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#HA3E o]8L RE 7led digtel tis) ddo] ALtstn Hrta BA Fukx
HAo ditE ozl A7 ATl & £ o dFHoez FIA
A2 71E ANa"E BT AR oE $9T ¢ UESF A ol & Eruket
Yzt B AAFIE Y AMER AEYHES YAl #el gleug HA s
A4 T O E #Zo] FHE Hdo] obd Aot EE FFE HZENR
A Bk HAHe g 2Aste HAHF VIHY AT wHL ofF 2 FE9
F8o] 8 7HA Feve HAH WEY =yAAed FnYFE AHEste wEH
A FAALE AFHE I Uk

#HHsglo] 2 2 Operations Research(OR)"ﬂ*i FAEHN 2, ORS F#EHA
W - - 7S e AR 8ol 38 ZA H&sto] JatAA ol e AlFA
712 &, AHHE AFsts HatH ‘:'JBM]E} Hdold & gtk ORY Adel H4H
T Eoke obF FHASE 9T FAATI okl HEol B £ 3

B AolMe HH3 7Y e Lhe FA AsE Fuls 43«] d4A =

TFEokNY HEAE AHRVEIT AFBAG HF-FA EFo] HE N
g AdAE AFE 4588 AYez ¢ AT o8 4 HEd48 e e
S o] &str] vy

2. OR 2 AL~

T>

d-F3to] {9

AgEREe WA FEE Zn BgsA BEUor S s 2yt
o BALY PEe zANAT. o9 2L Be A% BA) BAHEG of
AAFA Atk A SW AGAY AN FAAE YEGRY A2} =

g #7370 93 weps AMZAY s@o] FTaoF & WFH o) Bt A

7 gt sws o9 Bdstel A e @AYol ZshP wet A
Aage] gl ERHoE 1 AUSL DA Aol H@s WA



A AN A oA BASS o de Yoz dasteds w¥o
ORS B5A7/ € Rolth WakA ORY Rel: BA7 Woz A&y et
2+ 9

o2 A A9 Operations Research(ZtA AT ExE $&£AT)
S A2x AAIGHE 2719 FAIEFoZ RE fFAFHAT. AT
FAEL FEF TAAE 2 FA R AAHI wjX s g3 FAA 5
= & F UEF AP, olojA mFAME FALRAEY SEEAG o9 e A2
2 AR HAAJORS AFHA B89 FFE AF o8 g ok HFH7
AlZtst i, AAF ORY FFAAAY AF3EE F gAE0] ORA #F A+
E F8sA He §718 FAsAT. 2 ZF o] Fopd B FEAH wAS 7HA
A Ik 2 dEAHS GE 59 194739l George Dantzigs A AEH 9 )
g A% DAY (simplex method)S 7R3l o ORS dEHQ 7IHe XA
# Y (linear programming), &2 A 8% (dynamic programing), A ¥ #)(inventory
problem)E < ©l7| 1950d Y o|Hd] vlw3 Z NEHIYA Flojth o]F dojd
AFEHE L o] Hofe wdd & 5ol HAUG.

F 2 Al 2~ " (hydrosystems)ol gt &= £, 8%, FALES FA

g, HAY, &, A%, 9T MEE =4 FEIHE I A
&t V.T. Chowol &8ix A5 AMRHAUT. FALALdAE ABFITHAILH,

A
, B RN A, ZFaALE, deAgradEse] 23dEH.
olg g g FALALFEEA ] durAQ) FHe g3 2o

A o5 EA 2

DZzAEY AA ALATo AR
DA 2B L NS o 3 FAASY 3AHAV) 24
O e K] AL

3. AA3 71949 27

M3l ZA9 dvrdQ Feje ZAWST (x) & ol &3t Yehi=d I 53

P
T

et

re

Optimize Ax)



ol thgT 2L Atz

g(x) =0

I FAZAY

& UEAA T

A71A xE nhY BAEFE(x, x, -+ -, wE UYERE HEHL, g(x)=
mAle] AtzAAE dehE Heold, 19 2E 4z ARAWSFE ey FF
%k° ‘/}E}”‘E}

e A3 FAE EAFFe AdxzANEY F Fo3% FEoZ FAHH
°“:} E@‘E}’“‘ Azde] A3 ATE YElE Hxdn B 7 Jx 2 FH:
7 v gAY ABEE H_’x‘_i}(rmmrmzmg)ﬁ”ﬂ]ﬂ"‘ oldld A= HUF
(maximizing)-‘?-ﬂlﬂ g AlfzA e Alaglo] A Ee A HojoF = =
FAoz Uerd Aolw F4 _‘_—‘;— H5ae gz FoRG. Ao
NeAzA, AAH TE i FEP W, AAZYE, EH9F4, F824
NS & AUt 753 A(feasible region)ol T A FZAAE 3] HoHE
9 dHo)x, 7t5#l(feasible solution)E AFZAAES TAAd THFATE
Wzke] ZAgtolm, H A s)(optimal solution)e 7Hed F HAHY FHITE
3t e T e

O

r l

H

2 o oot huomn

off ox Olr o0 NlO

o

N 0.
'; i
o

A A BHEe Az 8 o gom 1 AT 23 }\]/\E-ﬂ_,]
AA 2 fHole vEEHY B¢t Bk °l of w3t HH3 wye dAE A
& WAk 3t APFeRHE AXNA g1 A HAEFE HHs 2d A
7} @stAlg = o)t

