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SIMPLEX, A CODE FOR THE SOLUTION 
OF LINEAR PROGRAMMING PROBLEMS 

Abstract 

A set of procedures is described for solution of a general linear 
programming problem that seeks to maximize the linear functional 

n 
W = i, e x . for coordinates x. > 0, subject to m restrictions 

j=l J J n J -
of the form E a..x. < b. and & restrictions of the form E a..x. = b.. 

j=i ^ J - * j = : « J i 

An LRLTRAN computer code, which performs .-.he 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 

W = Z c.x, (1) 
j=l J J 

for coordinates x. >̂  0 subject to the set of m inequality constraints 
n 
E a^.x, < b., , i = 1, 2, ..., ra (2) 

j = 1 U j - i 
and & equality constraints 

Z a Mx. = i L , i = ,i + 1, m + 2, .... m + l, (3) 



Because the set of points satisfying the constraints is convex (that is, be­

cause, In the n-dimensional hyperspace of the vector {x.}, every point that 

lies on a straight line between any two points satisfying the constraints 

itself satisfies the constraints), the extreme of W will be obtained ac one 

of the extreme points (vertices) of the constraint set. If we introduce the 

set of slack variables 

then the constraints take the form x. ^ 0, u, ̂  0 [u. = 0, for (ra + 1) £ i £ 

(m + l)]t and a vertex corresponds to a point at which n of the variables 

{u. t x.} vanish. 

If {£.), 1 < j < n, is a subset of the variables {u,, x }, all of which 

vanish when W is maximal, then clearly we may use Eq. (4) to rewrite W, 

Eq. (1), obtaining 

n 
W = Z Y.£. + 6 , (5) 

j=l 3 J 

where'W = 6 and y. < 0, 1 < j < n. Likewise {r\.}, 1 < t < m + l t the max J — — — i — — 
balance of the set of n + m + Z variables {u., x,}, is given in terras of the 

£. by equations of the form 

-"i * X °ij sj + s i - ( 6 > 

where B £ 0, L £ I £ m + t . The transformation of Eqs. (1> and (4) into 

Eqs. (5) and (6) vith non-positive 3 and y 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. 
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Equations (5) and (6) correspond in self-explanatory fashion to the 

simplex tableau: 

'•1 ' 2 •• V l S n - M - 1 " «n 1 

1 a i l "12 •• " l . a - i l , n -> .+ l •• " l . n S l 

h tt21 a 2 2 "• ° : , n - J i a 2 , n - i . + l •• ft2,n 6 2 

; ; 

1 a m , l a n , , 2 • a m , n - a m,n-^.+l a m,n 
e

m 

m+1 V i , i Q m+1,2 • m + l , n - £ ~*m+l,n-£--l m + l , n 6 m+l 

', 

m+l. V t . i a m + £ , 2 a . m+*.,n->. a m + i l , n - £ + l \ + C , n B«rM 

Y l Y 2 V i Y n - ; : + l T n 6 

The simplex algorithm systematically chooses pairs of variables (n T,5 T) whose 

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

until the set of coefficients {3.,Y.} (within the freedom allowed by the S. 

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 lulled the pivot. The basic transformation, or pivot step, 

ing changes in the simplex tableau: 

l/aT I J I J 

\ j ~ - « i J / a I J 

a I j " a I j / a I J 

t j 
faiJaIj/aIJ) 

, i * I 

, i * J 

, 1 J* I . j * J , 

- 3 -

(7) 



G J _LI - 3 , , a . . . . = Y-» and .t , , , . , = 6 . i ,n+l i nrK+l,j ' j ' nrK+l,n+l 

2. The Simplex Procedures 

Beginning with the starting tableau, one first satisfies all equality 

constraints by pivoting into positions .it the head ot a column all those 

slack, variables which are known to vanish. Further pivoting involving these 

slack variables is prohibited. This operation is accomplished by the initial­

ization procedure, described below, which also interchanges Che column order­

ing so that these slack, variables which vanish a priori occupy columns 

n - l < j < n + l . This produces the initialized tableau, upon which further 

pivoting is permitted only for 1 < I < a + •', 1 £ J <_ \\ - I, . 

After obtaining the initialized tableau, the algorithm sets about find­

ing a basic feasible point, namely a set of variables {£,) such that if each 

£. is taken to vanish* 1 < j < n - •., Chen all constraints r\ >_ 0 are also 

satisfied. Obviously, this requires that 6. <_ 0 for I < i < ai + 1. 

Procedure 1, outlined below, serves to find some one basic feasible point. 

Then, via Procedure II, the algorithm moves from one basic feasible point to 

another along a path of nondecreasing W until the maximum feasible point, 

Y. £ 0 for 1 <_ j <_ n - £, is reached. The procedures can be shown to converge 

in a finite number of steps in the absence of degeneracy (no 8. 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 possibility of looping that may otherwise occur in the presence of 

degeneracy. Other sequencing may, however, be more useful in large linear 

programming problems. 
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INITIALIZATION PROCEDURE 

If i = 0, go on to Procedure I. If % > n, the system is over-constrained, 

;ind no solution exists (in the absence of degeneracy). Otherwise, perform 

the initialization procedure sequentially for successively larger 

k. 0 < k <_ ': - 1, where I = m + I - k. If B, > 0, change the sign of each 

tin try in the Ith row: 0. •*• -a, . , Q •*• -& . For Q <_ 0, go on to Step (1). 

Step (1) 

Find the algebraically gr^test a = a_ , keeping track of ties. If 

J., < 0, the restrictions are inconsistent and cannot be satisfied if B_ < 0. 
lu - ' I 

If £_ - 0, the restriction requires that t,. = 0 for all Q_, # 0. If a_ > 0, 

t;o on to Step (2)-. 

Step (2) 

Among the set of a.. = a , choose u - J for the algebraically greatest 

"f . If there are ties, any will do. Perform the pivot step, and then make 

the column exchange, a., «-* a. _ k » l . £ i . £ m + £ + l . When k = E., go on to 

Procedure I, unless H = n. If I = 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 (0 < 0, 1 < i < m + H), go on to Procedure II. Otherwise, select 

the greatest i = A for which B. > 0. Choose, strictly randomly, any negative 

coefficient ou . , 1 £ j <, n - 4, determining thereby the pivot column j = J. 



(If there is no ft,. ' 0, the constraints are inconsistent and no solution 

exists.) Compute 3̂ /01, _ and B./a,, for all a., > 0, \ < i <_ m + i . Deter­

mine the algebraically greatest (numerically least) cf these negative i_cios, 

selecting randomly amongst ties. This determines the pivoc row i - I. Per­

form the pivot step, Eq, (7), and repeat Procedure I as necessary until all 

PROCEDURE II 

If Cy. <_ 0, 1 £ j <_ n - I) t the problem solution is £. = 0 for 1 < j < n, 

U = <5. Otherwise, go on to Step (1). 

Step (1) 

Determine all i = A, 1 £ i £ m + £, for which B. = 0. If there are none, 

go on to Step (2). Otherwise determine all j ~ u , 1 £ j £ n - £, for which 

Y > 0 and a, > 0, for those values of A just determined. If here are none, 
M — — -̂j 

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

among j - u, and the pivot row i = I randomly from among those rows i = X for 

which a-. _ > 0. Perform the pivot step, Eq. (7), and repeat Procedure H as 
necessary until all y. < 0. 

J -

Step (2) 

Choose, strictly randomly, ar.y y > 0, thereby determining the pivct 

column j = J. Compute &./a for all 3- ^ 0, a > 0, 1 <_ i £ m + I. (If 

a.. < 0 for 1 < i < m + l> £. can be increased indefinitely withouc violating 

the constraints n. >. 0, and W is unbounded.) Select Che algebraically greatest 

(numerically least) from among the computed negative ratios |3 /a. T, choosing 



r.itulonily .iriungst ties. This determines the pivot row 1 = 1. Perform the 

pivot H'.I'|>, Eq. (7), and repeat Procedure II as necessary until all y. < 0. 

(Sim-e Procedure II preserves the signs of the 3,, Procedure I is not to be 

M.SL'd .i^jin. Furthermore, since the pivot step replaces £ by c - 3 TY T/^» T T, 

.ind since .: 5 0, •, > 0, ^ > 0, the value U* = £ of the basic feasible 

point cannot decrease.) 

3. User-Level Instructions for SIMPLEX 

COMMUNICATION 

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. NKWN is the 

number of unknowns in the system ef equality and inequality constraints. 

MNEQ is the number of inequality constraints, and LEQ is the number of equality 

constraints. These correspond to n, m, and I 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 Cue user's own input or initial­

ization routine. TABLEAU is a two-dimensional, coluau.-ordered array, dimen­

sioned (MNEQ+LEQ+1, NKWN+1), which stores the tableau at all times during the 

routine. It is located in common block ARRASMK The lc >t column of TABLEAU 
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should contain the slack constants, b , Eqs. (2) and (3). The last row should 
n 

hold the c.f the coefficients of the linear function to be maximized, E c.x., 
1 i = l U 

Eq. (1), After the algorithm has completed, the value of the game, W = 6, is 
the last element of the last row. The rest ot the entries are the coefficients, 

n 
a.., of the inequality constraints, Z a..x. < b., and the equality constraints, lj> j = i xj 3- i' 
I a.,x. ~ b.. The equality constraints must be placed after the inequality 

j = ^ 1 
constraints in the tableau. FOL* details of the tableau, see Owen. 

There are also some variables the user may set to make use of some options, 
hut these may be ignored if the defaults 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. 

• NMBSC, NMNBSC are the names of the basic and non-basic variables to be 
printed on output in an A6 format field. As defaults, the basic vari­
ables are called "ETA", the non-basic "X". 

• ZEROFAC 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 l.E-10. 

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

• LUN is the logical unit number for printed output. Default is 10. 

Output 
All output values returned to the calling program are the global vari­

ables in comi. -: blocks CNSTSMP and ARRASMP. The solution of the program is 
in array X and the value of the game is in W. NERR ahould always be checked 
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upon return for errors. A zero value for NERR indicates a normal return. An 

error condition will always 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 zero, 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 variables 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/O bound; \t runs 

much more slowly. 

Error Returns 

After a call to SIMPLEX, a non-zero value for NERR indicates an error 

return. 

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

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

• NERR = 2: The problem is unbounded. There is a column with a positive 

last entry, and all the remaining entries are non-positive. 

• NERR = 3: This flag means that the program has fallen through loop SLI 

in subroutine STEP1 without finding any elements available for choice 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 entry. 

• NERR *= 6: The system is over-cons trained. 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., I > n, this cannot be done. 

• NERR = 7: The problem is specified by equality constraints. Since Z = n, 

there are the same number of columns as equality constraints. Thus, 

once the equality constraints are pivoted up, no more manipulation can 

be done on the tableau. 

