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APPENDIX

Computer flow diagrams, programs, symboel table and results obtained for
the numerical computational method and the simplex search technique

for the hydroelectric water storage system,
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Fig. 1. Computer flow diégram for the numerical computational
method
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TABLE le CCHMPUTER PROGRAM FCR THE NUMERICAL
CCMPUTATICNAL METHCD

CPTIMIZATICN BY MAXIMUM PRINCIPLE

PUNCH 100

PUNCH 101

THE1=139.86

THEZ2=167426

THE3=240a33

THE4=494 647

DELTA=U01

DFT1=,000C0502% (THE4*#3)
DFT2=ce00UU150E* (THE4*%2)% (103769~ THEI-THE2-THE3)
DFT3=,0U228%THE4* (68564+e00456% ((1U3T9~-THELI~THE2-THE3)%%2))
DFT4=-1562712%(1U37.9-THE1-THEZ2~THE3)

DF4T4=DF T1+DFT2+DF T34DF T4

DFT5=—e0UGUUBU2* (THE4%%3)~1e56712%Tht4
DFT6=,0000CE02%(THE4%%2 )% (2015 T=2e#THE1 =2 *THE2=2¢#THE3)
DF4X3=DFT5+DFT6

DFT7=2e% (THE4*%2)4300000

DFT8=—2e ¥ THE4* (20156 T-2 ¢ ¥THE1 -2 o ¥ THE2-2 e # THE3 )

DFT9=3e % (THE4#%2) 6 %THE4* (1037 85-THE1-THE2-THE3)
DFT10=2e% (693 7-THE1-THE2-THE3)
DFT11=1376e6%(693e7~THE1-THE2-THE3}+551423.3
DT4X3=(DFTT+DF T8I/ (DFT9+DFT1G+DFT11)
Z13=DF4X3+{UF4T4*DT4X3)
DFT12==eCUUUUD0Z¥ (THES*¥%3) ~e5326056%THES
DFT13=e0UCOUBU2% (THE3#%2 )% (1686e3=2e%THE1-2e%THEZ)
DF3X2=DFT12+DFT13

DFT14=e0000U502% (THE3%%3)~.8326506% (943,15~-THE1~THE2)
DFT15==¢000C1506% (THE3%%2) % (943415~THEL-THEZ2)
DFT16=e0022B%¥THE3¥ (72544 00C456%((943,15-THE1-THE2}%%2})

-DF3T3=DFT14+DFT15+DFT16

DFT17=3e% (THE3%%2)~24%THE3%(1886e3~2¢%THE1=-2.%¥THE2)+318000.
DFT18=3e % (THE3%%2)~6*THE3*(6T7C+~THE1~-THEZ2)
DFT19=2e#{(6T0Ce~THE1-THEZ) ¥%2 4466453,
DT3X2=DFT17/(DFT18+DFT19)

L12=DF3X2+{(DF3T73%DT3X2)

DFT2U=—eUCLU0BC2¥(THEZ2%%3)

DFT21=eCU00LOUR(THEZ%#%2)% (1823672 *THEL)-1.578216%THEZ
DF2X1=DFT20+DFT21
DFT22=e0000C5U2%(THE2%%3) - 0C001506% (THE2%%2)%(911.,85-THE1)
DFT23=eC0228%THE2%(6922+:00456%{(911.85-THE1)%%¥2))
DFT24=—1e578216%(911.85-THE1)

DF2T2=DFT22+DFT23+DFT24

DFT25=3e % (THEZ2#¥#2) =2 #THE2%¥(11%Ce—~THE1)+303700.

DFT26=3% (THEZ2¥%2)-6e%¥THEZ2X¥(G512-THEL)
DFT27=2¢%({633¢7~-THE1)%%2)-1112.6%THE1+1163257.1
DT2X1=DFT25/{DFT26+DFT27) '
£11=DF2X1+(DF2T72*%0T2X1)
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TABLE 1 (CCNTINUED])

DFT28=e00228%{ THE4*#3 )= C068B4% (THEG&##2 )% (1040e~THE1-THE2=-THE3 )
DFT29=({(S56e—THE1-THEZ-THE3)}*%2) - 168 % (THE1+THE2+THE3)+168026.)
DFT30=THE4* (s 0D456%DFT29+685.) :
DFT31=—-712000+685e% ({THE1+THEZ2+THE3)
F1=DF7128+DFT30+DFT31-146%4.
DFT32=e000005U2%(THE3®%3)
DFT33=-e0CuUl506%(THE3#%2)%(943.15-THE1-THEZ)
DFT34=((930Ce—THE]1-THE2)%¥2)+24E1 T —20e 3% (THE1+THEZ)
DFT35=e00228%¥THE3%#(53e6+(00456%DFT1341})
DFT36=-(Z213+:1222%(943,15-THE1-THL2})
F2=DFT132+DFT334DFT35+DFT36-55%9.3
DFT37=eCGO0COSUH(THEZ%¥3 )~ U00C15UGHR{ THEZ#*2)%{912~THE1}
DFT38=({893. 7T-THE1 ) ¥¥2432734,-306.3%THE])
DFT39=6e00228%THEZ2%{6922+.C0456%%DFT38)
DFT40=-(Z12+1:579%(912-THE1) )
F3=DFT37+DFT394+DFT40+41231.4
DFT41=eUCU0UHU2H (THELI#%3)-.013459122%(THE1#%2)
DFT42=1:527%THE1-({Z211+1351.)
F4= DFTQI+uFT42+l3b7 31
A=THE1
B=THE>
C=THE?>
D=THE4
E=Z11
F=212
G=213 ) .
PUNCH 1sAsBsCsDsEsFsGesFlsF2eF3:F4
IF{F1)3:3246
IF(F2y4s446
IF(F3)5:5s6
IF{F4)6s848
THE1=THE1+DELTA
THEZ2=THEZ+DELTA
THE3=THE3+DELTA
THE4=THE4+DELTA
GZ TC 11
6 THEl=THE1-DELTA
THEZ2=THEZ-DELTA
THE3=THE3-DELTA
THE4=THE4-DELTA
. GZ TC 11
1 FCRMAT(4F9e393F10e2s4(1XeF12a2) :
1C0 FCRMATU(4X s 4HTHEL s 5X e 4HTHEZ2 o DX e 4HTHES s SX s GHTHEL s TXs3HZ13 97X s3HZ12)
1¢1 F“RVAT(IHI11X!3H211911X92HF198X92HF236YsZHF55679£hF4)
8 STCP
END