HA3 2de ofn Azl FAFH I Ao OFe MAMS wat o
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& WS Bol=stg FAEZ Ushltd oS¢ AotzEAcl o Aotz
e gAMG $AE WA= 2ollE s, AANE Aadel Y3
2= 2HYSE SH4 B,

AN el gEe Fekae AP KPol ALge] APHoZ WHE F
d #8329 & AT FAHY 2L VEAY wFE gL fEdTE
Holth. et o] WP HHo] ohd A FaY 4m wAARA AAY £

73

AZS stAl 2 & 3o dAzE HAFHE T obF Be ADE 27
"o} ojdl wtste] HAE WHE gAAALE A £ HIWHE LT
A o= A7 Adsig @ ¢ Ao HH3 WS AHEE] AsiM e TEAe
AANTE o33, 4T Az S Aok 3}‘1], W2 FHOE AL
S YU E AN 2FE T F5 Joug AFAHQ AR RdL
St o T

32 A3 A8Y (Linear Programming)

AdE HH3g 2de] EAHFsd AIdxda BFUE AR FoRH o
= AYA Y24 (linear programming problem)g B2} 90, A3 A

49 e e gol Yeriod F Aok

AFAGHEA ] Lnt
Max (or Min) xy= ]gc,x, (la)
subject to
i“a,-jxié b, for i=1,2, - - -, m (1b)
~
x; =0 for j=1,2,- - « ,n (1c)

4714 (la)de FHARFA, o= SAFFAFIY (AL 71&3 AFxa4,
= 714 A% sE $HERHIASE, (104e uLEF  (nonnegativity

constraint)©| t}.
AFZzANEo] AR HAPFFoln= Jsadd e gy YRe AAHe=R
Fol XA Hed o vy EAHE 7H5 X H(feasible extreme point)e]&} I+
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. olg B dRANEe e ge AAe Fa® 4L AH

EX 1 - A¥ASYEEA FHs)r)t oMU& ZAQFhE AL oW 3 Z ] o]
o} ek A FE7E ) SATGE a2F Holx F e A FH
HEolt},

A2 - 7S EA

=3

Ao A7EA B oz vFo AYPAGH HANE Fd 7he A g &
RS & 5 A dd od g b5 EAHANMY FATGTHE AHTS T F
b EAFA A g vlistriet 3t Hu, A9 5430 vEEIIT st dA|
o] 7t x)Hol HMAH A s (global optimum)¥E & = AL, ¢ oA ©E J%
BARE 2AE a7t oA g9 99 22 AFAYYY 5430 FR3H7 4
WA E Jtsalddo] E2(convex)stdol st whek 28 A B AL dojn F
A8 = ﬁﬂlgﬂzﬂ*aﬂa‘rﬂ g v flew FAAAs|(ocal optimum)et &2t} o]
g Ao 53] v)A 38 A E Y (nhonlinear programming)E Aol A &3] dojiiE=d),
g3 AFAGY EAdME st dFel A dAY EE(convex) 2 Fo
Z}.

321 AAYHETAY A (TFAFAETA, Mays & Tung 1992)

" ¢ AzeFY dHeAFLE Ho e Aades AAs BA o] Az
e SAEFS AF $10,00001 Ao A Az L $3,0000th 1y o
AFe AzAAM 149 SAF AxE A 2D Ao ‘:’“351‘4
o] Al&de] Wiy e driv B2 SAES EAJF Aol e EE 24
He A3 4ot At 3 Ui AA7E ZASto AR #%—-JZE ek,
HetA] Fe HAWAM Brte & wolgS St stejor o HEAH AL
1070 @919 HsE AT &FE /MR Jen HPaed 80%elth Ml
= A

W4 1 e $6000)th A
A% $2000 o BAMFL FHAT) o A
A5e Ao wHHEANE 4} vA FAle

w1 LFHe Hed daiAe

—
N

A
f

AL 4 T w2 F
I3 o] FAE AYPAYY

o x°
odr = e
=
Iy ofo
fo rlo

&
&

o=



CEoP

AL WA & de o] Axagd PANE W Aze BAST T A

Adl o) dAe] Fe N2dFHAE A2FY, AFAAY, FO2 B £ A% B

A AR 2 o] BAE BeR 2 T A AAULE HEE T S A
al

EAS) A2y FAAR A% BAE 29 19 2ol =488 £ o
g A7 A FHPFS AGzANS BY Bast Ak o dA9 A

$ 2He olgge U AJE Roln, AdzrPe F2 AsANTe NsY
o @A aEn AYBAAA s FaAR ALEF A LA ol e
thoolg o Nz ehie e FAFRTT B,

T U7tAZE F8FY ol &3 #AHTh UhaAES Fel(e$:$1,000), 10
xp (W) AFAZEE, 3x; (HFAFAA =5 84, 06 (26, —xy); (EHAEHA
E3 ARHE HFo W AF, 2[x+0.202x,—x)]. TAFY olKS = HAuE
dollA F 8]Eg W RAY ZouF o] FAY BHITFE (FH-{(h)+(thH+EH}1E
FHoistste= Zolth & 10x,— { 3x,+0.6(2x, —x) + 2[4, +0.2(2%, — x3)]} =5x,—
oty wetx EHTFE v Zol eI

x(M =g ANSef As)

x
B
0K
0

2 (HAEl=

2| 2f)

