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A. PURPOSE OF PROGRAM (ROUTINE) 

The program LPT~R solves a Linear Programming (L.P.) problem 

using an algorithm known as the Generoal Differential Algorithm. The 

general theory for this algorithm is presented in Wilde and Beightler 

(1967) and in more computational details by Morel-Seytoux (1972). 

The reason for developing this Linear Programming algorithm in-

stead of using the standard Simplex algorithm for Linear Programming 

is two-fold: 

a. The General Differential Algorithm (G.D.A.) does not - as 

does the Simplex algorithm - require an initial basic feasible 

solution. An initial feasible solution suffices. The original 

intended use of this routine was for the solution of optimiza-

tion problems in water resource systems (considering for example 

water reuse as part of possible alternative solutions). For 

this type of problems a feasible solution, namely the current 

design or operation of the existing system, is almost always 

at hand. Consequently, no search for an initial basic feasible 

solution (phase 1 in the Simplex procedure, described in Morel-

Seytoux, 1972, lecture note No. 16, p.l) is required, with the 

result that the optimal solution can be attained, at least in 

principle, faster than by the available Simplex algorithm routines. 

b. The program can be relatively easily extended to handle a 

Quadratic Programming problem (quadratic objective function 

subject to linear constraints). In fact the algorithm used 

for the solution of the L.P. problem is precisely what the 

Quadratic Programming algorithm (Morel-Seytoux, 1972, Lecture 

Notes 11-15) reduces to when the second order terms in the 
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quadratic objective function are not present. 

Minimizing costs in water resources systems by means of Linear 

Programming techniques assumes constant unit costs. However, unit costs 

normally decrease when the quantity of water being stored, transferred 

or treated is increased (economies of scale). A quadratic objective 

function assumes linear decrease of unit costs with quantity, and accor-

dingly represents a better approximation to the real-world economic 

system. 
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B. DEFINITION OF A LINEAR PROGRAMMING PROBLEM 

The routine was developed for the following (special) definition 

of Linear Progralliming, namely: 

N 
Minimize the objective function: y = I cnxn 

n=l 
(1) 

N 
subject to the equality constraints: I akn x 

n=l n 
k = 1,2, ... K (2) e 

N 
\' > and the inequality constraints: L a x rk 

n=l kn n 
k = K +1, ... K · e 

and the non-negativity conditions: x ~ 0 , for some of the x . n n 

The xn are the unknown variables of the problem and there are N of 

them. The c are the coefficients of the original variables of the n 

problem, often representing average unit costs associated with storage, 

transfer or treatment of the water quantity or quality variables X . n 

The akn are the coefficients of the original variables of the problem 

in the constraints. They often represent technological coefficients 

such as e.g . . the direct coefficients of the Processing sectors in an 

economic Input-Output Analysis (e.g. Miernyk, 1965, pp. 21-28). The 

values and signs of the and rk parameters are unrestricted. 

The present definition of L.P. is special because it is limited 

to the problem of minimization. A maximization problem can be solved 

with the present routine by minimizing the negative of the objective 

to be maximized. 

Also the special definition used here allows for the presence of 

equalities as well as inequalities among the constraints and of free 

variables (i.e. variables not subjected to the nonnegativity conditions 

(3) 

(4) 



4 

but rather with permissible range from - 00 to +oo). 

Starting from an initial feasible solution, i.e. a solution which 

satisfies all the constraints (2), (3) and (4), the algorithm obtains 

the optimal solution x* , n = 1,2, ... N, 
n 

tion has its minimum value. 

for which the objective func-

The constraints can be any combination of equalities and inequali-

ties. By appropriate rearrangement of terms any constraint can be ex-

pressed in the form (2) or (3). 

It is assumed that a maximum of K (total number of constraints) 

out of the N variables x are free variables, i.e. variables which n 

can take any value, negative, positive or zero. Consequently, at least 

N-K of the xn must be non-negative. 
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C. BRIEF DESCRIPTION OF METHOD OF SOLUTION (ALGORITHM) 

Starting with an initial feasible solution (provided by the User) 

the algorithm decreases the value of the objective function in an itera-

tive process. At each step one variable changes value in such a way 

that the value of the objective function is decreased while keeping 

the constraints satisfied. The variable to be changed can be one of 

the original variables, or it can be one of the slack variables, i.e. 

an artificial non-negative variable: 
N 

xK+k ' = n~laknxn -rk , which expresses how "loose" the kth constraint is. 

The variable to be changed is the one which has the greatest single 

effect on the objective function at each step. 

A set of conditions, known as the Kuhn-Tucker conditions, determines 

when the optimum has been reached. At the optimum, only insignificant 

decrease of the objective function will result from changing one of the 

variables. The User decides what he considers insignificant by pro-

viding the control parameter E • y When the decrease in y, ~y is < E y 
~y is considered insignificantly small. Other control parameters which 

must be supplied by the User are listed in the following Input Data 

description. 

The user has a choice of several output options, ranging from print-

out of input data and final solution only, to complete printout for de-

bugging purposes. The appropriate print-control parameters are listed 

in the following input description. 
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D. INPUT DATA DESCRIPTION 

The user must provide the information necessary for formulating 

his Linear Programming problem in the form depicted in the equations 

(1) - (4) above. Further, he must provide an initial feasible solution, 

and his tolerance and output requirements. 

The maximum size of pr0blems to be handled by the program is pre-

decided by the programmer. If the user tries to exceed this limit, a 

LIMIT EXCEEDED will be printed , together with information on what the 

present limitation is . Only by changing the COMMON and DIMENSION state-

ments in the deck, can the maximum size problem be increased . 

As of date: the maximum size problem is: 

Maximum number of original variables, N = ........... max 
Maximum number of constraints, K = .. ......... 

The input data 

cards are required: 

Card A 

Cards B 

Cards C 

Cards D 

Cards E 

Card F 

Card G 

max 
is provided on punch-cards. The following 

Constants defining the problem dimensions. 
By providing only this card the user will 
be told whether he will exceed the limi-
tation or not. Output will be PROBLEM 
DIMENSION O.K. or LIMIT EXCEEDED. 

types 

Coefficients defining the objective function 
and types of variables (free or non-negative) . 

Coefficients defining the left hand sides of 
the constraints. 

Right hand sides of the constraints. 

Initial feasible solution 

Control parameters. 

Output controls: 

A detailed description of the program input follows. 

of 



CARD 

I A 
! 
' } 

' 

: 

B 
: 

C-1 

I 
i 
I 

i 
I 

: 

! 

! 

FIELD 

1 
2 
3 
4 

1 
2 
3 
4 

1 

2 

INPUT DESCRIPTION 

COLUMNS 

1-4 
5-8 
9-12 

13-16 

1-8 
9- 10 

I 11-18 

i 

19-20 

! 
i 

I 

I 
-----______ I 

1-8 T 
9-16 

I 

MATH. SYMBOL 

N 

Nf 
K 
K e 

cl 
-

c2 
-

eN 

all 

a12 

FTN. SYMBOL FORMAT VALUE 

N I4 + 

NF l I4 
I 

K I I4 + +I4 KE ) 

! 
c (1) ~ I G8.0 l + or -

i 
I 

ITYPE(l) I I2 I 0 or 1 i ; 
I 

' ! c (2) ; G8.0 + or -
• 

ITYPE(2) I2 i 0 or 1 ' I 
i 
! 
i 
! 
I ; 

! l 
I 

C (N) G8.0 + or -
ITYPE(N) I2 0 or 1 

A (1, 1) G8.0 + or -
! 