[RS IS L EL ]
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TABLE 2 Notations Used in the Computer Program By the Numerical
Computational Method

1 3
THEL = © DT3X2 = 3_65
. 8%
THE2 = 62
712 = E(zi)
THE3 = o°
4
THE4 = ¢ 7 af§
s DF2X1 = —
1
axl
DELTA = A0
afg
DFT4 = *—4 af§
a0 DFZTZ = ——2‘
' 36
afg
DF4X3 = —3 2
By pr2x1 = 28
Bxl
4
pr4x3 = 28
5 1
ax] 211 = E(2))
3 =
z1 E(z]) | 1 _ E[aﬂl
30
3
of 2
DF3X2 = —3 2 - upE
axl 382
3
3f3 36
DF3T3 = ——5
90 h
F4 = E[-—Z'



THE1
145.850
}4"!‘0850
143.85C
142.850
141.850
140.85C
139.850
138,850
137.850
- 136.850

135850
124.85C
133850
132,850

THE )
140,850
140750
140965()
140.55U
140450
140350
].405250

1406150

140,050
139,950
136.75C
139.65C

139.550

139e!~}5U
139.350
139.25C
139,150
139.050
138.95C
138.650
138750
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TABLE 3. SCLUTICN C3TAIMNED BY NUMERICAL COMPUTATICRAL

THE3 THE4

THE?2
1736250 246.32C 500.46U
172¢250 245320 499,460
171250 244.320 458460
17ne250 243.320 497.46C
169250 242320 496460
168250 241320 495,460
167250 240320 &£94.460
166250 239.320 493.460
165250 238320 4924560
164250 237320 491460
162250 23603220 490460
162250 235320 489460
16]'25U 23‘*0326 488946\)
16ne250 233.320 487460
THE?Z. THE?3 THE4
1682506 241320 495,460 .
168:150 241220 495,360
168,050 24161206 695,260
167956 241.020 495160
167850 24C.920 495,060
167750 2400820 494,960
167650 240720 494,860
167550 240620 494,760
167450 240.520 494660
167350 2404206 494.560
167250 240320 494,460
167150 240220 494,360
167050 240120 494,260
166950 240.020 494160
1656850 239920 494.060
166750 23%9:.820 493.96C
166650 239720 493.860
166550 239620 493.760
166450 239520 493.66C
166.350 239420 493:.5560
166250 239320 493,460
166150, 239220 493.360

T ~-78.73

212
"19-02
~20e25
"21-‘&5
=22.62
~23:76
~-24.88
—-25.97
-27.03
"‘28005
-29.05
~30:02
—-30:96
-31:86

-32:74

212
‘24088
-24.99
“25010
-25.21
~25.32
2543
—25¢53
~25e64
—-25715
"25086
-25.97
-26:07
~26+18
'“260 29
“'26039
~26¢50
"26561
"26:1 71
“2&082
—26:92
'"27003

—27¢13

211
—~158.92
=149¢41
-138.99
-12740
~-114.28

-9%.07

—-80.92

~58:35-

—28465

13.72
8224
22047
69105
—3365.61

211
-99.07
“970{41
-95.72

"93:\99
3 "‘92:}23
-%0s44
-88:61
8675
-84 85
"82»91
_80092
- “78&90
7683
~T471
~T72:54
~70.32
-68.C4
-65¢71
_63532 )
~60:87
~-58435
—55076



‘F1
4239.69

©.3393.91
2604437

1870.59

1192.,18

" 568.74

«03

~514 .49

"975021

”1382936
”1736046

. —2037-.89

—2286.92

- —2484.04

F1
568:74
50940
45063
392:40
33414
217:61
22095

16493 |

109+ 36
54 otk
203
~53.88

~107.27
—160a02
=212.32
=264-02
—31502ﬁ
“365983
-415.98
=465.54
- =514:49

e st st e

F2
55.56
49,91
43.33

35057
26.27
1487

.950
“18030
=44 24
-82.87
—1&7-68
—-282420
-749:10
331123

F2
14.87
13.58
12.27
10.92

9:.54
8213
668
5019
3667
2011
«50
~1:15
"2¢84
~4.,58
-6.37
—B.22
"10011

T =12.07

”14008
~16.16
_15930

F3
-6012
_1}997

~3.84

-2715
_lo?o
—e68
30
1:25
2015
3.02
3685
4064
5039
6210

F3
-s68
-+ 58
“nqs
—-238
—~e28
~e18
-o09

e 01
el1
«e21
¢ 30
e 40
« 49
e 59
« 69
o718
e 87
e 97
le06
1215
125

Fa
-14.78
*12011
~9e4T
~6.84
“4023
“1665
092
347
5099
8450
10.99
13445
1590
18.33

F4q
~1.65
"1039
“1013

~-.88
—ab2
“ﬂ36
-011
«15
ﬂll‘l
066
«92
1e17
1.43
1.68
l1.94
219
245
2.70
2.96
3.21
Beb
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THE1
139,950
139.94C
139.93C
139.,92C
139,910
139,.,9C0
139,890
139.88C
139.870
139.860C
139.850
139.84C
139.830
139.82¢
139.810
136,.8C0
139.79C
139,780
139,770
139.760

THE1
139.860
139.859
139.858
139.857
139,856
139.855
139.854
139,853
139.852
139.851
139.850

139.849

139,848
139.847
139.846
139.845
139.84¢4
139,843
139.842
139.841

THEZ2
167350
167340
167330
167320
]67.310
167300
16?0290
167280
167270
167260
167250
167240
]6?0230
1674220
167210
167200
167190
167180
167170
]67e160

THE?2

167260

1674259
167258
1670257
167256

167255

1676254
167253
167252
]67-251
167250
167249
167248
167247
167246
167245
167244
167243
167242
?679241

THE3
240420

260410

240400
240390
2600380
240370
240360

240350

240340
240330
240320
240310
240300
240290
240280
240270
240260
240,250
240240
240230

THE3
240330
240329
240328
240327
240326
2406325

240324
. 240323

240e322
24C.321
240320
240319
240.318
24Ce317
240.316
24Cc315
24Ge314
240313
2406312
2400311

THE4
494 560
494550
494 540
494,530
594,520
494,510
494,500
494 490
484,480
494,470
494 4450
694450

494 440

494430
494 420
4G4 . 410
4G94 ., 4C0
494 4390
494 6380
4949370

THE &
494,470
494,469
4G94 868
4G94 467
494 6 4606
494 ¢ & 65
494 4B 4
494 ¢ 563
494 o562
484461
494 . 460
4G4 0459
494 . &£58
494 o 457
494 456
494 4455
494 o 454
494 453
4944652
494 45)