X UL EE,

2X1—X2

x(M2ISIX| %2 | 0.2(2x-x2)

T ?=

el
/wpnw~\\\ErMNM»L-\
T

2% 1 A=" FAARY BAE dEYE 2AE



Max xy="5x— x,
2 19 o HFA A A EFAA AT AFzHY L
2, —x, < 10
2 FAY, AFHAFLRE BYRe HEyEe 107 99 E 2948 F dve 9y

ol
AR E AL AL GF ARHSRAN B AgrAA e

1

XQ+ 0.2(2x1—x2) <

2 ety x| QA4 HH FJog WiFEHE HeY FFoln ¥ 45
958 7 o] o

o] ol A AHest T e HEE AkzAA 9o o
4g s o Frhdod Asxddon e A5
oltt. AT A 2x; —xpoll I H]FEAoIH, g o] Folo.

2x1— X9 =0
dAmez T ARWE 57 nE AAHOE &9 22 HE £ Ao we

A E, 1209 520 o FrhHolol BT Wetd HEFHoz o BAld W@ &
b4 mae ofee} Zol aeote

BN

d

Max x0=5x1— X9

subject to
2x; — 2 < 10
0.4, + 0.8x, < 4
2x — %= 0

xIZO , XQZO



322 =3y

e dFAGEY] FolE A A s WgelAw AA M} 37 o
ol HHE A Folrt BUlssig. & MY IFAFAE dAY HAHNE o)
Hozg pairrs sk},

4X1+ 8X;=4¢‘

2%1-%=10w

$4 AFEAEES g3l 19 29 Lol AEAIYE TS Bk 19
2t 2ol A5l 49E WFA AAYATH Eehold. FE A4E A% A
FEANE SHOE FUAS AFE dehin UAZ o A AfzAde 2F
Holmz agadt WEAY (half-plane)oZ UElokatd olg s SHUE =
A seth HERAS TRY AGZANES FA BEsE Aol s
o]z, o] £ A FH5BAHE A, B, C, Dol 47k,

5-8



e e

] Aoz 7tsaidge g A& FHddEor tBE CHE

i e A ouvt glo meEpd CHS Fdsts A4

Aol BAFES U WE Mol CHollM x;=6, x,=2°]22 o] AxITZFL

S FHoZ Arle 120999 HFF 2igHE A

oz WHE w F £old x, = 5x;—x, = 828,000 (2E€& 48}
2

flonz)ge o + Uk

3.23 ¢4 (Simplex Method)

AP e RS & AAYFe A7 A9 AFmEYd B8 73
(n-m)7/He "RAFE 022 31 YA milY vlA g tis) HE P o]
Zo] sA T3 2 7)Eel(basic solution)g} 3tiL, o] mrle] wIAFE 7|E
(basic variable)gt FEth gH 022 Fv& (hrm)7le Z2AWFE 87|
(nonbasic variable)g}t #2t} ddeol oAl A AAAFE 1 F x, F AL

AAZ APgE2 HfAstam 25359 3709 AA2ANE 5532 v F7)
3 379 ¥ F(slack variable)& F712 Telsfof 2= & 5749 AA R
it 3709 AFzPdA(FA)el e Hojoh watA i ]% F9 ATE 5-3=2

Mol 712w A holth 0B % oJEF F Cnm = Cs = 107474219 7]
Bal7h AR 5 glow, vdstAoz Az e ARzANLY 2R
Holzt & & Ak 2™ 20149 By = 6709 7RI EXFEE &+ e

o]|= 47l%to] 7}=TA A o| o},

A e V|2 FolWHE 7t FFEAHEG old ZHI F ItEHAHAAY
Xty AV E v JtHA FAHeE HAHZGES Foprle RAolu vAR
(simplex tableauw)& 2Adste] W& b5 B Hoig 7|28 9 v 7| B2 Yo



A a2 AT EE Fotod HAGE T
o] }HE PH(matrix) FHHE Ve FH DA ¥ (revised simplex method) &
E 293 v 2k
LRk
Max(or Min) xy= c' x
Ak,
(A, 1)x =5

Max xy, = cg xp+ Ch X
BxB+ NxN = b
A2 BE Z7]E 8l (basic variable)E 97| st H A} N2 4d]7] 23] (nonbasic variable)
olul gttt WE] B N2 AFzzdael 7jEae} vj7| 2o #AEE= Aol

ot EolFAolM n7|EslE Ool2g &3 Zo] yEtd F Utk

Max xy,= c3xp

Bszb

R4 9 7t HHRol T 2ol EANE F U

1 ch_lA—clT c,’;—c,’,)
0 B A B!




3.3 B| A3 A8 (Nonlinear Programming)

BAges Akzdo] Aol AWAYYAA) 2AL BL AA FA
NE A4 194 £ ASE Bol Utk wAFAGY BA 8 S
A AFALYNA Y AAE DA s w2 @k o FANM R
e o 5daH @ A FSHFANG AFTAF] 2,2 WA 2oz F
AG T AR o BAE ojelsl 2o wAZARY A Aok

Max xy=—2x1%+Tx,—

subject to
208 — x, < 10
0.4x9% + 0.8x, < 4
2238 — x> 0

x120 , XZZO

SARAY EA GHE R Gge] HE MYALIAN ] B
= 2d od ¥ ¢neFol BE dHEe wAgAYY BAd 488 F= gt
Debd MASAES) LneEEE Gk EAsl ekl BAo] Aol ek

olEF 7H FLsdn AAHE AEW L4 BIIE .