• NERR = 8: No element of an equality constraint was positive when the 

corresponding 6 was negative. Thus, the restrictions are inconsistent 

and cannot be satisfied, 

• NERR = 9: Same as 8, except £ was zero. Hence, the restrictions can be 

satisfied only if £. = 0 for all non-vanishing a . 

• 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 

• 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 slow if a large tableau is frequently output. 
If IPRNTFLG is set to two, the program becomes I/O bound. This can be helped 
by increasing the output buffer size (to 10004-, or 2000A Q), but this option 

o o 

should be used only on small problems unless necessary. Possible error re­

turns can be avoided if the tableau to be solved has more unknowns than 

equality constraints and if trivial constraints fell 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 

• Subroutines supplied: SIMPLEX, SETVAL, INITIALIZE, PKEQJ, PRCDR1, PRCDR2, 

OUTS0LN, PIVOT, RANDOM, STEP1, STEP2, OUTX, ERRORPR, PRINTTAB. 

• Libraries required: 0RDERLIB(I/0, RNFL). 

• Common blocks: CNSTSMP, ARRASMP. 
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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, which are in cliche 5MFCLCH, to avoid over­

lapping common blocks. 

In some situations, ZEROTAC 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 to a + b £ c, -a -b £ -c. Depending on the 

particular problem being solved, the representation of the equality con­

straints may make a significant difference in the program performance. For 

the neutral beam injection test problem discussed in Section 4 of this report, 

the solution was found in 50 pivots, with the equality constraint being 

placed after the inequality constraints. (In this case, n = 40 gave a 

tableau dimensioned 42 by 41.) When the equality constraint was replaced by 

two inequalities placed aLter 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 ?quality 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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AVAILABILITY 

• Machines: CDC 7600 

• Size: Subroutine SIMPLEX contains 357 LRLTRAN source lines. The program 

that tests SIMPLEK contains 207 source lines. 

• Timing and optimization: Each cycle (pivot element selection and pivot) 

takes about 0.02 second when no 1/0 is done in the cycle. If the tableau 

for a given problem is to be printed often, the output should probably 

be optimized. Tltis could involve just setting the ORDERLIB output buffer 

size to a larger value, e-g., 2004fi -*- 20GG4_. If more speed is required, 

subroutine PRINTTAB will probably have to be reworked. If the computa­

tional portions of the routine need more speed, BEGINMAP, a local timing 
3 

routine, indicates that 20-25% of the CPU time is spent in loop NXTI in 

subroutine PIVOT when SIMPLEX is run creating some output (IPRNTFLG=1). 

Efforts to improve speed should probably 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 differences are: 

• SIMPLEX uses alphabetic rather than numeric statement labels in all situa­

tions except format statements. 
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• In SIMPLEX, the sign of DO loop increments is not always positive (thus 

allowing the loop to be swept "downward"). Also, the expressions for 

the DO loop limits are sometimes more complicated than FORTRAN allows. 

• Array and dimension indexes in SIMPLEX are sometimes more complicated 

expressions than FORTRAN allows. 

• 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.... 

• Parentheses rather than slashes are used in the DATA declaration. 

• The variable format, using *, used in subroutine PRINTTAB, is peculiar 

to Lawrence Livermore Laboratory. 

• The cliche definition makes use of the LRLTRAN macro facility to accom­

plish global declarations with one statement. The statement, USE SK**CLCH, 

causes the compiler to insert a^l the LRLTRAN statements between 

CLICHE SMPCLCH and ENDCLICHE into the code at that point. 

• The PARAMETER statement, unavailable in FORTRAN, deiines a constant value 

which is not allowed to be changed (the compiler creates a literal). 

• The routine RNFL, used in subroutine RANDOM, is part of the LRLTRAN 

library. It will need to be replaced by a local random generator. 

RANDOM may have to be reprogrammed to produce the required results 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 Eqs. (1) 

through (3). This code has been used by Hall, et al. 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 
W = Z x. Unv . , 

j=l J J 

I x.v., < 1 , 
j = l "j l j (8) 

I x, ' 1/T(R, a, 1) , 

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

V - 1/2 + (R - l)(j - l)/n, ) = 1, 2, .... n, 

T(R, P. v) = | ( R P ) 1 / 2 {(R + p> tanh"1 [(p - • J ) 1 / 2 ( R - v)" 1 / 2] 

- <R - v ) 1 ' 2 ^ - . ) 1 / 2 > , 

T(R, v , 1) - T(R, Uj, W l ) , i < j , 

VU 
T(R, \>jt 1) . i > J • 

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 5. Use of the equality or the equivalent double inequality 

increased Che 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 simplest algorithm to the 

analytic solution. We also solved this problem for n = 10 and n = 10G, 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. 

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

and labor costs and give rise to the profit function 

subject to the constraints 

< 80 

0.25XT + 0.50x„ + 0.60xo x c < 40 

100 £ xx ^ 150 

—o—o—o-i L L 
) o—O—O—O* — ' 

n = 10 n = 40 n = 100 
Fig. 2. Comparison of the final results of the SIMPLEX solution of the neutral 

injection 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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has been expressed in the SIMPLEX tableau, Tl. 

x l x 2 x 3 x 4 

" n l 0.500 0.000 0.600 -1.000 0.000 -80.000 

" n 2 0.250 0.500 0.600 0.000 -1.000 -40.000 

" n 3 -1.000 1.000 0.000 0.000 0.000 0.000 

~\ 1.000 0.000 0.000 0.000 0.000 -150.000 

~n5 -1.000 0.000 0.000 0.000 0.000 100.000 

-\ 0.000 0.000 0.000 1.000 0.000 -20.000 

" n 7 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 Che final tableau, T2. 

n. x, n, x. n, 1 

_ T 1 1 0.250 -0.500 -1.000 -1.000 -1.000 -5.000 

- x 3 0.417 0.833 1.667 0.000 1.667 -41.667 

" n 3 -1.000 1.000 o.ooo 0.000 0.000 -100.000 

" n 4 1.000 0.000 0.000 0.000 0.000 -50.000 

" X l -1.000 0.000 0.000 0.000 0.000 -100.000 

" " 6 
0.000 0.000 o.ooo 1.000 0.000 -20.000 

" x 5 0.000 0.000 o.ooo 0.000 1.000 -10.000 

W 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, ;,.v..;<»ver, who found (upon con­

version to our notation) the final tableau, T3. 
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n i X 2 \ X 4 n 7 1 

" n 5 4.000 -2.000 -4.000 -4.000 -4.000 -20.000 

" X 3 -1.667 1.667 3.333 1.667 3.333 -33.333 

" n 3 4.000 -1.000 -4.000 -4.000 -4.000 -120.000 

-\ -4.000 2.000 4.000 4.000 4.000 -30.000 

~ x l 4.000 -2.000 -4.000 -4.000 -4.000 -120.000 

~ n 6 0.000 0.000 0.000 1.000 0.000 -20.000 

" X 5 0.000 0.000 0.000 0.000 1.000 -10.000 

K 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 He in the expression for W from tableau T2 is zero, so that any 

pivot in the first column (allowable only if c* f Q) will leave the value 6 

unchanged. Just as in Procedure II, therefore, we may always pivot in the row 

for which a. . > 0 and 3-/a. , 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 whenever a zero value of $ or y. arises. The 

procedures have been set up to avoid interminable looping when zeros of 3 

exist, and these were discussed above. If all solutions W = V are re-
max 

quired, it is a simple matter to add the additional programming involving 

pivoting either in the rows with $. = 0 or in the columns with y. = 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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I DRCGRAM SIMPLEXMNPuT.SMPRSLT=203*6.TAPE:0=SMPRSL T ' 
e CALL CHANGE 16H*DR0PL> 
3 C* 
•t C SETUP 15 A ROUTINE WHICH CALLS OTHER ROUTINES 
5 C THESE ROUTINES INPUT ANY OATA. SET UP THE TABLEAU. COMPUTE AN> 
6 C PROGRAM CONSTANTS.ETC. 
7 CALL SETUP 
8 C* 
9 c S I M P L E X M A N I P U L A T E S THE T A B L E A U TO COMPUTE THE MAXIMUM 

10 C VALUE OF THE GAMC. W. 
i i C A L L S I M P L E X 
15 C* 
13 C OUTSMP PRINTS ANY ADDITIONAL INFORMATION THAT 
14 C IS DESIRABLE TO HAVE. 
! 5 CALL 0UT5MP 
16 CALL E X I T U I 
17 END 

;a c 
;9 c 
20 C THI5 SECTION OF ROUTINES EXCCUTES THE SIMPLEX ALGORITHM. 

?3 SUBROUTINE SIMPLEX 
24 C •• • ' 
2 5 <:•• 
26 C " SUBROUTINE SIMPLEX COMPUTES THE SOLUTION OF A 
2" C** LiNEAR PROGRAMMING PROBLEM VIA THE SIMPLEX ALGORITHM. 
2B C*' SEE GA^E THEORY .G. OWEN.CH. 3. 
29 C* 

PROGRAMMED BY H. WALKER 

32 : • - TO USE ' H I S ROUTINE. FIRST SET THE 
33 £*• PARAME'ERS iN CLICHE SMPCLCH (SEE BELOW) 
3-. C»* TO THE VALUES APPROPRIATE FOR THE PRQBt EM TO 
35 C " BE SDLVtD. THEN SET THE TABLEAU TO BE SOLVED BY AN 
35 C" INPUI w :N[T:/.L:ZATION ROUTINE, JT SHOUI Q 
3^ C * BE FORMATTED AS IN GAME THEORY , THIS ROUTINE SHOULD 
3D C " BE COMPILED UNDER CHAT HI In ORDERLIB. 
39 Z" THE SUBROUTINE SIMPLEX CAN THEN BE CALLED. 
io ; • * IF OUTPUT I S DESIRED SOME OPTIONS ARE AVAILABLE 
* ; C" iSEE [ P R N T F L G . IN SMPCLCHi. OR SOME 
-.2 C " OTHER RCJ-1NE5 CAN BE WRITIEN BY THE USER. 