A (1, 2) G8.0 + or -

I ; I ' • • : • ' • l • I • ! : 

! 

i 
I 

I 
I 
[ 
! 

I 
I 

I 
! 
I 
! 
i 
I 

1 

-'-- -- ·· · ··------~·-····· ··· · - ··········--·----~----------·- · 

.. DESCRIPTION 

Number of original variables (total) 
Number of free, original - variables 
Number of co~straints (total) 
Number of equality constraints 

-
Coefficient of the first variable, xl , in the 
objective function ( e.g. cost associated with 

xl). 
If xl is a non-negative variable, ITYPE (1) = 1. 

If xl is a free variable, ITYPE(l) = 0. 
Continue punching pairs C(I), ITYPE(I ) , in fields 
of 10 , with a maximum of 8 pairs per card. 
There will beN such pairs. 

Coefficient of the first variable, xl , in the 
first constraint. 
List constraints, the K equality being listed e 
first , the K-K inequality constraints subse-e 
quently. 

N 

··-
! 

I 
I 
I 
1 

I 
l 
I ~ 

I 

Inequality constraints must be written ,~ a ·x > r · 
L kn n = k 1 

n=l 

I : i ! ff ' . 
1 • • • ; • 1 • i • Coe 1c1ents ak should be of the same order of 
f ' I • i I i ' I n 
1 •

1
• ! l , magn1tude. 

! : I I 

I I I I i i I i First , punch the N coefficients 

l 1 j J_ _________ j_~ _________ l _____ ,. _________ L__________ - co~t. -

akn of the 

_j 
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CARDIFIELDI COLUMNS! MATH. SYMBOL! FTN. SYMBOL! FORMAT! VALUE l 
I 

C-1 

(cont) 
I . . I . I 
I A(l,N) G8.0 I +or - I 
I ' 

1 . 1 1-8 a 21 ; A(2,1) G8.0 + or - I 

I
' I 2 9-16 I a 22 I A(2,2) GB.O J + or - I 

C-2 ! . . i . l . I· . l 
I l . I . l . i . . l . l 
! (etc.) 1 • • 1 • ' • I • . , 

i .I . 'I I J 
j ! 1 I 1-8 I aKl 1 A(K,l) 1 G8.0 +or - J 

I I 2 j 9-16 I aK2 f A(K, 2) l G8. 0 + or -
C-K . ! • • I I • ' 

I. . i . i . 1 • l . 1 • i 

alN 

DESCRIPTION 

- cont. -
first constraint, in fields of 8, with a maximum 
of 10 per card. 

Then, beginning with a new card, punch the N 
coefficients a 2 of the second constraint, etc ... , n . 

..... ending with the N coefficients 

the last constraint. 
a of 

Kn I 
I 
i 
i 
i oo 

I I ' I I i I I 

I . I' . ! . i • i . I . i I ,. -4---- J ~ I . I 
I 1 , 1-8 I r 1 ! R(l) ! G8.0 I +or - I 

----------- --- 1 

I I 2 I ~-16 I r 2 '! R(2) j G8.0 i +or - 1
1 I I ' : I 

D i . II . I . ! . i . I . I 

. . I . t . I 

Right hand sides of constraints. 

Punch r-values, in fields of 8, with a maximum 
of 8 per card. 

There will be K such values. I . I . . I . ! • I 

; I rK I R(K) I G8.0 I + or ---t---'-------------------
1 0 I . I i 1 · 1-8 x I X£')(1) 1 G8.0 I +or - 1 1 .. 1 f 'bl 1 · · 1 · 
1 1 1 ! ' I n1t1a eas1 e so ut1on, 1.e. a so ut1on 

2 ; 9-16 I x~ 1

1 

XtJ(2) i G8. 0 I + or - 1 which satisfies the constraints. 

E . l . \ . . ! . 1

1 

. I x~ is the variable corresponding to c 1 of 
i I · 1 h b. · · f · 0 

• 1 • 1 • l .. \. l teoJeCtlve unct1on, x2 corr.toc 2,etc ... , 

--'----~-· __ j ___ ·__ I . ! . I a total of ~-s-u-~-h~~:::~les 

! 



r-:~-r:ELD TcoLUMNS I MA~~ SYMBOL I FTN. ~~BOL I F~-~~lv:~UE r DESCRIPTION -----
1 

E 
+ or -

F 

' I 
I 

i 
l G i 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

.~___L_J ___ l __ . ' 

The type of the variable (non-negative or free) 
must correspond to the ITYPE specification given 

Stop iteration when the change 

1 
5 
10 

for printout of every step 
'' " " " 5 steps 
" " ,#" " 10 steps 

If IPRINT = 0 punch IFREQ = 1 

A quantity 

---- ~---
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E. ILLUSTRATIVE EXAMPLE 

As an example to illustrate the use of the program let us con-

sider the following optimization problem which is already in a form 

acceptable to LPT~R : 

Min { y = x1 + 2x2 + 3x3 + 4x4 } 

subject to xl - x3 > 3 

x2 + x3 > 4 

x2 - x4 > 1 

X ~ 0 n for all n = 1,2,3,4 

An initial feasible solution is (x1 , x 2 , x
3

, x4) = (5,3,1,1). 

Given this initial feasible solution the user wants to find the solu-

tion which minimizes y , as well as the minimum value of y. He 

will be satisfied with a solution to the second decimal point, and he 

is interested in the final result only. 

The input data for the problem are shown on the attached FORTRAN 

coding sheet (Table 1). The computer printout is displayed subsequently. 



IBlrt FORTRAN Coding Form 
-------· l :: · LPT0R /DATA FfZlR SAMPLE PRfZlSLEM 

T. J 0NCH - CLAUSEN ------------,,,0-Al-, -3---3-0---1-6------1 

: ~ i- :~ - ~-~;: ~~ --ITI FORTRAN STATEMENT 

! l . ~ -fl ~ ' 0 I 11 ~ I • " ~~- I",, ,., 'I ' J ., " . " " " ., "30 31 J1 ]; , , ,, Jb ~;' )8 39 I.C ·I I .: ? ·11 4A .I'• 

! I ~ =D:: ~--- o·. ·. · -~ -

4!, 47 -lr) A9 50 5 1 52 53 5J 55 ~t: 57 5f' -~0 60 ">I 6:• ~. · M 
I 

Printed in U.S.A 

f'AGf ·I !.' I I 1 
C/.~:5H tcT;.: ·, ' i<L.~·.I;jtr:· --J 

6'• '·~ 1 ' c.!'. o9 :-u :-1 ·:, - ~ 

l.:lfN l U . .:l,lt,:..N 
S[CUtNC£ 

;7- ':> ~ -: -,, -,. F · 

: i ffi_~l ~- ot~~-. ~r,~ 3 . I o ;. . ; 4 3~. -- -:j I I I 
l I !O .. I~ 0 ' ._ I ; ' . ' . I ' '-----+--+.- --- r--c--· . --,--t ~-1 -. , l j3 . 4 . I . 
~ l 15. ~- , I . ~ , · __jl ' 

- ot~~Oi--L~O- oo'l--~ o -r~ --~1--, ~~~--+--=i -l I t- t ---l 
-~--o~;--3 --r-F-l-. -~I · l t E~ c r ~ 

I I 

·----·f------l +-- + ------1 

' 

