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Let the function to be maximized be
(1) y= n;'_“x

(¥ scaler, K and x vectors), subject to linear inequalities

(2) ¢k+- nl'( s x 20 kwil; .40 , K, ¢k sesler, :\{ vector.,

Ve distinguish two main cases (A and B).
A. lhen one possesses an initial point x satisfying (2).

A.l Traversal Method (Ecopmans® Suggestion).
Find the 1arge§t value g of the scalar ¢ such that
(3) x = x,+ on
satisfies (2) and write
(4) X = x 4 on.

Then for at least one value, k. say, of k

1

1 goalars .
If it is true for only one value of k, determing /\1, Fs such that

(5) 95&:“‘*‘ ’1:‘ TEE Q.
. '1
(6) n' (,‘\1 tkl%«,;ﬁn*) = 0,

This is impossible only if n, = ery , © scalar, in which caas %)
1

already maximizee y. Determine al &8 the largest valius of & for

which



A.2e

(7} xex + S(Alnkli- o™

satisfies (2) and write

(8) x, = X + éel(l\lnkl ).

Proceed with X, 85 previously with x_. If at the n~th step more

than one k satlsfies an equation like (5), select one arbitrarily,
or use an average of all n, that satisfy (5)., (The latter procedure
n

depends on the normaligzation used for the vector m,.)

Plane Intersection Yethod (G. Brown‘s Suggestion).
Having obtained (4), intersect the plane

(9) x=x+ Rnkl-r/»m*

(A and A freely varisble scalar parameters) succeszsively with each

of the hyperplanes

(10) 9{]‘ - rx‘( + X =0,

The intersections consist of ¥ straight lines inside {9). The
segments of these lines on which (2) is satisfied form a convex
polygon, On that polygon select a point on which y reaches its
maximun., Generally there is just one such point, for which write

xza Now there are two variants.

Plane determined by normal to the convex set (2), If x, 4s unique
there are at least two values of k for which (10) is satisfied. Take

any one of thess, or tske their average, as rx{z and proceed as in (9)

with 1 replaced by 2,



A.2b Plane determinsd by normal within boundary of convex set (2).

B,

Bol

Having arrived close to the maximum, it may be desirable to attempt
not to lose any of the squalities (1i0) once they are satisfied. Let

xn be such that

(1) . A +to X =0 fork =k, ky, o0, ko
. 1

In the space of the vectors ‘f' such that

(12) o nk?-:.o, T =l eee, T

chocse the vector of steepast ascent, i.e., the veét.o;' satisfying

(13) Yt ey =0 Yt 1 = maximm,

and use that vector as m in (9). This will have been wasted effort
n

if the resulting X, fails to satisfy (11). In conversation, Ven

+1

Neumann inade objections to this varient if ithe number of dimensicns is
large. IL would seem that e ach step becomes computaticnslly rore ex-

pensivs as r, grows.

How to obtain an initial point satisfying Sz} .

Selective Penetration Method (G, Brown's Suggestion).
Take an erbltrery initisl point x,, This point partitions the sot S
of inequalities (2) into two subsets S, and 8}, those of S, being
satisfied by X,s those of 5 not baing satlsfied by Xoe If 87 1a
empty, the goal has bteen achisved. If it is not, sslect arbitrarily
an inaquality of 84, numbered k,, say. Use vko as the wector W,
in (1) indicating the "desired dircctiom," use the Inequalitios of

S, inatead of the full set of conditins (2) and epply method A



B.2a

B.2b

c.

ol er

until a point is resched in which the inequality numbered k, is satigfied.
Call that point 11 end prooeed with a new partition 51+ Obviously
8, € 5y € 85 .u.,

The method can fail only if no intemal point exista,

Guided Penetration Method (Koopmans' Suggestim)

Ingtoad of geleoting en arbitrary m, of S, to be the n_ 1n (1), teke

This 1s the wector sum of thw normals droppod from x, oato the planes

+ - j= LI
(54lc m - x)=0 kes

Kesp the m, ‘o selected constent while making a mumber of iterstive
improvements to x, by method A, always requiring that the inequalities.

So ba preaserved,

Be willing ta sacrifice some inequalities of S, if thereby a larger
number of inequalities of S} can bo satisfiod, In this case one
determines 8, in (4) in such a woy cs to ninimize the number of
inequalities in 84-

For neither of these variants certain ettainment of the objective (if
attainable) has been proved, ' They might, however, work fastor thesn
the selection method, The second gltomsative is suspect if the

convex (2) is net bowded,

Gonoeral Obassrvetims

The general idea wmderlying the foregoing method is to male big

jumps rether then Scrawling along the sdges” of tho eonvex {2). All



matheds indicated aro tssed on some ides of steepest esacout, ond thug
depsnd on the units of measursmert of the variablos =x.

The determination of the "normal" ngl in (5)-=-hy any of the
mathods suppestedw«ls likely to preosent pracﬁic&l difficultiss In the
naighﬁorhor_sﬁ of the meximum. It may then b2 useful to tske the veotor
sum of normals of wnit length to all plenes LV x' =2 0 to whieh X,

has & distunce lsss than e smell amownt E.



