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Flexible Integration of Models and Solvers for Intuitive and
User-Friendly Model-Solution in Decision Support Systems®

Keun-Woo Lee®® - Soon-Young Huh**

Abstract

Research in the decision sciences has continued to develop a variety of mathematical models as well as software
tools supporting corporate decision-making. Yet, in spite of their potential usefuiness, the models are little used in
real-world decision making since the model solution processes are too complex for ordinary users to get accustomed.
This paper proposes an intelligent and flexible model-solver integration framework that enables the user to solve deci-
sion problems using muitiple models and solvers without having precise knowledge of the model-solution processes.
Specifically, for intuitive model-sotution, the framework enables a decision support system to suggest the compatible
solvers of a model autonomously without direct user intervention and to solve the model by matching the model and
solver parameters intelligently without any serious conflicts. Thus, the framework would improve the productivity of

institutional model solving tasks by relieving the user from the burden of leaning model and solver semantics requiring
considerable time and efforts.

Keyword : Decision Support Systems, Model Management, Mode! and Solver Integration
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&OPTION DATA OPTION _DATA for properties pertinent to option products

OPTION (STOCK) /ee/ Thereisan QPTION on STOCK.

OPTYON_TYPE (OPTION) /a/ OPTION TYPE indicates whether OPTION is call or put.
EXERCISE_TYPE (OPTION) /a/ EXERCISE TYPE indicates whether OPTION is European or American.
EXERCISE_PRICE (OPTION) /a/ EXERCISE_PRICE is the prearranged price at which the holder of OPTION can buy or sell STOCK.
MATURITY DATE (OPTION} /a/ MATURITY_DATE is the date at or by which the holder of OPTION can buy or sell STOCK.
OPTION_PRICE (OPTION) /va/ : Real+ OPTION has acurrent OPTION PRICE in a financial market.

&STOCK_DATA STOCK DATA for properties pertinent to stock products

STOCK /pe/ Thereisa STOCK in a financial market.

STOCK_PRICE (STOCK) /va/ : Real+ STOCK hasacurrent STOCK_PRICE in a financial market.
S_PRICE_VOL (STOCK_PRICE) /va/ : 0 < Real < 1 STOCK_PRICE hasa STOCK_PRICE VOLATILITY.

DIV_PAY_DATEL (STOCK) /a/ :

Integer >= 19000101 STOCK has a list of DIYIDEND PAYING DATE.

DIVIDEND (DIV_PAY DATEi) /a/ : Real+ Ateach DIVIDEND_PAYING_DATE, there is a DIVIDEND in $.
SVALUATION RESULTS YALUATION RESULTS for evaluating OPTION

NPV (OPTXON) /va/ : Real+ OPTION hasa NET_PRESENT VALUE.
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6] o83l RFET) [29 4l a)dlA BZHEY
29 FEZY AT 74 Model® PortE B €h

Model Eei2E #}419] YHEES SHIES 4
3 Port 229 -rﬂH &3k aggregation) ¥
£ zZtet) Port Edl2e XE7F /M 4 e o
F3 gej9 dolg E‘lﬂ% x337] Hs Num-
berPort, StringPort, DatePort, ListPort, Matrix—
Port 5 2 7|9 &9& 8 2(subclass)E THA] A&
sttt ol 54 XEQ dolH XUE ZAE
AN E AL, BAY, 9 53 22 HolEH =
W9l(data domain) ¥ 2Zg}, g|2E vWEEYA F
7} 22 dolg] A<(data cardinality)7} 32 5o}
of &k, Portd] 122 F StringPort, Num-
erPort, DatePorti= th43t dlojE] =v¢ls 838
7] A3 Bed Ed2 olH, ListPort 2 Matrix-
Port ¥ dHolg Ao EHE A% A=
A Port E#29e] element A3 FAE T3
oe] Port AAE T8t g2EY mEYA g
< Yehdc