· .-.----:,-~- ~~-o! "' ~ 9 iO 11 12 13 14 lj :o l l ~~ :y 10 ::I 2:.: 23 2.4 25 :.'6 21 1!3 29 20 J: 3:.' 33 34 35 Jt 37 :lS 39 ~f) .- 1 .;2 A:! -4 .! 45 -'6 47 4B A9 50 51 52 53 5<: 55 56 5i 5~ 511 W ol 6:0 63 ~.t. 65 66 67 68 ~9 7C 71 n I ::! "'.; 75 - 6 • ., -!". .:. ~ 

... . : ;;r- ..;o.;~ -: ;-::;, ., ·e·..,.._ .;M ~ ·· ~ ' ' " OeOi~7 . ;, :;:~vg :t e~ c e 1.,, cvnc:ni"; ) IOtf' 'flotn l' hom tn :, :orm 
·'Number ol lorms per pad may ."ary shghlly 

Table T. Input data coding sheet for illustrative example 

--···-· 

1--' 
1--' 
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0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 • 0 0 0 
0 0 0 • 0 0 0 0 
0 0 0 0 
0 0 0 0 
0 • 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

* 0 0 0 
0 0 0 0 VI 
0 0 0 0 ..... 
0 0 0 0 z 
* 0 0 0 .... 

· O 0 0 0 "' 0 0 0 0 a: 
0 0 0 0 t-
0 0 0 * VI 

* 0 * * z 
0 0 0 0 0 
0 0 1 0 0 u 
0 0 0 0 ..., 
0 0 0 0 .... 
0 0 0 * 0 .... 
0 0 0 0 0 
0 0 0 0 >< "' 0 
0 0 0 0 .... <I c 
0 0 0 0 a: 0 
0 0 0 0 t- . 
* * 0 0 "' • • ... 
0 0 0 0 ::1" 0 0 I 

~o 0 - 0 0 
0 0 0 0 z t-
0 0 0 0 0 z 
·0 0 0 0 .... ~ 
0 0 0 0 t- .... 
0 0 0 0 ::> u 0 0 
0 0 0 0 ...J ...... 0 0 
0 * 0 * 0 .... 0 0 0 0 .... 0 0 
0 * · 0 * VI 0 0 0 0 .... 0 0 

* 0 0 * 0 0 0 0 0 ~ . 
~. 0 0 * ...J X 0 0 0 0 0 .... • 

0 * -0 * < . . u I " 0 
0 * * * .... -t M ... 
0 * 0 * t-
0 0 0 * .... 
0 0 0 0 z 
0 0 0 0 .... 
* * 0 * 0 0 
0 * 0 0 0 0 
0 0 0 0 0 0 
0 * 0 * 0 0 
0 * 0 * ~ 
0 0 0 0 ...J . ... 
0 0 0 0 cr. 0 
0 * 0 * "' 0 * 0 0 .... 
* * * 0 a: .... 
0 0 , * <1: 

* 0 0 0 :> ~ 
0 0 * 0 -t 0 M (\J fl. ... 0 

* 0 * 0 · ,._ >- 0 

* 0 * * 0 t- 0 

* * 0 * .... 0 
0 * ,) 0 ~ 
0 0 * * 'l. • . 
0 * .. * >- 0 0 

* * 0 * ..... 
0 * 0 0 

* * 0 * * * * * II ' II 0 

* 0 * * II .... II ~ .-o(\JLI\ 

* 0 0 * z z - ~ l<: 00 

* * * * VI 0 I I 

* * 0 0 VI t- z w~ 

* * 0 * w z <f 00 
0 * 0 * ...J ~ I t-<0 0 0 00 

* 0 * * (I) 0 0 0 0 -o 0 0 00 

* 0 0 * <I V 1 u c 0 c 0 t- crc 0 0 co 
* 0 0 , .... 1- 0 0 0 0 I~ 0 0 0 ........ 
* 0 0 0 a: ' z .... < c c c 0 <!.0 . 
* 0 * 0 ~ , If) .... u . M 4" ..... 
0 0 * * :> ' ,_ .. LL! (\J 1"1 -4 Q:VI 
0 * 0 * 'Z 'X 0 

* .:. * * ...J v: ..... t- u 
* * * 0 <1 w / <I Vl 

* . * 0 * ;c: ...J i :X z 
* ~ * 0 * .... a:. I 1- c 
0 . * * 0 c: "' ' Vl u 
* c 0 * 0 .... .... 'z 
* * c: * 0 a: n. 'o >- v . 
0 z * z * * . c <I lu t- 'l: 

* 0 * 0 0 :> 
1 .... - w 

* .... 0 :J: 0 0 .... ...J 1-
0 VI 0 ::t * 0 c ..... 10 < ~ 

* z 0 <t 0 0 w ::> ::t 

* &...: " 0 Ct 0 0 Ct a: 

I~ 
c;> "' 0 :f. * C) 0 0 w Lt... .... a:: 

0 .... 0 0 0 <1: 0 cr t- <1: 
0 0 0 a: 0 ..... 0 2: Lt... .... z Q. 
0 0 Q. * <1: * => c 1:.:> c .... 
* ::t * * 0 * z I Z 4 .J 
0 w 0 a: 0 * a: ' a: a::x 0 II 
0 ...J 0 <I 0 ..... • ...J w ' -' w >< t-W !I: II >-. • a: 0 .... * ::> 0 < a:. <I cr ~ V:CI (\J M 1- >-II< 
0 0 0 z 0 a. • t- .'1. 1- :1 0 ... 1\! M -t Z::t "Z •I'()~ 

0 a: • - 0 z 0 c ::: 0 ::: z o::: Q Q. u .... 
0 a. 0 ...J 0 -- 0 t- z t- z ... U2 u u·<f ;,r. 



!PRJ NT= 
JFREG= 

1 
0 

**********************••································································································ 

INITIAL VALUE OF O~JfCTIVE FUNCTION,Y= 17.000 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

OPTI~AL SOLUTION 

T X ( !l 
' · ].001)0 
2 4.0000 
3 o. 
4 o. 

O*~~wooo~o~~~oo~oo~ooo ~v~~VO* * ****~~*~**~***o*o****************************************V****~***********~*************** 

~TNI~UM VALUF. OF ORJECTJVF FU•ICTIQN, Y= 11.000 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

NUMRfR OF ITERATIONS = 3 

0009 ~ ***o~~OO~*~C06 ~ 00~0~VOOOOOOO*OO~************OO~OOOOOOOOOOO*O~OOO**********OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

0~/07/76 CSI• SC r: P 3.3.14 R C012 C013 Cl40 Cl4l 
l3.22.D8.TC845~V F 0~ ~n llA 
13,??.0R.TC~4So ~F ~ ****•T10•CM60COC,PR40.TORKIL 
13.~2.0~ •• L! NFAP pe n DDMMI~S. 
13.2~.0 ~ .-T~CL= O > 
13.??,SP. ll.~S6 rP SfCO NDS COMPILATION TIME 
13,??.5 q .L~SfTCP~ESET=NG I~F) 
I 3 .?~.on.L~O. . 

05/02176 

l3.?3.0S.F~= 025100 CP 00012.~h8SEC. IO 0003S.045SEC. 
13.23.06.STOP 
13,?1.0o.CP 
13.23.0~.PP 
13.23.06.!0 

13.1~0 SEC. 
6 '=' .7~:>3 SFC. 
3<;.0 9 5 SEC. 

4 ~Al-ES PRtNTFO. 