TABLE 3
213 zZ12
—80.50 -25.86
—8U.51 -25¢87
"80951 “25-88
—80.52 -25.89
—8C.52 —-25.90
-80.53 -25.91
"89-54 _25I92
—80.54 -25.93
—80e55 -25.94
—80¢55 -25.96
—80.56 ~25697
80,57 -25.98
—80.57 -25.99
—86958 -26.00
—80059 -26.01
~80,59 -26.02
“89.60 ”26003
-8U.60 -26.04
—80.61 -26.05
~8C.62 -26.06
213 212
~80 .55 —-25.96
~80.56 -2596
—80.56 -25696
—80056 -25.96
—80.56 2596
—80.56 -25.96
—BU.56 ~25.96
8056 25696
—80.56 -25096
—80.56 25697
—8Gt56 “25097
~850.56 —-25.97
—B0:56 —-25.97 -
—80.56 —-25¢97
—80.56 ~—25.97
-80.56 —25.97
~80+56 —=25.97
—8D.56 -25.97
-80.57 -25.98
~80 .57 -2598

X371 .

(CCNTINUED)

Z11
’82u91
-82e71
“82.51
-82.32
-82.12
-81.92
-81.72
—8le52
-Bl.32
-8l.12
-80992
-80-?2
“80:52
-80e32
-80.12
-719.92
‘79-71
"79951
—-79e31
"79.10

211
-8l.12
-81.10
-81.08
_81006
_81-04
—81402
“81-06
“80198
—80.96
—80l94
“80-92
“80-90
”80&88
"8G185
-80.84
~80.82
~80.80
-80.78
-80.76
“800?4



F1
54,44
49.00
43,50
368-04
3260
27.10
2174
16-: 24
10-88

540
" a03
~5045
~10:81
—16-24
"21965
-27-05
—-32+38
"37083
~43.17
-LE.5H4
F1
5.0
4.86
436
3.81
3:26
270
2217
162
104
o554
«03
~al; G
-1+10
~1.62
-2:16
273
"‘3e2f§
"39 81
~4o32
—& 82

F2

2.11

1.95
1.79
1.63
lo&7
131
l.15
0 9G
83
o606
50
e 34
.18
001
~a15
—~e32
-0 48
~0b65
._081
-e98

]

<66
e 65
«63
262
e 60
258
57
e 55
«53
e52
«50
o 1 G
e 47
o"i-s
s iy
i o4 2
._fil
039
« 37

236

F3
021
022
«23
e 24
o 24
e 25
026
e 27
<28
e 29
030
e31
e 32
«a33
e 34
¢35
026
e 37
e 38

- 39

F3
029
« 29
« 30
2 30
¢ 30
e 30
e 30
¢« 30
230
230
s 30
« 30
<31
231
231
31
31
231

«31 .

F4
+ 66
<69
ol
o 14
s (6
o719
e82
« 84
87
a89
92
294
97
1.00
l1.02
105
1.07
1,10

1.12

1.15

Fa4
c89
e 90
« 920
90
<90
291
091
e 91
091
092
«92
<92
092
«93
0«93
«93
093
e 94
« 94
e 94

1372
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TABLE 4. COMPUTER PROGRAM FCR THE SIMPLEX SEARCH TECHNIQUE

/ 7 SARCH JCB 10UBT40409G00ULs2+2% s SUBRAMASMSGLEVEL=1

//GRFXWYZQ FXEC PRCC=GCWATFCOR

//GC.SYSIN nD  * - : :

$JCB GILBERTsRUN=NCCHECK s TIME=155PAGES=400,L I1NES=60,KP=26

PURPTSE
7C FIND THE BEST FUNCTICN VALUE CF A FUNCTICN WITH N INDEPENDENT
VARTABLES AND THE SET CF INDPEPENDERT VARIABLES wHICH PRCDUCES
THIS TUTCCMES

USAGE

A PART CF THE SUBRCUTINE CALLED SUEBNAM SHCULD BE WRITTEN AND
PLUGGED IN THE PRCVIDED SUBROUTINE DECK TOGETHER WITH SCME
ARRANGEMENTS BY THE USERs IF NECESSARY.

DEScRIPTICRKR CF PARAMETERS
ALPHA«s REFLECTICMN FACTCR WITH A VALUE BETWEEN le0Q AND le5

RETAee CONTRACTICHN FACTCR BETA= 0.5 HAS BEEN SET IN THE
SEARCH DECKe 1TS RANGE LIES BETWEEN O AND 1 .

cl{Jles THE WEIGHT CF THE JTH VERTEX CF THE PATTERN. eeDIMEM-
SICNeeK-1

CNTRCX(I)esTHE 1TH DECISICR VARIABLE AT THE CENTRZID CF THE
PATTERNO OODIHEﬂESICN- ke

DCVX(TsJ)eoeTHE ITH INDEPENDENT VARIABLE AT THE JTH VERTEX CF
THE N DIMENSICHAL SPACEe eeoDIMENSICNeseNDIMoK(=
NDIM+JUMCHEN) e ¢ WHERE JUMCHEN=1 IN THE NEW METHCD AND
THE SIMPLEX» =NDIM IN BITX METHCD. '

DLTVX(1sJ)eeTHE INCREMENT COF THE ITH INDEPENDENT VARIABLE FRCM
; THE INITIAL VERTEX TC THE LTH REMAINING VERTEX CF
THE INITIAL PATTERNe e eDIMENSICNeoMNDIMIKes

FRRCRes THE PRESCRIBED ACCURACY CF THE FUNCTICN VALUE FCR
=2 eeTHE SIMPLEX METHCD.
=3 f.THE BCX METHID

NDIMeo NCo COF DECISICN VARIABLESs Ne

ﬁr“i(“!("\ﬁﬁhﬂﬁﬁﬁﬁﬁ(\‘ﬂﬁﬁﬂﬁﬂﬁlﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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TABLE 4 (CCNTINUED)

STCPING THE COMPUTATICH
GAMMAs s EXPANSICN FACTCR GAMIdA=Z2 HAS BEEN SET .

Kee MAXIMIMUM VERTICES USED FCR SETTING UP THE INITIAL PATTERN
kKee NZ CF ACTUAL FUNCTICN EVALUATICN.

