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Design of Water Resource Planning System Utilizing Special
Features in Mathematical Programming Data Structure

JaeHee Kim*, Youngjoon Park*, Sheung-Kown Kim*
*Department of Industrial Engineering, Korea University

Abstract

Due to the complexities of the real-world system, a water resource management program has to deal
with various types of data. It appears that management personnel who has to use the program usually suffers
from the technical burdens of handling large amount of data and understanding the optimization theory when

they try to interpret the results.

By combining the capabilities of database technology and modeling technique with optimization
procedure we can develop a reliable decision supporting tool for multi-reservoir operation planning, which
yields operating schedule for each dam in a river basin. We introduce two special data handling methodology
for the real world application. First, by treating dams, hydro-electric power generating facilities and demand
sites as separate database tables, the proposed data handling scheme can be applied to general water
resource system in Korea. Second, by assigning variable names using predetermined key words, we can
save searching time for identifying the meaning of the variables, so that we can quickly save the results of the

optimization run to the database.

1. A&

A 2 Jetel A7 AeZEs AAEgRo
F& HolA gk drd 29 A FeFge &
o7} B x Wzl Zo] & Fo u]dlo % o A&
Zo| FR7 HL& %‘10101*1 Fa-4 #gd o B
2 2718 Z3 ) E3] 1990 A} SojM =
NFgHog & FFo] sl °‘°D% A7 F

SFAZHE 2000 do] Aztgk 2Fo] Uojd A
o2 Jdyg=Ea ok el %&Zé% #x}%" ig
Aoz #FEd Fart oy oz 21 A7) IV}
AAY FRAUANME m$ Fa3F dolgt &
oh;},l
FAEY AEAH ALRS FFSHIAA AR
ol A4H Eg APHoR o] FdE EAR
AZE & ded oA AxHY FHA SH
H A4 ° @ Ao EAd uek A 2 F7
Hg Zmo}ﬂl 23 Al 71 Aolgtxy & 4 rh
ﬂ”"i TFEHL %
, AEARA
*4 59 tﬂxﬂi HWW
r:}[1].
o7

™

R

_x..——'

£odolgt & 243]]11 Al Ao Ar}e
oF g ARHE BAz 44
7] 954 Aol Jus 3
A ok a8 FYF o
Aol o 001,] o} 5:.14 %_g
=)

A 29 dde wda uols

14

iy
of2 g
-0, il %
o mlo =)

B

E" r_{o
N

—_—
——

L
e

mz

=

o 2L pi roh oo

[o fu

o
2 M yf o ok

http://www.moct.go.kr/mct_hpg/mcthpg_wa/mcthp_wa/mc
thpm15_1.htm

-160 -

==

do] oyt F A7
#@atrl fAs e & Zol ol
tellol RodE g 58 FET E4& AH
FH AEH I 7ol HAH 7190l
AR BdE d&=¥ As7F SAsy
2 g3 A Y AT dF3E FHE MAS

23 E}E}H A #2449 ¢4 A ¢
e AEY A9 AAAHA FE A
P?‘i} HA Agste A8t Al2="e] A
la«l Han gEe] 4FEHA +A4d
L &E] A AFH AL A2 50
1316& AFH Zgade o
A4

g 5 A A4a
]

PA Ps}
% Hﬂ HEHQ 2114
A A& nﬁi AQUATOOL, DELFT RIBASIM,
WaterWare 5= #& F At} AQUATOOL L 25
Q1] Segura River &} Tagus River & tjAto2 A &5
3 9low OPTIGES et #HZH3 2Z¥& o] &s8lA
FAd 9 AE 9 #E st YvH3]. DELFT
o] RIBASIM & AlEdold 7|HE& S ottt
&0 g RgHdE AARE EE81 o]§ E
dz 34 &9 FAL FAFLE & Ao

e} &4 A

>
€]

=}

hiny

N s
o 2 o

=z
x
ELS

.51

w
LA
=z i
TT:

L~
=
x

& To

RA(Water Resource Assessment)2lo
AlEd ol
[e] P
2y 548 uels) Ad
1= —17]”4(Mult1 criteria d
e o

