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OPTIMIZATION AND RELIABILITY
OF AN ELECTRICAL NETWORK

CVETANA NEDEVA

Heemana Hedesa. ONITUMMN3AUNA U HAIEKIHOCTh EJIEKTPOEHEPTMIAHON
CUCTEMBI

PaccMaTpuBaloTCA ®1eKTPORHEPIrUiHAA CUCTEMA M TeCThl €€ HaAeKIHOCTHU. YUTo6BI
MOJIYyUUTh HAREKAHYIO CUCTEMY HAZO NMOMEHHUTHL (JONOJIHMTB) HEKOTOPHIE U3 ee BeTBeil.
3apgaya 06 ONTUMANBLHOM JOIOJIHEHUU CHCTEMBI CPOPMYJIMPOBAHA KaK 3ajauda ABYyX®Tal-
HOT0 CTOXACTHYECKOI'O NPOrPAMMUPOBAHUA. DTy 3a4a4Uy MOXHO PEIIaTh CTOXACTUUECKUMMU
KBa3bIFPaJMEHTHBIMMA METOAAMM.

Cvetana Nedeve. OPTIMIZATION AND RELIABILITY OF AN ELECTRICAL NETWORK

An electric power system and tests for its reliability are considered. In order to get a reliable
network, we have to change some of the branches. The problem for the optimal exchange is
formulated as a two-stage stochastic programming problem, solvable by stochastic quasigradient
methods.

The configuration of an electrical network is represented by a graph G with
n nodes, M being the set of the branches. For every node p a number P, —
the power of the node p — is given, p = 1,2,...,n. Every branch (p,q) € M is
characterized by its conductivity b,,. Then the phases of the tensions of the nodes
are the solution of the linear system -of the power flow

(1) D bpg(Bp =) =P, p=12,...,n.
g=1
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The solution is technically feasible when it possesses the conditions
(2) |0P_0Q|STPQ) (p’q)EM

A probability model for estimating the reliability of the electrical network is
given in {1].

Here is considered a number of tests (mo,m1,...,7) which correspond to dif-
ferent states of the network: my — perfect working order, m; — the branch (p;, ¢;)
vanishes (by,q, = 0), ¢ = 1,2,...,k. Thus it is possible the solution of the corre-
sponding system (1) to be technically unfeasible for some state 7; and this means
that the electrical network is not reliable. In order to get a realible system, one
has to change some of the branches, which corresponds to the increasing of b,, for
some (p, ¢). Such kind of changes are necessary when a developing of an electrical
system is planned. A problem of computer aided design of a network when loads
(P,) may vary is discussed in [2].

Let us consider the following optimal reliability problem: Find z = (zp,) € X°
- changes of the branch conductivities b,; — such that to minimize the objective
function (the price of new branches)

3) f(z) = Z WpgTpg;

(r9)EM
subject to
(4) - D bg(, )~ 0,)=Pp, p=1,2,...,n
g=1
(5) |0P —oql S TPQ) (P;Q)EM(I)W)

The conditions (4) and (5) have to be fulfilled for every # = m;, 1 =1,2,.. . k.
Here by byq(x, 7) the conductivity of the branch (p, ) is denoted (it depends even-
tually on the solution z and on the state 7), M(z, 7) is the set of branches, X is
the set of the feasible changes from the technical point of view, and wy, is a price.

The problem formulated is a linear programming problem with very large num-
ber of variables. The number of the variables z,, is relatively small, but the vector
0(z,w) = (01(x, 7),...,0.(x, 7)) is obtained for every particular combination of
and 7. So the number of the unknowns becomes very great. The structure of the
system (4) is a block one and this fact is used in [3, 4] for solving similar problems.

An alternative way is to formulate the problem (3)—(5) as a two-stage stochastic
programming problem. Let us assume that the state = of the electrical network is a
random variable with known distribution function. The idea for the implementation
of two-stage stochastic programming is based on the following:

— the variables z,, are independent on the state 7 and have to be determined
before the observation on ;

— the variables 6, are determined after the moment when the values of x,,
are chosen and the state 7 is known;

— the estimation and the concluswn for the goodness of the choice of the solu-
tion & are based on the values of 8, for all possible but concrete # = mg, 71, ..., 7.

322



The application of the two-stage stochastic programming'is rather natural here:
there are two levels of the solution procedure (the first level is the determination of
z and the second one is the determination of 8 for given z and 7) — stachastic and
optimization. Some difficulties arise because of the estimation mentioned above:
we need a criterion which optimal value will show whether z is a proper solution
of the problem or it is not. '

For fixed z and 7 such kind of objective function is

n } ,

Fz,m) = rrbin {fo(.r, 6,7) = max Ebpq(z,w)(()p —0,) -
q:

subject to
|0p_0q|_<_7'pq» (p,q)EM(l',ﬂ'),

and for every m — its mean value
F(z) = E(F°(z,T)).
Obviously, if F(z) =0, then the choice of  is good; otherwise, there exists

some m; such that the system of conditions (4), (5) is unsolvable.
Taking into account the criterion (3), we form the function

G(z) = f(z) + L.F(=),
where L is a large positive number, for example L > 3~ wp,.

So we obtain the following two-stage stochastic programming problem: Mlm—
mize the function

G(z) = f(l‘)+LE{F°(r ™) = f(z,0(z,7),m)},
where 6(z, ) is a solution of the “inner” problem
A}
|6p = 641 < 7q,  (p,q) € M(z, 7).

n
prq(z: m)(0p — 0,) -
g=1

Let us note that the exact values of the function G(z) can not be computed and
G(z) is non-differentiable. Nevertheless, the optimization problem is numerically
solvable by stochastic quasigradient methods [5].

Another feature of this approach is that it is useful in computer aided design
of new electrical systems. Similar problems arise often when a solution under
uncertainly is taken for a system which topology is characterized by a graph.

min {fo(x, 6,7) = max

subject to
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