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Multi-facetted Approach to Mathematical Model Representation
and Management

Jong Woo Kim* * Hyung Do Kim** : Sung Joo Park***

Abstract

One of the essential issues in model systems is how to represent and manipulate mathematical

modeling knowledge. As the bases of integrated modeling environments, current modeling frameworks have

limitations: lack of facility to coordinate different users perpectives and lack of mechanism to reuse

modeling knowledge. In this paper, multi-facetted modeling approach is proposed as a basis for the

development of integrated modeling environment which provides facilities for (1) independent management

of modeling knowledge from individual models: (2) object-oriented conceptual blackboard concept: (3)

multi-facetted modeling: and (4) declarative representation of mathematical knowledge. The proposed

multi-facetted approach is illustrated using multicommodity transportation models.
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OBJECT origin

IsA(OBJECT)

name

STRING <ID>

OBJECT destination

IsA(OBJECT)

name

STRING <ID>

OBJECT product

IsA(OBJECT)

name

STRING (<ID>

OBJECT trans_ system

IsA(OBJECT)

IsAggregateOf (origin, destination, product,

prod__inf__at__ origin, prod__inf__at_ dest, link, trans)

total__cost

REAL

OBJECT prod__inf_ at_ origin

IsA(RELATIONSHIP)
origin__part{origin)
prod__part (product)

supply
supply__balance

: REAL
: BOOLEAN

OBJECT prod_inf__at__dest

IsA(RELATIONSHIP)
dest__part(destination)
prood__part(product)

demand
demand__balance

: REAL
: BOOLEAN

OBJECT link

IsA(RELATIONSHIP)
origin__part(origin)
dest__part(destination)

limit
link__limit

: REAL
: BOOLEAN

OBJECT trans

IsA(RELATIONSHIP)
origin__part (origin)
dest__part(destination)
prod__part (product)

trans__cost
trans__qty
unit__price

: REAL
: REAL
* REAL

1) CHE 22 289 A A7|0}
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A 2 AAE B3 BA F7E4E, AA & 329 =9 (called facet)olst B &1t &9
AL A2H2AE ¥E F UE HolEo] BF 29 39  (primitive facet)d #% &9
3 8730 S AFH2E 4AH (derived facet) 22 “rolZth £9 FHE
&9 gz 29 XIE (root node)o] 91X %
33 $2I™ 71 235 o ZHoly, & §U2 W Iz FT &
L (intermediate node)u &1 xE  (leaf
23 7H4 283 gAdAE @ SA¢A node) ol $1X§ FWolth,
g AR A4S FY NMAESE & dAY dAE &4 B¥Y W Tz
W (facet) /HEE &8t HYd 2y A a8 5% 7&}5} Z9d Jd= multi_prod__
wate AAEEaA st YA sl 713 Y trans__model_1& 97/¢] FHoZ FAHEY,
Holgles ASolE ol& ALy, 988 7 Z $&nld tﬂfé_ FEFH AL X UE
Lo A7 NEE MRS F71E AHoE total__cost_ call® F&A 8 Ag x4, ¢
ot oA FIHAA FEF 7MY R¥sie 2 87 27, $573EE $5F AT AS £
ZU g7k AYH  g&A (definitional AL ZZ =23 YE supply_ balance_ test,
dependency) [14]1¢} A4 & (computational demand__balance__test, link_limit_test &
rule)-& A2stE AL guigic W7o A9 st 1 5914 total _cost_ call® trans
A o)EAQL & = (facet graph) HE=Z _qty_np, trans_cost_p7te] olaEL W
FdHY, AL F3ES TES FWH 4749 4 trans_qty_p, trans_cost_p #HE AHE3to
A ARE &9 270} (facet schema)d] 71& total _cost__call& AAHEHE o ujgit}
gt 7zt S99 AT HREL FH AFiv
9 Iz SHUER 7AE ¥ eE I (facet schema)dl 71&¥th. &4 F7/t AA O
Z (acyclic graph)elth FHEZS H9F 9 o £4 P @& *’f.i o8 AAHAE 9, O, P
EAo] wEklE oA (directed arc)Z EEE g 71zt 29 Fol 29 A (origin object), &
th 2z} olag waE X (head node)E ITH 9 %A (origin property)eld a1, &W F=
2% (calling facet)., Za *E (tail node)E& A 08 &4 polA 243y 2EY &9