S
WaterWare
& 5ol A4 29 Ad 2 3
FRE BAFEE V)58 2% cha) ol &
A LGB F %4 5348
Ha ecision ald)a g8
A adode a9 9 B¢ FHEE A
To AlEE 28 £ Jdrirl olyE s



Hetat Ay Betal /a2 nstel 2000 =HS S

=Ma =23,

2000 48 21-22¢. FEUsEW

Session 0B1.3
P2 7459 Ao F15 5 glon Ao dE £ ok AdAe $H FRoNE RE
2 A3 21 AaE AAE g ¢ RS tolEl g AWS2] DBMS o A%stn Hdste 3
A7 o) 9 2 A g gdstn Ak 5ds FA2

ZUo A9 UESNZ 2Y 7|we] £3 AF
3 235 285t | 7o HE Ut =
Al =3 CoMOM (Coordinated Multi-reservoir Operating
Modey& =2 5 < 9tk o 23L& I '
FA9 AA H&E A MEHJeH o]9 &
ol 288 Y3 Algx T2aPoe s FHHMATH
223 CoMOM ¢ 29 A3 A3} CoMOM 2
Hgekx] ke W Bk 4% ZAAE HAF2
ArHE]. Z2HY AZEo] AREAR JFA B

© @7 FAAT HALE F Ude H, # EdA
g % v garEA A 715 m%site
d, 2gln 2458 Aol o Z¥Te Hoe=
A& AA EL&FAAE= e Fo] YTk E3] F
g 23y #d x5} dolenjol2te) AANA
A1e] wojg dojgldo]x ERAMoR A3l 1 d
HEg BAsed 208 A= 28 HYh

£ AFME CoMOM 9 7 2 ILE g ojolA
Uelhd Z2AH S SEE 5 U THES At
2ot & Z2a¥ 539 Y DAl FIREY
deEas A HAs Ao MDA AN i
o] dolg EdAMo] BAGdTIE Holl AFA
Frye &Y A" &= FHANA F
Qe diolg A WEE Al Hkon ol F
g we Z2aF FPL 23 £ UG 29
3 5] FA oA &i FWe] tE FAl
= ygHog Hgd F JUEF Nt vkx e
2 o714 AR A" 7E WHES CoMOM
o wdd el  SI-CoMOM(Coordinated Multi-
reservoir Operating Model for Sum-Jin River Basin)ol| &
84 A FAY @ &4 A" £ AA
243t 1 BBAEE FEH EUH5]

2. YALEA A Y A|2H
2.1 Al&=¥ 2E T4

Rl mlol22sTE A4 A4 AFHE B
s wlolgolx Fejel 42 E AARAd2 A
n st dule 299 ARE 4T F A=
5 #oh 94 £ HEH TRolAE dolgH
ol u¥ =sh AHs mEae FF Ass o]

25 AT it A AJxwo] FHHE 7

e ETE F JEF

# %3} 432 CPLEX Callable Library 2] DLL &
Z 7S AR FoEA R HHg Eo] ALEFH
A =2 F e Ax d#d F4 dEH A
g FEY}

X 2138 Microsoft Visual Basic 6 2.2 &=
o DMBS & ORACLE 8, #&3} &2 CPLEX 6.5
ARS8, T2 FF5 WAL AMY F
Windows NT 4.0, E&lo]dE Zo Windows NT 4.0
I+ Windows 98/95 & AREE 4 tl. dlolg ]
ol d%L &5 A4S s Visual Basic AHA}S]
ODBC +¢ wW4]¢l RDO Y4 ADO & A&t Uil
271 ODBC APl & AME-3IA] HlolgHjo]& &89
AsFdE HF.

i

gArAA A Alz=H9 T4 EEES EAS
3 <Y 1> Erh

2.2 58 7] A4
221 MIEY A FZ=(Network Specification)

FA We 9, FEdds, Faxg e F
AEES ALE #estn FHAA & £ UL
ol e A HFFAAE dYIAA FAY 7=
€ Aodn. o] i 9, AL FeAE EHE
o] elo]EZ sty o3t A #AE #E
e HxY HolES FAFoEHN olE dolHrt
TR FATE vt ¢ UEE Aok o|FA
Fozyn e Alagoe] EA FAT g 5

