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SUBTECT: SIMPLEX METHOD SUBROUTING

There is avallable a program which will golve linear proe=
gramning problems by the simplex methed. This program has bean used
with good succsss on preblem 216.

Daseription of Problem

This progran is used to £ind the maximum of a linear funce
tion in several variables,
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Thig differs fyrom Tthe more geparQL formulation of the problem in thab
no egqualities ave allowed unfer (2). It 1s also veguired thet th
initial variable values be zeros.
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Use of she Progran

The progran starts with the matrix of coefficients, f{a,.),

od by columns on the suxiliiary drum uagxnﬂiﬂ» with an arbi-
tra?y drwn address, which is the preset parameler wh &a The valu@
of the funchbion, initially zero, is sio 12& in G et fiad 21, whiah
must be assigned, Following it, ais 3 871, avro the mumbsy

wG., 1.8+, Bhe uegabives of the o w;fici@ﬂ%s in the linesar Porm (1)@
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Ths restriction constanits b, ave alsc in OV, sbarting with flad ml
which must be assigned. ZmLa&éi%i@n* ghorage Tor bwo colummsg of
the patrix must be provided at flads pl gnd m2, both of which musy
be agsigned. ALl of these numbers ave in {24,8) form.

Besides these, the program resuires o block of WW integera
to keep track of the opder of %h variebles and vestriebions., There
will be p+m of these single resgisher nuubers, relferred to as bass,
snd 1% igs erbibrayry whab aumbevm are ussd, alw;ouga it is very con-
venient %o use rvelative addrsssss of the variablss in subseguent pro-
grams. The tage for thé restrictions start at flad 41, which must be
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aggiened, and hence, the taga for the variables gbtard st dlen,

Finally, the paramsiers pnl = n = number of wariables,
pml = m = pumber of bﬂ’s and phl = drun address of mabrix must be
aggigned. Albernate ? hege may be inserted in three registers of
the p»e ran, moat 20z, nﬁ;ﬂ at 2ly, aad n at 22r.

The entry to the progrem is a %a instruction at o The
wit is an sp bo the original conbrel unless an infinite mam.mzma i
indieated, in which case & jump %o O is mede from 418,
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Forn of Resullbs

The maxinal value of 2 will be at zi.
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The values of the variables, ., and the amcunts by whieh
the vestrictions (2) axe inequaiibies, ile,., the so-called glack
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variables, p; = b - gj‘c%. E., are determined by the quanbities lefh
At i ard by the Srdor orlthd - tags. Fecall that the tags correspond
in one-~tow-one fashion with bthe wariables x. and slack variables p..
To Pind the deaired valueg the Tollowing cayraspanaence is uged: o
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) 0%k vem resulis which sye
which Charnes denobes by Z, - ¢
2z1 in an opder correspo m“féng t

The Finz vheix ig bhe g
and the crder of rows and oolumns a‘;_u'cv
of the Sags.

For convenience, the number of passes i
FFPE and regisber 13, In sddition, the value of =
the meximizing process 1a stored ag a (24,8} :;,3‘23'3%
Thus these vesults my be 02):’393.“%,m a8 the ;)“i:“it *e8s coab
pe usad to delermine 2 stoppi 73
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Operating Time

The operating time is determined by %wo factors, one of
which can be measured precisely, l.e., the time per pass, and the
other of which can only be estimated, i.e., the number of passes.
Since the time consumsd in & pass is mostly due to performing an
algorithm on each element of an nxm mabrix, the time should be
proportional to mn., Upon actually piotting pass times vs. mn a
suitable eqguation was found:

tine per pass = ,000075ma + .03 minutes.

The classical estimate of +the nuwber of passes is 2m. In Hwelve
different trials with madtrices ranging from 31 x 10 to 77 x 36 the
number of passes was found to vary from l.2m to 2.4m, with an
apparent tendency to give the fewer number of passes with smaller
matrices. In addition, twenty-five trials were made in which the
initial coundibtions were somewhabt closer to the maximum, with the
nutber of passes varying from l.im to 1.8m,

Notes

IP it is desired %o eliminabte the restriction x, E O for
one or more varisbles the classical procsdure has veen’to make a
variable substitution which doubles the number of wvariables. In
problem 216 it was found convenient 4o group the variables accord-
ing to order ¢f magnitude and then make only one subsbtitubion for
ench group. Yor ingbanes, if say, Z.y ..¢ X; Wore 50 be non-
res%rieted and (xl, xa), (xs, x4, xs% Wers tﬁa grouping according
t0 order of magnitude, then two new variasbles y, and ¥y, would be
introduced, and the variables used in the program.wouig be

xl -+ 5’39 3:2 + yl.* xg + 3725 34: * 3’29 Ks + 3‘72: :‘yyls 3”2

These seven variables would h%» restricied, i.8., X, * ¥y 20,
ete., bubk the vesirictions x B =T, ohe,, Will aliow
xl, PPN xs %0 become ag negdlive U8 necessary.

Degeneracy has been said o be the greatest fault of the
simplex method, %o the possibility of "eyeling”™. Howsver, this
possibility is quite rare, S0 no precavition against it was made
in the program, It was found, however, that ithe closely connec-
ted question of linear independence of variables could give
srouble, a false ianfinite maximum caused by round-off errvor., It
was found that in the case where several variables were lineariy
dependent, as in the example above, thait due to round-off erwvor
they did nov appsar o be so, and thus could occur in the basis
gimultaneously. To seo how this could cause a false infinite maxi-
mum congider the example above. Suppose that =, + y., Ky T Ty “
and ¥, were all in the basis, although they ave linedirly depeﬁﬁeﬂte
Now tHe coefficients of these varimbles in the linear form z are
Cys Cns and =Gy =Cg respectively., If, hawever,4mczmcz had scquired
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an excess, &, of round-off ervor, we could increase y. withoud
bound cauging = to inersase algo; l.@., if y., = M, & “large
number, thon the compufed z would look iike

1 .
7 = cl(xi+m) + ca(x2+m) + (wcguc1+e)m + other terms

=0y Kg PGy Xyt MeA+ other temms,

in spite of the fact that and x, are such that resirictions (2)
are satisfied. Since this Yalse maximum actually occurred, & pre-
caubtion should be taken against it, It is sufficisnt to decreass
the coefficient of y, in the form (1) by an amount larser than
any expscted round-oif error but not emough to seriously effect
the value of z.
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