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SIMPLEX, A CODE FOR THE SOLUTION
OF LINEAR PROGRAMMING PROBLEMS

Abstract

A set of procedures 1s described for solution of a gemeral linear

programming problem that seeks to maximize the linear functional

n
W= . c¢.x, for coordinates x, > 0, subject to m restrictions
jop d 3=
j= n n
of the form I a,.x, < b, and £ restrictions of the form I a,.x, = b,.
j=1 ij73 — i j=2 ii™j3 i

42 LRLTRAN computer code, which performs vhe maximization, has been developed
to follow these procedures and is also described. Illustration of the use of

the simplex procedure is given.

1. The Linear Programming Problem

A general linear programming problem is one that seeks to
maximize the linear functional

n

W= jii ey 1)
for coordinates xj > 0 subject to the set of m inequality constraints
n "
jfl aijxj < bi N i=1,2, ..., m (2)
and % equality constraints
n
L a,.x,=b, , i=a+i,n+2, ..., m+ %, (3)
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Because the set of points satisfying the constraints is convex (that is, be-
cause, *n the m-dimensional hyperspace of the vector {xi), every point that
lies on a straight line between any two points satisfying the constraints
itself satisfies the constraints), the extrema of W will be obtained ac one
of the extreme points (vertices) of the comstraint set.1 If we introduce the

set of slack variables
n
u, = b, - I a,.x., (&)

then the constraints take the form xj >0, ug > 0 [ui =0, for (m+ 1) <ixg
{(m + L)], and a vertex corresponds to a point at which n of the variables
{uy, xj} vanish.

If {Ej], 1 <3 <n, is a subset of the variables {ui’ xj}, all of which
vanlsh when W is maximal, then clearly we may use Eq. (4) to rewrite VW,

Eg. (1), obtaining
n
W= %

; 'YjEj +6, (5}

1
where‘wmax = 6 and Yj £0, 1<3<n. Likewise (ni}, l<i<m+ L, the
balance of the set of n+ m + £ variables [ui, xj}, is given in terms of the
Ej by equations of the form
a
RIS ®)

where Bi £0, 1<i{<m+ 2L, The transformation of Eqs. (1) and (4) into
Egs. (5) and (6) with non-positive Bi and Yj is accomplished by the simplex

algorithm. We summarize the procedures of the simplex algorithm in a con-

venient form by a discussion close to that of G. Owen.1

-2e



Equations (5) and (6) correspond in self-explanatory fashion to the

simplex tableau:

& £

4 ) e fn-t O L
! 1 2 e % g Yl % By
-n, Uy ¥y s % nep %) neitl cee 2.0 g,
-n, am,l am’z ee am,n_l am,n-L+1 ‘e am’n Bm
o4l %11 %2,z 0t Yaeleed Gwrleezdl 00 Ymel,n Pmel
Toet %mer,1 0 %mkg,2 00 Cmiueef o Cmbl,ne-24l 070 Ymel,n P2

¥ "1 Y2 . Vo1 Yn-j41 see Vg 8

The simnlex aigorithm systematically chooses pairs of variables (n.,£.) whose
I

roles are to be exchanged, and then performs the exchanges, one at a time,

until the set of ccefficients (Bi,yj} {within the fresdom allowed by the &

equality constraints) are all non-positive.

The position (i,j) = (I,J)

within the simplex tableau that represents the column and row variables to

be exchanged is 1alled the pivot.

The basic transformation, or pivot step,

corresponding to the elimination of £, in terms of n., results in the follow-
J I

ing changes in che simplex tableau:

S\
apy * ey

ayy ¥ ey e » 141

alj > alj/alJ s, i #3 > (€3]
agy Foy - (aiJan/uIJ) , L#£1, 35473,

Ey Ny . J
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8,

1,04 © 1 8.

In the above, we read « = Yj‘ and

ki1, whit,ntl

2. The Simplex Procedures

Beginning with the starting tableau, one first satisfies all equality
congtraints by pivoting into positions at the head o>f a column all those
slack variables which are known to vanish. Further pivoting Involving these
slack varlables is prohibited. This operation Is accomplished by the initfai-
ization procedure, described below, which also interchanges the column order~
ing so that chese slack variables which vanish a priori occupy columns
n~4i<j<n+ 1. This produces the initialized tableauv, upon which further
sivoting Is permitted only for 1 £ I <wm+ 7, 1< J<a~-4,,

After obtaining the initialized tableau, the algorithm sers about find-
ing a basic feasible point, namely a set of variables (51} such that if eaeh
£j is taken to vanish, 1 € j < n - i, then all constraints n > 0 are also

satisfied. Obviously, this requires that B,

L:Oforlilf_m-‘-(‘,.

Procaedure 1, outlined below, serves to find some one basic feasible poinct.
Then, via Procedure II, the algorithm moves from one basic feasible point to
another along a path cof nondecre;sing W until the maximum feasible point,

Yj <0 for 1 <j<n-~-2, is reached, The procedures can be shown to converge
in a finite number of steps in the absence of degeneracy (no Bi vanishes}.
Generally, where arbitrary choices are made at indicated points in the proce-
dures, we specify that these are to be made strictly randomly. This avoids
any pogsibility of looping that may otherwise occur in the presence of
degeneracy. Other sequencing may, however, be more useful in large linear

programming problems.2
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INTTIALIZATIUN PROCEDURE

1f 7 = 0, go on ro Procedure I. If & > n, the system is over-corstrained,
and no solution exists (in the absence of degeneracy). Otherwise, perform
the initialization procedure sequentially for successively larger
ko 0 <kz<.-1, where I =m+ £ - k. If BI > 0, change the sign of each

entry in the Ith row: Qlj - oy By + —B;. For BI < 0, go on to Step (1).

Step (1)

Find the algebraically greatest qu = O keeping track of ties. If

1 < 0, the restrictions are incousistent and camnot be sacisfied if EI < 0.

P& = i i £ =07f . >
11 L 0, the restrictlon requires that g 0 for all an # 0. If alu 0,
4o on to Step (2).

Srep (2)

Among the set of a., = choose U = J for the algebraically grearest

13~ %o
¥ . 1f there are tles, any will do. Perform the pivot step, and then make

the column exchange @,  +* o l<i<m+ 2+ 1, When k = i, go on to

iJ i,n-k
Pracedure 1, unless L = n, 1f L = n, the equality constraints completely
specify the problem (in the absence of degeneracy), and no freedom to satisfy

the inequality constraints exists.
PROCEDURE I

If (Bi £0, 1£i<m+4), go on to Procedure IX. Otherwise, select
the greatest 1 = A for which Bi > 0. Choose, strictly randomly, any negative

coefficient a\j » 1<3sn- R, determining thereby the pivot column j = J.
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(If there is no “Aj < 0, the constraints are inconsistent and no solution

b i 2 -
exists.,) Compute B)‘/L‘t)‘J and Bi/uiJ for all > 0, ¥ <i<m+ I, Deter
mine the algebraically greatest (numerically least) cf these negative r.tios,
selecting randomly amongst ties. This determines the pivor row i = I. Per-
form the pivot step, Eq. (7), and repeat Procedure I as necessary until all

8, <0,
PROCEDURE 1II

If (Yj X0, 1< j<n-1L), the problem solution is Ej =0 forl<jz<n,

and W = §, Otherwise, go on to Step (l).

Step (1)

Determine all 1 = A, 1 %

2 1<m+ 2, for which BA = 0. If there are nome,
go on to Step (2). Otherwise determine all j = u, 1 £ j < n ~ %, for which

Yu >0 and o, > 0, for those values of A just determined. If .here are noae,

Au
go on to Step (2). Otherwise, choose the pivot column j = J randomly from

among 3 = U, and the pivot row i = I randomly from among those rows i = A for

which «, . > 0. Perform the pivot step, Eq. (7), and repeat Procedure il as

AJ

necessary until all Yj <o

Ste 2)
Choose, strictly randomly, any Yj > 0, thereby determining the pivut

>0, 1 <i<m+ A, (If

column j = J. C‘ompute Bi/aiJ for all Bi # 0, oy <ig

aij 20for121<m+2, £ can be increased indefinitely without violating
the constralnts n; > 0, and W is unbounded.) Select the algebraically greatest

(numerically least) from among the computed negative ratlos Bi/aiJ’ choosing
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randemiy amongst ties. This determines the pivot row . = 1, Perform the

pivot step, Eq. (7), and repeat Prucedure Il as necessary until all Yj

(Since Procedure 11 preserves the sigas of the 81, Procedure 1 ls not to be

< a.

used again. Furthermore, since the pivot step replaces 2 by ¢ - SI'YJ/'JIJ,

and since 4. <0, v, > 0, 1, > 0, the value W = I of the basic feasible

1 J J

point cannot decrease.)

3. User-Lavel Instructions for SIMPLEX

COMMURICATION

Calling Sequence
Subroutine SIMPLEX is used by adding a CALL SIMPLEX card to the user's

program in the appropriate place.

input

Three parameters and the tableau must be set by the user., XNKWN is the
number of unknowns in the system of equality ané Inequality constraints.
MNEQ is the number of inequality constraints, and LEQ is the number of equality
constraints, These correspond to n, m, and L in the theoretical discussion.
These values are defined in PARAMETER statements and must be set in the source
file [ty TRIX and JED (local editors), etc.] before compilation.

The initial tableau should be set by ihe user's own input or initial—
ization routine. TABLEAU is a two-dimensional, colum.-ordered array, dimen-
sioned (MNEQ+LEQ+l, NKWN+1), which stores the tablzau at all times during the

routine. It is located in common block ARRASMI’. The lzst column of TABLEAU
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should contain the slack constants, b Eqs. (2) and (3). The last row should

It
n

hold the e the coefficients of the linear function to be maximized, I eyXss
i=1

Eq. (1). After the algorithm has completed, the value of the game, W = §, is

the last element of the last row. The rest of the entries are the coefficients,

n
aij' of the inequality constraints, 2 aijxj < bi' and the equality coustraints,
o =1
L a,,x, = b.,. The equality constraints must be placed after the inequality

j=p H73 i
constraints in the tableau. For details of the tableau, see Owen.l

There are also some variables the user may set to make use of some options,
but these may be ignored if the defauits produce the required results.