total_cost_call supply_balance._test

link_limit_test demand_balance_test

limit_p trans_qty_p trans_cost_p supply_p demand_p

(Z32! 5] =M J20= “multi__prod__trans__model__
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total_cost &AM Z9E Fdo)x, W
trans_ cost__p, trans_gty_ pEe %2z trans 2
A9 £A trans_cost9 trans_ gtyolA] Z29%
Zdoltt 1Y 5o TP FEEY W 27)
olEs 35 33 2

g3 Ha2ye &9 MdL &4 499
9] £A59 g o2 FPEE FE3Y,
AES B¥o det JY ¥y EE
2 gEZ7 4% & A& 94 AFTe
d& o, 19 691A4= trans AN trans
cost AN ZLF Wi EWY & 2y
3 9tk 29 2T AME trans_costE
F8 Z29& 59 trans_cost_p7/t 48 W52
AT ey, &9 JdE B, C, DIAME
trans__costllA] Y3 A trans_ cost_ call,
trans_ cost__cal?, trans_ cost_cal3’} &9 W
T2 AHEEHI Yo ¥ JdZ AdA
trans_ cost_p¥ & 449 total__cost__call
& A7 A ASEHIL Sl AT &
W J¥= B, C, DE EF §F TFANM &
A F2AZ2Y 5 AFY &% ¥lE  (trans
_cost)& AAst7] A EHo|tk, FH I =
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Y] & (trans__cost_call, trans_ cost_cal2)&
AT ok AT 2¥ Aty FAE
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. & &9 9= Bels ZAUIE 100000 &
AZ 7MY oy, &9 JHZ CANE 1A
HE 100325 9912 Bo AYEHA 3RS
Ak W 1PZ DE &4 vlE (tran_cost__
cal3) & Adsted, @A 4% (trans_gty__
pHE Y4 WFE AEsT U guy A
SHAMNE olst o] oW £A & A
A3 AHEEE SAEY Ao, A S8
AHEEE A F39 eyl 2¥9 AHE B
A, 239 F43l AE (abstraction level), &
3 gae] @A wEtM d2A AHAdEg £
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old AAMERE 2 A, I FHY UY
2 JAFL AT U9 249 4AsE A 49
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AAES FJY (Cartesian Product)el "tk
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AAE <€ AAZ 7MAZE, trans HAE
origin, destination, product?+e] AF&zF Aol
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Conceptual Blackboard

OBJECT trans
_ system

total_cost

L4
”

OBIJECT trans l,’/,
“d

/]

-

0

-

trans_cost
trans_qty
unit_price

'f

»

Facet graph A

total_cost_call

SUM trang
FOR origi

trans_cost_p trans_gty_p

v

Facet graph B

| cost_p*trans_qty_p
, destination, product

ns_cl call
4 3 trans_cost_cal

100000+
trans_qty|

trans_qty_p unit_price_p

| p*unit_price_p

Facet graph C

trans_cost_cal2

/ 100325+
', trans_qtyl
/

| p*unit_price_p

’ trans_qty_p unit_price_p

Facet graph D

trans_cost_cal3

200000+trags_qty_p

trans_qty_p

—P  definitional dependency
— — — - originated from
(38 6] £He| of

AW E (2)9 FdH= THEAGY (2)H4
A trans_cost_p. trans_qty_p9 92 3

T2 origin X destination X productol &, (2) 4]
5 e 712 @4kal, *'9k 'SUM ... FOR'7F A

HE JE5E Felolth

ZCU’I: X Qijk
Joralli,j.k

where i

origin, j = destination, k = product,

cyk = trans_cost_p, andqp = trans_qty_p

SUM
origin, destination,

3.4 2 QIABA

product

Heo| kAl

(1)

trans_cost_ p*trans_qty_p FOR

(2)