F

o~

3.3.1 A=A 0] U+ (unconstrained) ZA$ 9 HA 3}

of A% 2AFEE xo) BEG Bt

Max (or Min) 7(x)

QAN x=(x, 25 - - -, 1p0lTh S BIEASE o oW & x7F HASH x°
o7 g WeazERzAL
%20 at x =x for j=1, 2, * + -, n. (2)
J



@ Hdd FAY AFjx)E LE(concave), HA3 FAY A9LE j(x)E BE

(convex)o]ooF st} (convexity ol 3F Al H

Appendix 1 #3). 28¥H (249 n/le HAn|EUANS E9 x'9 2 7 5+
3% +

Aok 2 B AR (0 T2y

HMH oz F7)7F R oW dueF S o433 FARHE AN x'E
TtA € olHE gARAFEL AGx o] e AHFEAY WG E &
FoA 2ol A7 Bk gAZ Adzdde) e BAe AMe A% g
FES W WEAL duith Aok do] gle HASEAY FYE Allbsly] ol

AaF il st grEARlelTh F O e dRES AAStY §ATNE E49 4
b= #HAgoltt.  wekd ol WHEL FIHA| A (interval  elimination
techniques)e] 2 %21,  Golden section method, Half-interval search method
(Bolzano search plan) %5°] 3t}

AT AF7 n>19 ASE A% duYFEL ot B2 VB dAES

AR}

FE QuANAY AR A(line search), x*'=x"+*d" AA
AR st Wl o] et A descent methods, Newton’s methods,
quasi-Newton methods, conjugate direction methods®] Y #FZ UHA ®Hr} o]
Z 2 AY 9Ed UHe steepest descent method EA A2 HuUlg FAdAE
VAx), Hx3 FAAME - VAXE e Welth 9 AAMS A9 o2 Wy
o M e FuEdo F v}



3.32 A%FxAo] Ad+=(constrained) A-F-2 HH3}

. gepa Aotz

o
2
H
o
o
X

A opz Aol %l—t— Aeo HA5 BANAE Asadddel 488 B3 FHE
Aol %

o} HA= E’%‘CE} ThAl A Aok o] Qe 3t ZAe HA= (2)4e
gradient vector7} 0o] obd 7hs3] 4HY AAY BAHAA AT 5 e A
ojt}, old me} AFRzo] v vAFEEAY HHzHo| Uz MEHAJEHE 2
Zo] vl2 KKTZ 7 (Karush-Kuhn-Tucker conditions)o]lth. ©] KKTZAE2 A<k
z70] e Awg Aoy ¥ AEAYY EANAN 4 £ dAAHH7T H7

A= & wkFo] FHojob Fhtt.

BE AgzAAo] MEPelxw HHEL HXAPA FAHE linearly constrained
optimization °]2ti 3tH, v Y EHEFFE 1sty] A8 dAPS AFseE
HEo] /EE At o]EF slyr}t quadratic programmingeol™ 347 o|j| @
o e e U8 dF9e] FHi fo| 23 IR Foixl= 5EI Ao T
drh.

Convex programming ©|& 2 & A gFx A o] convexell &
EA ol = concave, HAFF AL convex? HZHIEA AP
e REFA ALHE stUY ZEETFL o A7 g FadE A
d gugFEe] MIEHAed olEL tie A ERE Jddd. AR
gradient algorithms® 2 331749 Al BAAAHE FASe FAHZ7}F AFzA
2ol AAE dolrtA ¥EE st B o2 A generalized reduced gradient
(GRG) method7} 7} tiEHojt}. E4 2+, sequential unconstrained algorithms
2 A penalty function method ¢ barrier function method”} 2t} o] W EL A
kx AL EHFF TFAZL O ZH unconstrained EAE *Z,SLE o
2 AdxdE orie Hggd sy SHTrd dHS T gdold. AA 2

¥+  sequential-approximation algorithms© 24 ololx 48 A} (linear
o]

1=

-ln s
rir ml
N,

F

approximation)3} 2284 <A (quadratic approximation)® ©] 1t} WS 2 b
MY EX]FPTE A4 4Q linear(EE quadratic) approximation©. 2 A5l A o)

o gk AgxRAAEe] HE AL AsE AMFA WY quadratic
programmingS FHE-H o2 F&= RAY AHolt} o] TR F Hztel tiE A ubY
o] Frank-Wolfe algorithm ©]t}.