...... 
~ 
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APPENDIX 1 

Flowchart 

The notation in the following flowchart follows as closely as 
possible the notation of the notes: "Foundations of Engineering 
Optimization" (H. J. Morel-Seytoux, 1972, reprinted 1974). How-
ever, in cases where the notation used in the program differs 
from that of the notes, the former is used in order to facilitate 
the reading of the program listing (appendix 3). 

N 

Nf 
K 

Ke 
y 

en 
Xn 

0 
xn 
akn 
rk 
ITYPE( ) 

S· l 
d. 

J 
bki 
dkj 

0 .. lJ 

v. 
J 

= number of original variables 

= number of free variables 

= number of constraints 

= number of equality constraints 

= objective function (minimum value = y*) 

= coefficients of the objective function 

= variables 
= initial value of the variable x n 

element of coefficient matrix of constraints 
= right hand side of kth constraint 
= array indicating the type of a variable 

= ith state variable 
= jth decision variable 

= elements of the Jacobian matrix (B) 
= elements of the coefficient matrix of the decision 

variables (D) 

= coefficients relating state and decision variables 
-1 (elements of the DELTA = B ·D matrix) 

= constrained derivative of the objective function with 
with respect to the non-negative decision variable d. 

- - - J 
ff . . . h b. . f . f h th = coe 1c1ent 1n t e o Jectlve unct1on o t e n 

variable playing the role of the jth decision variable. 
In other words ydj = en where n = nd(j) and nd(j) 
is the array of correspondence between the numbering 
of the original variables and the role they play as 
decision variables. For example if nd(3) = 7 it 
. h h 7th · · 1 · bl · h 3rd means t at t e or1g1na var1a e 1s t e 

decision variable. 
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coefficient in the objective function of the th = n 
variable playing the role of the .th state variable. 1 

jmax = particular j -value, corresponds to p in the notes 

imin = particular i-value, corresponds to r in the notes 

superscript o refers to old (previous) values 
\) superscript refers to new values 

In addition to the above listed general symbols a number of auxiliary 
symbols are defined and used in the flow chart. 



Flowcha rt 

8 

I START I 
~ 

N 
Problem: Minimize y = 'i c X n n 

n=l 
N 

subject to 'i aknxn = rk , k = 1, Ke , and 

n=l 

N 

I akn X > rk k = K +1 K n = , e , 
n=l 

The problem has N original variables, Nf of which are free 
(N-Nf non-negative), and K constraints, K e of which are 
equality constraints (listed first). 

. , ......... _ 
- --·---------·~·-----~ ··· -~ -... -~ ..... ---~·----

Input data according to the input description, i.e. provide 
en, akn' rk·, N, Nf, K, Ke, ITYPE (xn) (0 's for free variables, 
and l's for non-negative variables), as well as the control 
and output control parameters. 

G Input an initial f eas i bl e solution, (xi, x2, ... , "Nl 

1---------r=~=-=~~-~-~-~---=~---=--·-- ------·-
Define zero-slack variables of the Ke equality constraints 
and calculate the non-negative slack variables of the in-
equality constraints: 

X N+K +k e 

N 
= L ak x -rk 

n=l n n 

k = 

k = 

1, K e 
1 K-K , e 

--=----~..-!_ ------·--------------; 
Define problem in augmented form, i.e. augment 
and akn-matrix to obtain the formulation: 

minimize 

subject to 

y = 

N+K 

N+K 
I 

n=l 
C X n n 

L aknxn = rk 
n=l 

c -vec:cr, n 

k = l,K 

--------------~ ----.:-------------------' 
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~Partition the X0 -vector into K state variables, 

~decision variables, dj' by the criteria: 
s., and 

1 

1. Free variables are selected as state variables 

N 

2. Non-negative variables of largest numerical value are 
selected as the remaining state variables ( going from 
low to high index in case of equally large numerical 
values) 

3. Zero-slack variables of equality constraints are se-
lected as decision variables 

I 
4. Remaining non-negative variables are selected as de-

cision variables. 
Thus arrays . . ) d (Th. . th t n (1) (s.) and nd(J) (d. are create . e 1 sta e 

s 1 J th 
variable s. 

1 
is defined as x[n (i)], the j decision variable s 

d. is defined as 
J 

x [nd (j)]). 

~------------------------------~-----------------------------------
Define the KxK coefficient matrix of the state variables,(the 
Jacobian) bki' in which i (column) corresponds to the index 

of the state variable (bki = ak,ns(i)). Define the KxN 
coefficient matrix of the decision variables, dkj' in which 

j corresponds to the index of the decision variable 
dkj = ak' nd (j ) . 

After partition the 

In matrix notation: 

N+K 
system I akn x = rk 

n=l n 
N 
I dkJ. dJ. 

j =1 

B·s = r - D d 

can be written: 

k = l,K 

When by Gaussian elimination procedures the matrix B is 
reduced to the identity matrix, the matrix 

-1 to the matrix DELTA (= B ·D) of elements 
D will be reduced 

o... Thus the 
1J 

o .. -coefficients 
1J are found by calling the Gaussian elimination 

subroutine GAUSS (see appendix 2), with B as the coefficient 
matrix, and D as the matrix of right hand sides. 

18 
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~ 

If the Jacobian B is singular, change partition by simplexing 
a state and a decision variable, starting with the highest indi-
ces. (i.e. first simplex sK and dN' then if also this parti-
tion results in a singular Jacobian, sK-l and dN-l' etc.) 
After simplexing, GO TO 7. 
If ·one of the indices is zero, STOP. 
If and when the Jacobian B is non-singular, GO TO 10 

€ Calculate the constrained derivatives, 
non-negative decision variables, d.: 

v.' J 
with respect to the 

K 
v. = YdJ. + L Ysi o .. 

J i=l lJ 

J 

j = K +l,N 
e 

Here, ydj and ysi refer to the coefficients cj of the ob~ 
jective function, partitioned according to the partition of the 
variables (see page 1: Notation) 

€ Check Kuhn-Tucker conditions, i.e. 
Is { v. = 0 I d. > 0 or v. . J J J > o 1 dj = o} for all 

j = Ke+l ,N? N 
If the K.T. conditions are satisfied, calculate y* = L c X 

n=l n n 

print final results, (xi, x2, ... , xN) and y*, and STOP. 
If the K.T. conditions are not satisfied, GO TO 12 

+ max = v. = v. + 
j J,max Jmax 

and { 0} -max -v. v. < = -v. v. 
j J J J ,max Jmax 

+ + jmax jmax + GO TO If v. > -v . v. = v. = J ,max J ,max J ,max J ,max 13 

If + jmax jmax GO TO -v. > v. -v. = -v. = J ,max J ,max J ,max J ,max 

19 

15 



Qlf 
~If 

For 
are 

Find 

If 

If 

0. . < 0 
1 ,Jmax for all i = l,K, GO TO 19 

0. . > 0 1 ,Jmax for some i , i = l,K, GO TO 14 

all i's for which 0. > 0 , and for which S. IS 1 ,jmax 1 
non-negative variables, calculate s . 1 

0 . 1 ,jmax 

~ 
s. ! s. 

min 1 1m in am in = = 0. 0 . i 1, jmax 1min,jmax 

d. > am in GO TO 16 Jmax 
d. < = am in GO TO 19 Jmax 

> If 0 . 1 ,jmax 0 for all i, i = l,K, the problem is poorly 
posed. STOP . 
For all i's for which o. . < 0, and for which s. 's 1,Jmax 1 
are non-negative variables, calculate s . 