[ ] NCYCSTP is the number of times subroutines PRCDR1 or PRCDR2 will execute
their main loops without creating an exit condition. It is set as a
default to 200.

L4 NMBSC, NMNBSC are the names of the basic and non-basic variables to be
printed on output in an AG format field. As defaults, the basic vari-
ables ara called "ETA", the non-basic "X".

f 2EROFAC is a fraction which, when multiplied by the largest absolute
value of an entry in the initial tableau, gives a relative zero test.

It is set to 1l.E-10.

L IPRNTFLG determines the amount of I/0 desired from the routine. (0 -~ no
output, ] ~ some output after the solution is found, 2 - the tableau is
printed every pivot.) The default is O,

L] LUN is the logical unit number for printed output. Defauvlt is 10.

Output

All output values returned to the calling program are the global vari-
ables in com. - blocks CNSTSMP and ARRASMP, The solution of the prograa is

in array X and the value of the game is in W. NERR should always be checked
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upon return for errors. A zero value for NERR indicates a normal return. An
error condition will alwavs produce output on logical unit number LUN, which
must be assigned to a disk file.

During a normal executior of the routine, when IPRNTFLG is zere, no out—
put will be printed. If IPRNTFLG is set to one, the solution, X(I}, and the
value of the game will be printed when a solution is found. Also, the ini~
tially basic and non-basic variablies with zero values will be listed, and the
variables with non-zero values will be listed along with their values. When
IPRNTFLG is set to two, the tableau is printed every pivot cycle along with
some other information. With this option, the code is I/0 bound; it runs

much more slowly.

Error Returns
After a call to SIMPLEX, a non-zero value for NERR indicates an error
retura.

. NERR 1: The constraints are inconsistent. There is a row that ends

I

with a positive entry and has only non-nregative entries.

] NERR = 2: The problem is unbounded. There is a column with a positive
last entry, and all the remaining entries are non-positive.

L] NERR = 3: This flag means that the program has fallen through loop SLI
in subroucine STEP1 without finding any elements available for cheoice as
a pivot. This should not happen normally because the tests previous to
this loop should assure that an appropriate element exists.

* NERR = 4: Subroutine PRCDR1 has pivoted NCYCSTP times without making the

last column negative, except for the last entry.
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® NERR = 5: Subroutine PRCDR2 has pivoted the tableau NCYCSTP times with-
out making the last row negative, except for the en:ry,

o NERR = 6: The system is over-constrained. The slack variables for
equality constraints must be equal to zero; therefore, the slack vari~
ables heading the row of an equality constraint must be pivoted to the
head of a column and kept there. Since there are fewer columns than
equality constraints, i.e., £ > n, this cannot be done.

[} NERR = 7: The problem is specified by equality constraints. Since £ = n,
there are the same number of columns as equality constraints. Thus,
cnce the equallty constraints are pivoted up, no more manipulition can
be done on the tableau.

L] NERR = 8: No element of an equality constraint was positive when the
corresponding B was negative. Thus, the restrictions are inconsistent
and cannot be satisfied.

L4 NERR = 9: Same as 8, except f was zero. Hence, the restrictions can be
satisfied only if Ej = 0 for all non-vanishing an.

® NERR = 10: Subroutine PIVOT was called to pivot on a zero tableau
element.

® NERR = 11: The error routine was called improperly; i.e., the error number

was not between 1 and 10, inclusive.

Common Blocks

b CNSTSMP: This stores all global scalar variables (non-parameters) for
SIMPLEX. For additional information, see cliche SMPCLCH (in Appendix A).

® ARRASMP: This stores all global arrays for SIMPLEX. See cliche SMPCLCH

(in Appendix A).
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Flow Diagram

A flow diagram for the SIMPLEX routine is given in Fig, 1,

RESTRICTIONS

This routine becomes very siow 1f a large tableau is frequently output,
1f IPRNTFLGC is set to two, the program becomes 1/0 bound. This can be helped
by increasing the output buffer size (to 100048, or 200048), but this option
should be used only on small problems unless necessary. Possible error re-
turns can be avoided 1f the tableau to be solved has more unknowns than
equality constraints and if trivial constraints (all the coefficients are
zero) are eliminated.

The only definite restriction on the size of the tableau is that it must
fit into SCM on the CDC 7600 along with the code for SIMPLEX and the user's
code. If this becomes a restriction, the code could be set up so that the
tableau is placed in CDC 7600 large-core memory. Some reprogramming would be

necessary, and slower execution would be expected.

EXTERNAL NAMES

L4 Subroutines supplied: SIMPLEX, SETVAL, INITIALIZE, PKEQJ, PRCDR1, PRCDR2,
OUTSOLN, PIVOT, RANDOM, STEP1, STEP2, OUTX, ERRORPR, PRINTTAB.
e Libraries required: ORDERLIB(I/O, RNFL).

L] Common blocks: CNSTSMP, ARRASMP,

-11-



SIMPLEX

Fig. 1. Subroutine flow in SIMPLEX. Most of the subroutine calls are controlled
by tests, so that the actual flow of the program will depend upon the
initial and current states,
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SPECIAL INSTRUCTIONS

Care should be taken in combining user's global declarations with the
routine's global declarations, whick are in cliche SMPCLCH, to avoid over-
lapping common blocks.

In some situations, ZEROFAC may have to be changed in order to provide
correct differentiation between small but significant values and numbers which
should be zero but which due to roundoff are very small numbers,

Equality constraints can be handled in a number of ways by the simplex
algorithm, Equality constraints can either be placed in the tableau after
inequality constraints, or each equality can be replaced by two inequalities;
i.e., a + b =c is equivalent toc a + b < ¢, -2 ~b < —c. Depending on the
particular problem being solved, the representation of the equality con-
straints may make a significant difference in the program performarce. For
the neutral beam injection test problem discussed in Seccion 4 of this report,
the solution was found in 50 pivots, with the equality constraint bcing
placed after the inequality constraints. {(In this case, n = 40 gave a
tableau dimensioned 42 by 4l1.) When the equality constraint was replaced by
two inequalities placed ar:er the normal inequality constraints, the tableau
(now 43 by 41) was solved in 56 pivots, By placing the two inequalities be-
fore the normal inequality constraints, the result was found in 25 pivots.

The best method of representing the »juality constraints will vary from
one type of problem to another, and in some cases there will be no significant
difference between methods. However, a little experimentation may determine
a superior means of representing the equality constraints that will cause

significant time saving in the solution of large problems.
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AVATLABILITY

o Machines: CDC 7600

[ Size: Subroutine SIMPLEX contains 357 LRLITRAN source lines, The program
that tests SIMPLEX contains 207 source lines.

] Timing and optimization: Each cycle (pivot element selection and pivot)
takes about 0.02 second when no I/0 is done in the cycle. If the tableau
for a given problem is to be printed cften, the output should probably
be optimized. This could involve just setting the ORDERLIB output buffer
size to a larger value, e.g., 20048 + 200048. If more speed is required,
subroutine PRINTTAB will probably have to be reworked. 1If the computa—
tional portions of the routine need more speed, BEGINMAP, a local timing
routine,3 indicates that 20~25% of the CPU time is spent in loop NXTI in
subroutine PIVOT when SIMPLEX is run creating some output (IPRNTFLG=l1).
Efforts to ilmprove speed should probahly begin here.

[ Accuracy: For the test case in Section 4 with N = 40, the error in the
numerical value of the game, compared to the analytic result, was 0,232%,
With N = 100 over the same interval (2-1/2 times as fine a mesh), the

error was 0.0596%.
PORTABILITY

This program is written in LRLTRAN, not in FORTRAN. There are a number
of differences between the SIMPLEX code as written and FORTRAN. These easily
remedied differen-es are:

L SIMPLEX uses alphabetic rather than numeric statement labels in all situa-

tions except format statements.
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L] In SIMPLEX, the sign of DO loop increments is not always positive (thus
allowing the lovp to be swept "downward”). Also, the expressions for
the DO loop limits are sometimes more complicated than FORTRAN allows.

L] Array and dimension indexes in SIMPLEX are sometimes moTre complicated
expressions than FORTRAN allows.

L Variable and subroutine names containing more than six characters have
been used.

. Hollerith information is listed within double quotes ("....") in SIMPLEX
rather than the standard nH....

L] Parentheses rather than slashes are used in the DATA declaration.

L4 The variable format, using *, used in subroutine PRINTTAB, is peculiar
to Lawrence Livermore Laboratory.

L] The cliche definition makes use of the LRLTRAN macro facility to accom-
plish global declarations with one statement. The statement, USE S)¢CLCH,
causes the compiler to insert a.l the LRLTRAN statements between
CLICHE SMPCLCH and ENDCLICHE into the code at that point.

L] The PARAMETER statement, unavailable in FORTRAN, defines a constant value
which is not allowed to be changed (the compiler creates a literal).

L4 The routine RNFL, used in subroutine RANDOM, is part of the LRLTRAN
library. It will need to be replaced by a local raadom generator.
RANDOM may have to be reprogrammed to produce the required resuits with
a different random number generator.

For variable definitions, details of the code, etc., see the listing in

Appendix A.
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4, Examples

We have outlined procedures and a numerical code for solution of the
linear programming problem to find the maximum W satisfying Egs. (1)
through (3). This code has been used by Hall, gg_gl.‘ to find the optimum
distribution of injectors for the problem of neutral beam injection of a
plasma in magnetic mirror traps. In this problem, one seeks to maximize the
pressure of the contained plasma for a given injected current, and in a

certain discrete representation

n 3
N = Lav,
k. jzl xJ an
n

<1, 8

jfl xj“ij <1 r (8)
n
Eoxy = /TR, a, 1),
j=1 J

where R and a are constants, 1 €< a < R, and

“j = 1/2 + (R - 1){(§ - 1)/n, J=1,2, «sop
TR, 0, V) =3 @Y R+ 0) ann™ [ - W1 Pw - w7
- ® -0 - Yy,
T(R, uj. 1) - T(R, vy "1) y 1<3,
vij =
T@®, vy, 1 . 123,

When R « 3 and a = 2, we found the algorithm converged in 24 steps of the
simplex procedure when n = 40, and the last restriction, Eq. (8), was taken
with = replaced by <. Use of the equality or the equivalent double inequality
increased the number of steps as discussed on page 13. The analytic solution
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to this problem was also found by Hall, et al., and we include as Appendix B
the set of graphs showing the convergence of the simplex algorithm to the
analyric solution. We also solved this problem for n = 10 and n = 106G, and
Fig. 2 compares the final results for these cases.