•••< Z" DUE JQ 'HZ USE OF COMMON. CllCHE SMPCLCH S H D U L D EITHER 
- 5 C-* SE TH£ FIRST 5ET OF DECLARATIONS FOR COMMON. 
45 : • • OR OTHER DECLARATIONS WILL HAVE TO BE 
•.-- C " PLACED SLTORE ALL USE" SMPCLCH L.'NT'S I N S IMPLEX. 
48 Z" 
HS C " ON ERROR RETURN FRCM ANY ROUTINE. SIMPLEX 
50 Z" CALLS ERRORPR. THEN RETURNS TO THE CALLING 
51 C " ROUTINE WITH THE ERROR SENTINEL. NERR. SE^. 
53 :•' 
53 C " SIMPLEX '5 CALLEO BY: USER'S ROU'INE 
5 * C " CAN C A L L 5ETVAL. INIT1ALIZE.PRCDRl . 
55 C " PBCDR2.0UT50LN.ERRORPR 
56 C " 
5 7 C ' ' ' • ' ' • ' • " • > " ' 

58 C» 
59 CLICHE SMPCLCH 
6 D C * ' * ' •• " > ' * • • 

61 C * VARIABLE DEFINITIONS FOR SMPCLCH 

63 C** 
64 C * 'PARAMETERS 
65 C " NKWN 
66 C " 
57 C " MNEQ 

- NUMBER OF UNKNOWNS IN SYSTEM OF EQUALITIES 
AND INEQUALITIES 

- NUMBER OF INEQUALITY CONSTRAINTS 
- NUMBER OF EOUALIIY CONSTRA'NTS 
- LAST ROW OF TABLEAU. INITIALLY STCRES 

- 2 2 -



cctf f ;c;r.'.'S cr 
N5 M A X : W 2 E : 2 

^APfiMETLR lhKWN=lOl 
"'-RAMETER LMNEO = i *? j 
FAPAMETEF 'LEQ^DJ 
° A « 4 M E T E P i !2MP^=MNE0-.t.Q-

e: c- * IPIv 
8 ? C " I P R N T F L G 

8 3 C " 
84 C " 
bS C* * UP I V 
eg : • • LUN 
B7 C " 
B B C " NAMEARA 
B9 C " 
90 C " NCfCl 
91 C * NCYC? 
92 C " NCYC5TP 
93 C " 
94 C " NERR 
95 C " NMB5C 
9fi C " 
97 C " NMNBSC 
98 C " 
99 C»- Z E R O F A C 
00 C " 
0! C " ZEROTOLR 

COMMON BLOCK CNSTSMP) ' 
- NAME O r RUN. TO BE READ IN AS DAT* AMD 

P»;i.TED CN OJTFUl I A ' . Q I TO !DEN-]FY R U N 
- POw OF P I v C ELEMENT 
- FLAG CONTROL.ING THE AMOUNT OF PRINTED OUTPUT 

O-NO O U T P j T . ! - SC-E OUTPUT, 2 - A LOT OF OUTPUT 
DEFAULT IS 0 . 

- COLUMN OF PIVQT ELEMENT 
- i O O I C A L UNIT NUMBER FOR PRINTED OUTPUT. 

L £ F A U L T = ; C . 
- 10 CHARACTER ' A I D ) I D E N T I F I E R WHICH LABELS 

THE TABLEAU WHEN I T IS OUTPUT V I A PRINTGRID 
- NUMBER OF TIMES PRCDRI HAS BEEN EXECUTED 
- NUMBER OF TIMES PRCDRS HAS BEEN EXECUTED 
- AFTER TH IS MANT C C i _ E 5 OF EITHER PRCDRl OR PRCDR2 

HALT EXECUTION WITH A MESSAGE. DEFAULT I S 5 0 0 . 
- ERROR SENTINEL 1^0-NORMAL RETURN, >0-ERHOR RETURN) 
- NAME OF I N I T I A L L Y BASIC VARIABLES i A 6 F I E L D ) 

DEFAULT 15 ETA . 
- NAME OF I N I T I A L L Y NON-BASIC VARIABLES. 

DEFAULT IS X . 
- F R A C T I O I J OF LARGEST I N I T I A L T A B L E A V \ A L U E TO BE 

USED AS TEST FOR ZERO. DEFAULT ! 5 I . E - i O . 
- VALUE TO BE USED AS TEST ccR ZERO. 

105 C " 
:07 c* 

I 14 C " 
115 € • • 
I 16 C " 

:n c 
1 18 C " 
I 19 C " 

l ? c C> 
123 C*' 

COMMON /CNSTSMP I D E N T I , IP !V . IPRNTF.O.JPl ' . .LUN. 
, NAMEARA.NCYCl . N C C ? . NC iXSTP .NERR .NMS5C . NMNBSC. 
. ZEROFAC.ZEROTOLR 

•ARRAYS U N COMMON SLOO ARR/.SM?) ' 
LAMBDA - HOLDS INDEKE5 OF ELEMENTS C'" A CCi-UMN 

TO 9E PICKED FROM RANDOMLY. 
L0CU5I - SAME A5 LAMBDA 
L0CU5J - HOLDS INDEXES OF ELEMENTS OF * ROW TO BE 

PICKED FROM RANDOML". 
LSTORCER - STORES THE ORDER OF THE BASIC AND 

NON-BASIC VARIABLES. 
MU - SAME AS l.OCUSJ 
TABLEAU - 2 - D I M ARRA'I WHICH HOLDS THE lABLEAU TO 

BE OPERATED ON. I H £ SLAC* C O N S T - N ' S ARE I ' . 
THE LAST COLUMN OF THE ARRAY. WHICH 15 
EGUIVALENCED TO 1-DIM ARRA> CNSTRNT 
THE VALUE OF THE GAME I S STORED IN 
T A B L E A J I N M E Q - L E Q ' I . N K W N - 1 > . AND THIS £• EMENT 
IS EQUlVALENCED TO W. 

X - 5TCP.ES F INAL VALUES OF THE 

I N I T I A L L Y NON-BASiC VARIABLES. 

COMMON /ARRASMP-LAMBDAiMMEQ-LEOl .LOCUSI (MNEC*LEO! . 
. L O C U 5 J ' N K W N t , L 5 T 0 R D E c t M \ £ - 0 - L E Q * ' > : * i N . S l .MUlNKWNi . 
. TABLEAUI [GMRW.NKWN*I ) ,X :NKWN1 

CN5TRNT - HOLDS THE S^ACK VARIABLES, AND 
I S PART OF THE TABLEAU. 

K - THE VALUE OF IHE GAME. ALSO PART OF THE TA9I_E 

DIMENSION C N S I P M I M N E O - L E O ) 
EOuHALENCE (TABLEAUI I iGMRWl'NKWN* 

. I TABLEAU l I IGMRWIMNKWN*] M . W 1 

DEFAULT VALUES ARE 5 E T IN THIS DATA 
I CAN BE CHANGED HI AN INPUT 

STATEMENT* 
OR INIT IALIZE ROjTINE! 

DATA iNCYCSTP=2C0:,i1PRNTFLG=D1.lLUN=iO>. 
. (NMBSC= ETA ).iNMNBSC= X t.tZEROFAC^ 

, c*' 'PERFORM ELEMENTARY OPTIMIZMON FOR 7BOO* 
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IHB C " 
147 C*' •• 
149 C" END OP CLICHE SMPCLCM 
149 C * ' 
150 ENOCLICHE 
151 USE SMPCLCH 
15? C» 
153 C DO SOME INTERNAL SETTING OF VALUES 
154 CALL SETVAL 
!55 C-
155 C PIVOT EQUALITY CONSTRAINTS TO CORRECT PLACE IN TABLEAU 
157 CALL IN IT IAL IZE 
I5B |F(NERR .NE. 0>GO TO ERPRC 
159 C* 
160 C FIND BASIC FEASIBLE POINT 
16! CALL PRCDRI 
16? [FINERR -NE. 01CO TO ERPRC 
163 C 
164 C FJND MAXIMUM FEASIBLE POINT. THE SOLUTION 
165 CALL PRCDR2 
166 IFINERR .NE. OiGO TO ERPRC 
16? C 
163 C PRINT SOLUTION 
169 CALL OUTS0LN 
I "70 RETURN 
|71 ERPHC CALL ERRORPR 
172 RETURN 
173 END 

174 C 
175 C 
176 C 
177 C 
178 C 
179 SUBROUTINE SETVAL 
180 C ' 
181 C«* 
192 C*» SETVAL DOES SOME INITIALIZATION WHICH IS 
183 C** INTERNAL TO SIMPLEX. 
i s t c«* 
1B5 C " ALL VALUES ARE PASSED IN CQMMGN BLOCKS 
186 C** ARRASMP AND CONSTSMP. (SEE S^PCLCHi 
187 C" 
iea c - ' SETVAI. i s CALLED BY : SIMPLEX 
189 C"» CAN CALL: : N Q N E I 
190 C»-
191 C " *L0CAL VARIABLES' 
192 C" I.J - RUNNING VARIABLES FOR LOOPS 
193 C»* TABLMX - LARGEST ABSOLUTE VALUE OF ELEMENTS OF TABLEAU 
194 C " TESTED IN LOOP BGf 
195 C " 
196 C '* •• • ' ' 
197 C 
190 C» 
199 C SMPCLCH DEFINED IN ROUTINE SIMPLEX 
200 USE SMPCLCH 
201 C» 
202 C SET CYCLE COUNTERS TO ZERO 
203 NCYCI«0 
204 NCYC2-0 
505 C* 
206 C IN IT IAL IZE LSTOROER TO I . 3 . 3 
£07 DO STLST 1=1,MNEQ*LEQ*NKWN*2 
508 L S T D R O E R M J - 1 
509 STLST CONTINUE 
310 C« 
St I C FIND LARGEST ABSOLUTE VALUE IN INIT IAL TABLEAU. 
212 C USE THIS VALUE. TA9LMX TO DETERMINE A TOLERANCE TO ZERO 
313 C THAT IS APPROPRIATE TO THE PROBLEM. THIS IS DONE 
514 C BY TAKING A SMALL FRACTION OF THIS LARGEST VALUE. 
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? !9 i<" ASS 'ABLE L, 
219 !MJ_fW = AB5 " -a 
?ao B X CON* NL'E 
ee l R51 COH' It-l'JL 
525 ZEPO'D R=7EROrAC T 
553 c 
eat .- TA- L CUT PL' 'ASLEA*.' 1 
=55 
see 

;A- IEAP 
?l T_RI. 