SellM AFojd

il ZEHE% ugo 2 oW YA (solver)
o A Q2E2E AHS3tY A9 AE AA
& Ao g 7%913}—‘& Aol 28 d2d™
2 A9 (model instance definition)® 23 9
282 RAogw 2| =9, Ul B
71&, A" 73 (selection rule) 22 o]FoiA
ot YA dig 71ee EAY e FI
A8 AH4E SPAF S AP P FEE
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T, JAAR W, A gHol H
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o9 AREge] A
of FoAY AR A2W2
AAsA ok SQL ¥
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S
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destination® prod__inf_at_ dest®] ZAA <Ax < F23d YA MEsted P 2y
BAulo] 23 AABAd IFHEE FHEL ALWAE AT APt 33 A=
Atk B¥ JA2"XE Ao BNF= R5 4% AHERLA 2EHAY AA Q2 2E vy
Fig=y ot E¥3 #7A0M FAg By 53 A
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ZEE!
23 QAUAE FEET YT BY m—aﬁ
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2RA AYE AA A2E29) At A&

E AAZ 238 80N 588
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35 2% L3 T

ke ol st 2o,

[STEP 1] SQL ¥H2 7l¢8 A9 739

[STEP 2] 3

[STEP 3] &

ARE AHgsld, Had AA <
2629 2 4%E PPz
2y @m gag Ax Adxd

Solver :LP

Selection Rule

AND demand >= 100

MODEL INSTANCE DEFINITION LP_ multi_ prod_ trans_ model__ins
Facet Graph : multi__prod__trans_ mode]l

(Objective_ Function = {total__cost__call},
Decision__Variable =
Constraint =

SELECT name, demand__balance, demand
FROM destination, prod__inf at__dest
WHERE prod__inf__at_ dest.dest_ part =

{trans_ qty__p},
{ link__limit

demand__ balance_ test },
MIN_OR__MAX = MIN

1

__test, supply__balance__test,

)

destination.name

(32 7] 28 QAEA ol “LP_multi_prod__trans__model__|
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T8 FHE W, A ¥ dAE FAYG. 71Ed F4E A
[STEP 4] si{AE st W AdS AES ZF FrisHolo € AAY
[STEP 5] sid#7t =8¢ AF%E AHEA A dx 71F9d AA, FAEE Ju=
A 2Ysa, 928 JRED 4 AAEE & A AT xA¥g dFHE
A Q226 vt g szl A 3 £49 F7Hh gas

t F1EE £42 AA transdl HEHE Y

gllE var_trans_cost®t A linkell ZAw

4. E’é'g 2"9-7]- /(]L]—B]_Q_ € YehlE fixed_trans_cost, o3 #WF<
use°ltt. &4 used T/ 5Fo] (R &

a

k A Aidze disiMe 1o H2, 1

g HIYoA 2¥3 A9 AR A 33}% 7Z3%& 0] o},
S Hol7l A, B¥ F719] AlUELE & o2 @AE FEE Y 2Es dAoo
NREE gk gAY AZAL ERFFMAME 3 713 E¥s AN A W O
Pl A G HFE 5 E¥S MY A HEze LAH S HEHE 1T JHE 9
EE EE &5 RYE Y38 @A Fhs 83t 2ok, JolA ojdEAZE ® FHE F
2A g NES GAE F BYdME & 7Hg SHEECIY UHAE YA Fojd &9
& ¥&& IAH S HMFHE st FHE Eo] AMAEHUG I 8iAA Ftd &9
FHstet A g tAl ZalA, origin O% use_pv AA linkd AME F718 4 useZE
destination DA}olo] L4&o] EAstE 799 HE 294% 29 Fdo|t) totalcost__cal2E
vt gule] IAEE ST 24T gt ool total__cost_call® EYUdA  trans__
HEu7 Eous dEE v L Ausza system A total cost £ANAM 2 =
giok, oj2fgt Agol A AYYY ol WF Holu, 359 FHEX "EI ALY 7IAT
(binary variable) & AM&3teq X237t 7158 2A AgHAUT F71E facetel & LA S
o} 10]. W& & 59 ok 19 9¢ 9 I8z