Several other test problems, taken from basic linear programming texts,
have been solved successfully. An example is Orchard-Hays widget problem.5

In this problem, the profits of a widget manufacturer are related to inventory

and labor costs and give rise to the profit function
W= 5.40x; + 7.30x, + 12.961113 - 6x4 - 9x5 - 800,

subject to the constraints

0.50:»:l + 0.60x3 - %, <80
0.25xl + 0.50}(2 + 0.60)(3 - %5 < 40
—x) + *, < 0
100 < x, £ 150

x, 2 20

%5 < 10.

n=10 n =40 n =100

Flg, 2, Comparison of the final results of the SIMPLEX solution of the neutral
injectlon problem for n = 10, n = 40, and n = 100, The solid curve
is the analytic solution {on an arbitrary scale), and the bar diagrams
give the numerical approximations.
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The range of % is equivalent to two inequalities, X < 150, -x; < =100, and
has been expressed in the SIMPLEX tableau, T1.
*, x, Xy x, Xg 1
-y 0.500 0.000 0.600 -1,000 0.000 ~80.000
Ny 0.250 0,500 0.600 0.000 ~1.000 -40.000
Ny ~1.000 1.000 0.000 0.000 0.000 0.000
T1: ~y 1,000 0.000 0.000 0.000 0.000 -150.000
Ny -1.000 0.000 0.000 0.000 0.000 100.000
Mg 0.000 0.000 0.000 1.000 0.000 -20.000
9 0.000 0.000 0.000 0.000 1.000 -10.000
W 5.400 7.300 12,960 -6.000 -9,000 ~800.000

Solution of this problem by SIMPLEX produced the final tableau, T2.

N Xy Ny X, g !

-n,  0.250 -0.500 ~-1,000 =-1.000  -1.000 -5.000

—x;  0.417  0.833  1.667  0.000  1.667  -4l.667

-ny  -1.000  1.000  0.000  0.000  0.000  -100.000

122 -n,  1.000 0,000 0,000 0.000 0,000  -50.000
-x,  -1.000  0.000 0,000 0.000 0,000  ~-100.000

-ng  0.000  0.000 0,000 1.000 0,000  -20.000

-x;  0.000  0.000  0.000 0.000  1.000  -1.000

" 0.000 =-3.500 -21.600 -6.000 ~-12.600  190.000

The value of the game is W = 190, the result found by Orchard-Hays. The
detailed result differs from Orchard-Hays, i rever, who found (upon con-

version to our notation) the final tableau, T3.
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n xy nz X, n7 1

1
—Ng 4,000 -2.000 -4,000 -4.000 ~4,000 -20.000
“xg -1.667 1.667 3.333 1.667 3.333 -33.333
=Ny 4.000 ~-1.000 -4.000 -4.000 -4.,000 -120.000
3: -n, -4.000 2.000 4,000 4.000 4,000 ~30.000
X, 4,000 -2.000 -4.000 -4.000 -4.000 -120.000
“Ng 0.000 0.000 0,000 1.000 0.000 -20.000
“Xg 0.000 0.000 0.000 0.000 1.000 -10.000
W 0.000 ~-3.500 -21.600 -6.000 -12.600 190,000

Thus, we have an example of a problem with multiple solutions. The coef-
ficient of Ng in the expression for W from tableau T2 is zero, so that any
pivot in the first column (allowable only if &IJ # Q) will leave the value §
unchanged. Just as in Procedure lI, therefore, we may always pivot in the row
for which uiJ > 0 and Bi/cziJ is maximal (least negative) to get another feasible
solution. Since J = 1, this pivot point is (I,J) = (1,1), and performance of
the pivot step produces the equal-value Orchard-Hays tableau, T3.

Degeneracies occur vhenever a zero value of 51 or Y3 arises. The
procedures have been set up to avold interminable looping when zeros of Bi
exist, and these were discussed above. If all solutions W = wmax are re-
quired, 1t 1s a simple matter to add the additional programming involving

pivoting either in the rows with Bi = 0 or in the columns with Yj = 0 in order

to produce this set.
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Appendix A

Code Listing of SIMPLEX (including routines used

for the neutral injection problem).
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OB MR

OROSRAM SIMPLEX: INPUT,SMPRSLT=2004R, TAPE 1 D=SMPRSL T
CALL CHANGE (6H«DROPL )
ce
C SETUP 1S A ROUTINE WHICH CALLS OTHER ROUTINES
C THESE ROUTINES INPUT ANY DATA, SET UP THE TABLEAJ. COMPUTE aNY
C PROGRAM CONSTANTS ETC.
CALL SETULP
ce
C SiMPLEX MANIPULATES THE TABLEAU TO COMPUTE TWE MaxiMuMm
C VALUE OF THE GAME, W.
CALL STMPLEX
ce
C QUTSMP PRINTS ANY ADDITIONAL INFORMATION THAT
C IS DESIRABLE TO HAVE.
CALL DUTSMP
CALL EXITCI?
Erd

*e THIS SECTION OF ROUTINES EXECUTES THE SIMPLEX ALGORITHM.

SUBROUT [NE SIMPLEX

SUBROUTINE SIMPLEX COMPUTES THE SOLUTION OF A
SEE  GamE THECRY .G. OWEN,CH. 3.
PROGRAMMED BY H. WALKER

TD USE “WIS ROUTINE. FIRST SET THE

PARAMETERS jN CLICHE SMPCLCH (SEE BELOW?

f0 THE \ALUES APPROPRIATE FOR THE PROBLEM TO

BE SOLVED. THEN SET THE TABLEAU 10 BE SOLVED BY AN
INPUT CR INIT!AL!ZATION ROUTINE, )T SHOUI D

BE COMPILED UNDER CHAT WITH ORDERLIB.

THE SUBROUTINE SIMPLEX CAN THEN BE CALLED.

IF OUTPUT (S DESIRED SOME OPTIONS ARE AVA!LABLE
USEE [PRNTFLG. IN SMPCLCH1, OR SCHML

GTHER RCJ™INES CAN BE WRITIEN 8Y THE USER.

BUE TQ "HE USE OF COMMON, CLICME SMPCLCH SHOULG E!
BE THE FIRSY SET OF DECLARATIONS FOR COMMON,

OR OTHER DECLARATIONS WILL MAVE TO BE

PLACED BLFORE ALL USE SMPCLCH L INES [N SIMPLEX.

ON £RROR RETURN FRCM ANY ROUTINE, SIMPLEX
CALLS ERRORPR, THEN RETURNS 10 THE CALLING
ROUTINE ~!TH THE ERRGR SENTINEL. NERR. SET.

SIMPLEX 'S5 CALLED BY: USER'S ROU™INE

CAN CALL SETVAL, INITIAL1ZE.PRCDRY.,
PRCDR2. DUTSOLN, ERRORPR

CLICHE SMPTLCH

Cos % ®a 4 s o o3 va 3t 4s as 63 4 e Ba 9 mm o B1 24 ba be
ce VYARIABLE DEFINITIONS FOR SMPCLCH

Cee L R R R T T

Ces

C** *PARAMETERS®

[ NKWN - NUMBER OF UNKHNOWNS IN SYSTEM OF EQUALITIES
cer AND [NEQUALITIES

Cee MNEQ - NUMBER OF INEQUALITY CONSTRAINTS

Cer LEQ - NUMBER OF EDUALITY CONSTRA'NTS

Cor IGHRHW - LAST RDM OF TABLEAU. INITIALLY STGRES
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11g

1ne
13
iRE]
s
e
7
18
e
120
241
12e
123

1e5

ie9

132
133
*35
135
136
137
138
1379
jCh
I
2
%3
1,
hh

Ces
Cee
Coe

Coe
Cre

'

Cre
Cov

co
co>

Cor
Cor

ToL CODFFICIETTS OF THE LINEAR FUNDTIOWAL
TG MAXIMIZED

SARAMETER (NKWNe4D)
TaRLMETER IMNEQ=42)
FEPAMETEF (LEQ=0!

OLFAMETER | IGMRA=MNEQ-.EQ- 1

“SCALARS ' N COMMON BLGCK CNSTSMPIs

IDENTE T - N2MC OF RUN, TO BE READ [N AS DAT& AND
PO IED CN QUTFUT (A104 YO ICENTIFY AUN

IPLv - Rls OF PIv0™ ELEMENT

IPRNTFLG - FLAG CONTROL LMOUNT OF PRINTED QUTPLT
0-NO OUTPUT, DUTPUT, 2- & LOT OF QUIPUT
DEFAULT 1S ©.

WPl - COLUHN OF PivOT ELEMENT

LUN - iNGICAL UNIT NUMBER FOR PRINTED OQUTPUT
LZFAULT=iC.

NAMEARA - 1D CHARACTER (A10) IDENTIFIER WHICH LABELS
THE TABLEAU WHEKN [T IS OUTPUT VIA PRINTGRID

NCYCH - NUMBER OF TIMES PRCOR) HAS BEEN EXECLTED

NCYCR - NUMBER OF TIMES PRCDRZ2 HAS BEEN EXECUTED

NCYCSTP - AFTER THIS MANY CYCLES OF EITHER PRCOR)] DR PRCDR2
RALT EXECUTION SITH A MESSAGE. DEFAULT [S 200.

NERR - ERROR SEMTINEL {=0-NORMAL RETURN, >0-ERROR RETURN!

NMBSC - NAME OF INITIALLY BASIC VARIABLES (AG FIELD)
DEFAULT 1S ETA .

NMNBSC - NAME OF [NITIALLY NON-BASIC VARIABLES.

DEFAULT IS X .
ZEROFAC = FRACTION OF LARGEST INITIAL TABLEAu YALUE TO BE
USED AS TEST FOR ZERG. DEFAULT IS i.E-1D,
ZERQTOLR - VALUE TO BE USED AS TEST 7GR ZERO.