= : A £ L E A J 

. LE . TABLMX:GO TO 9GJ 

SUBROUTINE IN IT IAL IZE 

IN IT IAL IZE 5TATISFIES ALL 'HE EOUALITY 
CONSTRAINTS 0Y PIVOTING ALL THE SLACK VARIABLES 
wnlCH ARE KNOWN TO VANISH ; N T O POSITIONS AT THE 
HEAD OF A COuUMN. THESE VARIABLES CANNOT BE PIVOTED 
AGAIN. ALSO THE COLUMNS ARE SWITCHED 
SC THAT A L L THE SLACK VARIABLES ASSOCIATED WITH 
EQUALITY CONSTRAINTS ARE IN COLUMNS NKKN-LEQ TO NKWN 

ALL VALUES ARE PASSED IN COMMON BLOCKS 
ARRASMP AND CONSTSMP .SEE SMPCL.CH' 

IN IT IAL IZE IS CALLED BY: SIMPLEX 
CAN CALL: PI'.OT.PkEOJ 

•LOCAL VARIABLES* 
I > - RUNNING VARIABLES FOR LOOPS 
ITtfPl - TEMPORARY VARIABLE FOR SWITCHING COLUMN 

VARIABLES. IN LSTORDER 
- TEMPORARY VARIABLE FOR SWITCHING COLUMN ELEMENTS TKP1 

5 5 0 C 
259 C 
530 C " 
531 C 
232 C 
233 
234 C*' 
235 • : •• 
236 C*< 
237 C " 
23B £•< 
2 3 9 C*« 
240 C " 
2*i l C " 
245 C»« 
5>3 C " 
544 C " 
245 C " 
346 C " 
247 C " 
24B C»* 
249 C" 
250 C " 
251 C " 
252 C" 
253 C " 
254 C " 
255 C»-
•^56 C * ' • ' 
257 C 
258 C SMPCLCH DEFINED IN ROUT|N£ SIMPLEX 
259 USE SMPCLCH 
560 C" 
261 C IF LEQ = 0 THEPJ NO INITIALIZATION iS NECESSARY. 
262 C IF LF.Q > NKWN SYSTEM IS OVER-CONSTRAINED i IN THE 
263 C ABSENCE OF DEGENERACY]. ERROR RETURN WITH MESSAGE 
264 C TO CALLING PROGRAM. 
565 IF.LEO .EQ. ORETURN 
266 IFILEO .GT. NKWNiNERff=6 
267 IFiNERP NE. OiRETURN 
268 C* 
269 C IF NOT. PERFORM INITIALIZATION FOR IPIY=MN£Q*LEO TO 
270 C MNEQ-1. CALL PKEQJ TO PICK AW APPROPRIATE J=JP iV . 
271 DO PVSW K = 0 . L E Q - I 
272 IPIV=MNEQ*LEQ-K 
573 CALL PKEOJlK* 
574 IF.NERR .NE. OlRETuRN 
275 C* 
576 C PERFORM THE PlvOT STEP. AND THEN EXCHANGE 
577 C THE JPIVTH COLUMN WITH THE NKWN-K'H COLUMN. 
57B CALL PIVOT 
579 iFlNEBR .NE QifiETURN 
290 DO SWTCL 1=1.1GMRW 
281 TMPl = TABLEAU!'. .OPIVi 
582 TABLEAU!I.JP1VIE TABLEAU!I.NKWN-K1 
583 TABuEAUII,NKkN-K)=TMP] 
5B4 -M\Z. CONTINUE 
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_ n • . - -P; , . f ; s r i o . •.•„•. . 

;flB ^5*^=r-:a Nk»v«. -.-•••a: '!" ' . 

= 90 r - . ^ :o%':v.£ 

59= : :•" _E3 • W . . *-£s "*•£ £ 3 - i - ' • CCVS'^i >.-$ C J - P . I ' E . 

= g , ; r s a c a * E * _ « v *«t * * 3 - £ A „ „ : . . s£ c a : \ " f . " ? • . " « ;a :>a 

JC- 5L3&0.I* :••£ » « i t i . • 

336 C 
3 : - : ° t £ 3 . A - ' S - B ' S " ' " : * • : * ' . * o » = J p a : * - £ 
333 : P : . O - L _ f * f * i * : » * » c « - ' . ' - : s -% £ 3 . . * . . •* 
3C9 C ; j \ S - a t : * » " * -£ « c - " : " * £ , :•• C-CCSI*. ; * £ . £ * * E V . 
3 .c : .•-r«a-c « r ~ . - . : V : : E - M f : V - K * :*• P:*S*S »rSEISES 
3 : : : 'C-l',Z ' " l ***• " . * * ' r i s , 3 . : = ' ' : * . ' • 
3 .2 Z 
3.3 C ' • - - £ ; , ; ; i . . i r -t- •. • • - .: 
3 : - : : - : . i . - i - c r * ^ 

3;= : i . . . . * . j £ 5 *»r a * > ; 5 E : :•• : : — : • • ? . : . - - : *««>*<**• • * 
1:" Z A - C Z\STi.-» *si; a - P C . " 
1:5 Z 
i . 9 : ' * . " A . .A V i a . ; ; * 
3 ? ; : • . i - ' "A • -430} = " ' i S . i A w £* ; *«* 1% • « ; _ * 5 * a c - v . : . 
32: '. ' . S t : • . - " ; . V M M . J S ^ E O : • . L I > : . 5 . 

32= Z - ' . v -S tH : * f . ^ r s ' E i . s | ^ * 9 L £ ' 0 BE C l ^ f " 
1=3 ; r a o " J iND3* i^ . Cu* re L O C U S J . • : 3N. • «—:•. 
33- C * :£S OCC'JO ; • ; '•*£ .a .uE Or P C O - A * 

32t c • "̂  - N U * « £ P r-- •:,.[•*?•:%-*: - 5 . ' A I V A S U T O =E » • -< . -
326 . FRC* P A \ : H ; * \ • . : - ' J* * u * _ • ; CV •' - "CN 
S3- C TIES OCCUO IN VH£ . 4 L O E W GA?^»« 
33S C =0«MA -• - L A R G E S * \t-~Jt I'* P O ~ : ° l v 
359 C 

33: : 
335 C 5 M P - ^ ; H 3£ ' NED IN PC„*:NE ?IMP;-:> 
.'33 -5E SrPQ-Z* 
33- C 
335 C ;r c\s*RN*' = ' . ' • ; . : - i W f " M £ ; ;GN C 1 i s C - r%*o. [ f j 

.LF- - J E P O I ^ P I G O "0 S'P! 

3-0 5W5GN : a \ T ! N . £ 

349 
350 

C THE a.SEBRAfCL* GftCATESf r ABLE A J ' (P.' • . J ' 

L O C U S J ; ; • ' . 
ROwMAn^ 'aBLEA j ! I ° ! v . ; 

I f . fA9LEAUi IPIW. j i _ ' . "O-iMAXiGC TQ S L L B O 
: f (TABLi A U U P I W . J ! G f . «Oi»TfA»r(GG TO LRG5T 

file:///t-~Jt


18- : 
l a * : 
JG3 : 
j g : : 
19. . 
J9f S.ffaOv':*^ » n : ; i ; 

•<!5 : • 

••I- c i:f»STfiN*i:! > : . ANO ~r." '- ' is . *o . i - a z - :• *HC*r *«r MC 
-IB C C'45'HN*::' » 3 TH£N r-C ':> PRCCtrv": ? («»;[»?' 
-19 AGS r;C ^SICN : - m £ Q ' . { i . : . - : 

-21 TSTCI, CCNTIKUE 
-22 BE *(,«(» 
-23 F W .A^es*-: 
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i C C«005£. 5 * » l C r . > RANOOTC.*. A N * \EGAMvE ' A B l E a ^ . t A M a p i , 
r C ; »\ -»<S>sHN-LEQ !* "HERE ARE NONE. THE CONSTFlAliVS APE 
i c ; N C C N S : 5 ' E ^ A * * ! rwtf lc i s NO SQLUT'.Q\. ERROR RETURN 
I C LOCtS. K C L C S ' t £ INDEXES ELIGIBLE fOR CHOICE-

T»»f , '? 3'" T A B L E A L U L A M B D A . J I DETERMINES JP 
. . . ^ - ! . \K i * ; -LEQ 
•aB- fAy t » H B O A . . i CE - :ERO'Di .R'00 * 0 SE. 

THE 

:•" - EC 2'NERR-I 

: A _ L l A N C O M . ^ x u S j . i . . J P : V I 

: iOCP^'l :%STPNT .AMBDA:'TABLEALriLAMBO».Jl . 
1 : / ' O : , . 5 * H N T t ! : lABLEAUM.J i F0» ALL TABLEAU! [ . J i >0. . J - J P I V 
! . -AMB::. >»MNEQ«LEQ 

.' 3 £ * f « * * : • * ' rut OAf.'O CLOSES" TO -£*Q Of THESE NEGATIVE 
" A ' l O S . SE.EC* PANOOMLI AMONG T ; £ 5 THIS DETERMINES THE PIVOT 

*: »?«. : * • ; . KEE° INOEXE1.. or ELIGIBLE ILEHEHTS I N LOCUSI. 
HJCPA'.^iCNSTRN'.i.AHflDAr 'ABLEAU'LAMBDA.JPlV1 

. C C J S : : '.AMBOA 
OC SE_: :•LAMBDA*!.MMEQ-LEQ 

: P ; f * 9 L E » u ( I . j P ! V t t E ZEROTOLRlGO TO S E L . -

I I F . . C N S T R M i ! i TABLEAUt ! , jP ! v i - 81GRAT lo t . L T . -ZEROTOtR-
GO *C 3ELI 

i . 'f- CMS T RNr i i -TABLEAU. I ,JPJVJ-BJGRATJO) GT. Z E R O T O L A I 
i 53 *0 LRGST 

i . 0 C I . S ; . L I ' ! 
1 5C - J SELl 
; »oos - L » : 

_ : c u s i < i i » i 
! e :5RAr tO«CNS r RN' ( f " T A B L E A U d . J P I V t 
i S E L : C O N ' I N U E 

CALL M A N D W U L O C U S I , L . I P I . ' i 

> ; PERFORM THE PIVOT STEP ANO REPEAT PROCEDURE l . t I F PRCDRl HAS NOT 
' : COMPLETEO rtP"F. THAN A SPECIFIED NUMBER OF CYCLES) 
t N C f O N t r c i * : 
I CALL PIVOT 
! :F!NERP .NE- OlRETURN 

tFiNCvC? GT. NCvCSTPiNfRR'** 
? :r:N£Rfi NE- OJRflUHN 
I GO T 0 AGN 
i END 

t 7 5 C 
*•><! Z 

*T1 C " 
* 7 8 C 
*79 C 
*80 
t B l C " 
•.88 C " 

SUBROUTINE PRCDB3 

US'* C 
••85 C 
*8G c 
•.8? c 
tea C 
'.eg c 
•»9C C 
191 (. 192 c 
493 c 

PRCDR2 ATTEMPTS TO F I N D A MAXIMUM FEASIBLE P O I N T , 
IT MANIPULATES THE TABLEAU UNTIL ALL OT THE 
LAST ROW OF THE TABLEAU. EXCEPT THE LAST ELEMENT. 
N O N - P O S I T I V E . 

PRCOR2 IS CALLEO B Y : SIMPLEX 
CAN CALL : P i V O T . S t E P ! 