Model 3 Port

- - 1 inport  « - «
ModelName: String <>~—————— PortName: String
Inports: Port[] 1 outport
Qutports: Port[] <> element

element
1
T | | ‘
StringPort NumberPort DatePort ListPort MatrixPort

Value: String Value: Number Value; Date Elements: Port{} Elements: Port{}f}

Col: Number Row: Number

Col: Number

() 2d 2 290 (UML EH =

pl: NumberPort

inport inport
PortNamc+- ” e
“EXERCISE PRICE” ml:
Value=40 Model

ModelName=

p2: DatePort

PortNam¢=
“MATURITY_DATE"
Value=*2002/6/12"

Tgejoizd)

p3: MatrixPort element pS: DatePort

PortName= PortName=
“DIVIDEND” “DIV_PAY_DATE”
Row=2 Value=*2002/1/5"
Col=1

%ﬂ'

“STOCK_OPTION”
| g

p4: NumberPort p6: NumberPort

PortName=
“DIV_AMOUNT"
Value=10

PortName="NPV"
Value=*"

(b) 1Y 3 STOCK_OPTION®| ZA A d o] gl o« (UML Z A tholol 1)

(O3 4] 24382 Fe
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bl UMLY] A tolojagg o83t {19 3]
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TEZA 23

2 EHEx
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EES %3317 A8 Port 229} inport9} out-
port®] F7HA deict Jdst BAE 7HAH, Set-
Port(), Calculate(), GetPort() 59 =¥ sj& A4t
3171 A% Aakg HA F, 7 dAkE 3 oE

Solver

SolverName: String
Inports: Port[]
Outports: Port[]

SetPort(PortName, Port)

Calculate() /*
GetPort(PortName): Port // pl, P2,
/Ry,

E & AAst, &y %}"'E]Z" st 3
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& dEd (29 Sla)e Solveri} wdE EHE
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Solver Ed2v ¥ &uY z

A Q7] $8) AAFHLER oA ~§}
A &2 BY3E 7 s EdaE Solver E
2E £A439 AdE Asd ¥ Cdcu-
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E Port 23
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define sl as
element (select s from s in Solvers
where s.SolverName =

JdexEH 44 */

“BLACK_SCHOLES”) ;

p3t 27t FHSHRA YAstA,
Hﬂ%‘%% R
sl.SetPor= (“EXERCISE_PRICE”, pl);
p2);

1 1
inport outport

* * /*

Port

PortName: String

(a)&¥ = 27

7] 5}
(UML Z# £ thojo] ¥
(08 5]

[28 5](b)x= [2¥ 3]9) BLACK_SCHOLES &
H & ulgoZ Solver AAMES LA tEE
A& B4F7] 948, OQL(Object Query Langua-
ge)11] 210l & AME3 A 22 WHe 4& 1Y
%t} OQL ¢1o}= Object Data Management Group

sl.SetPor: (“MATURITY_DATE" ’
sl.SetPor= (“DIVIDEND_ RATE”, p3);

AL A x/
sl.Calculate(};

/* A R FHIEZR A& */

define npv as sl.GetPort (“NPV”);
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&8 AAQ s1& 8T e g 71 A
o} dlolE] gho] glolx Solver 22 SetPort(),
Calculate(), GetPort()e] AJ7pA] Aitg ALg-3le
O0E 5 AEF ) o] DSS7F &4 ol Hely
W i Solver AAEL 259 143 ¢udE
TaEAe] #FAlel ddsA #APYY ¢ YxE

Z K
L m
=
mo’p
o =
o &
= §
> B
o g
R
g
Y
® 5
e
S
it o
2 o
g

#sly] g EF2A, olE
ol ez Heldtl F TEQSAA
P2 fEHolol F 5 XE 237 Ay
ol J13-E e, /Y & 2d &u] mdly
E, $HEE ZEEHS], ¥ 2aYEY o4 71x
S4(E) 02 TR 2dy &8 £48 FgF
Hlo| A~ falo] 49 wdsl &1 o|EL g
e, RA¥ES WY EE (49 27 &1
dF ELEOIFS BAZTL TEER] £4& g
o] AHZE gt A4 2gxE gt R
AAE YeP 1, nixo g WE ATHEE do
Bl 29 W] digh FAH AHE e
ol W ~aAYEE FEFZ(port reference)
¢} 874 ¥ $(environment variable)?] T 71