COMMON /CNSTSMP - IDENTF !, IP!V, [PRNTF_G,JP v .LUN,
. NAHEARA NCYC] .NCYC2.NCYCSTP NERR, NMBSC  NMMBSC,
. 2EROFAC.ZEROTOLR

*AARAYS [IN COMMON BLOCK ARRASMPI

LAMBDA - HOLDS iNDEXES OF ELEMENTS OF & CoLiMw
TO BE PICKLCD FROM RANDOMLY.

LOCuS! - SAME AS LAMBDA

Locusy - HOLDS INDEXES OF ELEMENTS OF 4 ROW TO BE

PICKED FROM RANDOMLY.

LSTORCER - STORES THE ORDER UF T~E BASIC AND
NON-BAS!C VARIABLES.

Hy - SaME AS LOCUSJ

TABLEAU - 2-0!M ARRAT WHICH HOLDS THE 12BLEAU T
BE CPERAIED ON. THE SLAC CONSTANTS ARE %
THE LAST COLUMN CF THE ARRAY, WHICh [5
EQUIVALENCED TO 1-DIM ARRAY CNSTRNT
THE VALUE OF THE GAME IS STORED IN
TABLEAJINMEQeLEG= 1 . NKAN=1) ., &ND THIS £ EMENT
15 EQUIVALENCED 10 .

X - SICRES FINAL VALUES QF THE
INITIALLY NON-BASIC VARIABLES.

COMMON /ARRASMP. L AMBDA (MNEQ+LEDY.LOCUS] (MIECLEQ! ,
. LOCUSJINKNNY (L STORDER [MNE O-LEQ N 21, MUINKHN )
TABLEAUT [GMRIN  Nh = 1), % tNKN1

CNSTRNT - HOLDS THE S_ACK VARIABLES. AND
IS PART CF THE TABLEAU
K - THE VALUE OF THE GAME, ALSO PART OF THE TABZAU.

DIMENSICON CNSTRNT (HNEQ-LEQ)
EQUIVALENCE (TABLEAUI( t {GMRH I *NiKWN« 1) ,CNSTRNT |
(TABLEAUL L IGMRH} ® (NKHN+ 11} W)

*DEFAULT VALUES ARE SET IN THIS DATA STATEMENT®
¢ CAN BE CHANGED BY AN INPUT OR INITIALIZE ROUTINE!

DATA INCYCSTP=200:, { |PRNTFLG=DY  (LUN=1D),
INMBSC = ETA ). (NMNBSC= X 1, (ZEROFAC=1.E-10}

*PERFORM ELEMENTARY OPTIMIZTION FOR 7600*
DRTIMIZE
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%8 C**

147 Coe seasenssseranseranes

148 Co END OF CLICHE SMPCLCH

14 Cre vo «v 45 Sa ta va es «s €5 Be b1 €8 4b ws e ve e €% 4 be se ve
150 ENDCL {CHE

151 USE SMPCLCH

152 Cc*

153 C DO SOME INTERNAL SETTING OF VALVES

154 CALL SETVAL

155 C*

156 C PIVOYT EQUALITY CONSTRAINTS 1O CORRECT PLACE IN TABLEAU
157 CALL INITIALIZE

158 IF(NERR .NE. 0G0 TO ERPRC

159 c*

160 C FIND BASIC FEASIBLE POINT

[1:3] CALL PRCDR!

162 {FINERR .NE, 01CO TO ERPRC

183 C*

16% C FIND MAXIMUM FEASIBLE POINT, THE SOLUTION

185 caLl. PRCDR2

166 IFINEAR .NE. 0160 10 ERPRC

167 C*

169 € PRINT SOLUTION

169 CALL OUTSOLN

170 RETURN

171 ERPRC CALL ERRORPR

172 RETURN

173 END

1™ C

175 €

176 Cesser

177 ¢

11| c

179

180

181

182 SETVAL DOES SOME [NITIALIZATION WWICH [S
183 INTERNAL TO SEMPLEX.

18y

185 ALL VALUES ARE PASSED [N COMMGN BLOCKS
186 ARRASMP AND CONSTSHP. (SEE SMPILCHY
187

168 SETVAL JS CALLED BY: SIMPLEX

183 CAN CALL: :NONE)

180

190 Coe SLOCAL VARIABLES®

192 Coe 1.9 ~ AUNNING VYRRIABLES FOR LODPS

193 Co TABLHX - LARGEST ABSOLUTE VALUE OF ELEMENTS OF TaBLEAU
19w € TESTED IN LOOP BG!

195 Cee

1G6 Coe s 45 44 se s 60 4o e b3 b ks eb 4s Ss be te 4w e es 25 2a t0
197 ¢

198 C»

199 € SMPCLCH QEFINED IN ROUTINE SIMPLEX

200 USE SMPCLCH

201 C*

202 C SET CYCLE COUNTERS YO ZERO

203 NCYCI®0

204 NCYC2e0

aps c*

206 € INITJALIZE LSTORDER 70 1.2.3,..,

207 DO §TLST 1=1,MNEQ+LEQG+NKHN+2

208 LSTDROER{1)=]

209 STLST CONTINUE

210 ¢*

211 C FIND LARGEST ABSOLUTE VALUE [N iNITIAL TABLEAU.
@12 C USE THIS VALUE, TABLMX TO OETERMINE A TOLERANCE TO ZERQ
213 C THAT [S APPROPRIATE TQ THE PROBLEM. THIS 1S DONE
214 € BY TAKING A SMALL FRACTION OF THIS LARGEST VALUE.
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215 TapLMX=
£i6 ©o 8%

C BO. o=l fekite]

PFARS TABLEAL f.u10 (LE. TABLMX:GO TO 8GJ
ABLMFCABS TABLERUL L, T
B5. T INUE
£ B3] CONTINUE
caz ZEPDTO. R EROF AT« TABLMX
TABLEAY

228 C

2rg €

230 C*

23 o

a3 ¢

a33 SUBROUTINE INITIALIZE

D34 Cev 4% -4 b be %o 4r S5 o8 Be 24 e 45 er So be Pu 25 40 00 ss 40 we b

INITIALIZE STATISFIES ALL TrE EQUALITY

CONSTRAINTS BY PIVOTING ALL THE SLACK VARIABLES .

WrICH ARE KNOWN TQ VANISH NTO POSITIONS AT THE L4

HEAD OF A COLUMN. THESE VARIABLES CANNDT BE PIVOTED A

AGAIN. ALST THE COLUMNS ARE SWITCHED b

SC THAT ALL THE SLACK VARIABLES ASSOCIATED WITH LA

EQUALTTY ZCNSTRAINTS ARE IN COLUMNS NKWN-LEG TO NKH! .

ALL VALUES ARE PASSED IN COMMON BLOCKS .

ASRASMP &ND CONSTSMP (SEE SMPCLCH: e

.

INITIALIZE 1S CALLED BY: SIMPLEX .

CAN CALL: P!VOT.PREQY LAd

.

«LOCAL VARIABLES® .

@51 Ce* 1. = PUNNING VARIABLES FOR LOOPS .
252 Ce» LTHPL ~ TEMPORARY VARIABLE FOR SWITCHING COLUMN 13
VARIABLZS. IN LSTORDER e

™oL = TEMPORARY VAR)ABLE FOR SWITCHING COLUMN ELEMENTS ..

T T T T S T T T T S S PN

258 C SMPCLCH DEFINED IN ROUTINE SIMPLEX

259 USE SHMPCLCH

260 C*

261 C IF LEQ = 0 THZMN NO INITIALIZATION 1S NECESSARY.
262 € IF (EQ > MKHN SYSTEM {5 OVER-CONSTRAINED (1M THE
263 C ABSENCE OF DEGENERACY!. ERROR IETURN W1 TH MESSAGE
264 € TO CALLING PROGRAM.

265 JFILEC .E0. DIRETURN
266 IF{LEC .GT. NKHNINERR=6
267 IFANERR .NT. 03RETURN
268 C*

269 C {F NOT, PERFORM INIT!ALIZATION FOR IPIV=MNEQsLEQ TO
270 € MNEQ+|. CALL PKEQJU TQ PICK AN APPROPRIATE J=JPiv.

a7t DQ PYSH K=0.LEQ-)

a7re 1P IV=MNEQsLEQ-K

273 CALL PKEQJK)

27 IF(NERR .NE. O!RETURN
275 C*

276 € PERFORM THE PIVOT STER, anND THEN EXCHANGE
277 C THE JPIVTH CCLUMN WITH THE NKWN-KTH COLUMN.

2] CaLL PlvoT

2719 iFINERR .NE (0'RETURN

280 0D SHTCL [=1.IGMRH

2Bl THPL=TABLEAULEL  JPIV)Y

B2 TABLEAUG !, UPIVI=TABLEAU( T NKWN-K]
283 TABLEAUC ! NKKN-K ) = THP]

284 WITL TONTINGE
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SPEC

EG = e, TefN T-E £330
IEY tep PBIGEM

“egepTg T3 Fi8D 4s, APAIPATLTE

15 AN ESuALL Y
SHSSSING A ELEVENT,

OF PI.CUS RIGLIRED

AT INgTEME

TLAL LASIm,

TiES 200LR 1
v - NUNBER OF TE
FRCM RANDC™, v
T1£S OCCUR IN

Apwmar - L ARGES®

~GE SMPL_Cm

SKHNe

SWSGH CONTINGE

H

s

Frag
WEE?
85TP;

THE A.SEBRAICLY GREATEST
TRAZS DF TIES 1N _OCUSS

Lel

LOQLSLE L =)

ROWaxs ABLEAJC IRy

0C SRS Je@2, MotWN-n
IFiTABLEAUG TP IV, o1 7
IFCTARL AULIPL J GT
LOCUSUiL 5y
GO 10 SLLRG

RCLTing,
VITE TmE S vBER

£0 IN RCLTINE SIMP,

LE  -ZERDIG(RIGD "0 5P

LIPS, e -TABLEAULTIPIV, )1

TABLEA 1Py

ROAMANIGG TQ SLLROD
ROSMAX1GO TQ L RGST
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N el

a5 Ce

=36 € CH0D5E. SRICT.Y RANIOMLY. ANY NEGATIVE TABLEAC. L AMAD:,
e (NMWN-LEQ 1§ THERE 2RE NONE. THE CONSTRAIN'S APE
INDONGISTENT &% THERE 5 NO S0LUTION. ERRGR RETURN
LOCLS. mCLDS "-E INDEXES ELIGIBLE FOR CHOICE.

c
=25 ¢
[

THE IaQITE OF TABLEAUILAMBDA.J) DETERMINES JPiv. THE P[VOT COLUMN.
22 5E.. - WR-LEQ
T ‘aB.fAv L AMBDA. .1 GE  -ZEROTILRIGO O SE..