ALL VALUES ARE PASSED IN CMMON BLOCKS AHRASMP 
•CNSTSMP iSEF S M P C L C H I 
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i',::\Z v * s [AB- r r 0 P , : ; e 
•ra CO!-Pi.E':NG LOOC St. . . -._ IS "«£ 

, * y r » OF P O S I f W f E K E ^ P . ' S : \ TME - A S ' CC-J 
* » f ' A B L F A L . . E » C . • . : •-:• *»£ _*5T S * £ . H . 

60? C S«P* - M DEFINED i t , ROu' 1NE $ : * P L t » 
503 jSE S M P C ^ : H 
5C- : • 
505 : i' " f i B ^ E i L ' : C M S W . , AFT *• : . : - - . - - f - ' - . E - . "HE* . 
^oe : * S O - J ' S O N HAS S E E N - O J N 2 = E ' J R N • C , S L - a E S j L * s 
eo - 1 c S*OPE JNOEXES of C C 5 ! * : « E FLEMENTS •• . ; : - = . 

5DS AO*. J L * D 
509 DO S E L J J ^ . N ^ N - L E G 
5:C :e "ABLEAL ' I G ^ R W . - -*" 2E=:*OLa 3;. * ; 5 F . . , 
5 ; i „i.» « - • . 
5 : ? - O C U S J ^ . • „ 
5 1 3 5 E L . C O ' . ' I N U E 
5 : t :»• JL EG. 3 ' R E V • 
515 C* 
516 C STEP; FJNDS A C J . . C - .NDEP CEP'AJt, CONDI'IONS. AND IF THOSE 
517 : CONDITIONS ABE NOT ME* ' H E N I T C A „ L S S ^ T P ? H H ; C - * OSES 
5 l S C A ^:.-cERFf-.* ~ t £ T „ 0 C -3 FIND A PJ. 'O' E-EMEV 
*)19 CALL STEP: ' JL 
5?0 : ' M R P •-£. C s : ^ - N 

5?e c <-t - ' f ;RS- P L O T o% E t f E V K E: J P M L. INDEXES 
523 -: . CNSTJMPi fiND L i ' ' - E c JMBER C-r : v r . f s 
5 2 - NC v:e=NCYC?* 
525 C A i w PIVOT 
6?e Ir'.NERR NE C1R£"URN 
5?*' •• NC*C2 0 ' N C Y C S ' P *jtRP*5 

-•" NERR NE 
00 "0 AG-

0 HE'URN 

5 3 ! C 
535 C 
633 C " 
S3* C 
535 C 
53E SUBROL-TJNE STEP' l iJ - ' 

53B C " 
539 C " STEP; FINDS A P l v r ELEMENT WHEN SOME OF THE 
e^o c«* CONS'RAINTS ARE 2ERC AND I F CERTAIN ELEMENTS OF THE 
54 1 C-* TABLEAU SATISFY PAR*ICULAR CONDITIONS WHICH CAUSE 
54B C " THESE 2ER0 CONSTRAINTS TO BE SIGNIFICANT. 
5^3 C " 
54 * C " •SL IS THE NUMBER C* POS]T] \E VALUE5 !N THE 
5^5 C-* LAST ROk OF TABLEAU iINDEXES 4 R E IN LOCUSJi. IT 
546 C-* IS PASSED FROM PRCDR2. THE CALLING ROUTINE. ALL 
547 C " OTHER VARIABLES ARE PASSED IN ARRAYS'*" OR CNST5MP 
54B C " 
5 t 9 C " 
550 C " STEP! IS CALLED BW. PRCDB2 
5 5 ! C " CAN CALL: RANDOM.STEP? 
552 C*« 
553 C " •LOCAL VARIABLES* 
554 C " l . v - RUNNING VARIABLES FOR LOOPS 
555 C " IL - AFTER LOOP PSCN, IL !S THE NUMBER OF ZERO 
556 C " CNSTRNT11) 
557 C " ML - AFTER LOOP SELM, ML IS THE NUMBER OF COLUMNS WITH A 
55B C '» POSITIVE LAST ELEMENT AND A POSITIVE ENTRY IN A ROW 
559 C " WITH A ZERO CNSTRNT. 
550 C«» L - AFTER LOOP S L I , L IS THE NUMBER OF POSITIVE 
56 ! C«» ELEMENTS IN THE PIVOT COLUMN IN ROWS 
563 C " WITH ZERO CNSTRNTH 1 . 
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*9.> - v *f- - . 0 . . 5 . . 
t-ts 51.*^ z:\~ :v„r 
c9-< .-" ML 'Ji - -•- * ' ' ^ S * 
535 : A „ 5 T E P C . -
596 Bt ruR^ 
59" ; • 
598 : . ' '«£R£ A S E . CHOOSE A P : V C C O ^ M N J « . * P : . 
£99 : 9A%30WL ' ' fORM AMO'.j . . • • * . . AND ' H E 
see c P:I'CT JJC- :-:P;. RANDOMIT FHO* AMOMJ. 'HOSE PC*S 
60 ! : :-»AMBDa <"OR * iH|C" ' A S L E * I I I I . A M B O A , J P I V I «3 .OC jS I HOJ-DS 
602 C ' H t E.E"ES T S T O BE OOSEN FROM 
6C3 F 0 5 M C A „ PAKOOMiM^.ML.jPIV) 
60 * 33 5 t : 1 - 1 , ! L 
6C5 i F . T A B L E A J i L A M B O A i I i . j P U i . E . i

, £ f 0 ' O . « ' C O ' O I L ! 
606 - * . • ! 
6 0 " ..CCuS.'.'L 'LAK3DAHI 
60S 5i_[ CON'lNuE 
609 IF L .EQ. 0iN£RR»3 
6 : i .' NERR .N£. 3 I R E T , J R N 
6 : . CA_. PANDOMluOCJSl .L . IP ! ; I 
615 RETCRN 
61 S END 

6 1 - C 
615 C 
616 C 
61-" C 
619 C 
619 SUBROUTINE STEPS U L I 
623 C • 
eei C " 
625 C** STEP2 FINDS A PIVOT Ei.FHENT WHEN STEP) OOESNT APPLY 
623 C " 
6 5 * C>* JL 15 THE NUMBER OF POSITIVE VALUES IN THE 
625 C " LA5T ROW OF TABLEAU (INDEXES ARE IN LOCUSj i . ALL 
626 C * ' OTHER VARIABLES ARE PASSED IN ARRAYSMP OR CNST5WP 
627 C " 
62B C«* 5TEP2 IS CALL BY; STEPi 
629 C " CAN CALL: RANDOM 
630 C*» 
6 J I C*» 'LOCAL VARfALSES* 
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: - ' .E5*';-c *u* : 5 . % .COP S£. : 
• : :tv< :•' *.C5** .f »* ' : o s 

Slw'.K.-
• •^ •A- ' . fa :• •••£"£ 

sL.r . - --L COSES' " : ."L-_ cr '.HTSE W & * ' : . E 
a i ' - : ; . c**c?£iNC- owoo^*.• AMOLG *:£?. * : s i * ! ' 
: * : . . '"C - : • " * *c« . ; c -5 : ^*ORES ' - * . . i » - f5 
" i f =.E-Er- :•• 

;T^AG ES ? 'o; • ; =f.-o 
6 c r :<• C N S ' W « T 

6 6 J c-: r c s r , : 
6 6 - r : r4S T RN' 
66 1 - ;• : *c . « S i 
£r.f 
t ! ! * . - " c , 5 : *. • • 
e e s :•; • ? s c . 

679 C 
6BC C 

: c-Pa* ;C = : ' , 5 ' R N ' . "ABLCA, . . ; , J P ; v 

. ' " - . ;? : N£R«=? 
: * - . i - t - N£ : P £ ! j R I , 
C A L . ff/.r.s.."- . : .•••: . t . : f ••. 

SUBROUTINE P i VOI 
685 C 
685 C " 
687 f 
6S8 C* 
689 C " 
690 f ' 
69J C* 
695 C-
693 C» 
63" C" 
695 C " 
696 C 
697 C 
69B C " 
699 C-
70D C ' 
70 ! C 
70? C* 

TrtlS SUBROUTINE PERFORMS TME P ; V O T STEP OF 'HE 
SIMPLEX ALGORITHM ON THE AHRA> TABLEAU ABOu* 
T * E ELEMENT I I P I V . J P I V I 

A_L VALUES ARE PASSED I \ COMMON &.OCKS ARRASMP 
AhO C0N5TSMP > 5EC S M P C L C H ; . 

•LOCAL VARIABLES' 
I . J - RUNNING VARIABLES FOR L00P5 
ITMPl - TEMPORARV VARIABLE FOR SWITCHING VARIABLE 

POSITIONS IN LSTORDER. 
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"C* : C . : C M £ SETINEC f r » « 0 . ' . * 4 . a : « P ; : > 
- M J5E S « P C L C N 
^S6 : • 
•>3~ : : E * E I « : ' * C N £ H P H O T L . - ~ E V 
••08 ; r ! A e S " T * B L E * o i ; p : . . . * > . . . £ : t a ; j i C i R < N i R R . : : 
--09 I'-NCRR NE fl-RETuS'. 

• * f t . £ i ^ . iPH.jP:. - . • J B U ^ . . ^ : . . J P J * ' 

» : . ; • ««»*•• , ^ i :**c >r:*.;- **:.,;• no* a-c ptiOt : c i . * - . 

:F . EO > > : . : • : ' ; ••>* 

" * B L E » ^ : . . " i s . * : * . . . . - * A a . t * u ' . - . P : . T A 5 . t •-. 
- A B L E * . * . . . . » : . 

-2D % » * . : : - . : ; v . £ 
- ? ; : • 

-2* .f - Ed j*»r . -5j •- ».•»» 
-25 TABLEAU- : " : ' . . ^ ' i d .L * , . . * - . . - isBi t - iJ i iPr . ^ P : . 
-56 Pv'R- :0s»IN-JE 
'21 c 
V B C : i - C A * T £ P ' v C l CCLVM** 
- 59 DC S - ' C - 1» I , !C - *»~ 
- l a . r : E3 : P U ic • : r . * : . 
- J i ' A B L E A U - 1 , J P ! * • • • a S v £ A « - : . v P I . • ' i B ^ L A y i ;P I . . >» : . 