MAXNCe e MAXe NZe CF FUNCTICK EVALUATICN SET BY THE USER FCR
' TERMINATING THE CCMPUTATICN WHEN THE NCe CF FUNCTICN
EVALUATION EXCEEDS THIS GIVEN VALUE. MAXsVALUE=99998.

METHCDee =1 eeTHE NEW DEVELCPED SEARCH TECHNIQUE.
NDIMPlee THE NCe COF VERTICES CTHER THAN THE STARTING PTe IN
FCRMING THE INITIAL PATTERNe. NDIMP1l=K-1 .

NCPTee NCe COF VERTICES CF THt PATTERN TC WHICH THE DESIRED
INFCRMATICN wILL BE WRITTEN CUTe MAXe NTe =Ko

clJ)see THE FUNCTICN VALUE CF THE JTH VERTEXe eeDIMENSICNe«K(=
NDIM+IMCHEN) :

cUPLIMee THIS IS A SUPERLIMIT SET bY THE USER IN CCNSTRAINED
CPTIMIZATICN PRCoLEMSs WHICH IS PCSITIVELY INFINITE
IN MINIMIZATICN (NEGATIVELY INIFINITELY INFe IN
MAXIMIZATICN) WHEN ThE CCNSTRAINTS ARE VICLATED.

REMARKS

THE DIMENSICN STATEMENT IN THE DECK HAS BEEN BUILT FCR A
FUNCTICN WITH 27 DECISICN VARIABLES WHEN METHCD 1 AND 2 ARE
1ISEDe IF METHTD 3 IS USEDs IT CAN CZNLY USED FCR A FCNe WITH
14 DECISICN VARIABLES.

THE DATA CF THE PARAMETERS SHCULD BE PRCVIDED BY THE USER ARE
1) NDIM

2) DCVX(1s1)

3) DLTVX(1sJ)sI=1sNDIM AND J=1sNDIMP1

. 4) NCPT

5) MAXNC

) METHCD

7) ERRCR (EeGe 140E-0B)

g) SUPLIM =0 IN UNCCNSTRATED PRCBLEMs IN CCNSTRAINED PRCBLEM
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TABLE 4 (CONTINUED)

SEE DESCRIPTICKN OF SUPLIMe

*¥% THE USERS ARE ENCCURAGED TC RtAD THRCUGH CAREFULLY THE
CCMMENT STATEMENTS IN THE PRCVIDED DECK.

*¥% THE SEARCH DECK HAS BEEN BUILT FCR MINIMIZATICN PRCBLEM.
HCWEVER THE SAME DECK CAN ALSC BE USED FCR MAXe PRCBLEM IF
=StJ) INSTEAD COF S5(J)(S(J) IS THE REAL FCNe VALUE CF THE
MAXe PRCBLEM) 1S USEDs leEe S{J)=-T .

iLLUSTRA1ICN-..UNCCNSTRAINED PRCuLEM

TC MINIMIZE S(XsY)=X¥X+Y%Y+le wlTH AN ARBITRARY STARTING
PTes S(10s5)e :
THE IKPUT DATA ARE
1) NDIM=2
2) NDIFMP1=2 FCR METHCD 1 AND 2, FCR METHCD 3 NDIMP1=3
3) DCVX(1s1)=1Ue sDCVX(251)=0o
4) DLTVX{1s1)=Ce5 sDLTVX(23s1)=00
DLTVX(1s2)=Le  sDLTVX(2351)=0e25 &
5) NCPT=2
6) MAXNC=100G
7) ERRCR=1.GE-08
8) METHCD=1
9) SUPLIM=Us

THE PART CF SUBRCUTINE TC BE WRITTEN AND PLUGGED IN IS
T=X11)=X(1)+X(2)%X(2)+1
IN CRTHER WCRDSs THE CCNTINUCUS THREE CARDS ARE
7 CCONTINRUE '
T=X{1)#*X{1}+X(2)%X(2}+]1
StJ)y=7

THIS 1S THE MAIN PRCGRAM FCR PRCVIUING THE NECESSARY DATA CF THE
PARAMFTERS
DIMENSICN DLTVX(27928)s5(301sDCVX(27530)
COMMON XL2T7)sX1(20)9X2020) s X2(20)sQ(20) s CeDsEsMsGeVeXX(27)sX4(9) P
161 FORMATI(1UIS)
3 FCRMAT(1I5s6F10Ue3)
162 FCRMATITE1C.4)
163 FCRMAT(/16H EVALUATICN NC =15/)
104 FCRMAT(6E13.6) '
READ(1s101INDIMsNCPTsNDIMP1 s MAXNTZ s METHCD



110
111
112
113
114
115

'1h1-

TABLE 4 (CONTINMUED)

READ(31s1U2)1ERRT haSUPLI“
READ{]:ILZ}((ULTVX(I:J):I—IsNDI1)9J lsNbInP‘)

REAC(13s3) i¥s Cs Ds EsGsVsP

READ(];IUZ){Q(N19N519M}
WRITE({3e1Ul)INDIMsNCPTsNDIMPL s MAXNTSsMETHCD
WRITE(351C4)ERRSRsSUPLIM
WRITE(3s124)Y((DLTVX(IsJ)sI=1sNDIM)sd= lghDI“PI) -
WRITE(3s3) Ms Cs Ds EsGsVsP

WRITE(3:102) (G(N)s N=1s})

READ(1s1CG2)(DCVXITs1)sI=1shDIM)
WRITE(3:1u4)(DCVX(Is1)ol=1sNDIM

CALL GRCHEN(NLDIMsMETHTDsMAXNG LKth95bPLInsDLTVX DCVX;S:KK]
ﬁRch(jslu4)5(hu1F+2}s(DCVX(IsNJIn+2)sI—lsNDIN}
WRITE(Z2s2ub4) ((OCVXITsd)sl=1sNDIM)»J=1sNTPT)
WRITE(3s1L4)(S(])s]l=1aRCPT)

WRITE(3s1U3)KK

STCR

END

THE FoLLCwWING PRCGRAM HAS 6EEN WRITTEN IN FORTRAN II\AND PUNCHED
IN KEYPUNCHER 26 FOR IMMENSE USAGE-

SUBRCpTINE GKCHEH(R)IP5MLTH\JQHAX\us_RhuKstPLI“sDLTVKQDCVK:S:KK}
DIMEN<IOH DLTVX(°f$é&)sC(ZDl!DQVK(£7>3U):5(30):(NTRCX(27}
Fn'ﬂAT(/l THIS IS MNEw METHTID/)

uhﬂﬁT(/léh THIS 15 SIMPLEX/)

ECRMAT(/12KH THIS IS BTX/)

FCRMAT(/1EH #R¥¥yARMINGH#X3 /) ) :
FORiapT 5CH INADEGUATE GIVEN MAXe NZ FCR FUNCTICN EVALUATICNG)
FCRMAT(LTH TNCREASING THE MAXMZ CR CHAMGIMNG THE STEP SIZE/)

G2 TS (116s117s118)sMETHSD

116

THE SFARCH BEGINS WITH THE CHTSEN METHOD
THIS 1S THE NEW METHCD.