G  C'NEQR=!
o NERR O NE RETURN
Tiin RANCOM. L JCUSJ.i  uPiv)

CNGTRNT _AMBDA !/ TABLEAU(LAMBOA, 41,
CNSTRRTCL: TABLEAUGT, U1 FOR ALL TABLEAUL], 120, .usJPIV
~AMBZ. TueMNEGeLEQ

we [ SETEAMI) TWE PAT(O CLOSES™ 10 JERD OF IHESE PEGATIVE

wue  FACIDS, GELECT PANDOML1 &MONG T:Z5  TWiS DETERMINES THE PIVOT
- 5t iei. WEEP INDEXEN OF ELiGIBLE ELEMENTS [N LOCUS!.
BIGPAT CrCNSTRNT._AMBDA . TABLEAU:LAMBOA.PIVY

MBDA

-5 LAMBDA~! MIEQ-LEQ

~%e IFLTABLEAUL], JPIV: LE  ZEROTOLRIGO TO S€L’

»33 [F..CNSTRNTL L) " TABLEAUL ! ,UP (VI -BIGRATIOY .LT. -ZERDTOLR®
Ew o T8 SEL)

Er] 5 -CNSTANT LI o TABLEAU: T, JPIVI -BIGRATIO) .GT. ZEROTOLA)
&6 32 7O LRGST

- ceael

5B JEvia- IS

=55 o0 -5 SEL!

60 JRO5T Lel

<6 [ AV S RE Y

“62 BIGRATIQOCNSTRNT ([ 1/ TABLEAUI T . JPIV}

=63 SEL CONTINUE

b CAaLL mANDOMLOCUSI.L.IPIY

55 I*

wBE - PERFORM TWE PIVOT STEP aND REPEAT PROCEOURE 1.(1F PRCDR1 HAS NOT
<6 T COMPLETED MOMY, THAN A4 SPECIFIED NUMBER OF CYCLES)

~&9 NCYCiaNLYCle!

~63 Cate PIVOT

e IFINERR .KE. QIRETURN

T IFINCYCR BT, NCYCSTPINERR=%

"2 IFINERR NE. J:RETURN

73 GC TO AGN

Chel £nD

wIE C

=76

W77 Ceaves

w8 ¢

279 C

w82 SUBROUTINE PRCDR2

WED Co0 s 05 es a0 We be 46 se €8 ss he ca e» o8 be e se €6 43 se Se as
w82 C*

83 Lo PACDR2 ATTEHMPTS TO FINO a4 MAXIMUM FEASIBLE POINT, !.£.
wBa C** 1T MANIPULATES THE TABLEAU UNTIC ALL OF THE

+85 C*» LAST ROW OF THE TABLEAU, EXCEPT THE LAST ELEMENT. IS
~@6 C** NON-POSITIVE .

w8? C**

w88 Ce* PRCOR2 1S CALLEO SY: SIMPLEX

g9 Cee CAN CALL: PIvOT.SIEP!

%30 C**

wd1 L ALL VALUES ARE PASSED IN CMMON BLOCKS ARRASMP

wg2 o LNSTSMP 1SEE SMPCLCHI

483 Co*
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305 T IF CABLEALTIGMAW, . ARF i T, sl Ve £, TmEn
S2€ I 4 SO..TiON MRS BEEN FOUND  BETURN C C_TPLT QES0 TS
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913 SEL. TONTINGE
M oL EG. 2RECL .
513 ¢+
516 C STLP! FiWDS & F150° _NDER CEPTAlN CONDI®IONS. 2ND IF THOSE
B17 0 CONDITIONS ARE NCT ME® THEN [T La.LG STFP2 WHIC~ USES
518 { & CIFFERERT MITHOC O FIND A F10OT ELEMENT
419 Cate STEPL L
521 IFONERR f. CUBRTURN
€21
622 € ELOFIRM PILOT O% ELEMFN RETJRNEL  INDEXES (N IRIy. ©ry
623 2 N CNSTSHMPY AND TEs T=E NJMBER 0F IYZ_FS
baw NC¥L2=NCYCRe !
828 CAcL PivOT
52€ 16 \NERR NE §1RE TURN
527 TONCYE2 BT NCYCSTP.GERR=S
LEF LONERRONE 2 HETURN
© G0 "0 AG
enn
LET
€32 ¢C
£33 Covree
SUBROLTINE STEF) U
4o S04 b ve 4o es es e ba Te 4b S8 b se 48 as 06 sa 4w ws e se an
STEP! FINDS A PIv]T ELEMENT WHEN SOME OF THE .
CONS "RAINTS ARE ZERC AND I CERTAIN ELEMENTS OF THE [44
TABLEAU SATISFY PARTICULAR CONDITIONS WHICH CAUSE v
THESE ZERO CONSTRAINTS TO BE SIGNIF(CANT. e
WL 1S THE NUMBER 3F FOSITIVE VALUES IN THE e
LAST ROw OF TABLEAU i INDEXES ARE N (OCUSJ!. 17 .
1S PASSED FROM PRCDRZ, THE CALLING ROUTINE. ALL i
OTHER VARIABLES ARE PASSED !N ARRAYSMP OR CNSTSMP .
.
STEPY ¢S CALLED BY. PRCDRZ .-
CAN [ALL: RANDOM,STEP2 .
*LOCAL VARIABLES® A
1. - RUNNING VARIABLES FOR LOOPS ..
I - AFTER LOOP PSCN, [L !S THE NUMBER OF ZERD .
CNSTRNT L) .
ML - AFTER LOOP SELM, ML IS THE NUMBER OF COLUMNS WITH Ars

WITH A ZERO CNSTRNT.

AFTER LOOP 5LI, L 1S THE NUMBER OF POSITIVE
ELEMENTS IN THE PIVOT COLUMN |N ROHS

HITH ZERD CNSTANT:L).

,_
'
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6l
815
EIG
517
619
619
620
621
e22
623
&§ax
828
€28
627
628
629
530
831

D L T T S T

ol SEIINED 0N AT TIng SN
ML S¥PILIe

R N - TR L =Ll o 6 LI v

INSTANT (ZMPTL L F O MERE ARE NONT SelP 13 STEP 2

3t NRITQ MO "0 PSIN

L R e R LU N -
I oAND

. FOR TWOSE »a.15 OF L 2MEUA OUST
iF TeERL ARE NONE SR ID SYER 2

e T NRQIGLR:IGE T ENTMU

FoMLME L s T EDgM
Sho. BTEPE.L.
RETUAN

LT OTMERE ARE, TrODSE A PINCT I0uuMN P,
FANIOMLY FORM AMONG Mo, AND *ni
PIVCT Alw ! RANDOMLY FROM SMONG THOSE ACHS
(A AMBOR FOR WHICH TABLEAU(LAMBODA, JPIVv!3 L J0USI HOLDS
i E_EMENTS YO BE (HOSEN FROM
FOSM Ca_. PANDOM(M. ML, JPIV)
22 5. I=t le
LFLTABLEASILAMBOAC 1 ORIV LE. 2ER0TO.R:GO O Sut
ey
LCIUS!L ecAMBDArY)
Sl CONTINGE
(L .EQ. DINERR:3
1FONERR UNE. J)RETURN
CAoo RANDCMILOCUS!.L.IPI:)
RETCRN
END

oo aana

SUBROU'TINE STEPZLJL)

Coe ¢u €8 05 b6 S5 3o €3 Sh BE B4 ¢5 9t bg BT Te <6 s s 2T Su en s

Cor STEP2 FINDS & PIVOT ELEMENT WHEN SYEP) DOESNT APPLY.
Coe

Lo JL 1S THE NUMBER OF PDSITIVE VALUES [N THE

(434 LAST ROW OF TABLEAU UINDEXES ARE IN LOCUSJ). ALL

OTHER VARIABLES ARE PASSED IN ARRAYSMP OR CNSTSMP

STEP2 15 CALL BY: STEP!
CAN CALL: RANDOM

“LOCAL VARIALBES®
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IABLE FOR LI .
£ As*I5. &
P ongsat .f Bl

O PBE.IZCS NEGLTINE =
RETES. S3 5E° 134
TS BIGRATID ..

e tE,.

CNGTANTL "aBLEAL L BT 3.
tTOSE. D
SNGTANTC D TamfaL L JPI. -BIGRRT.C K

RIS

CABLE AL DRIV

£3 D AERR=
: REOWE D ORETGRN
Can. RLLDS™

87" RE " ORN

679 ¢

68C C

BB1 Cerace

682 °

683

&8 SUBROUTINE PIVOT

GBS Ce+ »¢ e %o o6 24 5o 4v as bs be Ge 4 B4 ta de G6 as ss ve ve €2 e be
6856 o
687 TRlS SUBROUTINE PERFCRME THE PIYOT STEP OF “uE ..
€88 SIMPLEX ALGORITHM DN THE ARRAY TABLEAU ABQU® v
689 THE ELEMENT tIPIv,0PIV) e
£90 se
691 £ Aot VALUES ARE PASSED ! COMMON BLOCKS ARRASMP ..
6392 ARD CONSTSMP (SEE SHMPCLCH: . ..
643 134
9% € PIVOT 15 CALLED Br: PRCOR!,PRCOR2, INIT1ac I2E .
685 C CAN CALL: PRINTTAB A
686 C .
697 Cr+ *LOCAL VARIABLES® .
898 C ) - RUNNING VARIABLES FOR LDOPS .
699 C [TMRY « TEMPORARY VARIABLE FOR SWITCHING vARIABLE A
790 C POSITIONS IN LSTORDER. .