A gn BE 4 FRAE 48 F UES 3

2 F A 29 s ogd g A=y U
- - N — R
AAE Bt AFRoz= AR BEQL gk 222 —r—lr_—Z}EJ&E]((ijdrologLCNDatacl’vlanage_ment)
e BAHBEHRI o2 ZFaoz AW HIRE d A8 P2 FAdFH FoFS F ot
3 F= T8 H-E(Postprocessor)?] A HEOZ n *9 Zé?i‘}(Operatl_on Policy)©] }‘\ji‘_t‘:‘ A
e AFAFH AL BAYF AN 2o A
Pre Processors E Analytical Tool Post Processors
Network Hydrologic Make N Write Result " E
Specification Data Mgt. Math Model Optimization To DB E Reporting
Facility Daily g Operation I Set Planningi
Spec. Inflow Policy Period
e e
Basin Daily § Model l Make
Structure Demand Parameter MPS File
R R, o 2 R
radmenoel [ opumae

S ——
DBMS
Backend (Oracle 8)

<ad 1> gAEA AY ANxd BE

Remote Call

Optimization
(CPLEX 6.5)

4

-161 -



Hetard B2 ets| /a2 3P Ues 2000 EH2Sa=Ua =28, 2000343 21-22 . FEUEn
Session 081.3

3=E Aad ¢ 93 @e] Ay e M)A ALgAE dlo]® so]zo AFstE AR
|5 FF $HEYE FAHSY aEm 5F S R2R=
FAN Y dFete T AAE dHR 0T A1 g ot gl dHAEE LP BE MPS X3 W40
g FE A2 2] o HdE MG 4 Ju) 7|4 MPS FHALE
2) 2% /WS (Model Parameter) 7% 2AE 28 7t WA aEA HEE
CoMOM ol A= = Th(extreme point) & Zro}r} o] Zt Ao od AFANE 7HAL U=AE H
v AEAE mye dHE S5 H8 dYy L%Oi’ﬁ 2ygag Aol glrh. ¥4l A
A F85 TFIHERE AEH S(Piecewise 238 EH’“U} of WA t"?«l 7} “Xﬂl—’r H g
Linearization) AZ<dl 7|4 o #39 & o] Az 43}?301 %OI?SHH Fa R ey
27 d6]. d=z de *}%E]" o B dApores o] way
3) 9 =W FHAA < AE2]