1 

Find min l 
i 

s . 
1 

0 . . 1 ,Jmax 
= 

s . . 1m1n 
0 . . . 1m1n,]max 

0. . 1 ,Jmax 

= am in 
GO TO 16 

20 

L------------------------·--.. ·-

Change partition : simplex d? and 0 s. Jmax 1m in 
Calculate new state variables: 

v 0 0~ . am in i + imin, i = 1, K s . s . -1 1 1,Jmax 
v 

d~ am in i imin s. = - = 1m in ]max 

d~ = 0 j = jmax Jmax 

d~ = d? (i.e. no change) j f jmax, j 1 ,N 
J J 



Calculate new 

Define: z . = 
1 

0~ . 

ov corresponding to the new partition: 
ij 

o? . , z z. = o? . . , orp = o ~ . . 1 ,Jmax J 1m1n,J 1m1n,Jmax . 

= 
z. 

1 1 = orp 1 ,Jmax a~ . . 1m1TI,J 
zz. 

= _J 
orp 0~ . . 1m1n,]max orp 

z .. zz. 
0~. o?. 1 J i I= imin, j f jmax, = -1J 1J orp ' 

i = 1, K, j = 1 ,N 
-

.------------------L------·---·------------, 
Calculate new constrained derivatives, 

~ to the non-negative decision variables 
\~ 

zz . v 0 v? J j :j: jmax j v. = v. - orp ' ' J J Jmax 
0 v. ·-v Jmax j jmax v. = = ]max orp 

GO TO 11 (Kuhn-Tucker conditions) 

v . h V. , W1t 
J v 
d.: 

respect 

J 

= Ke + l,N 

Without changing partition, calculate new state variables: 
v 0 0 s. = s. - o .. 1 1 1,Jmax d? Jmax , i = l,K 

Define new decision variables: 

d~ = 0 ]max j = jmax 

d~ = d? (i.e. no change) j :1: jmax, j = 1 ,N 
J J 

GO TO 11 (Kuhn-Tucker conditions) 
~---------------------------------------------

I 

21 
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APPENDIX 2 

Special Subroutines 

Except for the subroutine in which the Gaussian elimination 

procedure is performed, none of the subroutines used in Program 

LPT0R have general applications, and accordingly only subroutine 

GAUSS shall be documented here. In addition to its application 

as a subprogram in LPT0R, independent calling programs for using 

GAUSS for solving systems of linear equations, or for inverting 

matrices shall be mentioned. 
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Subroutine GAUSS 
Purpose Reduction by the Gaussian elimination procedure of a square, non-

singular matrix to the identity matrix, simultaneously performing the same 
operations on any number of right hand sides. If desired, the determinant 
can be calculated. 

Call statement 
CALL GAUSS (N, A, EPSA, RR, DET, INDEXR, X) 

Definition of input variables 

N = Order of the square matrix A 
A = Square N x N matrix 
EPSA =Tolerance parameter. By definition, if A(I,J).LT. EPSA, then 

A(I,J).EQ. 0. 
RR = N x INDEXR matrix, the columns of which are the INDEXR right hand sides. 
DET = Determinant of the matrix A 
INDEXR = Number of right hand sides 

Definition of output variables 

X = N x INDEXR solution matrix, Any column of X is that solution of the 
system of linear equations which corresponds to the right hand side 
provided by that column. 

DET DET = 0 is returned of A is a singular matrix 

Variables transferred by COMMON statement 

COMMON I CONST 9 I IDET, KPRINT 
IDET = Control variable. If IDET = 1 the determinant is not computed. 

If IDET = 1 the determinant is computed. 
KPRINf: Output control. If KPRINT = 1 only input data and results, X, 

(DET), will be printed. If KPRINT f 1 all intermediate results 
will be printed (debugging) 

Mathematical operations 

The matrix A of elements a .. lJ is reduced to a diagonal matrix by the 
Gaussian elimination procedure. First the matrix is reduced to an upper tri-
angular matrix (forward elimination): at the end of the kth step the coeffi-
cients of the system will be given by the formulae: 
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k-1 
aik 

mik = -rr i = k+l, ... ,N k = 1,2, ... ,N 
akk 

k k-1 k-1 a .. = a .. - mik· akj 1] 1] 
i = k+ 1, ... , N j = k+ 1, ... , N k=l, ... ,N 

Similarly the right hand sides, r., transform by the formula: 
1 

k k-1 r. == r. 
1 1 

i=k+l, ... ,N k = l, ... ,N 

Secondly, the matrix is reduced to a diagonal matrix (backward elimination): 
at the end of the kth step the coefficients of the system will be given by 
the formulae: 

k-1 
ai N-k 

' k-1 i = 
a N-k,N-k 

k k-1 a . = a .. 
1] 1] 

k k-1 r. = r. 
1 1 

k-1 m. · a 
1k N k . - 'J 

1,2, ... ,N-k-1 k = 1, ... ,N 

i = 1,2 .. ,N-k-1 j = 1 ,2, .. ,N-k-1 k = 1, . . ,N 

i = 1,2, .. ,N-k-1 k = 1, .• ,N 

If in the process of forward elimination a pivot element akk is zero 
the kth row is permuted with the first row i, i = k+l, .. ,N , in which aik 
is non-zero. If no such row can be found the matrix is singular and operations 
are stopped. 

The multipliers mik are stored in the matrix in the positions aik ' 
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Program GAUSS 1 

Purpose: Solution of a system of N linear equations in N uriknown for any 
number of right hand sides. 

Operation: Program GAUSS 1 reads data and prints the solution in matrix form 
(replaces the matrix of right hand sides by the matrix of corresponding 
solutions). Subroutine GAUSS performs the Gaussian elimination (see 
description of subroutine GAUSS). 

Input description: Input data for GAUSS 1 are provided on punch-cards. 
Following types of cards are required: 

Card A: Constants defining the problem dimensions, and control 
and output control parameters . 

Cards B: Elements of the coefficient matrix 
Cards C: Right hand sides 

A detailed input description for GAUSS 1 is given below. 



r 

CARD FIELD COLUMNS MATH. SYMBOL 

1 1-3 N 

2 4-6 ir 

3 7-9 
A 

' 
4 10-12 

i 

I 
I 5 13-24 E: 

I 
a 

I 

! 1 1-8 
I all I 

' I 
I i 2 9-16 a12 \ B-1 I 

! 
aln 

1 1-8 ail 

I 2 9-16 ai2 
B-I 

I 
a. 1n 

I 

Input Descrip~ion for Program GAUSS 1 

FTN. SYMBOL FORMAT VALUE DESCRIPTION 

N I3 + Number of rows = number of columns = N 

INDEXR I3 + Number of right hand sides 

IDET I3 + IDET = 1 : Determinant is not wanted 
IDET t 1 : Compute and print determinant 

KPRINT I3 + KPRINT = 1 : Print only input and results 
KPRINT t= 1 : Print all intermediate results 

EPSA Gl2.5 + Tolerance parameter: a < e: = > a = 0, where a a 
is an element of matrix A 

A (1, 1) G8.0 + or - First element in the coefficient matrix 

A(l,2) G8.0 + or - Second element, first row ... 

A(l ,N) G8.0 + or - Nth element, First row. 

A(I,l) G8.0 + or - Punch elements in fields of 8 with a maximum of 10 

A(I,2) G8 .0 + or -
per card. 