)
H
-9,
>
T
o
to

= :L.I ro
N

&S o
T,

AR THE FH02M FEEYG EEFE

54 ZE & vehiy 4 Qo '&713E B
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[¥ 6]& [2¥ 3] STOCK_OPTION =9
CURRENCY_OPTION =9, BLACK_SCHOLES
EH 9 A& o]gste] XEURAIAS AP T2
g HoZFr}. o5 STOCK_OPTION Ede| DIVI
DEND XE$} BLACK_SCHOLES €8 ¢] DIVIDE
ND_RATE ZEZ €3 A3gEE L3 2o
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&DIVIDEND_RATE& = LOG(1 + SUM

(&DIVIDEND&{*][2]) / &S TOCK_PRICE&:)
Ae FAL WL v F 92 A9
DIVIDEND wjE& <& BLACK_SCHOLES?] DIV
IDEND_RA TE $£E/} 9738 €z n| &= #g
e WS B o|w, DIVIDEND WjE g~
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224 F 49 UEIE AT & SUM&
DIVIDEND&{*I(2])+ DIVIDEND WEgA Ex
g BE 4AE Y AL 5@ Yoy o
= WiEEe F3tolt) ¥E 23 PE dig By}
Adstar F442 AAe g d7E 53 3y
Foll ioH26].



=4 | & zd¥e | gwEe |zEEq W 23YE
STOCK _ " BLACK EXERCISE_ | EXERCISE_ | ¢/®
OPTION SCHOLES PRICE PRICE
STOCK BLACK_ MATURITY | MATURITY | g€ &MATURITY& =
OPTION SCHOLES DATE (&MATURITY DATE& - TODAY)/ 365
STOCK _ BLACK DIVIDEND | DIVIDEND | ¢1& &DIVIDEND RATE& =
OPTION SCHOLES RATE LOG(1+SUM(&DIVIDEND&[*][2]) /
&STOCK_PRICE&)
STOCK _ BLACK _ NPV NPV 29
OPTION SCHOLES
CURRENCY_ | BLACK_ STRIKE EXERCISE_ | 9%
OPTION SCHOLES PRICE PRICE
CURRENCY_ | BLACK MATURITY _ | MATURITY | ¥ &MATURITY& =
OPTION SCHOLES DATE (&MATURITY DATE& — TODAY)/ 365
CURRENCY_ | BLACK INTEREST | DIVIDEND | 919
OPTION SCHOLES RATE RATE
CURRENCY_ | BLACK _ NPV NPV &9
OPTION SCHOLES

[38 6] ZEUSAINS| JHEH =

/* B3 2do HErbs &9 23] +/
select distinct r.Solver

from r in PortMappingDictionary.rules
where r.Model = “STOCK_OPTION";

PortMappingDictionary

Rules: InterfacingRule[]

AddRule(InterfacingRule)

RemoveRule(InterfacingRule) .

ParseScript(String, Port): Port /* AE Aol F3 =23 x/

select r.ModelPort, r.SolverPort,
r.ConversionScript

from r in PortMappingDictionary.rules

1 where r.Model = “STOCK_OPTION”
and r.Solver = “BLACK_SCHOLES”
rules and r.PortType = “Inport”
*
InterfacingRule /* ZEQ dojE T ¥H# +/
// scriptl® STOCK_OPTION® DIVIDIEND £ E
Model: String /7 8 dolg X% WIS AT HE 2AHYE
ModelPort: String define sp
Solver: String as PortMappingDictionary.ParseScript
SolverPort: String {scriptl,
PortType: String element (select mp
ConversionScript: String from m in Models, mp in m.inports
where mp.PortName = “DIVIDEND”
and m.ModelName = “STOCK_OPTION"})
(@ EE A S 2 270 ® EEWSAAY AEE AR
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