JEChEn=1
KCHEM=1
ALDrsvuls\J
BETA=nct



117

118

1k2e

TABLE 4 (CONTINUED)

CCEFF=1e2
GAMMA=2 U
WRITE(2s110U)
GC TC 1

THIS 1S5 THE SIMPLEX.

JMCHEN=1
KCHEN=2
ALPHT=1.0
BETA=ne5
GAMMA=2.0
WRITE(3s111)
GC TC 1

THIS IS BCXe

JMCHEN=ND M
ALPHC=1.3
B_ETAz(\.a5
WRITE(3+112)

NC STATEMENTS FROM NCOW ON CAN BE REMCVED EXCEPT YCU ARE CERTAINLY SURE
WHAT 7T DCo

SET Up THE INKITIAL PATTERN
1) EVALUATICN CF THE GIVEN INITIAL POINT

J=1

KK=1

CALL cUBNAMINDIMesJsSUPLIMsSsDCVXeKKY)
K=NDIm+IMCHEN

KLT1=¢-1

2) EVALUATICN COF THE REMAINING PCINTS CF THE INITIAL PATTERN

DC 3 J=2,K

DC 2 1=1sNDIM
DCVX(1e)=DCVX (I 91} 4+DLTVX(1d-1)
CALL sUBNAM{NDIMsJsSUPLIMeSsDCVESKK)
CONT InUE

M=K

ALPHA=ALPHC



10
11

12

13-

14
15

le
17

18

143

TABLE 4 (CCNTINUED)

CRDERING THE FUNCTICN VALUES CF THE PATTERN
CALL RDER(MsNDIMsSsDCVX)
DEFINING THE CENTRTCID TC CBTAIN THE FURTHER SEARCH

D 5 I=1+KLTI
C{I)=1e
CALL cNTRCD(NDIMsKLT1sCsCNTRTXsDCVX)

REFLECTING CPERATICN

DC 7 I=1sNDIM

DCVX(TsK+1)=CNTRTX(I)+ALPHAX (CNTRCX(1)=DCVX(IsK))
J=K+1 '

CALL sUBRAM(INDIFsJsSUPLIMsSsDCVASKK)

ITFIKK-MAXNC) 828136

GC TC (9+9s23)sMETHTD

NC EXPANSICN IN BCOX METHCD s THAT 1S5 THE SIGNIFICANT DIFFERENCE

IF(S(e+1)-5(1))10s1Cs23
EXPANNING CPERATICN

DC 11 1=1sRDIM
DCVX(TsK+2)=CNTRTX( I )+GAMMAX (DCVX (1 sK+1)-CNTRCX(I))
J=K+2

CALL QUJNAIINDI|stbUPLIW;usDCVXsKN}

IF(KK-MAXNC) 12512536

THE DIFFERENCE CF THE NEW METHCD FRCM THE SIMPLEX

GC TC (16+13)sKCHEN
IF(S(e+2)-5S(1)) 1451421
S(K)=c(K+2)

DC 15 L=1sNDIW

DCVX (L oK) =DCVX(LsK+2)

GC TC 35
IF{S(g+2)-5(K+1))17+17521
SIK)=c(K+2)

DC 18 L=1sNDIM

DCVX (| sK)=DCVX(LsK+2}

M=K

CALL CRDER(MsNDIMsSsDCVX)
CALL cCHECK(KsSUMsNDIMsS)



alaNal

[aNaNa

19

20

21
22
23
24
25

26

27
28

29
30

31

32
33
34

35

TABLE 4 (CCNTIRKUED)

IF(SUM—LRRCR) 3737519

1k

DEFINING THE NEW CNTRCTD ACCCRDING TC THE IDEA CF THE NEW METHCD

CVALUF=2%NDIM-1

D2 20 I=1,KLT1
C(I)=cVALUE
CVALUF=2%ND1M-2

CALL CNTRCD(NDIMsKLT19CsCNTRTXsDCVX)
ALPHA=ALPHCXCCLEFF

GZ T 6

S(K)=g(K+1)

D2 22 L=1sNDIM

DCVX (] sK)=DCVX (LsK+1)

G2 TC 35
IF(S{r+1)~5(K=1)121s21s24
TF(S(g+1)-5(K) 125925427
S(K)=g(K+1)

D2 26 I=1sNDIM _
DCVX{TsKI=DCVX(IsK+1)

CCNTRACTING CTPERATICN

DC 28 I=1sNOIiM :
DCVX(1sK+1)=CNTROX(I)+BETAX{DCVX(1sK}-CNTRCX(1))
J=K+1

CALL sUBNAMINDIMeJsSUPLIMsSsDCVXIKK)
IF(KK-MAXNC)12G:29536

IF(S(v+1}-5(K)130,30.32

S(K)=c(K+1) '

DC 31 I=1+NDIM

CCVX(1:K)=DCVXIIsK+1)

GC TC 35

SHRINKIKG THE PATTERN DUE TC A BAD CONTRACTICN

DT 34 J=2.K

DT 33 1=1sNDIH
DCVX(1ed)=(DCVX(Is1)+DCVX(TsJ)) /2
CALL cUBNAM(NDIMsJsSUPLIMsSsDCVXsKK)
CCNT InUE

TF(KK-MAXNC 35435436

CALL cCHECK(KsSUMsNDIMsS)
IF{SUM—ERRCR)37+37+4

THE SFARCH 1S INCOMPLETE ACCCRODING TC THE GIVEN INADEQUATE MAXNC.



36

a7
38

39

40

1k5

TABLE & (CONTINUED)

WRITE(35113)

WRITE(3s114)

WRITE(35115)

G TS 4U

THE SFAKCH IS CCMPLETEDs RETURN TC THE MAIN PRCGRAM AFTER EVALUATING

THE CNTRCD CF THE PATTERN.