701 Coo .

Co® #+ % %o 34 &5 4% Lu se av Sh e Ee A a3 be 33 bw s 3> B Bw Ve ey
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QoiInf JEFINED fN ROLT NG
JSE SMPCLEN

v

“cs

CETEAMINE KEw PVOT .8

55 TABRLEAL: (P LE JLROTGLAINLRRN D

P

LR
TAREL, . (Pl WP -,

“apLEa.-

oo

oo

P2t adBav
AL
L

T INC LT ATa AN PIHIY TOLM
BLRRY X
EG . 2t tat

22wy

CABLEAU CLGP. TSt
O 2 TAn el NRae L
P 1 I PR R
TABLEAY 1RIu L Cadiral 7L cTABLEAUEIPLY PRI
P An ZONTINVE
o
T IALCULATE PINCT COLLM
33 2.0l det
RN 1) Te 3ot
TABLEAU. L Py o tABLEAL. 1L Py rtABLEAULIP .

ILOCONTINGE
DTIA BASIC AND NON-BLS.I vAR{ZBLE ©3G.TI0NS
“MP1aLSTORCER I NKAN: |
+S"ORDERtNRWN®={ < [P
ETORDERIAIN = 1TV

a1
. STORDER..PIV

QUTPLT FIR TS CEST IaSE

CIPARTSLG EC 1.CALL PRINTTAB

“seve

aoono

SUBRQUTINE  RANDOM(LOCUS.
.

NUMCHC .XP 1y
Cos 4s o0 20 ea 4s o be . .

v oee ee as ey se

THIS ELEMENT IS RETURNED vIA <PV TQ 8€ USEO
LOCUS.

RANDOM [S CALLFD By: PRCJIR: STEPL, anD SYER2

CAN CALL - ANF.

RNFL
RANDOM NUMBERS IN 0.1+ INT
FUNCTION TRUNCATION INTFSER

1S IHE Cmat Ny

*LOCAL VAR|ABLES®

1THRY - TEMPORARY VARIABLE SIORES WhIlW ELEMENT
QF LQCusS 13 USE &5 WPI%
- DUMMY VARIABLE FOR RNFL

RNDNUM - STORES THE RANDOM REAr NUMBER RETURNLD

8y ANFL, 1T
IN FINDING THE

1S ALSO USED AS & TEMPORARY
1N'EGER |INOEX 10 BE USEC

~32-

ELEMENT, NUMCHC CONTAINS THE NUMBER OF ELEMENTS

Pl

TriS ROUTINE PICKS A RANDOM €LEMENT OUT OF ARRAY LOCUS

AS A P1LO7
IN

IS AN ORDERL B ROUTINE WHilr RETURNS DSLUDC-

INE

.
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tat <
9 C
g3 Iveere
"3 c
9 T
78 SUBROUT INE OUTSOLN
SHE e 1% s ws e be 4% 4p be sa ss €9 S8 Be 44 04 4s se bs e ab ¥e cu ab
797 Cee .
Cer OUTPUTL L ISTS THE vAR!ABLES PS! wriCH ARE EQUAL TO 134
JERQ, THEN LISTS THE VARIABLES £7a AND THEIR e
VALUES. -CNSTRANT{]1. .
ARRAY LSTORDER WOLDS THE ORDER OF YHE ORIGINAL ve
VARABLES. THE vALUE OF "HE GAME IS ALSC PRIN'ED (3]
’e
ALL VALUES ARE PASSED [N COMMON BLUCKS ARRASMP .
AND CNSTSMP. (SEE SMPCLCHI .
.
OUTSOLN S CALLED BY: SIMPLEX .
CAN CALL: QUTX ..
.
SLOCAL VARIABLESSY N
[} - RUNNING YAR[ABLES FOR LDOPS .
*LOCAL AHRAYS® A4
IPLACE = THIS ARRAY rQLDS ThE [NDEX OF ThL ORIGINAL .
PCSITION OF THE VAAABLE A4
NMVAR - STORES WHETHER THE ORIGINAL VARIABLE HAS .
A BASIC OR A NON-BASIC YARIABLE
VALVAR - STORES THL VALUES OF THE NON-ZERO VAR[ABLES
Se ev e 24 ah er te be 4s 4> pe e 4s es ma se e te 33 ws <z 4a ee

821 C SMPCLCH DEF INED IN RQUTINE SIMPLEX

B2 USE SMPLLCH

B23 DIMENSION IPLACE (MNEOSLEQoNKWN+ 1 |  NMVARIMNEQ+LEQoNKWN+ § 1,
Bavw - VALVAR(MNEQ*LEQ+NKKN+11

825 ¢

826 C PRINT SOLUTION VECTOR X

8a7 CALL QuTX

828 Ce

B29 C LOOP THROUGH LSTORDER TO FIND EACH INITIAL VARIABLES
B30 C FINAL POSTION.

€31 DO OROLP !=1,HNEQeLEQeNKKN<!

832 IFFLSTORDERCI} .LT. (NKWN+i11GO TO EX

833 1F(LSTORDER(]) .EQ. (NKKN+11)GO TO ONE

B3 NMVAR( | 1 wNMBSC

835 IPLACE([)sLSTORDER( 11~ INKWN+ 11

836 GO TO SETVL

837 ONE NHVAR([)= ONE

EEL] {PLACE L1 ) »NKWN+

a9 GO 1O SETVL =
B%0 EX NMVAR( ] : =NMNBSC 7
8wl IPLACE ¢ 13 =LSTORDER: 1)

. =33-




Bu2 SETVL 1F.0 (7. ANl vaLLAR INSTRNT I -NRRN- LS
843 ORDLP JONTINUE

Bl ARLTE LuNLID

Bug i FORMAT . T vARIABLES AR: EQuac "0 ZERC: 1

Be§ WLTE LN BT NV AR LY P ATE (vt g ] KRN )
Bun ECFUAMATI@i 6. ¢ .13, ¢+ T

a«8 WRITE ILLNL3DS

843 30 (ORMAT o4, TeE VALUL: OF Tnf REMAINING VARIALBLES ARE:

850 LuNL WD INMYARY [ JPLACE LT v ALVARC LS, [ =NKHN 2  NKHNY I GHRWw

85t 1B, .13, s 58,3 1

BS2

8§53

85+ C

855

BSE Cevesr

857 ¢

858 C

852 SUBROUTINE QUTX

BED oo oo s o4+ 18 45 av e v ve cs S- es ba be Se 4% se Be 33 e s
BEI Ce*

862 C1e OUTSOLN PRINTS THE VALLES OF xtf1, TWE INIT(ALLY
BE3 Ce¢ NON-BASIC VARIABLES. THESE X MAXIMIZE

364 Coe THE SuM OF THE CLi1'Xtl), WHERE C([1 ARE THE INIT{AL
865 < TABLEAULIGMRA, 1) . e
866 C

867 C ALL VAR|ABLES ARE PASSED ! (OMMON BLDCKS ARRASMP
868 ¢ AND CNSTSMP. (SEE SMPCLCHS

B69 C

870 € OUTSOLN CAN BF CALLEL FROM WHERE EVER IT

871 ¢ 15 APPROPRIATE .

a72 o

873 €+ OUTX IS CALLED 8Y: JUISALN

B74 C CAN CALL: NONE

B7S C

976 C**¢ *LOCAL VARIABLES®

B77 Ce* 1.J - RUNNING vARIABLES FOR LOOPS

878 Cv*

B7G Cre #4 ae ws ae be sa 1> wa as be 83 8 s s an sa ve e e
8806 C*

BE! C SMPCLCH DEF INED N ROUTINE SIMPLEX

882 USE SMPCLCH

883 C*
BBw C AN x VARIABLE !S INDICATED BY LSTORDER(1) < NKWN.
B85 C THE FIRST NKHN+! INDEXES OF LSTORDER HAVE ZERO VALUES

BB6 DO RSLT [=],MMEQ<LEQeNKWN+ |

LY IF(LETORBER (I} .GT. NXHNIGO 1D RSLT
688 IFUl .LE. NKWN+13GO TO ZERD

889 XILSTORDER ()3 =-CNSTRNT UT- (NKWN= 111
850 GO TO RSLT

B3t ZERC X{LSTORDER:!11=0.
B892 RSLY CONTINUE

893 WRITE (LUN, (07 W,NCYC? NCYCP . NMNBSC
894 10 FORMAT(//7, W= (E15.6.7 -, NOYCL= ,[5.3X, NC.C2=
895 HRITE (LUN, 20T (KEJT . J=! NRHN'

896 20 FORMAT(1S(/,BELn.6")

897 RE FURN

898 END

893 C

800 C

821 Cenrer

Qea ¢

903 C

904 SUBROUY INE ERRORPR

34—
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fe e se e “r et sr ts st be se eb sa e s ee 4v es se ve ea

TINE AR[NTS LAROR MEGSAGES AND TeE TABLEAU, A

VNG wITh THE £ORQR FLAG SET. A

A THE NUMBER OF THE ERPOR CaLL. .