D AALGA oG 27 YL HuHozw <:LFJ 34> MPS #d HA3 2y ZAxsd
Hgg & Ak oE Eo IAZIE ublEA o] mgolrt, HAs FYd& YA <Y >3 #
AL AR Ao WMEA A Elof ste TS & Fejel MPS A& W&o CPLEX o 4¥std
A8 5 Jd3n 2 WEHE A4 BH TR ﬂﬁﬁ{q—?iﬂj f; <% 4>9 %T}" TF]HS]’% 4;34_ °}
Fe ARE 75 Ao B Z470 T 7 9 gk A3 BES DSS o EFA7E d 7
01 ‘ﬂéﬂlor ge HiE ALYE 1y RUA T Fad BES 499y A9 Adgd o~
AR S dgd ¢ o #Hso] ot
e ﬁ § a)bé; W A OBy -’:8?} J} NAME
SUE NBN | SNE2 HBX | AT OB 28 R4/ A Tradeof R’\?W%_
emzmn&s - t %)
| COLUMNS ,
x1 obj -1 cl -1
x1 c2 1
x2 obj -2 c1 1
X2 c2 -3
RHS .
rhs c1 20 c2 30
BOUNDS _
UP bnd x1 40
LQ bnd x2 10
| ENDATA
k| A 2 3hH 9 A 18 <79 3> MPS AAAA)
<Y 2> H23 ] MEE AEY - -
4 3 #3}(Optimization) gglggg?uss;atus 102. Objective  value
1) =4 7] %+ 4 (Set Planning Period) ..COLUMN.... ACTIVITY...
AT dshe i AlE @Re 2 9RE X1 2.00000000
Asta EA7)17ke] 3718 AT} X2 : 6.00000000
2) 23 3d &Y A(Make MPS File) <ad 4> A A7 FYA A
doleluol ol Agslo] gt A Az Hel R )
TR, S A8E BV @A 73 Ao sl o~ _
A dlolE Ho] 2o HAEIT o] = AhZ el Y ES] 3.21§C%M2§g ;{g -l]‘_;. EALS g4 EAg 2
A AEE ol & FEH dYH3UE MPS CoMOM olM= XAlzzto] | Wut Hrjets
& A A Bk = T g ol -
3°EH§X4%°€:;O timi 8,281 7Ho] W9k 9,021 7He] A%FAo] xFHDt
 a R g sgam 0 WP <29 6% 0o ANE o] & W)
HE A o o 717t o1z WolA oW @S sEAE 7
22527} ;qhzf obstsr dolEujolzol A3t YalAe WG9
HAs AN bo|gwo]Az WEET u] miote] Wod RE HoleE nmlg uolE o]
206 A3 28 T 2ol Ags) wu glojof a4 sl AT
- N 3 4] b)) 5 2
glolelwolzo) Mg HHE AW vlo)aZ g 31]2331] Olfaﬂ Emw jﬂl 45%51 ;}gﬂ ]r-ﬂolfi]
A2 A4 A JeR st WAL s ;] A Aap z23 2 ‘:L]%}'r WHew zpH oz uEF
= = 2 al
Eﬂxﬂ UﬂEH"} @'L}' Ea?}:u}' 14?—] 4‘]1% _\_L(l}'@_}‘ Zl: glEi <—-1‘:r) 5>9+ QO
3. 28 A8 23 A8 72 F& Aozt W] Wy s weleh
3.1DSS 9 HAH3 REQ UEFHol A
HAAg 2P L FEI= &2 A %Ry ' _ index, Nickname index'index Time index
- - e o - _ Nickname  index, Time index 2
dhad A4 @A, HAAg $9 9A), A™5 2 frotgome_ndor, |_rimejodex
7o) 4 wAZ UE & 9ol 2ashd uo]E (TN LTI
| o] 2~ 9 ZPE’L‘H%J% —r—alﬁl—‘ 2yE Aoste 2 Clel 7z et ua B By
Ao o3 HAI} 29 YHEFAL AANA F = oFal Womlxy N
1 5> X X tt] tﬂz] v}
s REZ YAFI CPLEX 9 Callable Library 2 %5 °0T&] °
DLL &3l w202 HHGE 498 o, 3 JolA W 2 2% 3 s AYE JTBHIEEA

mlm

A3l Ay wrEolxE YAE o gd & Al &dF=o] gk o]AL CoMOM oAl Al&

-162 -



HEtatl Bers /a2 29085 2000 ENDSs=Us =28 . 2000 48 21-222, BHUHEDR
Session 0B1.3

g HEYI F27F B47)30 we} B4 9| SPX0102 & %%% e = Aol g ol
o] MERE B3 LﬂE%a 23 BHEHE 2T 54 EAS %L A HA3 A7 sdE diolglseo)x
£ ugd3 Aol HAm;=z 0711 HEYz 28 F Z HEgAd g ola YuidEs JIFoE AMEA
g 7]7he) & H]E%’AEOHH ".J_‘j%‘i—v% s A 7} WRZ 3 M FHRUE Fola dolE o]
=AM <39 6>7 ol a9elA 7 =z ® 22 Wagc)

ke 1 e wel gelxe 22 98 ste HA3z sde] A ol aAA Mps WYL
LSR=e) 7é° Fdg U°k°] Y E 4 30 01 B ) 2 AT d <29 63 2 YEYI FRE U

23 F Uk w}a}ﬁ SFeo 2L st o}
3 94 oE B =9 B wka} a2 A¥ol A
. @9 7—} EE FF EE 9 vHﬂo}
afao) FHP3H ol WFE AWt

Aokl Mool ook 3 sl YL AYY

rr lo
_ﬁ,r J

) e IO DY W B
<Y 6> 9Y g MENT T2

3 age) G Py 1 4% e 4016}”
TAEE FAErt mbM Al e Yude

=9 5% AsA FoAHr) JE & )gz}aa
oz EANE ‘Wiwsol e FREE A%e
‘DAMNolzhe Hugle §of e, W Yy
4 HAl 4% B == 2] o8 dfe of3
Ropol W2} YuUL Fojgch A Sof +UB
AFS dviste ¥MEE W gulste 4Pl

