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SIMPLEX: METHOD SUBROUTIN'"E 

There is a-Jailable a program which will solve linear proal 
gl'"almP.il1g pj:~oble.ms by the simplex method,," '1'11i s program has bean used 
with good success on problem 216~ 

~rhis program is used to i'1no. ·1;.he .t'k'lximu.xn O'1~ a lineaJ~ fune­
tiqn in sEnreral variablE;)s, 

m 
(1) z ;;: ~ ..... .<= 
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subject to the re~:rtrj.ct:i_o,ns 

(2) 
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This (lirfet~s i'rom -!ihe .more general l~orm})J.ation of the problem in 'Ghat 
no equali t:i.es are al1o'iJed under (2) ~ r'~; i[~ also required. t:h£d; -the 
initial variable values be zeros Q 

Use of: -the Pro{2,l--am 
~m'k~F .... ~:i'~~~;a.~ 

The program starts wi'Gil the mD.tri.x o:~ coefficients ~ (e., •. ~), 
. .;;}" co'1 "I·~'\"'t.'I 01"1 '~'ll0 .~. 'l .. r·~ "li ~'n" ""j'~' .•. , ~ ('?: ,. '1".... .,' ~.u.,. .' ~ b'~ 1 •• J ElijOr~~u oy ,...!.u,tl.l.i.;I,';'1 .1:.:' ~i";;' ["UA.,~ ••. ~'~..i.l 0.." U.h~ OS(:;l.l1...J.L J.'1iS 1:'1.1. (J.u an. aX'!... J.-" 

tJ:ary drum. address, \,Jhioh :is til;;; prfJSet; pa:rB.xnfYt;el~ ph 11l Th0 value 
of the i-llnctd.OJl~ initially zero, j.a rrto:t}ed in G.M a.t :tlact Zl, VJhich 
El1lS'i; be assig .. r~0tl 'I) Fol1~)vJj.ng i't ~ fJta:C'ting ail 2Z1 ~ al"0 ."iJhe nt'lTUbel"s 

r> .. ~ tb'~ <"'~0'f:'.>'\i''''''€''t~~ o.t:· ,~·!-,o "'('l",.,p.~.~ n;~ ~''''''~''e< 4·~ 4- 1 
•• l"-" 14 n"""-"" ·"'').Mo ... ·t~l ('J) -'lv._, .I.;O' .... "'~ _'V> ,1.'~';;Jo"''';,'L\H::'''.) .f. U.l..l,,., \.,;(,.;c:.t.'-.i.\..~.U::.J.ii.'-'CI .:!..t", v!.l.O .to' o;;;oL;. .!''','..f.J!. ~A(\ 

11h~ J7ostriction constan:ts b~ are 8.1[;0 in. (tM, stal">ting wi-th i"lad m1, 
which lnuf.rli be assigi,.ed~ Il1.!.o.ddit:lou:J !:ri;o1."-age for -two colmrms of 
the nW:Gr:lx mu~:rt be p1:ovided. at fladH pI f).l1.il m.2,. both of wh:lch mus't; 
be assigned e A]~ of these nv~berB are in (24,S) form 0 

Besides -these" the Pl"'ogl~fun :!.:leq).liras a block of Will integsl'JS 
to keep "Greek of -the oro.sr of: ·the var;.a'bles m1.u restriction·s 4 There 
will be 11+,m of ·these slllg1e regi.e.ri;sr nUln,ber3~ r&)ferrcd to as tags:.> 
a.nd. :lot 18- arb! i;ral"'"ji '~1ha:t n.'tlr~bers aJ:e U~1(;3(l!l although it j.a very con­
"ilenient to use l~{:)lat;ive addresses of thE) va.riables ill subsequent pro= 
gr~untj~ 'rhe -tags for the jt:t6fYGrictions s"tart; a~t flail dl, vlhich rl1'11s'I; be 



Finally ~ ·~h0 par81110'~(1rt; p111 :~:: Xl := I.U.llllbor of vHl. ... :laIJlcG:l' 
p.m! =: I1l :::: nUIaber of b.~ts .ana phI :::; cb:>u;,;. aa.dress of ntatz~i~t litus';:; be 
aS8igneo.. Alte:cna:~ely: -these rl1'3.~v .be :l:;'l.Gel~·bed in. thl~ee reg:U1'~;e:l~S of. 
·the p~c·ograra.1' .m a'{; 20r, phI at 21r, 311.d .. n at ~32r" 

lJ:he entry ·to i~he progI'8.I&1. is 8. ta ins"'(jru.ct:ton a"~ 01"'\i 'j:he 
exi t ls an sp to the orj.ginal con·l.ircG .. unless an' in.finite 1i1aA:Lm.tU11 i~ 
ind:tcateo.?! i11 which caSH a ju:mp to 0 :ts made j:l~Om. 4-1;8. 