DC 38 I=1,KLT1

C(1}=]|

CALL ¢NTRCD(NDIMsKLT1sCsCNTRCXsDCVX)

D2 39 I=1sNDIM

DCVX(]sK+1)=CNTRSX (1)

J=K+1 )

CALL SUBNAM(NDIMsJsSUPLIMsSsDCVXsKK)

RETURN '

END

THIS qUBRCUTIKE SUBNAM SHCULD PRUVIDED bY USER FCR CBTAINING THE

REQUIRED CBJECTIVE FUNCTICN VALUE

KCCKT,eeA CONTRCL NUMBER SET FCR CUTPUTe FOR EVERY KCCNT NCe CF
FUNCTICON EVALUATICNS THE COMPUTER WILL WRITE ZUT THE DATA
ONCE .

ERRes,esA FUNCTICN VALUS SET FCR THE DATA T2 BE WEITTEN CUT AS THE
COMPUTED FUNCTICN VALUE DRCPPED- A TENTH CRDER EACH TIME.

SCPTe,seTHE BEST FUNCTICH VALUE HAS BEEN FCUND AT EACH STAGE COF

" COMPUTATICN

XCPT(1)eTHE CCRRESPCNDING ITri DECISICN VARIABLE CF SCPTe

SUBRCUTINE SUBMAM(NDIMsJsSUPLINMsSsDCVXsKK)

DIMENSICN S(3u)sDCVX(27s20) sXCPT(27)

CCMMCN X{27)sX1(2U)eX2(2G) sX3(20)5Q(20)sCsDsEsMaGaVeXX(2T7)sX4(T)sP

FORMATIELZ2.5)

FCRMAT(IS5s4F1543)

FCRMAT(31H THE CPTIMUM FUNCTICN VALUE 1S E13.6)

FCRMAT{6E13.6)

FCRMAT(1014)

IF(J=1)4:445

KCCNT=1u

ERR=1ne

GC 1T 6



5

1o

11
12
13

21

146

TABLE 4 (CCONTINUED)

KK=KK+1

TRANS|L CCATICN CF THE VALUES CF THE INDEPENDENT VARIABLES FRCM THE
SEARCH DECK Tu THCSE USED IN THIS SPECIAL PRCBLEMs WHERE X(1) IS
THE 17H INDEPENDENT VARIABLE IN THE USER PRCBLEM.

DC 7 I=1eNDIM
X(I)=pCVX(IsJ}
CCNTIpULE

THE UsER SHCULD PROVIDE A PART OF THIS SUBRCUTINE FCR CBTAINING
THE RFQUIRED FUNCTICKN VALUE AT EACH VERTEX BETWEEN THIS CCMMENT
STATEVENT AND THE FCLLCWING STATEMENT IN WHICH T MEANS THE RE-
QUIREN FUNCTICN VALUE.

IF[X[})-LE-G-)GC TC 16
IF(X(2)eLEeCe)GT TC 16

TIF(X{g)elEeUa}GT TS 16

PX11=g33.7~X(1)

PX12=670e0-X{1)=X(2)
PX13=2696e3-X{1)1-X{2)=-X(3)
PX21=,u0114%X(1)1%(1653.8=-X1{11})
PX22=,00228%#X(2)%(278424+PX11-(X(2)/2.0))

- PX23=,00228%#X(3)%¥(273e2+PX12-(X(3)/2.01))

PX24=,CU0228%X(4)%(344.2+PX13-(X(4)/2.0))
T11=13827-(PX21+PX22+PX23+PX24)1+(342.2-PX24)%%2

"T22={(362.2- PXZB!**2+(345 6-PX22)¥%24+ (332, 7-PX21)%%2

T= T11+T22

S{J)=71

STCRAGE CF BETTER FUNCTICN VALUE wWITH THE CCRRESPCHNDING INDEPEND-
ENT AnND DEPENDENT VARIABLESs IF NECESSARY.
IF(J=-119+9511

DS 10 I=1eNDIM

XCPT(1)=X(1)

CCNTInUE

SCPT=71

IF(J=1)17s179s12

IF(S(1)-5(J)}11259:9

IF{KK- KC“NT114913913

WRITE(321)SCPT
ER]TE(B;Z){XUPT(Ilsl—lsNDIM

WRITE(3+3)1KK

DS 21 N=1sM :

WRITE(3s2u&) NeXIIN)sX3(N)sX{N)sX2{N)



14
15

20

16
17

v W

KCCNT =

1F(S(y

TABLE 4 (CONTINUED)

KCONT+10
J=ERR115+15s17

WRITE(3s1)S5CPT
WRITE(352){XCPT{1)sI=1sNDIM} .
DT 20 N=1+M

392U4) NaXL{N)sX3(N)sXIN)sXZ2(N)

WRITE(
WRITE(

333 )KK

ERR=ERK¥ue1l

GC 1C

17

S{J)=cUPLIM

RETURN
END

kT

THE SuBRCUTINE FCOR CRDERING THE FUNCTICHN VALUES CF THE PATTERN

SUBRCYTINE CRDER(MsNDIMsSsDCVX)

DIMENS
K=M

KLTl=¢
b 5
M=M—-1

ICHN S(30U)sDCVK(27.30)

=1
I=1sxLT1

DC 4 J=1sM
IF(S(MEL)I-5(J) 1224

A=S(My
S(M+1y
S(J)=x
pc 3
B=DCvy
DCVX (L
DCVX (L

1)
=5(J)

L=1sNDI#
{LeM+1)

2 M+1)=DCVXI(LJ)
s J) =B

CONTINUE
CONTINUE

CONTIN

- RETURN

END

UE

A NECFSSARY PART CF THE WHCLE SEARCH DECK BUILT FCR CBTAINING THE

CENTRAID CF THE PATTERN EXCLUSIVE CF THE WCRST PCINT,.

SUBRCUTINE CNTRCD(NDIMsKLT1sCsCNTROXsDCVX)
DIMENGICN C(28)sCNTRTX(27)+DCVX(27530)

SEARCH
CSUM=0
DT 1

ING FCR THE BETTER PIINT

I=1sKLT1

CF THE SPACE



148

TABLE 4 (CONTIRUED)

1 CSUM=¢cSUM+C(I])
D2 3 1=14NDIM
AXIS=ne
DC 2 J=1sKLT1
CNTRCx (L) =AXIS+C(J)*DCVX(IsJ)
AXIS=cNTRCX(1)
2 CONTINUE
CNTROx (I)=CNTRCX (1) /CSUM
3 CONTINUE
RETURN
END

THE BUILT~IN SUBRCUTINE FCR CHECKING WHETHER THE CPTIMUM PCINT HAS
BEEN ACHIEVED : '

THE CRITERICN USED 15 SQRT(((AVGe(S)-S(J))¥¥2/NDIM) 9J=19K) oL oEe
ERRCR,

aNaEalaNaNaNa!

