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On Knowledge-based Modeler for Network Analysis

Hochang Lee*

ABSTRACT

This paper is concerned with a conceptual design of a knowledge-based modeler for network

analysis. The “knowledge-based modeler” approach is suggested as a method for incorporating

the user’s qualitative knowledge and subjective decison in the course of the mathematical

modeling and the subsequent solution procedure. The submodules of the proposed modeler

such as database, model /algorithm base and functional knowledge bases are identified and the

flows of information between the submodules are sequentially defined. A prototype system is

implemened for experimental purpose by using the application software GURU.
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A58 28 £ Hgd A H Ay FA
PARNI-R 5 (well-structured) (semistructured) (unstructured)
FA AL AF4 Az A 44A] Zduol A & YA A G R YA 2H]
AFH =2 Hl o] E}mjo] A (F A3 2d) (¥ A44)
A#A HBgS 93 AE7E A" AE7} Al 2H ]9} o] Alg-a}
=24, 43 24 (Fel29 ) (e &34 =7 | 49 AdAEA EA
3o ggA dd
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24 hAoldE EYA 2+E AEE B, 3. ARC_NUM_LIST_DEC : 4 F4 ¢ o}
Aastal o] Ab&Ae) mE o] o) wlakA] 7} A U5 2B
31 2ES, ARANR, 21D B Soj 4. ORIGIN_POINTER_LIST : A ¥ Z g
T dojgol2d e AERZE = grE
=9} ojzel AATE, 2, 580 A3 8 5. TERMINAL_POINTER_LIST : #34 %2
Hl-g, Ag, =re} olAd) &l 2 Alokx H 2B
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8% MAE golgg 5 £ v WEYAE 7. NODE_DESCRIPTION 7L E
g UPF dolg Holuge e poy 1
TxE (2 DI 2 @© zme) =
1. ARC_LIST : o}zig] ~E (FE Dol gelso} Sl vhe} go] YES A &

2. ARC_NUM_LIST_INC :

A
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o #8% A¥BReYS AP 2dvo|xs)

=g d(frame) 9 FeZ AZ3n Ye JEYA

( BASIC_MODEL
( OBJ —FUNC

T4 71828 (P)E 92 9 tga gt

( FLOW_.CONSERV ( ( SOURCE ) ( SINK ) ( OTHER ) ) )
( CONNECTIVITY ) ( ADDITIONAL ) ( FLOW ) ( ARC ) ) )

o7]4 (SOURCE), (SINK), (OTHER), (CO
NNECTIVITY), (ADDITIONAL), (FLOW),
(ARC) & 2z Aok (2), (3), (4), (5), (6),
(7), 8)g Zgrh

® gugFuolx

2zte] 4287 A3 w¥o w) dge du

&g BUst AMgRre] gto] W} o]E

AFgh FEEAY FHYALA G go] 1
2l

A BUY TuelF wuohls Aox

Hr o

A& dafdel uel Harte 2AE HH3
238 £7] 9§ 4% solver 55 ojo] ¥y

o} ojol X3E @ FY o+ ode g
[HUNG] : Kuhn®| hungarian ¢i1gl&
[VOGEL] : Vogel 27|30€ 7|%% primal sim-
plex &g &

[(KILTER] : Ford®} Fulkerson®] out-of-kilter
dugF

[DIJKSTRA] : Dijkstra®] & iie]
[PRIM] : Prime] ¢1ug2
[FORD] : Ford®} Fulkerson®] labelling &3
B2y

[CHRIS] : Christofides®] ¢ 1aZ&
{EDMONDS] : Edmonds ¢} Karps] ¢4z2&
[JENSENT] : Jensen & Barnes® implicit enu-

meration &g =

N

(COMMERCIAL
NETFLOW¢} LINDO
[HEURISTICS]: & #A42yo] nj2 Fe2H
dneF

SOLVER] : Kennington?)

6. 4 TETH Al2H

O =AY 9 Fel2g sy xwol 2
YENZY BMEH g HHdeygL N3
FAY e HE 2o 87 Exxg 34
€ 9T AF AHHe F29 siysol o9
EET o)9ole YHFez B3 Hole 4
A EAE A Felste 7wd] geed ¥
83 AR A XA (preprocessing) A A2 39
BeA 9y Ao ot 3ol da g s =
3 A% A= EFEKIY 73=).