At & BR¥E Frtsle AS, 1A 99 multi__prod__trans_model_ 29+ A$ AYE
HEES FHLE 24 71eME AT, 4 AYAE L3I E AT 2 Ad2ux A

total_cost_cal2 supply_balance_test

link_limit_test2,

limit_p use p  var_trans cost p trans_qty_p fixed trans_cost p supply_p demand_p

[Z22! 8] &M 3= “multi__prod__trans_model__2"
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MODEL INSTANCE DEFINITION IP_ multi_ prod_ trans_ model__ins
Facet Graph ! multi_ prod__trans__model__ 2
Solver IP ;
(Objective__Function = {total__cost_ cal2},
Decision__Variable = {trans_ qty_ p},
Binary_ Variable = {use_ p},
Constraint = { link__limit__test2,
supply__balance__test,
demand__balance__test },
MIN__OR_MAX = MIN)
Selection Rule
SELECT name, demand_ balance, demand
FROM destination, prod__inf at_ dest
WHERE prod__inf__at_ dest.dest__part = destination.name
AND prod__inf__at__dest »= 100

(O3 9] 28 2lAEA XMo| “IP_multi__prod__trans__model__ins”

oo|t}, A ¥ Ay, Y £49, £

Fol de3ld g Y3 AT A
FIIEE YAE Nade] AFHOE 4
e gt HIMES 48 F79 Book (WAE
A9 HyperCard™el 4 Cardel sigsichoz

oX
o
ks

5.1 712 o]Zo]Att HIMEL ZA| 279 Book, AA
A2 Book, A4 o4 tielo]1¥ Book, ZA|
B AAs oz 432y AYss] s 1A€A Book, &9 1= Book, & 2~7)v}
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Y A, 29 Ael 29 JPZ, By A # (semantic) LFEEL 4Y Ao FHPso &
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(3) 28 J2vlXx Ao

1% 132 23 Ad2ex BE A% 2
A2EA A9 Bookd HoFoh 2 JARA
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¥ w7 9§ tojdEa wAst Yehd
Ad 729 4L A8 ATHE HY 73
Book& PowerBuilder M[47159 4GL (4
Generation Language) | M9} 7o) A9 1739
SQL A& 7HAA (visual 22 §4¥E + 9l
5 AARAT ¥ d2¥2 A9 Bookol| A
HWES A9 3
Bookel 1¥ 135 Ze] uehdth M€ 3

@ 1o

“Selection Rule” a9

Booke] UEhg W A% 28 Axdx e
9 Jgzg BAY 4ASL Aadol AE
22 #Zdd Yz £ 28 AR
28 d29x 446 FAE AVHTA sE
AAE AYaR, A AA £450 ydd
o 28 AuAst 2dE ANY $45L o

A golRE $1E FAET,

53 28 ¥ J|s

2y 2y A2"XA Ao BookolA
“Solve” A AlZgd, HIMEC A&
oo dety PAE B @A F717t
A3 E AANAGRT]. & A2 PR
58 A NZE APAYE 533 9
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(Model Instance Standard Format), s A ¢
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—

28 MALZ (model reuse)

2y QAL olfgL oJBFHoRE BY
3 A& EHd= ol AA[16]el, A
A2 ¥ MY 839 o)FA[1014 7191
gk RMT[20]91 & 2383 A49 AAES
A o8 G BY3} A2" Yo AHES
o3 WY (reverse engineering) & 4319
AAAES B2 AV BelHE PAL A
Algta glh, Whde], g3 FI2Pol e AH
A% Y ARL FAHOE Y T 5YF
QA #Hst ssE A4 XY E& AT
Dz Xy AALEE TERIT Qo FRF
A4, #83 713 8 RYo2REH 5YHF
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EXEo
2=

zl
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o
=
o

Solver Input
Model Format
Translator Specification
Object Schema Satver
Object Instance | / e
Facet Graph \
Facet Schema /
Translated Solver Input
Standard Generator
Format .
EM.odtt.l P Solver Oupt
Output - Handler /

“ \ Solver
Solver Integrator . Output

Solver Output
Handling
Specification
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€ ATU2EA, 233} 49 AAEE A
Liazd