Start with a new card when starting a new row . . 
A(I, N) G8.0 + or -

-- -

I 

!'-.) 
0\ 



CARD FIELD COLUMNS MATH. SYMBOL 

1 1-8 rll 

2 9-16 rl2 
C-1 

rl . ,1r 

ril 

C-I 
ri2 

r. 1,ir 

'.- I - - ---

C-N 

Input Description for Program GAUSS 1 (cont.) 

FTN. SYMBOL FORMAT VALUE DESCRIPTION 

RR(l, 1) G8.0 + or - First element of First right hand side 

RR (1, 2) G8.0 + or - First element of Second right hand side 

RR(l,INDEXR) G8.0 + or - First element of INDEXRth right hand side 

RR(I,l) 
1 

G8.0 + or - Ith element of First right hand side 
I 

RR (I, 2) I G8.0 + or - Ith element of Second right hand side I 

I 

I 
Ith element of INDEXRth right hand side RR(I,INDEXR) l G8.0 + or - I 

I 
I Punch elements in Fields of 8 with a maximum of 10 

per card. 

Organize the right hand sides in a matrix, the columns 
of which are the right hand sides (INDEXR columns, 
N rows), starting with a new card when starting a 
new row. 

N 
-....J 



28 

Program INVERS 

Purpose: Inversion of a non-singular matrix 

Operation: Program INVERS reads data and prints the inverse. A special 
subroutine (INVT~R) is called which defines the system of right hand 
sides as the identity matrix. This system is subsequently solved by 
calling the Gaussian elimination subroutine GAUSS (see description of 
subroutine GAUSS). 

Input description: Input data for INVERS are provided on punch-cards. 
Following types of cards are required : 

Card A: Constants defining the problem dimensions, and control 
and output control parameters. 

Cards B: Elements of matrix to be inverted. 
A detailed input description for INVERS is given below. 



CARD FIELD COLUMNS MATH. SYMBOL 

I 
1 1-3 N 

2 4-6 

A 
3 7-9 

I 

I . 
' 4 10-21 ! E 
i a 
i 

1 1-8 all 

I 2 9-16 a12 
i 
I B-1 

I 
I aln 

1 1-8 all 
; 
I 

I 2 9-16 ai2 

B-I . 

a In 

Input Description for Program INVERS 

FTN. SYMBOL FORMAT VALUE DESCRIPTION 

N I3 + Number of rows = number of colunms = N 

IDET I3 + IDET = 1 : Determinant is not wanted 
IDET '/ 1 : Compute and print determinant 

KPRINT I3 + KPRINT = 1 : Print only input and results 
KPRINT f 1 : Print all intermediate results 

EPSA I Gl2 .5 Tolerance parameter : a < E -> a = 0 where + . a 
a is an element of matrix A. 

A(l,l) G8.0 + or - First element in the n x n matrix to be inverted 

A(l,2) G8.0 + or -

1 

Second element, first row 

I 
I 

A(l ,N) G8.0 + or - Nth element, first row. 
I 

I A(I,l) G8.0 + or - First element, ith row 

' l l 
~ ' : 

A (I, 2) G8 . 0 + or -
Punch elements in Fields of 8, maximum 10 per card. 

Start with a new card when starting a new row. 

A (I ,N) G8.0 + or -
-- ---- ~--· 

N 
\0 

I 

! 
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APPENDIX 3 
Program Listing 

FORTRAN SYMBOLS 

Mathematical Symbol FORTRAN Symbol 

N N 

Nf NF 

K K 

K KE e 
y y 

c CA(I) n 
X X(I) n 
xo X~(I) n 

akn AA(I ,J) 

rk R(I) 

s. X(NS(I)) 
1 

d. X(ND(J)) 
J 

bki B (I ,J) 

dkj D (I ,J) 

0 .. DELTA(I ,J) 
lJ 

v. V(J) 
J 

ydj CA(ND(J)) 

Ysi CA(NS(I)) 

jmax JMAX 

imin IMIN 



P~OGRAM LPTO~II~~UToOUTPUT) 
c••••••o•••••••oooooooooooooooooooooooooooo~oooooooooooooooooooooooooooooooooooo c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c 

LI~EAR PROGRAMMING ALGOH)lHM 
CODED BY TOPKIL JONCH-CLAUSE~• DECEMBER 1~75. 

THE LI~EAR PROGRAMMI~C. PROHLEM IS SOLVfD HY THE GENERAL DIFFERENTIAL ALGO-
RITHM, AS OUTLI~ED HY H, MO~fL-SEflOUX IN CLASS NOTES FOR THE COURSE : 
OPTIMIZATION IN HYOPOLD~Y AND WATER RESOURCES lY/b, AT COLOHAOO STATE UNI-VERSITY. 
INPUT 
N 

RE U!REMfNTS : 
I( 
NF 
1<£ 
CA (I! • 
ITYPF: (I l 1 

U(ltJl 
R (! l 
.XO!Il 
EPSY 
ACC 

NIM4X 
I PRINT 

IF REO 

TOTAL ~UMFf~ OF OHISINAL VAHIAHLES 
TOTAL NU~HtH UF CONSTHA!NTS 
NU~HfR OF F~~E VAHIAHLES 
Nll""~'l OF E•J,IAll TY CONS TRAif'<TS 
COEFFICittJTS OF f11:iJECTIVI:: FUNCTIONt I=l•N 
TYPf OF VARIArlLE A(ll : I=O FOH fHEE VAHIAHLES 

I=l FOH NON-N~GATJVE VARIABLES COEFFICIENTS OF CONSTHAlNTS, I=CONSTRAlf'<T NUMHEAt I=loK 
J=VAHIAtiLE NUMHERo J=ltN HIGHT HAND SIOFS OF CONSTRAINTS 

VAU!A~LES IN INITIAL SOLUTION 
TOL~oA~CE PAHA~ETEH : If THE CHANGE IN Y IN ThREE SUBSEQUENT ITE 
RATI0~S IS Lt~S THAN EPSY• THt OPTIMUM IS REACHED 
TOLEPA~CE PA~A~ETEM DETt~M!NING THE CALCULATION ACCURACY I 
A IS GEFihED TO HE ZFHO IF A.LT.ACHAROACCt ~HERE ACHAA IS THE OR OEP 0~ ~AG~ITUnf OF THE ~UANTITY A 
~AX!~UM NU•YtH UF ITEkATiuNS 
!PAINT=! : ONLY INPUT, "~SULT ANU TA~LES Of CORRESPONDANCE WITH 

F ~ E0UENCY IFHtU WILL rlE PHINTED IPR!NT=O : 0~-iliG(•lNG OUTPUT 
IFPEO=OtltS QH 10 : FHEUUtNCY OF TAHLES Of CORRESPONDANCE 

FOP THE NO~MAL USEHo INTEHESTED IN RESULTS ONLYt INPUT : 
EPSY:O, ACC=0.00lt NIMAX:50t IPR!NT=l• lFHEO=U 
THE PROGRAM IS STILL SUdJECT TO M!NUR REVISIONS AND IMPROVEMENTS. 