£ 1 4&sd -3 2239 g2E

=2 Zol7ts
AMPL LP, NLP, MILP
LP ' Linear Programming
GAMS LP
GAMS/MINOS LP, NLP QP : Quardratic Programming
GAMS/OSL LP, MILP
GAMS/DICOPT | LP, NLP, MILP MINLP NLP : Nonlinear Programming
LINDO LP, QP, MILP
GRG2 NLP MILP : Mixed-Integer Linear
GINO NLP Programming
LINGO LP, NLP
MINOS LP, NLP MINLP: Mixed-Integer Nonlinear
Programming
OSL LP, QP, MILP
CPLEX LP, MILP

Yol Al A7HE convex programmingd WHEL HAFHANE Zgz = v

HECAT 23 AFoA datA =He vAFAEY EAdAME AFzA4
E X9 convexityd] B3I convex programming® 7FAo] 2z AL HAFE A
7} 2t} o]2 ¥ nonconvex programmingS 3 WHE AA L AL nHAo
A o2 convex programmingg A EF H, doX o8 IXHHNFT AL Y&
A& AYstE Aoltk. SUMT(sequential unconstrained minimization technique)s

ojd WHFT Y stitolrt.

ol HAHI WA M FBo] He HAALRH wAFAL Gl ha
wel o} nglth Awo| BEY BAZ HAslo|Bo) U Aoz nFF A
gou, 43 7geld Bololn YEAY dnFelt ofE ATl YeR
W odRe Tt F gnaEe NEoled AAY NEe AMAE #

$8871% 43 AFsE vhol o

b o r:L
2

f
#fd
&0 _°,L‘

o r\r



4. AFA2RAA] A§

B2 3A #7)¥(branched) A 297 3] 28 (looped) M 2B 2.8 5o
Ao He=d F Al 28] gEAHQ Ao)|HL BEV|HA A= Z+ B Ao
ol FA vl watel Az YA xAANE 2 Bol M FFol WE2 HFF
ofof 7] W&ol 2 M FAAHe] o Hisin & + ok HHEHIIYe HE
AHE T A2PE Uro] 2 R Ro| olslel o Tgo Hae 4zar.

4.1 718 #AY A2 (Branched Pipe Network System)
4.1.1 A /A AEX

8% F(water demand)e] A& o] z+

o2 Fits) Urtd dA FERch u}a}
2Q1 AN (G HAHANAM EoleE

2 oln| %é?ol Ho Qe dHE & + Jdg. dd 01‘5
2= g7 ojd AP#AA disiH 2

40]]*14 g gdie #
Az AR EE

F5 Urte
g HollA Y
Hol 9o &4+ FF Darcy-Weisbach& 24 T Hazen-Williams3 4 0 2 2 & A4k
& & A "Btk Z BolA e &AFFIE AAEE AHA =MdAe &dFF

e Fael Foln WR(PFIANLY FHIA o] 44T FE AduE T
Bl 3RE £U4L DDA FAsorRth Ve £z WEHA FoW
A¥Aoz AYA 4 B BAL Al 2ARAY BBAAE FA oAl 99
ANDAE BE2 S Grhx) BRI Bt

412 HH Aol

Aol AHE AAEAE B AWFLE AAok st 58 2rlH wMo|
2 4% 279E AP PNt B ABFoRAL o) 234 Y&
getsoz YD FAAMALDY HAG HsdAw FAHAE e A

R B3y HAFZzHY AAegtne € & u gy d¥HEY EUEn
dA 2" HALAE A% IF7F Aotk Karmelis(1968), Gupta(1969),
Calhoun(1971), Gupta5(1972)2 %718 #AFA 29 HHLAE HEA Y (linear

5-15



programming) 2 2 T2 313t th. Schaake®t Lai(1969), Liang(1971)-& Bl 3 A 3
% (nonlinear programming)% ©]-&3 718 AW YHHAE AzsgorL) Az
AGRYE o] &3 W vl o U Ay AL o)He BYFAE= &
A A7) E JdEAGHE o83 B8 A Ade] HHMAY & 9B
S MBS =

ARt o8 ALAI2® V5L Zh oA QFHdE &F
2 EEA7)E Aol HAAE o FF
A 2dE gtotob e Aojoh, HAEAE APALYTH 2 £84 ©
fstd HAAAI B2 AYPHQLE A= 2 A
ANEE FFE}h waby

z gt Aoy 2y

off ot

o
-

o J

I b
X
o
2
oft
o
o
Y
e
5 @
e
rJ
o
>
[
uiit}
2
2
{0
>
(A
Iz

(3)

=
s
N
i
;
iM
o
;,
>
;.
+
g
T
5

oz FojNed &714 Lyt ()7 2o $2018 2AY Xyne ()T
2] T

wo A Hol7t okt 4zl $74 S 7H #HolE Yeldth o F S99 10749
FHE TABES nHIHE ()7 2z #A#EE MR 10709 Bo
Z2%g olFx dvn BY "ok maA 99 AtzHe 1 10709 #e Fo]
e ()77 Zolg Zoe Yujojt. o] o2 3 TN 10748 2z
o g Zol7t o Fald = YN HAA HAAAJ=Z = A A 3 e 1
Hel Aol AYHY, E F Y BHo] AYHE AEE oy AFFHS <
Az 3t FUAA F BAY BE 77 o' do|E A|FIE HE oy ol

glcka 2o}

FYFFo BE AGZAL §5F FFHEA YoM §59) A88S B



717) A 7 FRERNA 9P GHFF o4 fAMA Folof Ak Ao
i}"] 1—;}0—7 L 1

Hon + Hunn < Ho + ZXPIV = 30 3 JijnKijm  #=1L-N ()

me

Huinne 223 nillX 275 HadHsFolH, Hie ¥l A (source)oll A 2]
AAFF, Hpp F8AH nd] Tl Jijme ()7 A&7 #7348 &
e} ddeld EAFFol Darcy-Weisbach3 A 28 E thga Zo] T3
X},