SUBRCUTINE SCHECK(KsSUMsNDINMeS)
DIMENSICN S(30)
SAVG=Qe
D& 17 Le1lsk
1 SAVG=g{L)+SAVG
AK=K
SAVG=gAVG/ AK
SuUM=0,
DC 2 L=1sK
2 SUM=SUM+(S(L)—-SAVG) %2
ANDIM=NDINM
SUMESUM #%0e5/ANDIM
RETURN
END
$ENTRY
4 4 4 2G00 1
«100GE-CT ,1UCGE+50
0.1000E0]1 LOUOGEUG «OOOOEOQOOC «O0OCOEOO «000GEGO  1000EOC1
«0000EC0 ,C0CCGEQOU «O0COCEOC «OGCCEDO «1QUGEQ]1l  «0O0Q00EGO
.0000ECCG ,000CEOG «0000ECO  «1GC0DEOQ]
.1000E03 ,100GE0U3 «10CCGEO03 +10C0EO3
$sTCP : .
VL
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T0.G6L5CTE Gz CL127711F CG3 0UV200990F (3 0.268911E° 03

TTHE CPTIRGH FUNCTION VALUT IS™ 0.3866492E 05 : T

© 0.13348CE 03 C.I727767 03 02254

i = 3 TABLE 5

RESULTS OBTAINED BY SIMPLE X SEARCH TECHNIQUE ' i 149

THE "?TItUV FUNLTI GUE TS CLl2e4955 ¢

G.10CCUSE 03 (. 5930507 22 0. 10205%E 03 0.102055E 03 ) T
10

CTHE CPTIMUM FUNCTICN YALUS 1S 7001197508 0 7 777 & e s —mmm s o T

0.10CE4TE 03 u-lUHElEt N3 D.119725& 03 0.1164058 03

20
THE CPTI%uM FU”"TIG* MALUE IS 0.5C9256E. 05

30

‘O 977;29E 02 O 1&347qv 03 0.264[?9‘ €3 0. 3?51L7E C3

40" e Woadivonadistefil e i A T R e

‘THE CPTIHMUK FUNCTICN VaLUT IS 0.367666E 05

T 0.10C427E 03 G.1539C0% 03 02399436 €3 0.4149606 03 s -
50 7 -

TTHE CPTI¥UF FUNCTICN VALUS 1S 700303327 o5 = B

0-121351E 03 C.1710%3C 03 0.277177¢ 03 0.407723 03

i
THE CPTINMUM FUNCTICN WALUE IS C.294CCaf OS5

- 0.125185¢ €3 0.1755527 03 0.2598395 03 0.39564%E €3~~~ N

ic
THE CPTI®UM FUNCTICN VALUT IS 0.290422F ©5

~C. 130768E €3 C.170742E 03 0. «233204F 03 0.371544E 03

a0 2 o W e e
THE CPTI#UNM FUHLTION VALYE IS 0.7 49 05
':g

3
03 0.374009€ C3

Je

THE CPTI¥UM FUNCTICN VALUZ IS 0.729037¢ 65— ' —
0.132868E 03 C.170123F 03 €.259212E G3 0.373389E €3

2 2SR ettt e A
THE CPTIKUM FU“LT[C\ VALUZ 1S 0.2EB309F 05 _
T0.T35734E 70370 1721515 03 ©.2505378 03 0.382311E 03
110

~ THE CPTILIHUM rb”CIIF\ VALUE 1S 0.287323E G5 ‘“
0.135126E 03 C.167385% 03 0.25119GF 03 €.333082€ 03
1 e i s e o SO e i i T e 5 B — —
THE CPTIMUM FUNCTICA VALUE IS 0.236110E 05
C0.T3E784E 03 0.165¢635703 0.2579428 03 0.3810135 03
130
TTHE CPTIMUM FUNCITON VALUE 1S 0. 2825028 G5~
_0.135688E 02 0.155365F 33 0. 2549255 ﬁs 9.331655E 03
lapTs s Wiicdlsicimutiiiot izl wk ‘e
THE CETINUNM FUNCTION VALUF IS  0.274792C 05 _
C 0.134266FE 703 0.153G1027G3 0.241568E 03 0.405004E 03 T '*‘
150 s
CTHE CPTIMUM PUSNCTICON VALUE 15 T 0.2635166°65 -
0.138CR1E 03 0.164247L €3 G.247641F 03 O, ADégaut 03
T k. el s o Ve e
THE CPTIMUNM FUNCTICAN VALUE 1S 261759 05 _
TT0LI3S4TTE 03 0.1666275 33 0.23830056 03 0. 503741E° 03 7 T T

-4



TABLE 5 (continued)

150

3?0 —— e e — . - L7 S R SV *}
CTHE CPTIMUM E”xhrlc« VALUE TS 0.261058E 05 ' ' '
0.138E37€ 03 0.167G53F 03 06.,24C182F ©3 ¢.4594751F 63
38G
THE CPTIMUK FUNCTIEN YALUZ IS  (0.2610585 05
T 0.138£37F 03 0.167C53E 03 0.24D0182F 03 0.494751F 63 T
350 _ ' - _
TCTHE CPTIRUK FURCTICN VALUETIS 0.261055E 05 — 0 777
0.138€37F €3 0.167G537 93 0.240182% 03 0.494751F 03
e B e e et e
CTHE CPTIMUM FUMCTICN VALUE IS  0,261052C 05 . )
TU0.13EE37E 03 0.J1670S3F 03 002401826 03 0.4947518 703 - B
410 -
THE CPTIFUM FUBCTICN VALUE TS C.2610%88 ¢y~~~ 77—~~~
0.138¢37E 03 C.1670535 03 0.240182C 02 0.494751E€ 03
St : Ml L2TWR ¢ N
THE CETIMUY FUNCTITA VALUE IS U.26l058E 05
T0.138637E 03 0.15670535 03 0L240142E 03 U.494T51E €3~ T
430 _
TUTHE CRTIRGK FUMCTICN VALDUE IS 0.2610588 05 o -
.__0.138¢37E €3 0.16TCS3E 03 C.240182E 03 G.494751E 03

