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a M(u,, X,) 0BO3HAYALT MHOIKECTBO BCEX JEHCTBUTENBHBIX THCE ¢, LA KOTO-
peix X; + tu; € M. Ecam Touke X, cooTBeTcTBYyET TOT 30 0a3mc, KAk W TOUKe
X, TO 10O HUM X, = X, + tu,, e t, OLIpefieNisAeTcA yCIOBHEM '
(X, + touy) = min f(X, + tu,) .
t e N(u.X,)

Ecan ke Touxe X, ne COOTBETCTBYeT TOT e 6asmce, uro Touke X,, To ma X, mo-
BTOPSEM IPOILeCe, NPAMeHeHHbIH K X, ¢ IePBHIM BEKTOPOM COOTBETCTBYIONErO
Touke X, Gaswuca.

I pemiionozcum, 4To Mot yse nocrponitn Toaky X,. [Tycrs v, (=1 | . . . y,(n=D) —
BEKTOPBI cOOTBETCTBYLIEro Touke X, 6asuca woyers X = X, _; + t,_,v,»
(1 =r = k); ecau roure X, coorsercTsyer 10T ke 6ache, Kak 1 Touxe X,_j,
HONMOmUM X, g = X, + t,v2 Y, e r=r+1 (mod k), 1 <7<k ut, on-
peliedisieTcss y CJI0BICM

(n-1) : n -1
(X, + 62 = min  f(X, + 04°Y).
t e NM(vrn—1) X)) -
Ecnu e Touwxe X, me coorserctsyer Tor e Gasuc, uro Touxe X, _;, TO A7
X, NOBTOpACM BeCh IPOUEcC ¢ NEPBHIM BEKTOPOM COOTBETCTBYIIIEro Gasmca
AHAJIOIMYHO TOMY, Kak 8710 6buro y Touxku X,. Torga cmpasenmmpa

Teopema 2. [lociedosameavrocmv {X,}w 1, NOCMPOEHHAS NO ONUCAHHOMY
ebiute cnocobyy, seasemes cxodawelics, ecau obosnauums Xo = lim X,, mo

f(Xo) = min f(X) n—>c0
Xetll

ITaparpad 4 nocpamaercss NPUMEHEHMIO H3IOMKEHHOH TEOPHE K CIYy9alo,
korpa f(X) sisisiercsi cyMMoil JTHHEHHOR (GOPMBI B IOJOKATETbHO-ONPeNlelIeH-
HOIl KBaapaTUuHoi GOpPMEL.

B naparpadwe 5 nmoxkasaHo npuMeHeHNe M3JIO)KEHHOIO MeTofia Ha IpuMepe.

Summary .
AN A PPROXIMATIVE METHOD FOR NONLINEAR PROGRAMMING |

JAROMIR ABRHAM, Praha
(Received August 27, 1957)

In the present paper an iterative process is formulated for ﬁndir'lg the m.ini-
mum of a strictly convex function f(X) on the set M of all nonnegative solutions

of a system of linear equations
m+k

z aux,;—.bi, =1 ...,m, E=1 . (1)
j=1 .

of rank m. We suppose that | + 0.
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Before formulating our iterative process we must introduce some concepts.

By a vector of the set M we mean a solution of the system of linear homo-

genous equations
mi+k

zaiiui=07 i:l,...,m. . (2)
§=1 ’

We shall suppose that lim (X + tv) = + oo for every vector v = (v, ...
t—>ow
mi+k

eees Upyr) Of Msuch that v; = 0,0 =1,...,m +k, >, v, > 0 for every X ¢ M.

i=1
Under this assumption the existence of the finite minimum of f(X) on M is
proved (sec. 1).

A non-zero vector U = (uy, ..., Up,;) of M is said to be basic if there are
indices iy, ..., %, such that u; =0,7=1,..,k — 1.

Let X = (2, ..., Tmsr) be a point of M for which z; =0,j =1, .., k—r,
0 < 7 < k. Then a basis corresponding to X is a set of k linearly independent
basic vectors vy, ..., vi (¥; = (Viy, « oy Vimax), 8 = 1, ..., k) such that

1. there exist r vectorsyv,, ..., v, in the basis for which v, ; = 0,s = | Sy
sty =01, ,.,k—r

2. if v,,...,v,_ are all others vectors of this basis then to every i,
j =1, ...,k — r there exists exactly one u; such that v,,; >0, j=1,...,
k — r and that Vyi, = 0 for j + s.

A point X e M is minimal with respect to a vector v of M if for every real ¢
such that X 4 tv e M it is {(X + tv) = f(X).
For the proof of the convergence we need

Theorem 3. Let f(X) be a convex fdnotion defined on M and posessing con-
tinucus partial derivatives of the 1st and 2nd order with respect to all variables.
Than o necessary and sufficient condition for the relation f(X,) = min f(X) is

we YT

that the point X, be minimal with respect to all vectors of some corresponding
basts.

We are now in a position to formulate our iterative process. Let X, be an
arbitrary point of M, u,, ..., u, the vectors of a corresponding basis. Let us put-
X, = X, + t,u; where %, is uniquely determined by the condition

Xy + ;) = min (X 4 tu,)

teM(u,,X,)

(M(uy, X,) is the set of all real ¢ for which X, + tu;, ¢ M). If the same basis
corresponds also to X, we put X; = X, + #,u, determining ¢, by the condition

H(X,y + tauy) = min f(X, 4 tu,).

teM(y,, X;)
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If this is not the case we proceed for X, with the first vector of a corresponding
basis as for X;. ' ' '

Let us now suppose we have already constructed the X,. Let v
.., V'™ be the basis corresponding to X,—, and let X, = X,_; + t,_ v "
(1 < r < k); if this basis corresponds also to X, we put X, ,; = X, +tv* ™"
where r =17 + 1 (mod %), 1 <7 < k and determine ¢, by the condition

X+t (= min f&, +077).

te m("’%_l ): Xp-1)

(n-1)
1 ’ v

In the contrary case we find a basis corresponding to X, and construct X,
from X, as X, from X,.

Theorem 4. The sequence {X,}2., constructed by the above described method is
convergent. Denoting X, = lim X, we have f(X,) = mitlllz F(X).
N—»00 Te

In sec. 4 the case is studied where #(X) is a sum of a linear form and a positive
definite quadratic form.
In sec. 5 a numerical exemple.is given.
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