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State Yariable Ay 15 n—dimensional
Decision Yariable Y, 15 m-dimensional

given initial state X,

t=1

T ’
Minimize Z{ K A+ XBY + Yy CiYy __

o
t Aty ATerATot dralre g

where X, =Gy Xo + Hy Yo+ ke, t=1,2,..T
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given initial state X',

t=1

T o
Minimize Z{ XA+ KB+ YL Gy
+ diAr + ety o+ ft}

#
+ Aey ATerATat drairer + e

where X, = Gy Xo+ Hy Yo+ ke, t=1,2,...T

Av1s nxn, Byis nem, Cy 15 mxm, dy 15 n-vector, ey 1s m-vector, etc
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Cnlimal alve Funclion. ....... _____

Wi (X)) = minimum cost of stages t, t+1, ... T+
given that the state at stage tis X

Can be evaivaled recursively,
and will be of the rorm

I"xfllt(}{:l = }ifpt Mo+ qt}{ + 174

(i eari v frue for I=T+ 1
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£ COMPEE PRSI SIVEL N\ LR GUEnRLIITes &, g ST,
G slage L, Firsl compile

St =Cy + H{ PyiHy £NT S

1 Ly =ep + ZH{ptﬂkt + H{E]t_ﬂ firr—estor/

Uy = B{ + 2 H{r PG4 {117

L

wiere P = Ater, O1er = O1eq 2011 = Freg
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Fhen compiie

fPt=Af+aP“@t—ﬁuEﬂut

N

di = dy + Zk;pmﬁt + Q14101 - é—tiS?Ut

_ - e
M= fi + KiProke + etk + rysg _l}—ttgt Ly

CEREral Fecisions.

m=—%5ﬂﬂnm+tJ
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Example: Multi-Reservoir Operation

State ¥Yariable

Ai=wolume of water 1n reservolr #i
at the start of period t

Cecision ¥ariable

Yi;= volume released from reservoir 1
during period t

@0 L. Bricker, LLof [A, 1999
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Let itj = target storage wolume

$t1 = target release

Our objective 15 Lo minimize the weighted sum
of the squared deviations from the targets;

Minimize Z 2 C’iit@it - Vit]2+ Bit(ﬁn - }‘iit]E

it
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J(1)=J2)=¢ ¥ Define
A J(i) = set of reservoirs

.
J(3) = {ZA

Ji4)=11,3}

/
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immediately upstream
from reservoir #i

evaporation rate of
reservolr #1in period t
inflow (exclusive of
upstream releases)



QC&LD-N-dimensions

8/21/00

Transition Equations |
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QC/LD problem

Minimize 2. 2 miﬁn - “T“it]z+ Bit(ﬁn - Kit]E

i t

St ect Lo
At = (T-e) Xy + 2 "‘I”jt - Yt + Ly

jedii)

W e IRe LIS SLorage Voltnes Xy
S8 FVER,
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farnacied) mfons 3o 4

. 38 ?E % E ;‘E FESsrVOIS GUring e 3
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Emadratic Cost
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= Linear Cost Coefficlients of X

T150 7150 TZ200 7400
Ta00 T1a0 TZAZ20 T3IE0
T160 T140 T180 T3IQ0
T180 7150 TZ00 T3IA0

=]

Linear Cost Coefflclents of ¥ g

Ta00 7150 TZ00 7500
T150 T140 T180 T440
T220 T1a0 TZAZ0 THO0

f = Constants in Cost Funetion |

151850 134100 150525 56125
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h = Linear Coefficlents g
of ¥ In Transition Egn

g = Linear Coefficlents p 0 FF

. <y = I A I S I &
of X In Transition Edqn. 01 0 0
o 1 "1 0
.95 0 0] 0] 1 o 1 "1
0] .98 0 0]
0] 0] .97 0 I F N & B
0] 0] 0] 0,92 o "1 0 0
o 1 "1 0
.95 0 0] 0] 1 o 1 "1
0] .98 0 0]
0] 0] .97 0 I F N & B
0] 0] 0] 0,92 o "1 0 0
o 1 "1 0
.95 0 0] 0] 1 o 1 "1
0] .98 0 0]
0] 0] .97 0 = i B
a a a .92 Constants in g

Transition Edgn.