'35 C 
"^34 : s - : f C-< B*SIC AM3 NCiN-gtS; : - . A R U B L E * > 0 S . T ! 0 N 5 
-35 '1P1 »L5TDRC£RiNK-W* i * :=»! : 
~>j<i . S ' O R D E R » N K H S - I - I P : ' . I • . S T O R D E P - V P I V 
7 3 " . v i R D E f i i ^ n ' > : •«*»: 
"SB ." 
-39 . ••• !£ :5 5 P £ C : A ^ O ' J 'P - . * •.-<» T « : S * E 5 ' : A S £ 
- - : : A L 3 - _ - 5 I G 
- * I : A ^ »;OTS!O0r 

: c : ;Pflr.T,-.G EG I • 

7 ^ B : • * • • ' 
7-9 C 

751 SUBROUTINE P A N O O M I L O C O S . M J M C H C . K P H I 
752 C 
753 C " 
7S-. c»* THIS ROUTINE PICKS A RANDOM ELEMENT OUT OF ARRAY LOCOS 
755 C*» THIS ELEMENT IS RETURNED v l t <P1V TO BE USED AS * PJ.C? 
756 C*> ELEMENT. NUMCK CONTAINS THE NUMBER OF ELEMENTS IN 
75? C»* LOCUS. 
76B C " 
759 C»« RANDOM 15 C A L L F O 9 > : ° P O P : . 5 T E P I . AND 5TEP2 
760 C " 
761 C " 
762 C " RNFL IS AN ORDER!. IB POU'INE i. 
763 C»* RANOOM NUMBERS IN . 0 . 1 ' INI 
76* C*« * FUNCTION 1RUNCA7!DN >NTF$£fi 
765 C»« 
766 C " 'LOCAL VARIABLES' 
767 C'« ITMPl - TEMPORARf VARIAB-E STORES W H ; ; H E L E M E V 
76B C*« OP LOCUS 10 USE AS KPIv 
769 C*» 0 - DUMMY VARIABLE FOR RNFL 
770 C»* RNONUM - STORES THE RANDOM REAL NUMBER RETURNED 
771 C " Br RNFL. IT IS ALSO USED AS A TEMPORARY 
772 C»» IN FINDING TH£ IN'EGEP INDEX 10 BE USED 
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- 97 C** 
79B f « » 
""95 C " 
BCC C " 

eo; :*• BO? 

c.. 803 

SuBRO-'INE OufSOLN 

QUTPUTL LISTS THE VARIABLES PSI H H I C H ARE EQUAL TO 
JERO. THEN LISTS TM£ VARIABLES E"A AND T M E I R 
.ALUES. -CNSTHNTi ] i . 
ARRAt LSTORDER HOLDS T H E ORDER OF THE ORIGINA;. 
' - A P - I A B L E S . THE VALUE OF ' H E CAME IS A L S C PR Ih ' £0 

6(N C " ALL VALUES ARE PASSED IN COMMON BLOCKS ARRASMP 
805 ; • • AND CNSTSMP. (SEE SMPCLCm 
806 C " 
807 C " ObTSOLN IS CALLED BY: SIMPLEX 
BOB C " CAN CALL: OUTX 
BD9 C-' 
810 C " 'LOCAL VARIABLES' 
BM C " I . J - RUNNING VARIABLES FOR LOOPS 
BI2 C " 'LOCAL ARRAYS' 
B I 3 C " (PLACE - TH!5 ARRAY h-OLDS THE INDEX OF THE 0 » ! G . ' N A L 
B l * C " PCSITION OF TH£ VARIABLE 
815 C " NMVAR - STORES WHETHER THE ORIGINAL VARIABLE WAS 
816 C " A BASIC OR A NON-BASIC VARIABLE 
817 C " VALVAR - STORES THE VALUES OF THE NON-ZERO VARIABLES 
818 C " 
819 C > " " 
820 C 
621 C SMPCLCH DEFINEO IN ROUTINE SIMPLEX 
B22 USE SMPCLCH 
S23 DIMENSION IPLACElM^Q-LEQ-NKWN+lI.NMVAR(MNEO»LEQ*NKkN*!1. 
8 2 * . VALVAR<MNEO»LEQ*NKWN*H 
B25 C 
B2B C PRINT SOLUTION VECTOR X 
837 CALL OUTX 
828 C* 
829 C LOOP THROUGH LSTOPDER TO FIND EACH INITIAL VARIABLES 
830 C FINAL POSTION. 
831 DO ORDLP I'I.MNEQ»LEQ«NKWN*I 
83? IFiLSTORDERlI I -LT. INKWN<ilIGO TO EX 
633 IFiLSTORDEHU I EQ. INKWN* 1 uGO *0 ONE 
B34 NMVAR(I:«NM8SC 
635 IPLACEII l-LSTORDERI ! I - I N K W W ' H 
836 GO TO SETVL 
837 ONE NMVARlD" ONE 
83B IPLACEII1-NKWN-l 
839 GO TO SETVL 
B'.O EX NMVARll:=NMNBSC 
BH1 [PLACEi I I-L5T0RDERU) 
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8 t 2 
8 H 3 

SEU'L | p . ; c ' - " * * « % ' ! \ A _ . A R : = - : N 5 T R \ : 
ORD^e CONTINUE 

* R I * E H J N . ;a 
iC T R f l ' . "• 

i**; 'E ' - » A . 3 i 
eC r c o * t f l ' ; e . c . 6 . * . . ' 3 . > , •> ' 

WR;*E iLUN.3C> 
33 fORMA* .- • . T-C I A L U E ; , Of I n f REMAINING VAR1ALBLE5 ARE: ' 

WRIT iLwN.SOMNMVAfli 1 ' , ; P L 4 C E H 1 ,.Ai_VAR< I i . ! =NKWN-£ ,NKWN* ! CUR* • 
»0 F O P f i ' s j i A 5 , . 1 3 . 1- , t ; 5 6 . . ^ ' 

RE ' -3* . 

85>t ( 
855 ( 
656 ( 
85? i 

SUBB0UT1NE OUTX 

8BB C 
BB9 t 
B70 C 
871 C 
S7B C 
B73 C 
874 C 
B75 C 
87B C 

OUTSOLN PRINTS THE VALUES CF X ! ! ) . THE INITIALLY 
NON-BASIC VARIABLES. THESE x MAXIMIZE 
THE SUM OF THE C l ! 1 "XI I I , WHERE CUT ARE THE IN IT IAL 
TABLEAU!13MRW. I ) . • • 

ALL VARIABLES ARE PASSED I'-i COIMON BLOCKS ARHASMP 
AND CNSTSMP. ;SCE SKPCLCH. 

IN HOUTINE SIMPLEX 

B92 
B93 
894 
B95 
896 
B97 

C AN X VARIABLE IS INDICATED BY LSTORDERtii < NKWN. 
C THE FIRST NKUN*I INDEXES OF L5T0RDER HAVE ZERO VALUES 

DO RSUT |s|,MMEa*LEQ*NKWN+I 
|F(LSTORDEPI I I .GT. NKWN1GO TO R5>,T 
IF C I . L E . NKHN'UGO TO ZERO 
XlLSTORDEHl : l l ^ -CNSTRNTl l - lNKWN-I1 I 
GO TO RSuT 

ZERO X'LSTORDERi H i<=0. 
RSL.T CONTINUE 

WRITE CLUN, (Or H.NCY'C I .HCYCP. WNB5C 
10 FORMAT! / / / , W= . E I S . 6 . / - . NCYC|= , I 5 . 3 X . NC.C?= . 1 5 . . 

WRITE iLUM.2Ct<X(J1 .J= ! .NhKN ' 
50 F O R M A T ! I 5 1 / . 8 E I H . B ' I 

RETURN 
END 

900 C 
301 C " 
90S C 
903 C 
904 SU9R0U11NE ERRORPR 
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.-• :Z = R I \ T S ERROR MESSAGES ANO T * E TABLEAU. 
" v * \ S n l f h TfC £°ROR ''LAO S€r-

t.'j«BE« 0»" THE EROQR CA! 

915 C ' 
9 i 6 C " 
S i " 1 C* 
9 : B C* 

919 C' 
920 C' 
921 C 
925 C 
931 
S24 
9?5 
9E6 
9?7 
eee 
9t9 
•930 
931 
3 3 5 
933 
9 3 * 
9 3 5 
93B C 
9 3 7 C 
9 3 8 
9 3 9 
9HG 
94 1 

'.OCAL . ' i O ! i S . E S ' 
FOR !MP_IE~ LOOP 

'L0CA t ARRAYS* 
-STERRCR - .TOPES ERROR MESSAGES 

SMPCLCH DEFINED IN ROUTINE SIMPLEX 
USE SMPCLCH 
DIMENSION LSTERRORI5. IH 
OATA I L S T E R R C R U . I I - • • CONSTRAINTS INCONSISTENT - NO SOLUTION ' 

. (LSTERRORI1,g)» • * PROBLEM UNBOUNDED - NO SOLUTION • • ) . 
PROBLEMS HITt i STEPl I F E L L THRU LOOP SLl> • * 
TOO MANY CYCLES IN PRCDR1 * • I . 
TOO MANY CYCLES IN PRC0R2 * • i , 
SYSTEM OVER-CONSTRAINED • • 1 . 
PROBLEM SPECIFIED BY EOUALITIES • * I . 
RESTRICTIONS INCONSISTENT IN PKEOJ • • J . 
RESTRICTIONS DEGENERATE IN PKEOJ * • I . 

PIVOT ELEMENT IS 2ERO •» I . 

(L5TERRORH.31* 
tLSTEPHORH.41* ' 
) L S l E R R 0 R [ l , 5 i = ' 
i LSIERRORl l .6 )= • 
iLSTERROR!I .71- ' 
iLSTERRORi l .e i= ' 
ILSTERRORU .91= ' 
(LSTERRORil.101= 
(LSTERRORt l . I I )= IMPROPER ERROR CALL 

!N NERR NOT IN RANGE THEN HALT WITH A MESSAGE 
IFiNERR .GT. 11 .OH. NERR .LT. |1NERR"11 
WRITE (LUN. lO i i LSTERRORi I ,NERR) .1*1 .5 ! 

10 FORM0T(5A!0> 
CALL PRINTTAB 
RETURN 
END 

gu4 c 
9*5 C 
9 4 6 C " 
9*7 C 
94B C 
9*3 
95C C " 
951 C»« 
9E2 C " 
3 5 3 C» ' 
954 C " 
9 5 5 C " 
956 C*< 
957 C » ' 
95B C " 
9 5 3 C " 
9 6 0 C " 
9 6 t C'« 
9 6 ? C " 
963 C " 
964 C " 
9 6 5 C»* 
966 C " 
9 6 7 C " 

SUBROUTINE PRINTTAB 

PRINTTAB OUTPUTS THE TABLEAU. IT [5 MAINLY TO 
BE USED FOR TESTING AND OEBUGGING. 
IT CAN BE CALLED FROM ANY POINT IN THE PROGRAM. 

ALL VALUES ARE PASSED IN COMMON BLOCKS ARRASMP 
AND CNSTSMP. '- I SMPCLCHi 

PRINTTAB IS CALLED BY: ERR0HPR.P1 .'OT 
CAN CALL: NONE 

•LOCAL VARIABLES' 
I,J - RUNNING VARIABLES FOR LOOPS AND IMPLIED LOOPS 
JOB - NUMBER OF FULL PAGES TO BE PRINTED 
JMD8 - NUMBER OF COLUMNS TO BE PRINTFD ON LAST PAGE 

9S9 C 
970 
9 7 1 C< 
972 C 
9 7 3 C 
£,74 

CUCHE DEFINEO IN ROUTINE SIMPLEX 
USE SMPCLCH 

DETERMINE NUMBER OF PAGES WITH 8 COLUMNS AND 
NUMBER OF COLUMNS LEFT OVER.. 