A3 EARF MA F9 71F0] He
242 058 & 7 e 234AY 2 Fex
AW o| 2o A} ALE-EHE  pro-
duction rule set9] dl& (2 2)9} Bt}

1. 3g4 (OBJ_FTN)

—linear (min/max)

i
1A
bl
n
[}

—nonlinear (convex /concave)
—cost /distance /flow
2. Az (CONST)

—given arc costs
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=2FAE7 A4

EELEERE:

Qg D =¥ guglEe MY X

—given arc costs and arc flow limits

—given network structure and arc flow
limits

—given network structure and flows at
sink /source

—connectivity

. 2344 (DEC_VAR)

—network constuction

—path analysis in the given network struc-
ture

—path and flow analysis in the given net-
work structure

.28 =9 g (GRAPH)

—nondirected

—directed

—bipartite

—complete

. g9 2& (FLOW)

—conserve

—nonconserve (linear /nonlinear)
6. IEYA9 ¥% (NETWORK)
—echelon (single /multi)
—flow (0-1/integer /real)
7. AHERe) 334 #a (USER)
—homogeneous
—heterogeneous (revised /mixed /additional

constraints)

@ BAFY A A o]~

Feugo Ay 712H O dojehHo| L2 s
B A3 FgHed e 2o olgd AsEe]
AR EA A s Fojsa AR 3
E AEo| oly7] yE ol dojetdo] 29 7] x3}
B8 71Ro= sto] H3e ALE AAAY A
29 &3 7HR, Be 48H ddd 9sto F
et dE 59 F5EA AolA F AHT
gofluk w83t Fol ohy

X
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Lo
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® 3ol g4 Br Aol
Fel2g Ay B3 22 HFHe EEon
84 A3 mgoz R 7¥ A= AMEA
7t AFAoR HFsn 1 BBHS &
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(question-answer), {(input-output
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HEHE
@ SQL 9ol Fste] AGATL H ol Ehlo] 2] A2E a7k BFAFAY Aol 2 53
WEQAAEE 44 BsAY 220 2 2e g% wEz o4Hy

Holetuol 29 YEYIE #e

SQLy ... ...
SQL> INPUT FILENAME : C:\NETWORK\NETI. DAT ;
SQL» SELECT ARC_NUM, NODE_START, NODE_END, DISTANCE,
ARC _COST, FLOW
FROM ARC _LIST, ARC_DESCRIPTION
WHERE ARC_CLASS ) 3
AND ARC_CONDITION ) 5 ;
SQL) OUTPUT FILE NAME : C:\NETWORK\NET2. DAT ;

® AL 227188 o RN 2 F2 5

T ofe] wg} oMol A2 RE mHAF
283y Aol o) HIZdtd YL HA =g

deg wed,

MODEL»

MODEL) Is objective function linear ?
MODEL) vyes

MODEL) Is objective function cost related ?
MODEL) vyes

MODEL) What are the constraints ?
MODEL}

MODEL) Then it is a assignment problem.
Apply hungarian method

@ 2y we uFFo) 4, AT
A AGRAER Astel JER e ¥
of BAME wdHo| 2R A5 A 3

43 w¥o] 4g8AL LINDOJ} wop 1 &
o3 g S,

oh'. e

L.



BI2E 3% WEND B4 A8 AN/ 287 A 155
Ahsiegel A% 44
LINDO) TAKE C:NET1. DAT
LINDO; LOOK ALL
MINIMIZE
3.51X1+ 2.72X2+ 10.22X3+ 5.80X4+ 6.18X5+
ST
X1+ X2+ X3+ X4+ X5 (= 88
END
LINDO) GO
OBJECTIVE FUNCTION VALUE
(1 7583, 87
VARIABLE VALUE REDUCED COST
X1 6.00000 0.00000
X2 0.00000 29.00000
® MEHY 24FRNE 1HH7)BE Fato) & AHEAY FHY BES Fohod 1 By
AgAANA NAHoz BT 9 AHE 2 Brwe

=]
4,

HEZH AA Z2 HAAMAE ol &

UWEYA $X4479 H7t

EVAL) Are you satisfied with the solution ?
EVAL) no
EVAL) Do you want to do sensitivity analysis ?
EVAL) yes
RANGES IN WHICH THE BASIS IS UNCHANGED:
OBJ COEFFICIENT RANGES

VARIABLE CURRENT ALLOWABLE ALLOWABLE
COEFF INCREASE DECREASE
X1 3.51 18.5000 10.0000

EVAL) Do you want to change the model ?
EVAL) yes
EVAL) . .. ...
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® B4 B7t) w ENA ENER7t B
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22 28 £& N2 ASY 4L Bao
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ORIGIN-TERMINAL MATRIX