100 50 a0 40
Q0 75 25 30
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inrtialrze:

Pret = Aters Orer = Ay S = frg

For t=T, T-1, ..2,1, compuie:

5t='::1_+ H{rptﬂHt

ty = ey + 2H{ Pyoky + HY Qo
Uy = B{"‘ 2 prt+16t

Py = Ay + GiPray Gy - l}—UfSE‘Ut

qr = dy + 2KP1a1 Gy + Guat Gy - ]E—t;S?Ut

_ ’ 7 e
re = F+ KPPk + Qreke + s _l}—ttSt Lt
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70247
150254
.15517
26271

B85534
LOPEE062
137776
22675

02403
LO300323
0594516
.140965

oo oo oo oo
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150234
LR7463

.459517
.153195

LOPBE06Z
.853585
396425
.135955

LOE00323
.08863
.214652
0581677

oo Do oD Do

480517
F5024
234675

137776
.3P6428
.054185

.1959485

0594516
.214p52
42492
.1151485

oo Pooo PO PO

26271
.155195
234675
36283

22675
.135955
.195945
.33659

.140965
0581677
.115145
27303
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THOBR,T0OZ T4935,2092 Th41.144 TABH.5ZE
“457.738 T419.Y6  T485.0865 TAL17.361
T324.565 TZ88.Z2Ab T347.403 ThH43.135
180 150 200 360

irray r g

141203 122073 92082.3 BA1Zh
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, (ndimal tolsl cost |
V(KD = XTP K+ gl + 1y
T
1.75247  0.150234  0.18517  0.26271 !
_ [}ﬁ %y He ¥ ] 0.150234 1.37463  0.480517  0.183195 || %2
374019118817 0.489517  1.65924  0.234675 | |y
0.26271  0.183195 0.234675  1.36283 |[,°
o 4
A -
+ [‘EDE.TDE -493.292 ~541.144 -535.525] Ko | + 141203
3
"q

= 1.75247K 5+ 2(0.1502340%, Ky + .. + 13626343
-506.702¥%, - .. - 685525K, + 141203

INITIALARTORAGE

Wi e
@0 L Bricker, U.of 14, 1999 A= 100 80 90 220
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0190237
64409
12976
LOE790936

LOE27ERLS
.hE425
15329
LDBRPE0A

T364.751
T335.438
330

1.058367
T1.12976
3.583287
T1.14264

1.07637
71.15329
3.46766
“1.15788

348,16
368 .96
240

=00
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0,0728113
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T0,510528
0L 266471

a.04211
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4
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Cptimal Decisions

Yy = —5_5;‘ Uy %o+ 1]

-1 [- (v | [-5855.220

3.578 0.01% 1.053 -1.109 2.7903 | | A ]
e Eu RE EGARIEE N
2| 17108 -0 057 -1.143 2.336 0.1089 | | Az | 7| ~348.169
2.0421 | [ Ha “HE.316
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Forward Computations of [
Optimal States & Decisions |

otate X= 100 80 90 220
Decision Y= 99.2614 82.817 98.9775 249,029

otate X= 95,7386 75.583 101.14 191.61
Decision Y= 95.4911 73.3701 99,8843 217.195

otate ¥= 85.4608 TH.T7012 96.5911 18%.4a1
Optimal walus 1s 1200.51
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Dptinmal Aolution

CALD Problen

Eeservolr
1 2 3 4

20 90 220 "
75.583  101.14 191,61 |
75.7012  9A.5911 180.461

ko It
atate Variabhles

(Etorage Volumes)

Eeservolr

ta= It

Decision
Variables
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