS-A: topological__constraint
unit__term: source
operator: balance

value: 1

setup: null
characteristics: }

AA5E] REE JIAFEY RYCE U
' FA4L& 3%4 FE%(Top-down Reasoning
Method)oll SjsiAl o]FojAn, o] EHE 714
I oA JhY AAl ZHYEC] TEAAE HF
HLRNET Al29¢] & UM A3
o}

49142 OBJECTIVEY MinimumCostell <]3}
A 71X %9 DIRECTION3} OBJECTIVEY €
F3tol 2R AHFE EYHA Topological
Mg €Fgel JAFEY
CONSTRAINT €%3tol, destination__capacity
__constraint®}  source__balance__one__constraint
7k Addd.

4138904 AFE A AA AL destination
_capacityel 9jsiA AREHW, 1 =ZHde 2z
EZ3el %A AHHJUE7E BE oS 72
t}, A4 OPERATOR: destination_ capacity &
#Y9 operator %ol A HHHEH 1 3
2 “LE"°]3, LHS®} RHSE destination__
capacity Z# Y9 value €3 2&A AAL
t}, traffic__capacity#t® setup €%t link7h 7l
A+#E9  source_sum_ BOTS  destination__
capacity_ BOTE AA%d, 1832 UNIT_
INDEX¥ destination__capacity T} unit__
termol W} destinationg #*W ®tk F ¥A
7N1AFEY AL AATEY source_balance
_one EZd YL AL source_ balance_one__
constraintz} F&™, 1 Z#H Y zt €F7k°] o
A AR=ENEE HYE dgH Ao WA
OPERATORE source_ balance_one &)
operator €% M AAH=W 2 3}
“EQ"°lZ, LHS$} RHSE source__balance_ one

tjo

o
ok

Constraint ¥
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KBRS

ZH YUY value EFH setup EF@l JsA
destination__choice_ BOT$ one_ BOT7} &84 %¥
< ¢ 4 Ut 183 UNIT_INDEX:
source__balance__one Z Y2l unit_term&E £l
w2} source® A At

Objective®} Constraintell 84 total _cost
BOT, source__sum__ BOT, destination__capacity
_BOT,  destination__choice_ BOT, 18
one__BOT Fol A=A o] ZIYEY ¢F
@2 A¥FAY, 7 ¢ HAH 73
(production rule)oll ¢J3jA zFo2 WEAL,

€ &4, source_sum_ BOT® ATTRIBUTE
+  destination__volume®}  assignment__varZ,
SUMMATION_INDEX¥ destination® 2 =%
A48 + Ao JdHAE AFFHA A 73
(production rule)ol what Fsha) 7o

ATTRIBUTEx VARIABLE# CONSTANT
E FEAA BEHEH, A7 Ae-Eg
@A plant. assignment_ problem Z# Y
Decision &% %t°] assignment__binarysl wa} 7]
A& TYPES binaryel®, SYMBOL#
LINKED_INDEX+ A4 F3 gy =Eo
2 9Eo3d, =% INDEX ZdYe A94E
o] B¥A Node €F% F1A NodeCluster_ 2
o wa} source$} destination® & AR A},

AL

5. HLRNETE o|33t d#Znt

HLRNETE 54% 2ol H&3l7] YsiA
2 adFdAXE AY 74 S % (Local Access
Network)el 4 2 ¥#d @29 FAl(Telepak
Problem) & AH&-3tgom, 83 »y2 ol
9} 2t} Gavish, 1991].

Minimize 3, 3 citxet 3y 3 filvd)
subject to
f*i’:lyﬁ- i u=1yj' =

i§=1 xilzl’ l=2v ey 11

Vi < Q,)x,). i=2, .. n, j=2, 1]

g, i=2, ..n

Ya S @x,i=2 .0

xii E{O,l}, yi; Zo-vt',)

(29 10> HLRNET Al2¥o] dajy A
€ AAFEAA BT sidolt Jd¥HE o
HE £49 d2ZA 24" ¥Hz 29%381d9
HLRNET Al2"elA &43d, (I8 1DE
228 EAY 949 dogeld, (19 12)2 ¢
4 gy ZA9 8 73 A& HAFE 3
HeE 1 FAY EFA9 FHAZLS 149309,
£7] 639 g40] 6288 FHA dIHSEL ¢
HED 182 e WE X219 Y2_ 18
et = (2119 el 42 13 258 el

6.2 &

AAFEd 23 AF, FUAEFAA AAS
ToEY HEAR, JAFEAA AW A ¢
gollolHg YAF ZAlY & Fa= AR
& FH37] A8 $2= HLRNETY =&
EEQlE FEsh

HLRNETE UNIK A€ @744 Ausz
A=, UNIK 3tolA o8 #d A29 709
A= olFod, FAHE A2HEL
UNIK-OBJECT, UNIK-FWD, UNIK-OPT, 1%
I UNIK-RELAX FolcHLee et al, 1994: Kim
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(22! 10y Telepak Probleme] A& EHF LEHH ST

and Lee, 1997). HLRNET Al2¥2 Windows
31904 FEHE A2¥92 =2 Borland C++E 2
gt 84, F712 AT7E FY FES A
£27 28 A95E ZHdE NAFES
e AFHE FY 1 FUE =YL
AN AT By e BEFF ERHF
o &g e vl EELHU Lagrangian
relaxation FP2Ho2 AAANA Fo HE T
e A4 gEAM 2 FEE ZAod{Kim
and Lee, 1997].

thekg 249 4AY B8y BRHAs §A
o MA 28, 1% EYEEE 7] {8 g
#y FA4 EEAHY AL AY, 183 ASFH
22 AFHoAE F2EHe HA F& AL

4 g ZyagALde) oS Hs A

&3 ok £ A2de] ol @ ZEAM FE
4ge 2 JlgEc & 479 AAE L4
e og3 2

1) HLRNET Alxdo] F8
45E A3 & gz

2) $AF BYo] A PeAsE W 7= W
AN5E B8 Bt 2YE gUEFA NG
o2 FPHE oA 19 EARAES AU
a3 7H3 ol olgse AYHA AT X
¥ JFE FARAEC M EEEE AT

3) BAY R¥E AAFE JHA ZYse
£ FEHRE AgHAR

BALYPLeE &
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Link 84 Link dXu] & 3% A$uE(ay Link §3#|g
G, i (cy) (fo= az*yy) (Q4
2.1 60 6 30
(3. 1 80 7 30
“, 1) 70 9 30
(5. 1) 80 8 30
6. 1) 60 9 30
(7. 1) 80 8 30
8 1 90 10 30
10, 1) 130 20 30
(11, 1 150 8 30
1z, 1) 120 13 30
(13, 1) 130 15 30
9. 2) 40 5 15
(10, 2) 30 4 10
a1, 2) 60 5 10
(12, 3) 10 2 10
(13, 3) 30 4 10
5. 4) 10 2 15
(13. 4) 40 4 10
(14, 4) 40 5 10
(14, 5) 50 5 10
(7, 6) 10 2 20
(14, 6) 30 4 15
(13, 7 40 5 15
9, 8 30 3 20
(10, 9) 10 2 10
(11,10) 30 4 20
Node 84 | 2 | 314|567 18[9 [10]11]12/13]14
5%(qg,)| 6 | 8| 6| 3| 4| 7|6|10{93]|10|7]Ss

g 1) g2l 22 203 gjojE
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