6.2 28 ZF (model sharing)

dutzgoz 7|1&e 2¥3} E L 2ZEY
Eo] @Y AR (single user) F40Z A
Hol gou FHY 1F TF FYE Axde
FAel wet 233t 2)4S AULF AqdE dol
A, Z23F 3dolA FEsoF & "ol A
715 914(8,36,38,42,43]. X8 FHE A
 AAY I F43 £89 A, bdE &
A 4, A9 4 F4H BY Fol &
gtk ol g ofnoiA P HIWAAM AF
e F2F A FF A4 3§, FH
A, FEF A4 HAF BF 5ol £F
fol 7ldgit ddy J2dEy 9 A
o o2 2y Mgzt FAe #8357t
< TRy Ry AAE YL £ UL F
g g 4L TG Yol @Y ol
92 e ot AAY BHLE 584 A

r

ok
it rlo ol
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Ho) $5% B3 ¥4 MGAEE dE vy

MRz AT FelF AE sb5sE 44
oY F UTF 7] AT weloigt By F
fob #dEd 7143 A Fo shvde 599
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AR T3 87 ALY FF Lol AA
dgE oW REHOZ Foof, Fgol9
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og] Abgz7t 71ed 2l RYEY 44 A
48 F UL E T

6.3 2& E8 (model integration)

2y e ANLYdMY 2 5 F 7t
A g 9v], 4L 5% (deep integration)
71%3 %9 (functional integration) &2 A}&
o2l AL T F A o3y 2¥L Z
et e AZE YL gty Aog,
M2e YL 7|29 23 WA B
He Feolt1534,35]. 7153 ¢S AR
o] FYY TEWALE FHHA ¥L B
FET AN A4, 929 94 34 F& B
e L2 2Y dF A9 (model
interconnection language), £+ 2% 71& o9
(model description language) ¢ FEZ A AlE
AcH11,361.

s HIHAME ¥ A 58 o
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ObjSch =

SupObj=
PropSpec=

DataType=

SetValue=

Legend

vV

N e s A
S
*

H H H

OBJECT <ObjName>

IsA ( SupObj )

[(IsAggregateOf ( <PartObjNamel> {, <PartObjName2>}*))|
{<RoleName> ( <ParticiObjName> )}+]

{PropSpec}*

[OBJECTIRELATIONSHIP|<SupObjName>]
<PropName>:DataType (<ID>)
[STRING|INT|REAL|BOOLEAN|SetValue]

{ <EleNamel> {, <EleName2>}* }

definition of nonterminal token

reserved token

value-bearing

one or more iterations of contents limited by the braces
zero or more iterations of contents limited by the braces
alterntive items separated by vertical bars

optional item
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55 2. 39 27Ivke] BNF

FacetSch=

CompRule=
EltSpec=
ConExp=
UniExp=

BilExp=
Bi2Exp=
NExp=
ForExp=
Argument=
IndexList=

WhereCond=
BoolTerm=
BoolFactor=
BoolPrimary=
BoolOperator=
Comp=
ScalarExp=

FACET <FacName>

Origin Object :<ObjName>

Origin Property : <PropName>

Type : [PRIMITIVE|DERIVED]

(Called Facets : { <CallFacNamel> {,<CallFacName2>}* }
Computational Rule : CompRule)

EltSpec (WHERE WhereCond)

[ConExp|UniExp|Bil Exp|Bi2Exp|NExp|ForExp]
[<Constant>[+]|*|-|/JArgument|Argument**<Constant>]
[LN|EXP|LOG|ABS|SIN|COS|TAN]ROUNDI|SQRT]
(Argument)
Argument[-+*|-|/|=|<|<=|<|>}>=]Argument
[PSUM|PPROD|PSUB|PDIV](Argument,Argument)
[MINMAX](Argument{,Argument}+)

[SUM|PROD] Argument FOR [IndexList{ALL]
[<Constant>|<FacName1>|(CompRule )|CompRule]
[<ObjNamel> {, <ObjName2>}*|

<RoleName 1>(<ParticiObj1>){,<RoleName2>(<ParticiObj2>)} *]
[BoolTerm|WhereCond OR BoolTerm]
[BoolFactor|BoolTerm AND BoolFactor]

(NOT) BoolPrimary

[BoolOperatorjWhereCond}

ScalarExp Comp ScalarExp

E<l<=<>>=]