A7) fe B9 A QE F%, gt FH/EE, DE BAE Uehdn o] A
M f, Q x, g 5 ZF & U3ty o|n] Fo2 goly, #AH DT A& 723
AP Z 7‘4?5117@1 NeBE 7 AAEE Jjjme 7lE FlAE goln
spA e 2 AARHERl Jdolet HEGAHNY FS S5Y F glude vSEA
(non-negativity)2 o3 #t}
Xiim=0 (6a)
XP, >0 (6b)

4.1.3 HAH A9 4

lc

oh‘. (‘IF mB: rie

%" 33 22 2719 AMaddd tiste Hu g AR FFAEE HAA
AEAGHEEE T V2 o A B2739 AFE THolx, 454
o #a= BAH 09 AHstFolw, A 3, 6, 72 FoEYPlY BT Ao
Z+7F 1000m#oju, Zd-& FABA L 57iRE 1SR st B 260 A7 #

],

O

3 g do)d #e v &S AFRE|Z 3t 7 #e BubEAS f= 0.028 s
=9 e 100m, 7 FRAEANMe FuE 110moly FgERAL
05kg/cm*(FF2& sm)olth. 28 FdM e 27 &L 247 0.1m’/secol 1, ¥4

A48 Im FAH1E H-E&L 35000008 22 317 23t}
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R —D @ @ @
a9 3 718 #YA2"9 4
i3 4d4 PE durdte] #3E EFAME
# (mm) A 24 (Y/m) A 28] (Y/m) FHI & (Y4/m)
200 9,080 6,680 15,760
250 12,830 7,460 20,290
300 16,560 8,230 24,790
350 26,810 9,020 35,830
400 34,710 9,810 44 520




$4 AFAYY o2 +455d

Min Z = + Co11 Xo11 + Coi2 Xo1z + -+ + + Cous Xo15

+ Ciz1 X121 + Ci2z Xygo + ¢ =+ + Cyzs X125

+ Coz1 Xoz1 + Cozz Xogz + ¢ ¢ ¢+ Cozs Xo3s
Coqr Xog1 + Coa2 Xog2 + ¢+ + + Cogs Xo4s
+ Cas51 Xys51 + Cysz Xysz + ¢+« + Cys5 X435
+ Csp1 X561 + Cspz Xsez + + + + + Cses X565
+ Cy71 Xu71 + Cyze Xyr2 + -+ + Cu75 X475
+ 3,500,000 XP,

+

+

Subject to

(a) Bdolol thdh AFxzd

Xoi1 + Xoiz + Xouaz + Xo14 + Xo15 = 1000 (0-17%H)
Xizr + Xizz + X123 + X124 + Xizs = 10000 (1-277H)
Xog1 + Xogo + Xogz + Xoay + Xozs = 1000 (2-3+%h)
X241 *+ Xog2 + Xoaz + Xogg + Xogs = 1000 (2-4+%h)
Xysr + Xys2 + Xiss + Xasa + Xyss = 10000 (4-5++7H)
Xse1 + Xspz + Xse3 + Xsea + Xses = 1000 (5-67%H)
Xy71 + Xazz + Xgzz + Xy7a + Xy75 = 1000 (4-7+3)

+

(b) ot FFo] B3 AFxA
(824 % 3)
100 + XP1 = Jou1 Xoi1 — Joi2 Xoiz = =+ ¢ - Jois Xois

- Ji2n Xizr - Jige Xigz - ¢ 0 0 - Jies Xios
= Joz1 X231 = Josz2 Xozz - ¢ ¢ ¢ - Jozs Xogs = 110 + 5
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(T84E4H 6)

100 + XPy - Jorr Xor1 — Joi2 Xoiz = -+ - = Jois Xous
- Jion Xion - Juze Xiee - 0 0 - Jios Xios
- Joar Xoan = Joar Xoaz = ¢ 0 = Jous Xous
= Jusn Xusn - Juse Xusz - ¢ 0 = Juss Xuss
= Jss1 Xssr — Jasz Xsez = ¢ ¢ 0 - Jses Xses = 115

(Fod8d 7

100 + XPr = Jou1 Xoxr — Joaz Xox2 = = - - = Jois Xouis
= Jiza Xioa - Jize Xioo - 0 0 0 = Jios Xios
- Joan Xogn — Joa2 Xoaz = ¢ 0 0 = Joas Xoas
= Jan Xagn - Jaz2 Xazz = 0 0 0 = Jans Xy7s = 115

(c) 8] &=x4A

Xijm = 0
XP, =2 0

Aol F23d MYEAHHEANE GAMS(Generalized Algebraic Modeling
System)# 7] A1 & o] &3] Fols A} i 329 22 HABRAHYN FLolE :rLZTL
T AU o) Al 23tE (01), (1,2), 24)FZtAN M E 400mm#B-S zHz}e)
Fdolel 1000m? AlFst (4,5), (56)TFNAE 300mm#A-S 1000m% ]:6"
(2,37 250mm#*FE 910m, 200mm#*FS 90m=E A Y3 (4,7)77FS 300mm
330m, 250mm#TS 670mE A gt} o} olu YAHTE 642m=E HH HHA
7} "}

nm r:- o °¥N'
2 g RO

o
hslokdtet 1 A% AL 3 dw A A e U
CER-EE EOM] ask ol sde 2902M
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Shid
N
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o
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1o
b
i)
)
ot
r a)
oy
o
oZ
ol
f