minimum TO
cost=
23497.67 1 2 4 5 6
1 30 7
5
FROM 3 17
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CREATE TABLE ARC_LIST
( ARC_NUM INTEGER NOT NULL,
NODE__START INTEGER NOT NULL,
NODE _END INTEGER NOT NULL,
ARC _COST DECIMAL (pl, ql),
FLOW _UPPER DECIMAL (p2, q2),
FLOW _LOWER DECIMAL (p3, q3) ):
CREATE TABLE ARC_NUM_LIST_INC
( ARC_NUM_INC INTEGER NOT NULL,
NODE_START INTEGER,
NODE_END INTEGER );:
CREATE TABLE ARC_NUM_LIST_DEC
( ARC_NUM_DEC INTEGER NOT NULL,
NODE_START INTEGER,
NODE _END INTEGER );
CREATE TABLE ORIGIN _POINTER_LIST
( NODE _NUM INTERGER NOT NULL,
ORIGIN..POINTER INTEGER ):
CREATE TABLE TERMINAL _POINTER_LIST
( NODE _NUM INTERGER NOT NULL,
TERMINAL _POINTER INTEGER );
CREATE TABLE ARC _DESCRIPTION
( ARC_NUM INTEGER NOT NULL,
ARC _NAME VARCHAR (nl),
ARC _CLASS INTEGER,
ARC _CONDITION INTEGER,
DISTANCE DECIMAL (p4, q4),
FLOW DECIMAL (p5, g5),
ARC _DESCRIPTION VARCHAR (n2) );
CREATE TABLE NODE__DESCRIPTION
( NODE_NUM INTEGER NOT NULL,
NODE .. NAME VARCHAR (n3),
NODE_CLASS INTEGER,
NODE —CONDITION INTEGER,
SUPPLY (p6, q6),DEMAND (p7, q7),
NODE . DESCRIPTION VARCHAR (n4) );
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RULE 1 :
1IF Not matched
AND ( OBJ —_FTN = linear
AND cost )
AND ( CONST = given arc costs and arc flow limits )
AND ( GRAPH = bipartite AND complete )
THEN GROUP1
RULE 1A :
IF Not matched
AND ( GROUP1 = true )
AND ( DEC_VAR = path analysis in the given network )
AND ( NETWORK = (-1 flow
AND single echelon )
THEN model (P1) / Apply algorithm (HUNG) / Matched
RULE 1B :
IF Not matched
AND ( GROUP1 = true )
AND ( DEC_VAR = path /flow analysis in the given network )
AND ( NETWORK = integer AND single echelon )
THEN model (P2) / Apply algorithm (VOGEL) / Matched
RULE 1C :
IF Not matched
AND ( GROUP1 = true )
AND ( DEC_VAR = path /flow analysis in the given network )
AND ( NETWORK = multiechelon )
THEN model (P3) / Apply algorithm (KILTER) / Matched
RULE 2 :
IF Not matched
AND ( OBJ _FTN = linear
AND distance )
AND ( CONST = connectivity )
AND ( DEC _VAR = network constuction )
AND ( GRAPH = nondirected )
THEN model (P5) / Apply algorithm (PRIM) / Matched
RULE 3 :
IF Not matched
AND ( DEC_VAR = path /flow analysis in the given network )
AND ( GRAPH = directed )
THEN GROUP2
RULE 3A :
IF Not matched
AND ( GROUP2 == true )
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AND ( OBJ —_FTN = min cost OR min distance )
AND ( CONST = given arc costs )
AND ( NETWORK = -1 flow )
THEN model (P4) / Apply algorithm (DIJKSTRA) / Matched
RULE 3B :
IF Not matched
AND ( GROUP2 = true )
AND ( OBJ _FTN = max flow )
AND ( CONST = given network structure and arc flow limits )
THEN model (P6) / Apply algorithm (FORD) / Matched
RULE 3C :
IF Not matched
AND ( GROUP2 = true )
“ AND ( OBJ—FTN = min cost )
AND ( CONST = given network structure and flows at sink /source )
THEN model (P7) / Apply algorithm (KILTER) / Matched
RULE 3D :
IF Not matched
AND ( GROUP2 = true )
AND ( OBJ —-FTN = min cost )
AND ( CONST = given network structure and flows at sink /source )
AND ( FLOW = nonconserve )
THEN model (P8) / Apply algorithm (CHRIS) / Matched
RULE 3E :
IF Not matched
AND ( GROUP2 = true )
AND ( OBJ _FTN = min cost AND nonlinear convex ) N
AND ( CONST = given network structure and flows at sink /source )
THEN model (P9) / Apply algorithm (EDMONDS) / Matched
RULE 3F :
IF Not matched
AND ( GROUP2 = true )
AND ( OBJ _FTN = min cost
AND nonlinear concave )
AND ( CONST = given network structure and flows at sink /source )
THEN model (P10) / Apply algorithm (JENSEN) / Matched
RULE 4 :
IF Not matched
AND ( USER = heterogeneous )
THEN Consult heuristics or use commercial solver / Matched
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