\_'T—\__
A wdag onjahs A0 dr APez

et ol Py EPR’OITHE Hulde] F
o=t
AokAn Wewol 4~7 HA AP FstE

index! ¥ index2 &= @Y7 WIEHI OdoA Y
el ARE FrgozgH o}aE KFYUstA 2
‘*‘% & AEE FFEd. dE 5o ‘EPROIAY H
< index] 2 WHZF, index2 = LAA HIE 9n|
A 2L FAHolg} g ol BALY Y
B onsex P Foh 2 =9 o3
of M wls=glt o] ABErt oo f3E
o2 ALY S g3ty VEYNT FRAG BE
W o} 111‘4*” I olgntog 23 4 glon
<a¥ 6>S S4A3Y F Aok <X 1> gF of3a
o ddig &3 @—42 BoFa ot

<E 1> o3 JulY 3o Ao

[EPR, DAMN, PLTN], [SPL, DAMN, SPLN]
[SPX. SPLN, SMRN], [SPW, SPLN, PLTN]

[DIN, SSRN, DAMN], [STR, DAMN, STRN]
[STX, STRN, DAMNI, (RLS, DAMN, SMRN]
[RLX, PLTN, SMRN], [DCF, SMRN, DAMN]

gl VEYT ZHolME 74 k=AM #F
BE Pl o8 W o7 i o] 28
k. o2 S0l <a¥  e>olA  SPLOI2 &

-163 -

Hog wrE £ glojof g} o] HAAN 7|E b
o] Ej H] o] 220 ER?‘& 23 EdAHo] @Az
A <a¥ 604 & F UFe] @d 7|7 o
3 MEHNZ ZRA ﬂﬂ 717k WEE S W Ze
ddrizto did JEYA 2y FAS o A

£ dlQl wmae] AZFFct %*471&01 —501‘#011
wel wEHoZ AlZFPr}

ol4to] HzalZ A 4d Ay 1 3L BEMite A
£ MPS Y A HAZ ZAE dolgnjolx
o AAsE dH 1 B AEr AQFEen 27 H
olg] 7} RE A FYHA ZE AAHS F
Yot die o 4 B AT 2850 ME FIPL
g By

4, 48 2 99
Agg dolg 2EdY P A
Z AALAL 9T Maxo

A% A9
A Axdol g

40 ox

A4 Al dFol B8F F AW e FAdE
2dz 484 & 4% Aoz Addn. o
Ak 297 WYEL cre) $YAY 2y 7

d HgAdA F&3HA E8E 5 UE Ao2 KB
=y

References
1. 54, “ALA TGty HHEHQA

5 E3R], A 21 F, A 1Z,pp. 16~25, 1998

2. ILOG Inc., CPLEX User Manual, 1998

3. J. Andreu, J. Capilla, E. Sanchis, AQUATOOL, A
generalized decision support system for water-resources
planning and operational management, Journal of
Hydrology, Vol. 177, pp269~291, 1996

4. K. Fedra, D.G. Jamiecon, The ‘WaterWare’ decision-
support System for river-basin planning. 2. Planning
Capability, Journal of Hydrology, Vol 177, pp177-198,
1996

5. Kim, Sheung-Kown, fae-Hee Kim, Youngjoon Park,
“Water Supply Planning with the Inter-Basin Transfer by
optimization Model, Proceeding of the 4™ International
Conference on Hydroscience and Engineering, KWRA,
Seoul, Korea(accepted), March, 2000

6. Kim, Sheung-Kown, Y.J. Park, "Coordinated Multiple
reservoir  Operating Model(CoMOM)", 1998 spring
Meeting Vol.79, No. 17, 1998, Supplement, S77, Paper
Number H21B-12]

7. Tarik Al-Shemmeri, Bashar Al-Kloub, Alan Pearman,
Computer aided decision support system for water
strategic planning in Jordan, European Journal of
Operations Research, Vol 102, pp455-472, 1997

AR
LR i