JOB-INKHN*! 1/8 
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975 JMD8*-10DINKUN" .81 
97B C* 
977 C OUTPUT TA8l~AU HEADINGS 
97B WRITE ILUN. IO l NAMEARA 
9">9 ID FOR.IATi 1 • « • * . A t O . 
980 WRITE (LUN.201 IP]V.JPIV.NCYCI.NCYC2 
981 20 FORMAT I / / . \P\v- , 1 5 . 5 X . JP IV - . 1 5 , " . NCVC!= . I S . - * * 
935 C* 
993 C PRINT 0 COLUMNS Of THE TABLEAU PER PAOE 
9B4 DO OUTGD K-O.JOB-I 
985 WRITE I L U N . 3 0 I ( 8 ' K i * i . 8 ' i K * l i 
98B 30 FORMATt I J * . 1 5 . TO .15 • 
ge" ' WRITE ( L U N . t C ' t ( T A B L E A U X , j r , J = ( 8 ' K I - | , B ' I K - I i > . 
9BB W . I G M R U i 
989 *D FORMAT I / . 5 i - . B E | 4 . 6 ' -
990 OjTGO CONTINUE 
991 C-
99? C PRINT PEMAJNJNG COLUMNS OF THE TABLEAU 
993 IF i jMDS .E0 . 0>GO TO OuTLS 
99* WRITE I L J N . 3 0 H J 0 6 » 8 i - 1 . N K W N * ! 
995 h^JTE iLJN.50MJf1OB. iTA9LEAi j i I . J ) . j = I 8 * J 0 8 > * I .NKKN* 11 
996 iM.IGMHWt 
997 52 f O R M A t i ' , 5 i ' . ' [ 1 H . 6 1 I 
998 C< 
999 C L ! 5 ' iSTOROER 

IDOO .uTL5 WP:'E n-UN.BCKLSTOROERi I i , I = | ,MNE0*LEONKWN*2i 
1001 60 FOPMAT.25' . 2 0 I 5 M 
IC02 REURN 
IOD - END 

100^ C 
1005 C 
10C6 C ALL ROUTINES AFTER THIS POINT ARE FOR THE TEST CASE 

1009 SUBROUTINE SETUP 
I 010 USE SHPCLCH 
1 0 1 ! C* 
1012 C THIS ROUTINE CALLS ROUTINES WHICH SET UP THE TEST CASE 
10:3 C AW 00 SOME I'O. 
I Q i * CLICHE TSICLCH 
:015 PARAMETER IN=NKWN> 
:016 PARAMETER > P : = 3 . 1 V 5 9 2 6 5 3 5 B 9 7 9 ) 
!017 PuRAMETER I O N T K R O - L . ' 3 . I 
;018 PARAMETER ITHRE08=3. 8 . I 
1019 COHMON'CONSTl AEE.AM1, ARE. ARMI .ARM10N.ARm02N.AHKA. 
1020 . CHlRAI.ENOARMl.ON02PA.ONOA. 
: 0 2 l . ONOARMA.ONOR.PA.PHIRAl.PLTRANGE.SQTAROA. 
:02? . TANHlNX.UP5LN.iAI 
1523 COMMON/ARRAYl'RHOiNi.ENUiNi.SIGMAfNi.SIPMAAiNt. 
:Q3* . E N U 0 F s r ( 2 ' N i . S f G 0 r s r i c ' N ' 
i 025 ENDCLlCHE 
1026 U5E TSTCLCH 
1C27 CALL READNSET 
I 0 P P CALL SETTAB 
J02S CALL SOLNANL 
1030 CALL PLOT51C 
1031 CALL L1STC0N5T 
IC32 RETURN 
!033 END 

I03-* C 
1035 C 
1036 C»" 
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1038 C 
io39 SUBROUTINE READNSET 
10*0 U5E SMPCLCH 
10m USE TSTCi-O 
K M C* 
ia-»3 C THI5 ROUTINE READS TEST PAHAMETER5 AND 
lO't'i C COMPOTES CONSTANTS. 
; (N5 READ IS.10) IDENTfl 
10*6 ID FORMATlAiai 
1047 READ <2.2ti> ARE.AEE.PLTRANGE 
10*8 3C P0RMAT(5E15.6> 
1049 IFURE LT. AEEJGO TO ERRR 
1050 IFiARE .LT . I . ICO TO ERRR 
1051 AMI»A£E- I . 
1052 ARM|«ARE-1. 
1053 0N0A-1./AEE 
:Q5* ONOR't./ARE 
1055 ARMA-ARE-AEE 
1056 ONOARMA"1 iARHA 
1057 ARMION-ARMl'N 
105B ARMIO2N-.5»ARM10N 
1059 ENOARMI-1.-ARH10N 
1060 SOrAROA«SQRT(*R£»CWOAt 
1061 TANHlNX-TANHlNViSORTlAMI'ARMI>l 
106? C H I R A I - . 5 - 0 N 0 A ' S Q T A R O A M S Q R T I A H M ; > A K I I - A R M A » I A N H ; N X I 
1063 PHIRAI -? 'LOGIISQRI iAEE'ARM] 'QNOARMAI-SQR' :APE'AWr-CICAR-A 
laS^ . ?.»SQTAROA»TANH|NX 
:CB5 UPSLNRA]=UPSlLONr.-.EE . . 
1066 PA» lON0A-0N0R i • . JNOA- iN*HRu*ONOR' - :PH;RAI *C- !RAI -AEE 'CNOP ' 
:067 . C H [ R A I J ' U P S L N R A ; 
1066 QN05PA-.5 PA 
1069 C' 
1070 C SET UP ORDERi-SB PLC! T :NG 
1071 CALL XEEPSOi I DRDXl. I N P L T C G ' 
1072 C A L L C R T I E I S H H W . ! . 1 i 
1073 C A L L FRAME 
1074 C A U . SETCHH5 . I C . . 0 . C . 3 ; 
1075 WRITE !0C.=tC JOCKS'} 
1076 30 roRMA T• • ' * . A ; a . " • i 
1D77 CALL fRAMt 
!07B RETURN 
1C79 ERRR W R ; T E 1 L U N . 4 0 I 
ID8D tD FORMAT! " B A D [NPjT 
iOBI CA.,1 E X I T L : • 
ice? E N D 

;OB3 c 
:cs* c 
10B5 C 
10B6 C 
iOB" C 
lose SUBROUTINE SETTAB 
10B9 USE SMPCLCH 
1090 USE T S T C L C H 
1091 C 
1095 C COMPUTE PROSLEM COORDINATES AT HALF INTERVALS 
1093 00 RHOX i - I . N 
LOS* RHOUJ" IFLOAT( ] l - . 51 -ARM10N*1 . 
1095 RHOX CONTINUE 
1096 DO ENUX J-I.N 
1097 ENUU>« lFLOAT i j> - .Si*ARMION*l -
'09B ENUX CONTINUE 
1099 C* 
1100 C COMPUTE DOUBLED UP COORDINATES FOR BAR PLOTS 
1101 ENU0F5T11)>l . 
1102 ENU0FST(2*NI-ARE 
1103 DO STNU J - 2 . ? * N - I , 2 
1 iO* ENUOFSTtJI"FLOAT(JMARMI02N»l . 
1 105 ENUOFSTtJ«U-ENUOPSTU) 
I 106 STNU CONTINUE 
I 107 C* 
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1108 C SET UP TABLEAU 
1109 00 T9LJ JM.N 
m o TABL£AUH,J> = : . 
111! TABLEAUX.JI--1 . 
III? TABLEAUIIGMRW.j|sLOG! lENUU' I 
1113 00 TBLl 1=3.H*3 
t i l * * l F i R H O U - 2 1 . i t . ENUU) 100 TO SKP 
1115 TABLEAU! I . J i -UPSILONtRHOH-21 .1 . i - U P S I L O N . R H O I i -. 
I 116 GO TO TBL! 
I I 17 SMP TABLEAU't.JfUPSILQNtPHOtt-Si. I . > 
I I IB TBLi CONTINUE 
! I 19 T8LJ :CNT|NUE 

mo c* 
1121 C ASSION I N l T l A i . S L A C K VARIABLES 
I 152 DO KNTRT 1--3.N-2 
1 123 CNSTRNTi • * =• — i . 
1124 KNTRT CONTINUE 
I 125 CNSTRN*! I i = - i . • jPSi-NRAl 
1 126 C'4STRNTl5i=-CNSTHNT I I I 
1127 w«0. 
1128 RETURN 
1129 END 

1135 FUNCTION uPSlt-ONiRO.ENOO' 
I I 36 C * 
U S ' 1 C. -UNCTION USED 1 ^ IN IT IAL IZ ING THE TA&LEAU AND 
1138 C IN COMPUTING THE ANALYTIC RESULT. 
I I 39 USE S'tPCLCH 
I 1^3 U5E TSTCLCM 
1 iw; RTlOaSQRTciRO-ENOOl CARE-ENOO'I 
; i*3 PRDD'SORTiiRO-ENOOi "(ARE-tNOOi I 
I > 3 U P S I L O N ^ T H R E O B ' S G R T I A R E ' R O ) ' i i A R E - R O ' ' T A M H I N V - S T 1 0 i PRODi 
I I 44 RETURN 
!145 END 