EPECAPR |5 CALLED BY. SIMPLEX v

CAH CALL  PRINTAB e

*.OCAL <2RI2B.EGr .
H - BUNNING JARIABLE FOR IMPLIET LOOF b4
rLOCAL ARRAVG® ‘-
+STERRCR - STORES £PROR MESSAGES L4

20 Ea se bs 4s as ee be ss €= 4r or we i3 de es ve ba

€ SMPCLCH DEF INED IN ROUTINE SIMPLEX

USE SHPCLCH

DIMENSION L STERRORIS, 111

DATA (LSTERRCAt],]1= +¢ CONSTRAINTS INCONSISTENT - NO SOLUTION '« 1,
{LSTERROR(!.2)= ** PROBLEM UNBOUNDED - NO SOLUTION ** ),
LUSTERROR(I,3re *+ PROBLEMS WiTn STEPI (FELL THRU LOOP SLi) e«
(LSTERROR11.4)s ** TOO MANY CYCLES IN PRCDR1 +* 1,
ILSTERAOR!L!,5)= *¢ TOO MANY CYCLES IN PRCOR2 +» 1,
(LSTERROR( ! .6)= *+ SYSTEM OVER-CONSTRAINED ** 3,
{LSTERROR(I.71= *+* PROBLEM SPECIFIED BY EQUALITIES #¢ 1
(LSTERROR(1.B1= ++ RESTRICTIONG INCONSISTENT 1N PKEGJ
(LSTERROR(1,91= <* PESTRICTIONS DEGENERATE IN PKEQJ ** 1,
{LSTERROR«1.10) ¢ PIVOT ELEMENT IS ZERO *» ),
(LSTERRQR(I.111= *¢ IMPROPER ERROR CALL *+ }

1.

cr
£ IN NERR NDT IN RANGE THEN HALT AITH A MESSAGE
IFINERR .GT. 11 .OR. NERR .LT. IJNERR=1}
KRITE (LUN,10)(LSTERROR( ! NERR) . 1=1.5!
10 FORMAT (5410)
CALL PRINTTAB
RETURN
END

Gew C

guE Cesesre

93 SUBROUTINE PRINTTAB
.

ce ss ws re v

® %8 94 sb s B su te es @b be e S8 ab ee

PRINTTAG OUTPUTS THE TABLEAU. IT (5 MAINLY TOQ
BE USED FOR TESTING AND DEBUGGING.
1T CAN BE CALLED FROM ANY POINT [N THE PROGRAM.

ALL VALUES ARE PASSED IN COMMON SLOCKS ARRASMP
AND CNSTSMP. ‘. = SMPCLCHI .

FRINTTAG IS CALLED BY: ERRORPR,P].OT .
CAN CALL: NONE i

*LOCAL VARIABLES® LA
19 - RUNNING VARIABLES FOR LOOPS AND [MPLIED LOOPS
Jos ~ NUMBER DF FULL PAGES TD BE PRINTED
JMD8 = NUMBER OF COLUMNS TO BE PRINTFD ON LAST PAGE

GE7 CP+ *4 te o2 be se wo v ve 20 e b ws sa 54 43 wb se as be %o te €5 we
S68 C*

969 C CLICHE DEFINED IN ROUTINE SIMPLEX

970 USE SMPCLCH

971 C*

972 C DETERMINE NUMBER OF PAGES WITH 8 COLUMNS AND

973 C NUMBER OF COLUMNS LEFT OVER..

74 JOB® (NKHN+11/8

-35-



975

876 Ce

JMDB="10D (NKWN+ ! .8

977 C OUTPUT TAB(TAU HEADINGS

9718
973
988
a8t

932 C¢

WRITE ILUN.I10) NAMECARA

1D FORMATC 1 +eo¢ .A1D, *+o» )

WRITE (LUN,20) IPIV,JPIV NCYC) NCYC2

20 FORMAT(7/. [IPIVs ,15,5X, JPlvs 15,77, NCYC1z . I5,%X, NCY(2<

983 C PRINT B COLUMNS OF THE TABLEAU PER PAGE

984

986
sa7
o688
283

DO OUtGD K=0.J08-1
WRITE (LUN,301(BeK11,B°(Ks 1
FORMATCL | J= (15, T0 .I%»
WRITE (LUN, 401 ¢ TASLEAUE ! U1 Jst@*K I B (Rl 11,
1=1, 16MRWY
FORMATL/ .5t BEIu.B1:

990 QUTGD CONTINUE

991 Ce

992 C PRINT PEMAINING COLUMNS OF THE TAQLEAL

993
994
935

297

998 C*

899 C

1FeoMda LEQ. 0)GO 1O OUTLS

RRITE (LUN, 301008811  NKiWN+ |

WRITE (LUN,500 (UNDB. (TABLEAULL,U),U=18°008) » 1 [NKIN2 1 T,
=i, 1GMRWI

5C FORMAY («, 51 . ¢E14 .51}

* L STORDER

1D00 .UTLS WPITE (LUN.BD)ILSTORDERL[ ), I=] ,MNEQSLEQsNKHN 2

1001
1coe
102

o

<

@
Ao nn

1011 Ce

012 ¢

beses

60 FORMA® (25¢ ,20!5)1

RETURN
ENG

ALL ROUTINES AFTER THIS POINT ARE FOR THE TEST CASE

SUBROYT (NE SETUP
USE SMPCLCH

THIS ROUTINE CALLS RQUTINES WHICM SET UP THE TEST CASE

10:3 ¢ anp 0O SOME 10

103« C
1038 ¢

CLICHE YSTCLTH

PARAMETER (N=NKRN)

PARAMETER P!=3. 14!59265358979)

PARAME TER (ONTHADs; . 3.1

PARAMETER | THREOB=3. '8.)

COMMON/CONST! - AEE  AM] ,ARE . ARM] ,ARMION . ARMIO2SN . ARMA |

. CHIRA) ,ENOARM! .ONQ2PA ,ONQA,
. ONCARMA,ONOR, P2 PHIRA1,PLTRANGE .SQTARCA,
. TANHINX UPSLN.AL

COMMON/ ARRAY [ FRHO(N) (ENUINT SIGMAN]  SIGHMAA N

. ENUOFSTI2*NT . SIGOFST (S N7

ENDCL ICHE

USE TSTCLCH
CALL READNSET
CALL SETTAB
CALL SQLNANL
CALL PLOTSIG
CALL L1STCONST
RETURN

END

1036 Crevte

1037 ¢

-36-
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1038 C

1039 SUBROUT INE READNSET
100 USE SMPCLCH

10wl USE TSTCLCH

102 C»

1043 C THIS ROUTING READS TEST PARAMETERS AND
10%4 C COMPUTES CONSTANTS.

1045 READ (2,101 IDENTF!

1046 10 FORMAT (A0

1047 READ (2,20U) ARE,AEE ,FLTRANGE
1048 2C FORMAT(5E16.61

1049 IFLARE .LT. AEEIGO TC ERRR
1050 IFIARE .LT. 1.1GO YO ERRR

1051 AMISAEE-i .

1052 ARM!=ARE-; .

1053 ONOA=] . /AEE

1054 ONOR=1./ARE

1055 ARMA=ARE ~AEE

1056 ONOARMA=! /ARMA

1057 ARMION=ARM! ‘N

1058 ARM|02N= . 5*ARMION

1059 ENCARML =1 ./ ARMION

1050 SQTAROA 50RT ( ARE *ONOA ¢

1061 TANHINX= TANHINY 1 SORT t AM]  ARMI 1 1
1062 CHIRA]=.5<ONOA*SQTARDA® ISQRT 1 ARM * AMI 3 -ARMAS TANMINX
1063 PHIRAI=2 *LOG!(SURT (ALE * ARM] *ONOARMA) +STRT [ ARE raM! *CrICAR™L
1064 2. *SOTARDAS TANM [NX

1085 UPSLNHAL=UPSILONTAEE .

10686 PAs {ONOA-ONOR + * . JNCA» Ol HRU*ONOR 1 « tPRAT L= IRA] -AEE 2CNOR
1067 . CHIRALI7UPSLARAS

1060 ONO2PAE. 5 Pa

1069 C*

1070 £ SET UP ORDERL!B PLC!TING

1071 CaLL ®EEPEO(10RDXL INPLTOG!

1072 CALL CRTIDI2MHR. 1,11

1073 CALL FRAME

1074 CaLL SETEMII5 ,10..0.0,3:

1075 ARITE 100,365 IDENIF]

1076 30 FORMATY ~re  LA1Q, re 3

1077 CaLL #R&ME

1078 RETURN

1079 ERAR WRITE (LUN, 40
({1 %] FORMAT( "*BAZ INPUT

1081 Cacl EXtTeie
Lo8s END

i083 £

08+ C

1085 (teoeer

1086 C

1087 €

1088 SUBROUTINE SETTAS

1089 USE SMPCLCH

1050 VUSE TSTCLCH

109) C*

1092 ¢ COMPUTE PRDBLEM COORDINATES AT HALF INTERVALS
1093 D0 RHOX {=t.N

1094 RHOL1 I IFLOAT(]11-.5) «ARMION+ .
1095 RHOX CONTINUE

1096 DO ENUX J=1.N

1097 ENUCSI=IFLOAT ()~ .S) @ ARMIONS? .
‘098 ENUX CONTINUE

1083 C*

1190 C COMPUTE DOUBLED UF COOROINATES FOR BAR PLOTS
Lot ENUOFST(11a],

11g2 ENUOFST(2¢N) =ARE

1103 00 STNU Jy=2.2*N-1,2

110w ENUOFST(JIsFLOAT (I ¢ARMIOSNs ! .
1105 ENUOFST (U 1 1=ENUOFST ()

1106 STNU CONTINUE

1107 C*

=37



1108 C SET UP TABLEAU

1109 00 TBLJ J=1.N

(31 TABLEAUI] M=),

[REN] TaBLEAU(2,01=-1,

e TABLEAUCIGMRH , J) sLOG LENUE S

113 DO TEL! I=3.Ne2

(S31 IFIRKOC[-2) .1E. ENU(JIIGO TO SMP

1115 TABLEAUL [ ,JH=UPSILONtRHO(]~2) , 1. ) -UPSILONIRHOL §-2" (ENLLIT
[R31:1 GO TO TAL!

17 sme TABLEAUC, 1 RUPSILONCRHOC =20 1.}

t1iB TBLi  CONTINUE
1119 TBLJ ZONTINUE

1120 ¢+
1121 T ASSISN [N[TIAL SLACK VARIABLES
a2 DO KNTRT [=3 N-2

1123 CNSTRNT U]

112w KNYRT CONTINUE

i1eg CNSTRN® ¢ j1==1_ - JPS NRAL
1126 CMSTRNT (21 ==CNSTRNT 11
1127 w=0.

1128 RE TURN

1129 ENC

L3¢

BT

113@ Coever

133 ¢

lize C

1139 FUNCTION UPSILONIRD,ENDG
1136 C*

F137 & FUNCTION USED IN [INITIALIZING THE TABLEAU AND
1138 C IN COMPUTING THE ANALYTIC RESULT.