[Term|ScalarExp{+|-]Factor]

Term=[Factor|Term[*|/]Factor]

Factor=

[*+|-]Primary

Primary= [<Constant>|<FacName1>|<ObjName1> <PropNamel1> .<FacName2>]
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FACET limit_p

Origin Object : link

Origin Property : limit

Type : PRIMITIVE
FACET Trans_qty p

Origin Object : trans

Origin Property : trans_qty

Type : PRIMITIVE
FACET trans_cost_p

Origin Object : trans

Origin Property : trans_cost

Type : PRIMITIVE

FACET trans_supply p

Origin Object
Origin Property
Type

: prod_inf_at _origin

: supply
: PRIMITIVE

FACET demand p

Origin Object
Origin Property
‘Type

: prod_inf at_dest
: demand
: PRIMITIVE
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FACET link_limit_test

Origin Object
Origin Property
Type

: link
: link_limit
: DERIVED

Called Facets
Computational Rule

: {limit_p, trans_qty p}
: (SUM trans_qty_p FOR product) <= limit p

FACET supply_balance_test

Origin Object
Origin Property
Type

: origin
: supply_balance
: DERIVED

Called Facets
Computational Rule

: {supply_p, trans_qty_p}
: (SUM trans_qty_p FOR destination) <= supply p

FACET demand_balance_test

Origin Object
Origin Property
Type

: destinate
: demand_balance
: DERIVED

Called Facets
Computational Rule

: {demand_p, trans_qty_p}
: (SUM trans_qty_p FOR origin) <= demand_p

FACET total_cost_call

Origin Object
Origin Pr_operty
Type

. trans_system
: total cost
: DERIVED

Called Facets
Computational Rule

: {trans_qty_p, trans_cost_p}
: SUM trans_qty p*trans_cost p FOR origin,

destination, product
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FACET total cost_call

Origin Object
Origin Property
Type

. trans
: total_cost
: DERIVED

Called Facets
Computational Rule

: {trans_qty_p, unit_price_p}
: 100000-+trans_qty_p*unit_price_p

FACET total cost_cal2

Origin Object
Origin Property
Type

. trans
: total_cost
: DERIVED

Called Facets
Computational Rule

: {trans_qty_p, unit_price_p}
: 100325+trans_qty_p*unit_price_p

FACET total_cost_cal3

Computational Rule

Origin Object : trans

Origin Property : total_cost
Type : DERIVED
Called Facets : {trans_qty_p}

: 200000+trans_qty_p

FACET unit_price p

Origin Object
Origin Property
Type

. trans
: unitl_price
: PRINITIVE
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HE 4 28 oAEA A9 (model instance definition)9] BNF

ModInsDef= MODEL INSTANCE DEFINITION <ModInsDefName>
Facet Graph : <FacGraphName>
Solver : SolverSpec
Selection Rule : SQLStatement
SolverSpec= <SolverName>
((<SolverParal> = SolverAssignedValue
{, <SolverPara2> = SolverAssignedValue}* ))

SolverAssignedValue=
[<SingleValue>{SetValue]
SetValue= {<SingleValuel> {,<SingleValue2>}*}

*SQLStatement= Standard SQL Syntaxol| ¢
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FACET var_trans_cost_p
Origin Object : trans
Origin Property : var_trans_cost
Type : PRIMITIVE
FACET(ixed_trans_cost_p
Origin Object : link
Origin Property : fixed_trans_cost
Type : PRIMITIVE
FACET use p
Origin Object : link
Origin Property ! use
Type ": PRIMITIVE
FACET link_limit_test2
Origin Object : link
Origin Property : link_limit
Type : DERIVED
Called Facets : {limit_p, trans_qty_p, use_p}
Computational Rule :(SUM trans qty p FOR product)<=limit_p*use p
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FACET total cost_cal2

Origin Object
Origin Property
Type

: trans_system
: total_cost
: DERIVED

Called Facets

Computational Rule

: {trans_qty_p, var_trans cost p,
fixed_trans_cost_p, use_p}
: SUM var_trans_cost_p*trans_qty_p
FOR origin, destination, product
+ SUM fixed_trans_cost p*use p
FOR origin, destination