C••••••••oooooooooooooooooooooooooooooooooo•oooooooooooooooooooooooooooooooooooo c 

c c c c 
c c c 
c 

LOGICAL I<Tt!VPOSt!CASU 
CQMV0N/C0hST 1/NoNFtKoKE 
COH~ON/CO\ l/NSTA~ 
CQHwON/(0\S T 7/I?~!NT 
CC~ ~ O~/CnNST ~/KJUNTtNIMAX 

HEAD AND P~! ~ T INPUT UAtA 
FQgHULATE A~~ P~lNT STANDAHO FORMULATION 
CALL REtCliN 

PARTITION VAAJAqLESt AND PPINT TA~LE OF CORRESPONDENCE 
C.ALL PART 

C PARTITION AND PRINT MATRICES Of COEFFICIENTS c 
c CALL PART AA 
C CALCULATE DELTA COEFFICIENTS c 

c 
LS=I<•l 
LO=N•l 
CALL lDELTAILStLDl 

C CALCULATE CO~STRA!NED DERIVATIVES c 
c c c c c 

CALL CONOf.P 

CHECI< I<UHN-TUCKER CONDITIONS, AND PRINT OPTIMAL SOLUTION IF SATISFIED 
!NITIALilE ITERATION COUNTER 
NSTAR=l 
KOUNT=O 
CALL KUNTUC IKTl 
lf(KTl STOP 

10 CONTINUE 

~ 

c c c c 

c c c c 

c c c c 

c 
c c c c c 

c c c c c 

c 
c c 

IIIPO =.FALSE, 
ICAS l=.FALSf. 
JMAX 0 
!MIN 0 
AMIN 0.0 
FINO NUMERICALLY LARGEST CONSTHAlNEU DEHIVATIVE . 
IF POSITIVEt IVPOS= . TRUE.• IF NEGATIVE, lVPOS=.FALSE. 
CALL MA)VIIVPOSoJMAX) 
IF(.NOT.IVPOSl GO TO II 
MAXV IS POSITIVE (CASA All -- CHECK WHETHER A DECISION OR A STATE GOES TC 
ZERO FIRST 
CALL CASEAli!CASEltJMAXt!MINtAMINl 
!f(.NOT,ICASEll GO TO 12 

A DECISION GOES TO ZlRO (CbSE Alt~ll -- CHECK KUHN-TUC~ER CONDITIONS• AN( 
PRINT OPTIMAL SOLUTION IF SATISFIED 
CALL CASFRI(JMAXtKTl 
IF IKTl STOP 
GO TO 10 

12 CONTINUE 
A STATE GOES TO ZERO !CASE Alt~3) -- C~ANGE PARTITION• CALCULATE Nt• CON• 
STRAINED DE~lVATIVESt ANO CHECI< THE ~UHN-TUCKt~ CONDITIO~S. 
PRINT OPTIMAL SOLUTIO~ IF KUHN-TUCKt~ CONDITIONS SATISflEU 
CA LL CASER31KTtJMAXtlM!NtAM!Nl 
IF !t<Tl STOP . 
GO TO 10 
MAXV IS NEGAT!VE(CASE All--CHANGE PARTITION• CALCULATE hE~ CONSTRAINED Oi 
RIVATlVESt AND CHECK ~UHN-TUCKEH CONDITIONS. 
IF KUHN-TUCKER CONDITIONS SATISFIED• PRINT OPTIMAL SOLUTION 

11 CON.TINUf 
CALL CA5EA2(JMAXtKTl 
IF(KTl STOP 
GO TO 10 
E"'D 

SUBROUTINE ~~AOIN c 
C••••OOOOO~O~OO*OOOOOOOOO~VOOOOOOOO~OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO*~ 

C THIS SURROUT!NE DOES THE F OLLO~ING : 
C 1. PEADS AND PRINTS INPUT DATA 
C 2. FORMULATE LlN~AH PHUGRAMMING PROHLEM IN STANDARD FORM 
C 3, PRINT STAN0Ah0 FOHMULATION 
c••••••••••••••••••~·····~~~··••••••••••••••••••••••••••••••••••••••••••••••••i c 

c c 

c c 
100 

97 

9997 

DIMENSION X011Sltl!l5o2~l 
COMVON/CONST 1/NtNFt ~ ti<E 

.d:.O.MM.Q.Ili.LC.Qii_S T c/N u..t/£• N3 t N4, N5, NJ>--
COMMON/CON !>T- 3/ EP SY t 1':.,-sT.t; J>SCOo i;PSO 
COM~ON/KONST 1/IFHEQ 
COHHON/~'<LOCI< l/CAI15l•AAI25t25ltR(l5ltfi(l5tl~ltDil~tl5l 
COMMON/CONST H/KOUNT,NIMAX 
COMMON/CONST 7/IPAINT 
COMMON/RLOC~ 2/X(25lo!TYPE115l 
PRINT 9999. 
•••• READ PRORLEM DIMENSIONS •••• 
READ lOOt NtNFtKtKE 
FORMAT(4I4l 
••• ,CHECK P~OHLEM DIMENSIONS •••• 
lF(N.GT.?S,OR.~.GT.lSl PPINT 97 
FOR~AT(!Hl,T5t*LIMIT EXCEtDEDOt//T5t*NMAX=25tKMAX=lS•l 
If(N,GT.25.0R.K.GT.l5l STOP 
PAINT 9997 
FORMATIT~t*PROBLEM DIMENSION OoKo*l 

(.N ,_. 
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c c c 

c 

c c c 

101 
1 0 

102 
103 
104 
105 
106 

•••• ~ f}"J["i J.l···· 
READ 101, !CA !Il t!TYPEII>.I=loNI 
FORMAT (8!'3A,O,J2) I 
1)0 1 0 I= 1 • K 
kEAO 10?, (AA (I •JI •J=l•Nl 
~~~bAI~~?~~(~~ ~I=1•KI 
FCRMAT!10C.~.OI . 
IC<EAO 104o(X0!IItl=!.NI 
FQR .. AT (10(;~,0) 
PEAO 10~, fP~YoACCtNlMA~ 
F0R"'AT!2~'!.0o!31 
READ 10~, IPRINTolFREQ 
FOR1'4T!2I21 

,,,,OEFI~E TOLERANCE ~ARAHETERS,,,, 
NN=Ml"0!10tNI 
SUt.iC=O.O 
00 91) l=l•N'I 

9~ SUMC=SU"C•CA!ll 
AVERC=SliMC/FLOA T ( NN) 
EPSV=ACC 0 4VERC 
SUMX:O,O 
DO 115 T=1o~N 

95 SUMX=S UMX+XO!II 
AVERX=SUM(/fLOAT(~NI 
EPSD=ACC*AVEPX 

~ . -
'-<'-=~F•I 
NS = N ·o(~·l 
,..~~= (~·~)- (~! F+t<. E l 

PRINT I NPUT DATA 
PRINT oqoq 

9999 FCR~AT(///T5o120!1H 0 It///l 
Pi-I!Ni <;09fl 

9998 F O~ YAT!T~o*LINEA R PROGRAMMING*! 
PPI'<T O'J99 
PWI,..; T l GQ 

190 F C ~vtT!l~J,T~• 0 lN~UT OATA 0 1 
~'~I"T '1"9" 
~~~'~T ? 00 tf~, NF,K , KE 

200 Fo~~AT (/ ///T5o 0 TOTAL "UM~EP OF ORIGINAL VARIAHLES*tT40••N=*tT~Ot 
1!3//TSo•NUM~EP OF F~EE ~'kiA H LES•oT40tUNF= 0 oT~U,JJt//T5t•TOTAL NUM 
s~ER ~F fO~STPAJ"Ts•,T•U••K=•,TSOtlJ//T5t 0NUMBER Of EQUALITY CONSTR 
3AINTS 0 tT4~,•KE= 0 oT50o!31 
PPp, T 20 1 

