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Summary of the previous lecture

 Chance constrained LP for reservoir operation
and design.

>

Chance constraint P[Rt > Dt] >q, o(9)’

. - (1 =)
Linear Decision Rule (LDR):

Rt — St +Qt _bt Fl(l-a) 7,

Deterministic equivalent of the chance constraint

(D, +b b )< F;'(1-a)



Chance Constrained LP

The complete deterministic equivalent of CCLP Is written as

~\
Min K e~ -
\00 @\\\)\‘\/ \ Min -K
st (D+b-b,)<F'(1-a) st.P[R >D]>e,
P_RSRmax]zaz
max 1 L
(Rt +bt_bt‘1)ZFQt (22) P[S, <K]>a,
b, <K ok P[S, >S,,]>a,
bt—l 2 Smin [\
(\;'\ t’,)L‘t:\
bt > ‘ \ W




Chance Constrained LP

Set b, =Db,, for a steady state solution (12 months
period)
Depending on the nature of LDR used, the
decision parameters, b,, may be unrestricted in
sign
For example, in the LDR

R =95 — bt
the decision parameter, b,, is allowed to take —ve
values.

When b, is —ve, the release is more than the initial
storage in period t, and the volume of release over
the available storage, S, is provided by part of the
inflow, Q,, not included in LDR



Example — 1

With the LDR, R, = S+(1 - {)Q,—b, where 0<{<1,

Obtain the deterministic equivalent of the storage
chance constraint , P[S,; < K] > 0.8. Assume that the
flows, Q,, follow exponential distribution with pdf

given by, f(q) = g q>0 ﬂ{\/
t=1, =2 (/

t=2, =5 M
t=3, B=7 % %QO&?‘”\)JP

K is the known reservoir capacity. Neglect
evaporation losses.



Example — 1 (Contd.)

LDR, Ri=S+(1-0)Q;—b OUV\%WA\A

AL

S =5 +Q -R ... neglecting evaporation losses.
=5, +Q,—{S,+(1-¢)Q —b}
=4Q, +Db,
S, =¢Q +hb,



Example — 1 (Contd.)

Deterministic equivalent of P[S,<K]>0.8
P[{Q. +b, <K]>08

P[{Q_,<K-b,]>0.8

e

PlQ,_ < K _b”} >0.8
—b— R




Example — 1 (Contd.)

Q, follows exponential distribution

f(q) = pe " q>0 R((\“\ /
AN”
CDF is

F(g)=1-e/" g>0 W
Fort=1 = t-1=3 %\g\\
K —b, 5 Set b, =b,

> F,(08)

/

From the distribution,
1-e'% =0.8 £=17 for period t = 3

g, = 0.23



Example — 1 (Contd.)

Fort=2

K- 1
gbl > F,"(0.8)

From the distribution, 1-e>% =0.8
p=2forperiodt=1
g, =0.536

Fort=3
K-b,

4

From the distribution, 1—-e™% =0.8
L =5 for period t =2

> F,'(0.8)

q, =0.322



Example — 1 (Contd.)

Thus, the deterministic equivalents are

_ 708
K§b320.23 .. t=1 g C&/
o s
b W
>0.536 Lo t=2
g
K-b >0.322 .. 1=3
J“/éy

Q

\
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Example — 2

Write down the complete deterministic equivalent of
the following three-period, chance constrained LP
problem.

Minimize K

/

st P[S’ <S <K]>0.9 WVt
/- \
P[R <R' ]>095 Wt e
PIR, > D,]>0.75 vt oA
Rt t ‘%Q\Q_GM

Use linear decision rule, R, =S, b, KB‘N\
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Example — 2 (Contd.)

Inflow CDF values and R

max?

yd

R, and S_.. values:

/°D>»

Dz v » _ . Vv
t | F00) | F10.1) | F1025) | F1(0.75) | F1(0.9) | F(0.95) | R, | R | S
1] 0 12 33 60 90 93 | 90 | 24 | 2
2| 0 3) | 20 48 60 80 | 84| 20| 2
31 o a 21 36 72 85 | 84| 2 | 2
a ~

Solve the CCLP problem to obtain the minimu

capacity required.




Example — 2 (Contd.)

Solution:
| G}J\q\m
LDRIs R =S -b /
St+1 — St +Qt — Rt
=S, +Q,—S, +b,
=Q, +Db,




Example — 2 (Contd.)

Deterministic equivalent of
P[S,, <S5, <K]>0.9

The constraint can be written as

P[S,. <S,]>0.9

P[S, < K]>0.9 (\,\vvﬁ
Deterministic qu
P[S,,<5]=0.9
P[S,.. <Q_,+b_,]1>0.9
PIQ,+b_,>S..1>0.9

min



Example — 2 (Contd.)

PIQ.=S,,—b.,]>0.9
P [Qt—l < Smin o bt—l] < (1_ 09)

P[Q_,<2-Db_,]<01 (as Smin:2)
F, (2-b ,)<0.1
Qi1 t-1 K’/\\?/)q)
2-b_,<F (0.
2_bi<F101) — 2-b,<6 | fort=1
Q3 - ———
2-b <F*(0.1) —> 2—b <12 .for t=2
2-b, <F(0.) — 2-b, <3~ \ .for t=3

=
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Example — 2 (Contd.)

Deterministic equivalent of P[S, <K]>0.9

K—-b,>72 .fort=1
K —b, > 90 ...for t=2
K -b, >60 ...for t=3

Deterministic equivalent of P[R, <R’ 1>0.95

90+b, —b,>85 .fort=1
84+b, —b,>93 ...for t=2

84+, —b,>80 ...for t=3



Example — 2 (Contd.)

Deterministic equivalent of P[R > D,]>0.75

24+b —b,<21  ..fort=1
20+b2—-b,<33 ..for t=2
20+b, —b,<20 ...for t=3



Example — 2 (Contd.)

Thus, the deterministic equivalent optimization model is

Minimize
2 _

) —

K

0, <6
p, <12

0, <3

K—b,>72
K —b, > 90
K —b, > 60

90+ b, —b,> 85
—b,>93

84+Db,

84+b,—b,>80

24+Db, —b,<21
20+b2—-b,<33
20+b, —b,<20

The solution of this model
results in,
K=90; b,=0; b,=9; b,=5