TOTHE CETINUNM FLNCT]C\ VALUE IS (G Z€105¢(E 05
0.13E€37E 03 0.1&67C53E 03 (. 2401tc£ 03 0.494751€ 03

T 480
TOLI3EE3TF 037 0.1670538 U3 ¢.2401620.03 0.49%751E
COTHE CFRTTIHUF FURCTICN VALUF IS C.2€61058F 05

TROGTTTT

440
THE CoTINMUY FUNCTICN VALUSZ IS  (C.261056E 05

C0.13EE37E 03 0.107053F 03 0.24018267C3 0.494751E 03~ — T

450

TTHE CFTIMUM FUNCTICN VALUE TS " 0.26105&6E 05 77
0.138637E C3 0. 10!““5F 3 0.240182F C3 O, é94731E 03

460
THE CPTINMUK FUNCTICN VALUF 1S 0.26105FE 05

CO0LI3EC378 03 0.167C53E03 0.2401828 C3- 0.494751E

470

THE CPTIMUK FUNCTICN VALUE IS C.261GS5RE (5

490

v

03

-

G.13F€375 (3 0.167053E 03 0.240182E C3 0.494751E

THE CPTIKUF.FLHCTICN VﬁLUE IS 0.26105&8 05

TO-I3B(3TE €3 G.16TCS3F (3 AU E O GRS IE

93 ]
3




T 0.138€52E €G3 C.167055% 03 0.240075E 03 0.495036E C3

_"fﬁémfa?i‘E?W?U“ETfiﬂgﬁﬁfﬂﬁﬁf§j“6"ééfﬁﬁﬁﬁ 05

THE CETINFULY FUNMCIITN VALUGT IS ©.26 1uﬁur 05

G.138513F €3-C.1e71SSE 03 (.24G0468F 03 0.495177F 03 B

180

THE CETINUY FURCTION YALUT IS Q.ZelQGUI G5 -

Go132€3CE G3 C LE7USET U3 (0.240034F 3 0.4947125 03

150 e
CTHE CFTINUM FURNCTICN YALUS IS C.261CR9E G5

_0.138¢4SE 03 C.167024F 03 0.24C08%F (3 0.495177F 03

200
THE CPTIFUM FUMCTICN VALUE IS 0.261056F 05

',WVﬁ,ﬁlsl.;___ﬁ;l

210

_0.138652E €3 0.167055F 03 C.24C075E 03 0.495036E C3
220

THE CPTINUF FUNCTICN YALUE 1S  0.261058E 05

~ 0.138€52E 03 0.167053F 03 0.240075E 03 0.495036E 03
230

"THE CPTINUNF FUNICTICN VALUE IS 0.261058E 05

0.138£54E G3 C.167C56E C3 0.240075E 03 0.495035E 03

240
THE CPTINUM FUNCTICN VALUE IS 0.261C58E 05

_.0.138£54E 03 C.167C56E €3 0.240075E 03 0.495035E 03

0.138€54F 03 (G.16TC56C 03 0.240075E 03 (.495035E 03
250

~ THE CPTIMUNM FUMCTICN VALUE IS ©0.261058F 05

260
_THE CPTIMUM FUMNCTICN VALUE IS 0.261058E 05

© 0.138654F 03 0.167056F 03 0.240075E C3 0.495035E 03
270

THE CPTI1KUM FUNCTICN VALUE IS 0.261058E 05
__0-138654F 03 0.167056F 03 _0.240075€ 03 0.455035E 03

T 280
THE CPTINMUM FUNCTICN VALUE IS  0.261058E 05

0.138€654F 03 0.167C56F 03 0.240075C 03 0.495035F 03
290 '

THE CPTIMU¥ FUNCTICN VALUE IS 0.261058E 05

__0.138654F 03 0.167C56E 03 0.240075E 03 0.495035E_03

300
__THE CFTIMUM FUNCTICN VALUE IS 0.261058E 05

- 0.138£54E C3 0.167056F 03 0.240075E 03 0.495035E 03
310 ;

“THE CPTIWKUVM FUNCTICN VALUE IS 0.261058E 05
0.138654E (3 0. 167056& 03 0.240075E 03 0.495035E 03

“320 T
_ THE CPTIKUM FUNCTICN VALdF IS 0.261058F 05

© 0.13R€54E 63 ¢. 1670‘6[ 03 0. ZAOObe 03 0.495035E 03
330

THE CPTINUM FUNLCTICN VALUFE IS 0.261058E 05
_0.138€54E 03 0. lu?DﬁéE 03 _0.240075E €3 0.495035E 03

340
_TRE CPTIKMUM FUNCIICN VALUE IS 0.261058E 05

0. 138&54E G3 0.167056E 03 0. 240075E 03 G.495035€ 03

350 .
THE CPTIFUN FUNCTTEN VALGE 1S 0.261056E 05
0.138€654E c3 e,lovcsef 03 0.240075F 03 0.495035E 03 ~ 5
360 :

__THE CPTIFUM FUPCTlCh VALUE IS 0.261C58E 05

0.13BE54F 03 0.167CS6E 03 0.2400755 03 0.495035E 03
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The objective of this report is to demonstrate the applicability
of the discrete stochastic maximum principle to the case of some multi-
stage stochastic systems frequently encountered in management and in in-
dustry. The basic algorithm of the discrete stochastic maximum principle
is stated. The special theorems which are very useful in determining the
necessary condition for optimality and in calculating the adjoint vectors
are also explained.

First a prdductibn scheduling model is solved by applying the sto-
chastic maximum principle for two types of cost functions - a linear cost
function andra nonlinear cost function; For the linear cost function the
certainty equivalence principle is verified. A linear resource allocation
model is next solved for which also the certainty equivalence principle
is found to hold good,

The third multistage stochastic model formulated for and solved by
the stochastic maximum principle is the hydroelectric water storage system.
Solutions for linear and nonlinear cost functions are obtained separately.
For the nonlinear case, the numerical computation of optimal decisions is
done by using two techniques - the simplex search technique and a gradient
technique. The optimal policy by the two methods are found to be the same,

The last problem considered is a production and inventory control
problem with given discrete probability values for the demand random vari-
able and given discrete cost function Qalues. The solution by stochastie
dynamic programming is first presented. Then a stochastic model is formu-
lated for the system after fitting regression equation for the cost function
and the solution by the stochastic maximum principle is compared with that

obtained by the stochastic dynamic programming.