: i - 7 : 
114B C 
1149 C 
I 150 C 
1151 FUNCTION TANHlNVIARCMNTi 
1 152 C* 
1153 C THIS FUNCTION RETURNS THE INVERSE HYPERBOLIC TANGENT. 
I 154 USE SMPCLCH 
1 155 C • 
1156 C IF THE ARGUMENT SQUARED IS NOT LESS THEHAN ONE. 
1157 C THEN AN LRROR RESULTS. 
1158 IF'APGMNT'ARGMNT Qt ! .>G0 TO 8DARG 
1159 RT10*I 1.*ARGMNTI. (!.-ARGMNTI 
1I6D TANHINV=.5»L001tR T IO> 
1161 RETURN 
1162 BOARG WRITE iLUN. IOI ARGMNT 
1163 10 FORMAT! • * • BAD TANH1NV ARGUMENT = .E15.61 
I 16* CALL EXIT! 1 i 
1165 RETURN 
I 166 END 
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1167 C 
1168 C 
1169 C 
1170 C 
1171 C 
1172 SUBROUTINE S O L N A N L 
)J 73 USE SMPO-CH 
I | 7 t USE TSTCLCH 
1175 C* 
1176 C COMPUTES ANALYTIC SOLUTION TO TEST PROBLEM. 
1177 00 NXTj J - 1 . N 
117B I F i E N U U ) -LE. AEElGO TO 2ER0 
1[79 ARMNU-ARE-ENU'JJ 
1180 EMJMA-ENUIJI-AEE 
1161 ONONU"! . 'ENUfJ i 
1105 SA=((2,/PIJ*PA*SGRT(AEE*ENUMAi, iENUMA*ENU^Ai j • i * . * 0 N T H R 2 * 
I1B3 ONONU'ONONU'ONONUMENUI J) 'ARHA»4. 'ARrtNU'ENUMA•- i : iARMA-
1 l f l4 SQTAROAJ/UPSLNRAI 11*1 I lENUMA'SQRT [ ARM I *AM[ i ; • •APMN'o'AMl* 
1 185 ARMI*ENUMA>l-T4NHINXJ*!CH|RAl/UPSLNRA)l 'A£t< 
1186 ONONU*ON0NU*<ENU<Ji*ARMA«2.'ARKNU«ENUMA' . 
11S7 5IGMAAIJ)-0N02PA»SaRT(0N0R'ARMNU)'SA 
JJSB GO TO NXTj 
1189 ZERO SIGMAAU>=0. 
1190 NXTJ CONTINUE 
1191 RETURN 
1198 END 

1193 C 
:I9H C 
1195 C 
1 196 C 
1197 C 
1198 SUBROUTINE 0UT51GA 
1199 C* 
1200 C THIS ROUTINE PRINTS THE ANALYTIC SOLUTION. 
120: USE SMPCLCH 
1305 USE TSTCLCH 
1203 WRITE ILUN.IO) 
1204 !• rORMATi///. 5IGMAAIJJ- J 
1205 WRI't ILUN.aOMSlGMAAlJl .J*I.N; 
1206 20 F0RMAT191EI5.6IJ 
1207 RETURN 
1206 f'D 

1209 C 
12!0 C 
1211 C 
1212 C 
1213 C 
1214 SUBROUTINE PLOTSIG 
1215 USE SMPCLCH 
1216 USE TSTCLCH 
1217 C* 
12IB C PLOTS ANALYTIC SOLUTION 
1219 S I G M A K - S I G M A A I I ) 

J220 DO LSJD J=1 .N 
1221 IFtSIGMAAIJI .GT. SIGMAX)SIGMAX»SIGMAA1J1 
1222 LSIG CONTINUE 
1223 SIGMAX-1.]*SIGMAX 
122* 5IGMIN«PLTRANG£»SIGMAX 
1225 CALL KAPSIENU!U.ENUIN).SIGHIN.SIGMAXI 
1226 CALL SETCHCg.,16..0.0.1,11 
1227 WRITE MOD, 101 
122B 10 FORMAT! SIGMAAIENUI I 
1229 CALL SETCHI20..2..0.0.I.01 
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1230 WRITE . 1 0 0 . 2 0 ' NC»CI ,NC*<-V. 
153! 20 FORMAT! EMU . 5 * . N O X ! ' . :? 
1232 CALL tRACECflHA.ENL.SIOHAA, 
I£33 CALL FRAME 
1234 RETURN 
1235 ENO 

1=:* r 
1237 C 
1238 C< 
1239 C 
1240 C 
I S M 
12*2 
1243 
1244 C 

;r%a c 
12**6 C 
1247 
]24B 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1259 
1559 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 C 
1268 C 
J 269 
1270 
127! 
1272 

SUBROUTINE USTCONST 
USE SMPCLCM 
USE TSTCLCM 

LISTCQNST PRINTS INPUT DATA. PROGRAM CONSISTS, 
AND PARAMETERS.ETC. 

WRITE I t U N . l O ' IDENTri,ARE.AEE.PLTRANC£.N.rWEQ.l.EQ.N<wf, 
10 FORMATi 1 . ' • . ' • • , A | C . * " .•' . ARi« . 5 X . E I 5 . 6 . 

t X . 4EE- . S X . E 1 5 . 6 . . PcnwNSC* , £ I 5 S . - . 
N« . J X . 1 5 . 3 X . MNEQ* . I 5 . 3 X . LEQ* . 1 5 . 3 * . HKwN« . 1 5 . 

WRITE (LUN.201 AM!.ARMI.ONOA.0N0R.ARKA.O\0ARMA.tN0*PM. 
ARMJON.5QTAROA.TANM|NX.CH|RA1.PH1BAI. 
UP5LNRAI.PA ON02PA 

FORMATi. - , AMI* . 5 X . E I 5 . 6 . 4 X . AR11= . • • * ,£ :5 B > * . 
ONOA* . 4 X . E ! 5 . 6 . 4 X , CNOR; . 4 X . E ! 5 . 6 . 

- . ARMA- . " X . E I 5 . 6 . 4 X . CNCAHMi^ . F I 5 . 6 . 
4X. ENOARMI" . E I 5 . 5 . 4 K . APMI3N- . f ! 5 . t . 
i. 5QTAR0A* . £ ! P . 6 . - X . T A N H I N * - , E : t 6 . . 
CHlfttl- . E I 5 . 6 . 4 X . P H I R - I ; . . £ 1 5 . 6 . t * . 
UP5LNRA1- . E I 5 . 6 . , . P i " . e n . E : 1 ! 6.-1X. CiCcPA" , f : 5 Si 

WRITE (LUN.30) iRHOU i . l » * . . N ' 

30 FORMAT I" i . RHO i I ' « . ' .50 i . 
WRITE IL.UN.3l I lENUI J ' , JJ 1 . V 

31 F O R M A T i " ' . ENUiJ ) " . ' . 5 3 f , 
WRITE i L U N . 3 2 i i £ N U 0 F 5 T ' J i , J = 

3.? FORMAT! • •• . ENUQTSTtji-. . .* 

B U S . B : ' 

SE!5 6 '• 
1 , 2 - M 

PR! 4T INITIAL TABLEAL 
NAMEARA= TA9_Ei f 
CALL PRIN 'T IB 
RETU«N 
ENO 

1273 C 
1274 C 
1275 
1276 c 1277 c I27S SUBROUTINE OUTSMP 
1279 C» 
iaeo c PERFORMS APPROPRIATE OUTPUT FOR THE TEST PROSLEM 1281 USE SMPCLCH 
isaa USE TSTCLCH 
12B3 CALL LISTCONST 
1284 CALL 0UT5IG 
I5B5 CALL OUTSICA 
I2a6 CALL PLOTSICOF 
1587 CALL PLOTE 
I2BB RETURN 
1239 ENO 
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1290 C 
:S9i c 
:292 C 
1293 C 
129* C 
1295 SUBROUTINE OUTSIG 
1596 USE SMPCLCM 
1297 USE T S T C I C M 
129B C» 
1299 C THIS ROUTINE PRINTS THE NUMERICAL RESULT 
1300 00 RSLT !»l.HNEQ.LE&«NKWN«l 
1301 IFILSTOROERCI1 -&T. NKHNlOO T Q P S L * 
I30P. I F H .LE . N K W N - I I G O TO ZERO 
1303 5IGMAILSTOP.DEPI ! 11 --EN0ARM1 'CNSTRNT t I - I N K H N - 1 1 i 
130* GO TO RSL T 
1305 ZERO SIGMAiLSVORDERiIM-0. 
1306 R 5 L T CONTINUE 
1307 WRITE ILUN. IO! NCYC1 .NCYC2.W. IPU.JP IV 
1309 JO F O R M A T i / / / . NCYC1- . 1 5 . 3 X . NCYC2* . 1 5 . 3 X . W- . E 1 5 . 6 . 
!309 . 3X. I P I V - . 1 5 . 3 X . j P l t f - . 1 5 . " - . S I G N A i j i * i 
1310 KRITE ILUN.50 ! t5 IGM* : .<> .J " l .NKr iN) 
131 1 20 FORMATi 1 5 ( ' ,8E I 1 . .6) i 
1312 RETURN 
1313 END 

1315 C 
1316 C* 
;zn c 
1318 C 
1319 SUBROUTINE PLOTSIGOF 
1320 USE SMPCLCH 
1321 USE TSTCLCH 
1322 C* 
1323 C PLOTS!OOF CREATES A SAR PLOT OF SIGMA 
132* C OVER A SMOOTH PLOT OF THE ANALYTIC RESULT. 
1325 00 STSG J - I . 2 « N , 2 
1326 S IGOFSTCJ1-S IOMA( IJ - I ) ' 2 i 
1327 S I G O F S T ; j - l 1 - 5 I C 0 F S T ( J I 
I32B STSG CONTINUE 
1329 C-
1330 C OETERMINE MAXIMUM VALUE TO 8£ PLOTTED. 
1331 StGMAXSlGMtAil t 
1332 00 LSIG J - l . N 
1333 IF lSIOMAAIJ I -GT. SIGMAXJS!GMAX=SIGMAA1J1 
133* IF IS I00F5T IJ1 .GT. 5IGMAXI5]GWAX*SIG0FSTIJ) 
1335 IFlSIOOFST(J*N) -GT. SIGMAXISIGMAX-SIGOFSTiJ*NJ 
1336 LSIG CONTINUE 
1337 SIGMAXM. I'SIGMAX 
1338 SIGMIN-PLTRANGE'SIGMAX 
1339 C" 
I3*D C CREATE GRID ANO LABELS-
13*1 CALL MAPSIENUt H.EIMUiNi .SIGMIN.SIGMAXI 
13*2 CALL S E T C H 1 2 . . 1 6 . , 0 . 0 . ; . P 
13*3 WRITE 1100.10) 
13* * 10 FORMATI SIGOFST(ENUO> N:S100FST . »:S!GMAA 0) 
13*5 CALL S E T C H C 2 0 . . 2 . . 0 . 0 . I . 0 0 1 
13*6 WRITE ( 1 0 0 . 2 0 * NCvCI .NCYC3.U 
13*7 20 FORMATI ENJ ,5X . NCYCI- . 1 5 . 3 X . NCYC2- , 1 5 . 3 X , U- .E1S.6) 
13*8 C» 
13*9 C PLOT CURVES. 
1350 CALL TRACECi1HA,ENU,SIGMAA,N1 
1351 CALL TRACECIIHN.ENUOFST,SIGOFST,2»N) 
1352 CALL FRAME 
1353 RE TURN 
135* END 
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Appendix B 

The Sequence of Iterations Showing the Convergence 
of the Simplex Algorithm for n = 40 in the 

Neutral Injection Problem. (The solid curve is the 
analytic result. The vertical scale is arbitrary and is 

set by the computer. Relative values may be determined 
by the height of the analytic curve.) 
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