FOri!). of Rr::suJ:ts 
:WI;!M-'lW'~~~'"-~...t~,"e~N~..a,1IW~ 

The 11lD.x1~!Q;'11 va.luc of ::~ will be at 

(:mlltloeJ? erG 1111 + gl}<~;-'''-:i~ (v.a!'z.able 0'1' slack 'l;,al"5.8.i)10 
cO:l~"r(lspol1.(tlne to -tag 8.~i; dl+i) 

(zoro) 

If adf.J.!"!.:;sses (J}i;;;18't:tv0 01:' othsrr.r:iBe) nre used a.s tags, f2!. ['J().:r<;i.,ng 
i:;echrd.que j,vhich picks up the n n.uJfl.bel's· D3~ rnl 8.ttd. pJ.a.c(~s tl1l;;!1l t::l"t "1:;h(,1 
add.re:3s{:)s whi oh are t;ho C01'.}1't{;HJponding ·tags an.c1 'i;h.c.n f1.118 i.n. "bile 
remaining adcl!lef~SCs wi-t;h zeros :l.B co.n.vex:d~;m·I)~ 

C-
i
" 11'11080 will be :('0'[7.1'1(1. 

to the last ill taga~ 

l~rb.18 f:].jj£l:l rn.r:ri,;:rj~:1' i~3. tl;11E) P%:11~'~t; j~D,J .. :1.:7 j.rrtT*),;~i;et1 o:t::tg~LnE~,:L ()11.~9,. 

an{i the o:r-de:~? o:C X'CJWS ana ct)113.mns also CO:i~~1)0E1POn.&.S 'i;o -l:;ho l:inal o~('d(-)J: 
of the tags .. 

FIr6 ano. registe!~ t13~ 
.J(jhe max.:Lmi zing pr'K~~1sS 
Thus ·these resu.l"'GH J~lY 

In 6.'t.l(l:i "G;I OX1, t~110 11·a1.11E; of' z at; <?l21J;?f lnt)Xn(l~l~t o:c 
:i s stol~e{i I.lS Et ( ;84.: ,.6) nt1.nibel~ ill ~~~ll~~ alld }!'1?5 ~ 
be Ohy0tl.ined B$ 'che px~oecs8 c0l1t5~nut)s aXJ.tl. C811 
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The operating time is de"ber.mined by '~lO factol~S ~ one of 
which can be .measured precisely, j. ~e l!J, t;he'{j ime per pass ~ and the 
other of which can onJ.y be est1.rna:ted. ~ i Cle., the number of passes.", 
Since the time consumed in a. pass is mostly due to peri'llor.ming all 

algori t14ll on each. element of an lUW1 .matrix, the time shoulcl be 
proportional toooo UpOll actually plotting pass times vs II> run a 
sui'table equation was found: 

time per pass = .000075nh~ + .03 minutes. 

The classical estimate of the number of passes is 2m. In ij\'Jolve 
different trials with nmtrices ranging from 31 x 10 to 77 ~ 36 the 
number or passes was :round to vary from 1.2m to 2.4m, with an 
apparent tendency to give the fewer number of passes with srnt~ller 
matrices. In addition, twenty-five trials ware made in which the 
initial conditions were somewhat closer to the maxinruml, with the 
number of passes varying from loMft to 1.8m. 

Notes -
If, i't is des:lred "GO el:lminate ..fche res"iiriction x.: ~ 0 tor 

one or more variables the classical procedure has beenJto make a 
variable substl tutiol1 which doubles -the number of va.:riables# In 
problem 216 it was fOU!lct C onvenien"(j 1;0 group the varj.able s accoj?d .. ,. 
ing to order of .magni tude and -then make only Ol1e 8ubst:t tut:ton for 
ea.ch grollp 0 For in.stance, if say, x.,. • *. Xc;: were ,to be non­
restricted a..'I1d (xl' x2 ), (X3 ' x4 , x51- were tile grouping accol'tding 
to order of magni~ude, then two new variables Y1 (Uid Y2 would be 
;.ntroduced, and the val~ables used in. t;he program would. be 

Xl ..... :11' %2 + Y l' x3 + Y 2" x 4 ~t- Y 2 ~ ::It5 + Y 2" Y l' :Sf 2 

These sevan variables would be restrj.c·i:;e(l, i.eo, xl + 11 S! 0:) 
etc .. , bu·t; the restrictions Xl~. -y ... , etc.,., willalIow 
xl' Og5, x5 to become as negative ~a necessaryo 

Degeneracy has been said to be the g!»eatesij f'aul"t of the 
si.mplex fllethod, to the possib:111ty-of "cycling,t,o Howevel'l, '~his 
possibili ty is qui'lie r-al~e, so .no precau·tion against it was .1'11aiie 
in the program", I't was fOUl'lQ. ~ however, 'that the closely COJl11eC­
ted question of linear independence of' variables cotUd gi 11'6 

trouble, a false i.nfinite maxililum ca.used by rou..i1.d~",off errore lot 
was found "Ghat in the case where several variables were linearly 
dependent, as in the example above, that due to round~off error 
they did nOi~ appear to be so, an(l thus 'could occur in the basis 
simultaneouslyu To see how '1:;his could cause a false infinite maxi .... 
mum consider the example above~ Suppose that A1 + 11 , x2 + Y" 
and. Y1 were all in the basis, althoue~ they are linearly dependent@ 
Novl tlie coetfi cien-ts of these ... .rariables in the linear form z are 
°1 , c2 , and ""01-02 respect;ivelY;a If:l !lov/ever" -01""'02 h8.o, acquired. 
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an excess, a, of round-off eT'ror, fie could illcrease Y1 VJ:i:thout 
bound causing z to increase also; i.eo!l if :'11 == M, a large 
number, -thGn the co.trrputed z would look like 

zl :lit 01 (~+M) -t. c2 (X2+M) + (-c2-c
1
+e)M + other "berms 

in Spite. of' the fact that X, and %2 are such that restrictions (2) 
are satisfied. Since this :('alse maximum actually occurred t a pre­
caution should be taken against it. It is sufficient to decrease 
the coefficient of "i in the form (JJ by an am.ou.nt larger ·than 
any expected round-oTt error but not enough to seriously etfect 
the value of z. 
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