(&9 ' m)
7 (mm)

. 200 250 300 350 400
(0,1) 1000
1,2) 1000
(2,3) 90.3 909.7
(2,4) 1000
4,5) 1000
(5,6) 1000
4,7 671.9 328.1

HARFAT = 642 m
H A (2 A2)FAM] = 449,504,400 €

42 3123 #AYF Al29 (Looped Pipe Network System)
421 7] Rl &

g e HAPAAANMNE 7 ol dal A2 4G FABAN RE
olg BiFZE oy BAFAYHEE 24 He HFIEYH a9 HHHA
= W Ao Ao ARE ZF FA AL BRE AFE AET ol
5218 TEHE #Ho AFHEL FAH IE BHAFEFE FoAA
718 A% ASde g AFIHEE fYddME 2 BAMY fFFo] 1
Z += Darcy-Weisbach &)oY Hazen-Williams %
Qo tizl v F o2 Fozit watA & 32l EAdFFo 2 09
Hdg o2 ezt
Zol 328 [ A HAMAE BAYEAZRE Fo7
A =Y o] FAE AASJANAA AHAsHE ddd F BFo] Jojg}. 1
PEZQ AEZ+ Alperovits®} Shamir(1977), Shamir(1979), Quindry 5 (1981),
Morgan® Goulter(1985)%F¢] oy o] REHEE HAAA Y Mgl 2Ho] gt
oA e ™ol AT dSFHdAE A vAPAYY S o] & WS
28 Br1g2 g}

(SN N AR u A O A
RCHR DD T LR = R S o}

N
o~
[+



422 PAFAYYE o] &3 HAHAHA

e 29 (Looped) B A29e] AHFRYL AT TAPFE
Yz Foj o)

Min Z =;§L,- (e + D9 + gCPkXPk (7)

714 L, Dy #2420l 2@ #AHo|X a, b, cE AFolH, CPo XPE I k9
FBF AAN &R FH oy, % 3491 FAF, Ke Hxo] Agolth

=X et A e sior @ HAA A AFxA, A
WA od Az A of o3 Az, FoHFAM i

T4 710 WE AGxd, AWFY gl &9 F fde

Nonnegativity A k=
A 5 57}A o]t}

(8)

A71H gE N BE T B2E % QE F288 N Fo0F IE £
44 it 429 39 =3y ZHY FadYyd dstd #2E ¥ } TF &
°of FRFHS THEAAC

F e 27002 7b% 71 2HQ Aol

) HE =GNl T Az

};Shu = O (9)

d)

B A sqle] AGE Zoop) A7l thahed &4

Aoz A7A L= AR sol &3 B zdolw, 7t
3 2o,

N

ol



() £AFFHAN % Az

10.66 L, Q'®

hy = CL® D}‘-'87

(10)

EE #E ZZe] W3] Hazen-Williams 34 wEA A 3ty AAWEF7 He
w2 e Ed5F, 84 R 7Y FoE FAEH

(@ HFFL7NZ) RE Atz

b

< H< H (11)

Z} FRAFANA Y JFRrFGe] HAVIEe] HE A H I} A
olo] EAjsol At AXZACZ AFE MAIF 93] 33X 15m, FEHx
£ 40mE FojAt}

(e) Nonnegativity A2z

D, =0
q; = 0
(12)
hr, = 0
XP =9
AREFTL He #Re BF, 7%, &S4FF AT @42 45 ;e A
g o] 270g WEXAL @},
dolN BE BARSE B4 U YR4T BE HEo2 YA 5779
AzAgels mYol PaH AVEASE EF TP olA, o A58
GAMS/MINOS & o]&3t Zol3td HAZIEE WA 7 HYd A AAPF(E
45T, 87, BERF B TE & Ak 53 7 #ol B AABA] Fan

A she AAMSolT,



423 B33 AFA2AA A9 HAH357)H

Holl A AFHATGA T B AFAGHY NN E GF F e dAHEFY A
7 AgHolojM HAALAZ st AA dYAAHe] AV(5F B2 A
Ax Agke] A B AAZ 519940 w2 #FE7F 0M0ln, 558 A
drt 2270, Azt e FAHANE TGATF LAY AL HA™G
RygolA meE AGEANL 1964, H5e ONEN ol HHAPEAZAY 1
TEI7E obF Avtie ¥ F gtk wEA ¢S BEFstn 7R & @9 H A3
24 A= 8 E A ¥R (nonlinear programming)$] Al 2jsf )4 o] of 7
YA A "} o] gpzro] FFyIRoke] HHZE A glo] HHE FA FEI Y
F AFA Afde FAEYEH(hydraulic simulation model)E HA3RH
(optimizer)oll < 7l (interface) AR 24 A9 a7 & AH3Ego] tBE + Y=
AZI1Z2 Y9 F duh ole HAHSEA Ao Atz R B
52 TYURYRFE WA M FoEHN JtesiAcd olw HAHAojolE
(optimal control theory)dl ZA3st2 Yt} 218 4= HZHAo]o]&d 93t YA
A FERRFe] A3 AAE FAHo2 Y Aok SRRy F
AR o dAle HAHZJRIYNS ALY SE B AAHIHALE 98 A
AFAGARNE 18E ¢ dvdes FHE 71X I Lansey$t Mays(1989)= 9
o] 714 Algsted HAAEL = A, F58a, 8r Fo A7 A7}
A& 2 AT.