1139 USE SMPCLCH

11ed USE TSTCLCH

IBLN RT10=S0RT ¢ LRO-ENOO} (ARE-ENOOT)

nwe PROD=SORT { LRO~ENQOD * (ARE -ENOO 1+

1.3 UPS 1L ONs THREOB * SGRT (ARE «RD) * {1 ARE+RD) * TANHINY . #1101 PROD1
Tl RETURN

HELL] END

1i=6 C

=7 C

1148 Cosave

1.9 ¢

1eo ¢

1151 FUNCTION TANHINVIARGMNT

1152 C*

1153 C THIS FUNCTION RETURNS THE INVERSE HYPERHOLIC TANGENT.
TS USE SMPCLCH

1185 C*

1156 € IF THE ARGUMENT SQUARED 15 NOT LESS THEHAN ONE.
1197 C THEN AN ¢RROR RESULTS.

1158 IF tARGMNT*ARGHMNT .GE !.1GD TO BDARG
1158 RTI0=1].+ARGHMNT}. (1. -ARGMNT}

116D TANHINVE . S*LOGLIRTIC?

1161 RETURN

1162 BOARG WRITE (LUN.10) ARGHNT
nes 10 FORMAT( *¢¢ BAD TANHINV ARGUMENT = (E15.6)

11ex CALL EXITtys
1165 RETURN
1166 END
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1167 €

1168 C

1169 Cesoer

1170 <

nune

1172 SUBRQUT INE SOLNANL

1173 USE SHMPCLCH

17w USE TSTCLCH

1175 C¢

1176 € COMPUTES ANALYTIC SOLUTION TO TEST PROBLE™.

177 00 NXTy J=1.N

1178 IFtENULY) .LE. AEE'GO TO ZERD

1179 ARMNU=ARE ~ENUt J)

1180 ENUMARENUT J3 -AEE

1iel ONONU={ . /ENUTJT

1182 SA=(12,/P1)*PA*SORT (AEE *ENUMA Y, TENUMA*ENUMA) ) * 1. sONTHRD
1183 . ONONU*ONONU*ONDNU® (ENUTJ) >ARMA 4, * ARMNUSLNUMA = 2 (ARMA®
118 . SOTARDA)JUPSLNRATI)®(C{ENUMASGRT (ARMI *AM[ 1 ' ARMNG*AMe
1185 . ARMICENUMA}}-TANHINXI [CHIRAL/UPSLNRAY 1 *AEE "

1186 « ONONU*ONONU4 {ENUTJ) *ARMA+2 . * ARMNUSENUMA Y .

1187 S1GMAA(J) =ONO2PA*SQRT LONDR, ARMNU) *S2

)88 G0 TO NXTy

1188 ZERG  SIGMAALLI=0.
1180 NXTJ CONTINUE

1191 RETURN

1192 END

1193 €

HELR

1195 C

1196 C

1197 €

1198 SUBROUTINE OUTS 164

1199 Ce

1200 C THIS ROUTINE PRINTS THE ANALYTIC SOLUTION,
120! USE SMPCLCH

1202 USE TSTCLCH

1202 WRITE (LUN.1D}

1204 12 FORMATI///, SIGHAALJI= )

1205 WRIYE (LUN,203tSIGHAAIDS (U= N3
1206 20 FORMAT(B(ELS.6))

1207 RETURN

1208 £

1209 €

1210 €

1211 Coveeer

122 ¢

213 c

1214 SUBRDUTINE PLOTSIG

1215 USE SMPCLCH

1216 USE TSTCLCH

1217 c

1218 C PLOTS ANALYTIC SOLUTICN

1219 SIGMAX=SIGHARL LD

1220 DO LSJG J=1.N

1221 IF(SIGHAALJY .G, SIGMAXISIGHAXSSIGHAALJL
1222 LSIG CONTINUE

1223 SIGMAX=], | *SIGHAX

1224 SIGMINePLTRANGE *S1GMAX

1225 CALL MAPSLENU(1] ENUINI ,SIGHIN,SIGMAX)
1226 CALL SETCH(2,,16..0,0,1,1)

1227 WRITE t100.10)

1228 10 FORMAT [ SIGMAA(ENU) )

1228 CaLL SETCHI20..2..0.0.1.0)

=39~




1230
1231
123
1233
1234
1235

1268
1269
1270
12n
=4/

1273
127
1275
1276
1277
1ame
1219
1280
1281
1282
1283

WRITE (100.20% NTYCE ,NCYP .
20 FORMATe ENU .Sx. NCYCI:

CALL TRACECSIMA.ENL.SiGMAL.

CALL FRAME

RE TURN

END

SLBROUTINE L ISTCONST
USE SMPCLOH
USE TSTCLCH
ce
C LISTCONST PRINTS [NPUT DATA, PRCGRAM CONSTANTS,

C AND PARAMETERS,ETC
HRITE (LUN,1D) [OENTF,ARE, AEE,PLTRANGE N, MNEQ,LEG. NCKN
I8 FORMAT t 7, **v LAI0, *** .r , APIs SX . E15.6.
. 4X. agEs ,BX.£05.6. . PLTRanGL« ,£15.5, -,
. N= [ Bx,15.3x. MNEQs ({5.3x. LEGs ,[S.3X, MGNe 15
WRITE (LUN,BD} AM!.ARMI,ONOA.ONDR,ARMA.ONOARMA , ENJARNT,
. ARM)ON,SQTAROA, TANHINX,CHIRAL PHIRAL .
. UPSLNRA| ,PA DONO2PA
20 FORMATY, <, AMIz ,5X,E15.B.X, ARM|z ,w» £15 B.~«,
ONOAx ,“X.E!5.6.4X, CNOR= ,ux.£15.6,
¢, ARMA= wX,E15.6.4X, (NCARMA=
. WX, ENOARMI=  .E15.5,%%. APMION:
. SQTAROA® .E!f.B.wX. Tahmine-
CHIRALs  LEI5.5.x. PHIRAI. i
UPSLNRAL® E15.6./. Pas BN ,E19 B.4X, NCEPA .£15 51
WRITE (LUN.301 (RHDCT) 12t Ny
30 FORMATL 7/, RHQilde - 50t .BE!5.6:°
WRITE (LUN,3LITENULYY,
31 FORMAT(/s/+, ENUIDI= 500 ,BE!S 61
HRITE (LUN,3211ENUOFST e e | @8
32 FORMAT(. -+, ENUOFST(JI= . 53 .BE1S 6
cr
C PRINT INITIAL TABLEAU
NAMEARA:= TABEau
CALL PRINTTA8
RETURN
ENO

L

4
4
Cosene
c
4
SUBROUT INE QUTSHP
ce
€ PERFORMS APPROPRIATE OQUTPUT FOR THE TEST PROBLEM.
USE SMPCLCH
USE TSTICLLH
CALL LISTCONST
CALL OQUTSIG
CALL QUTSIGA
CALL PLOTSIGOF
CALL PLOTE
RETURN
END
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1250
1291
2%
1293
1394
1295
1296
1297
1298 C*

Anann

SUBROUTINE QUTSIG
USE SMPCLCH
USE TSTCLCH

1299 C THIS ROUTINE PRINIS THE NUMERICAL RESWLT

1300
1301
13
1203
130w
1305 ZERO
1306 RSLT
1307
1308 0
1309
1310
130t 20
1312
1313

-
o
Anann

1322 c
1323 C PLOT

00 RSLT !s] MNEQeLEGNIWNS]
IFILSTORDERC]} .GT. NKWNIGO TQ PSLY
IFCD LLE. NKWNe1)GO TO ZERD
SIGMALSTORDER 1!} 1 x ~ENOARM1 *INSTRNT {§ - (NKMWIN® 1 11
GO To RSLT
SIGMAILSYORDER [} 1],
CONT INVE
HRITE 1LUN.10 NCYC!.NCYC2, W, IPIV . JPiY
FORMATY,7/, NCYC1x (15.3X, NCYC2x .1S,3X, We .£15.6.

L 3, IPIve (15,3X. Plvs (15,000, SIGMALIE

RRITE LLUN, 2D (SIGMA L), I (NKrN)
FORMATL ISt/ BEL.. 511

RE TURN

END

SUBROUT INE PLOTS iGOF
USE SMPCLCH
USE TSTCLCH

SIGOF CREATES A 8AR PLOT OF SIGMA

132« C OVER A SMOOTH PLOT OF THE ANALYTIC RESULT.

1328 STSG
1323 Ce

DO STSG J=1,.2°N,2
SIGOFST(J1=SIGMALIJ1)/2)
SIGOFSY: Js 11=5IG0F5T e

CONTINUE

1330 C DETERMINE MAX{MUM VALUE TO BE PLOTTED.

1336 LSIG

1339 C

SIGMAX=SIGMAALL }

00 LSIG Jsi,N
IFISIGMAAIJY .GT. SIGMAXISIGMAXESIGHAAIJ)
IFtSIGOFSTIVI (GT. SIGMAXISIGMAX=SIGOFSTI))
IF(SIGOFST(J+N) .GT. SIGHAXISIGMAXSSIGOFSTLJ+NI

CONT INUE

S1GMAN=] . | *SIGMAX

S1GMIN=PLTRANGE *S [GMAX

1340 C CREATE GRID AND LABELS.

13w)
1342
1343
134y
1348
1346
1347 20
1348 C»
1348 € PLOT
1350

1351

1352

1353

1354

o

CALL MAPSI{ENU{ 1) .ENUINI S5IGHIN,SIGMAX I

CALL SETCH(2.,16..0.C.3.1)

WRITE 1100.10}

FORMAT( SIGOFST(ENUD! N:S{GOFST . a:SIGMAA 01

CALL SETCH(20..2..0.0.1.00]

HRITE 1100,201 NCYCLNCYC2.M

FORMATI ENJ ,5X. NCYCls .15.3x. NCYC2= ,15,3X, We ,E15.6)

CURVES.

CALL TRACEC!1HA,ENU,SIGMAA,NI

CALL TRACEC!!HN,ENUDFST,SIGOFST 2N}
CALL FRAME

RETURN

END

=41-42~



Appendix B

The Sequence of Iterations Showing the Convergence
of the Simplex Algorithm for n = 40 in the
Neutral Injection Problem. (The solid curve isthe
analytic result. The vertical scaleis arbitrary and is
set by the computer. Relative values may be determined

by the height of the analytic curve.)
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