ri

g
o
>

2 M3 29
(GRG2)
control variables state variables
of) &3 o) ¥sF
Hzgg HERY
4
F2|2e By
(KYPIPE)

a¥ 4 HFHA o] e T FLAA



43 WFA Ao 9 JEl 3L

A e Ba

Um
=
1o
g\-l

A HAHLAPAE HLo] EH £ lEeE ] o]
] F5HId FFAFH 5T BE o

18] & o] &3t Aot} Brion# Mays(1991),
Ao HALAE oA B A7 &g HP
2} A &9 JheE S RAFATH

=F3t Hojrle AHA ALY B wA EE o] ZHES YR olfdH
A 7hed AAHI|IEE o]l &3t =FAMHFS HS JAEARY S FEe
T 2% Lansey 5(1992), Kim® Mays(1994) So] d+d 2 #& A 3\?17]'
BAE AL, YR E ARJAVME AAste E¥ely ol FIJANEE Y
AAE mEHIY AFEFE 5(1995)2 Frd FIAFE 19A BEA A= Oty

v

.J

3 /‘]’5—201] —rﬂé 74] He
Ormsbee 2} Lansey(1994)—‘:“g Hg A
AL B 4 AE A 2"

2 K

>,\J

Azxd WA Ao JtEg 288 st

FHIode FH2 ¢18 F(Genetic Algorithm)S ©] &3 A4+% A A A (Savic
3} Walters, 1997)9} @9 H A7 (Halhal 5, 1997) 5% &8 A=z Yo}
ol FHA g Fol MHIHIE Tt FHE A ALdsn, A3
EQWOE ERT RN oA E 7 A WA= AL dHE F e
ZQrgk Zlolrt,

44 AFHE JolA9 FAA

BEAl=R e A QolA HHFolEe HELE 1FG BE ATt Yoiste
W AFME dFHez HEH et ool 54019&014 dAzE FYIAME &
E AFoAME A7 de 20x] &3 v AAold. aFH o HHsrgo
AR A o} A 2o]A] RItEA] HIHA] JMEd FFE 3 B "es) o

A, vkl Ay AFAHEo] B3 AP E Fd. o] FAlE Walski 5
(1987)°] Fglo] BL P& HuTAS 43 giEy FHsRFo] £& A
HoF3 glog, AAz HFAAE oyddr a4 297 ¥ (simulation
techniques)2. 2 vlR2| 7 SHEE £ ZF4HAF)E AT & 4 YL&L HogE
At

=X, 71E9 FFAAEVIES oW A 7 FA vlE) o e AT

vzr_xl o)

ool BAE AW 2ARG § 4748 Aot olAx AHHE IS
MEZ ofn Mol UL AWE ATaeA FUARD AW vud

B
X
N
)



T HA @& AP0 @A e oy ¥k AAE 0 #HS A o 7
S HgoE Jde F Ut oAt g w HAHRF 71x7 U} A

AR, AFAELE HHI7 PG ol &3 HIWAH dxx Frh dREY ESF
AFZAEL HH o2 i) BHoE wiE 7IHE 7HAA Esdoen wEbA
Aol M e Gt ARAE R Je FE YUk 2y o] Hel HAT
A9 Eolgt AAAAE Zerh. Justd 7|EY FLEYVIHE AHEndde 4
FAFAE AdFs 2 BY7|goA 2ol&, o EE°], Newton-Raphsong ©]&
3 L nYEL SA3) ojfstHEM 21 Y AL ofd Hojy] WRo|th

U, ALg3l7lol UE o) o] BAle AAEAY 4FEE BHo] 3l

Az B F g AAZ HHI7|HE o] &3
ged FH olfE ERdsAMIETGE &Y
d A7t Bk o] REEL e AS dEEHIHEYE dudF
ZaAsts RN AF Loz ALY WEol} o] AFE HAHI =Y
& ekxol ofo E Sue Funte] AFArE 7] ofynEs Aol
AP S 37 g3 E YEgo| 71E€9 KYPIPE(Wood, 1980)% 22
gryy e A2 /MEdEYH AFAME dotEod R ot

ol Aol A AT AFEHL FAHE 49 By, ole AFAIAH
Bt olyel ZE FARAYA 2 F o AFEE FAFLE B £ T 19
U el Ad5E ZAEL Hojx £718 FFA 2R A A E HITHA &
& HWIEY 41FAA AME EVEA2AY HAFERYPL I B
GAMSZH= A&3712 & ol&3td A 24E =

o ka
of
oy
ofl
iy

2o

o]

L

23
Nzge) ASelE MAgALES Aok ojelge dod /&Y Rdny
g olg% AAY HoE 278 E: ARES ATE + 4T Reln

A
i
4z

(1992), o= AAE7IE.

F, 891994, "HAFAGEE o8 drxE FLHA
w33, & A, A27d, M4z

(1995), “E718 BEA2de] HHAA #g A7, methstm s
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