201 F CR~Al (t///TSo•! NDEX•,T~Bt•COEFFICJENTS•oT45tofYPE OF VARIABLE•• 
1Th5o 0 l~TTIAL SnLUT!ON°1 
>'R!"T 202 

202 F 0P "AT(/ /T7 o•! 0 tT 3 !t°CA(JI••T49o•ITYPE(li~,T7lt•XO(I)o) 
PRJ~T 210 • !IoCACilolTYP[({)oX0(!1oi=1tNl 

210 Fcq~LT!//T5t!3oT2~•GI2.~tTS£tiltTb7tGl2,51 
P'>!I\.T 2:'17 

237 F Qri v~T()>o////1 
P<>I,:T 2 C3 
P>IJ"T 209 

209 FOP~AT(//T8o•I•tT34,~~(II•,T8bt•AA(!,J)O) 
DO 20 I=l•t< 

20 P><INT 204, I•~(J) t !AA(ltJI oJ=l•t~) 
203 FO~~AT!!XoTS,o co~S T~~INT•oTJO,•~IGHT HAND•tT70toCOEfFICIENT MATRIX 

S OF C0f',ST~A!NTS~/T5,o,uwPfP~,T30o•SIOE•I 
204 FCP~AT(J~O,T6oi3oT29oGl2.~·1/T~5,7Gl2.511 

~H!~T 20~. £PSY,ACCoNl~AX 
205 FOQ~AT!///T5o°COI< T~0L ?lkA~~TEHS•o//T5t*EPSY=••TJUtGl2.~•/T~t*ACC• 

S 0 oT30•G12~5t/TSt•~I~•a=•tT4Uti31 
PRINT 20~, IPRINT•IFREQ _ 

l06 FOR~~T!///T5,•PRI~T CONTROLS•t//T5t•IPRINT=••T40ol3t/T5t•IFREQao, 5T4Q,J3l . 
PRINT 9999 

c c DEFINE AUGMENTFD COEFfiCIENT VECTOR OF OBJECTIVE FUNCTIONt CACilo 
O<Y 31 I=NltN2 

c 

c c c c c c 

c c c 
c c c 

31 CA!!I=O,O 
DEFINE AUG~ENTfD COEFfiCIENT ~ATRIX AA!ltJl 
DO 40 I=1•t< 
00 42 J:NltN2 
IF!J,EQ,N+II AA(J,JI=-1,0 
IF!J,Nf.,N+II AA!IoJI=U,O 

42 CONTINUE 
40 CONT!NUf 

CALCULATf SLACK VARIABLES ASSOC!ATEO WITH INEUUALITY CONSTRAINTS 
DEFINE ARRAY OF VARIA~LESt ORIGINAL AND SLACK 
QR!GJNAI VARI.A.I;I.b.& 
DO 50 I=I tN 

50 X!II=XO!II Nto.A 
~ VARTAHIESt EQUALITy~~

DO 60 I=N1 tN3 
60 X!Il=O.O 

SLACK VARIABLESt JNEQUA(ITY CONSTRAINTS 
-.,.1-F-.{-!<-F-.. E-O...K l G 0 T 0 1 0 0 0 

DO 70 I=N4tl< 
J=1 
Z!IoJI=O,O 
DO 71 J=1 tN 
J1=J•l 

71 Z!ItJ11=Z!ltJ)+AA!ItJ)O,li(J) 
II<=N•I 
X!It<I=Z!ItJI-R!II 
CONTINUF 70 

1000 c CONTINUF 
c c PAINT STANDARD FORMULATION 

IF!IPNIN1.Ew.Il RO TO 2607 
P~INT ~00 

300 FORMAT!1H1,T5t•INPUT OATA IN STANDAHO FORHULATION•) 
PRINT 301 

301 FOR~AT(!Xo///oT5, 0 INGEX 0 oT 2 ~o 0 0HJ~CT!VE FUNCTION•tT45t•TYPE Of VAH 
SIA8Lf. 0 ,T65tOINITIAL SOLUTION••IT2do~COEFFICIENTS•t//,T7o*I*•T31••C $A!II••T49,•ITYPE(!l•,J7l,•X(II•) 

PRi f', T 302o !ItCA(J),JTYPE(IloX!Iloi=ltNl 
302 F OR ~AT !1Xo/o(/T4,I4,T2d,Glt.~,TS~.I1oTbbtGl2,~1l 

PRINT 303o !ltCA!lloX!II •I=N1tN21 
303 FORMAT!1XtT4oi4oT2~•Gl2.~tTbdt G l2.51 

PkiNT 304 
304 FORMAT!lHOo//,TS,uco~STRA!NT*oT 30o*~ l6HT HAND 0 oT70••COfFFICifNT MA 

STRIX OF CONSTRAINTS 0 /T5o•NUM6ER 0 ,T30t 0 SIDE 0 •/T/,•I•,T33t 0 R!II•• 
STH~t•AA!I•J)O) 

90 
305 c 

DO 90 I=ltK 
PRINT 30~ti•R<!lo(AA!ItJltJ=1tN2l 
FORMAT!1HOtT5t!3tT29oG12,5,(/T45t7G12,51l 

2607 CONTINUF 
RETURN 
ENO 

c 
c SUBROUTINE PART 

c············~~······················~····~·····················o•··········· C THIS SURROUT!NF MAKES THE PA RTITION OF ~(II INTO : 
C I. K STATE VARIAAL£St NS!llt FKEE • NON.NE~ 
C ?, N DECISION VARIABLES, ND(JI• lEROS + NON,N(G c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 

LOGICAL INS 
DIMENSION JMAX1!15l 
CCMMON/CONST l/NoNFoKt~E 
COM~ON/CONST 2/NitN2tN3•N4oN5tN6 
COMMON/ALOCK l/CA!I51tAA(~5t2~ltR!l5lt8115t15lt0(l~•l51 
COMMON/CONST 7/IPRINT 
COMMON/BLOCK 2/X1251tiTYPEt15l 
COMMON/BLOCK 3/NS!151tNUC151tNN(2~1 

Vl 
N 



c c 

c c c 

c c c 
~ 

c c c 

c c c 

110 

111 

113 

109 

115 

114 
112 

120 
129 

122 

121 

400 
401 
402 
403 
404 

2607 

· !JE~PTE APQAY OF NON,NB> I/ARIA8LEStNNCJ) -
J=1 
I=1 
00 110 L=1olli 
IFI!TYPECU,EQ,OI NSIII=L 
IFCITYPEILI,f.O,OI l=I•l 
IFIITYPECU,EQ,ll NNIJI=L 
IFIITYPEILI.EQ,11 J=J•l 
CG,.,TINUE 
DO 111 L=N5•N2 
N~IJI=L 
J=J•l 
CONT! ... UE 
SELECT NON,NEG VARIABLES OF tARGEST NUMERICAL VALUE TO BE STATE 
liAR TABLES 
JJ=l 
J"'AX!(!l=O 
CONTINUE 
..... ~~=0,0 
JI'AX:O 
00 112 L=1ol';l'. 
!~S=,F4LSE. 
DO '109 !J=l•JJ 
IFII\NILI,[Q,JMA.r.li!JII I"'S=.TRUE, 
CCNT!I'<UE 
I F·l I"' S l 60 T 0 1 lit 
!FIX!NN!Lli.GE.XMAXI GO TO 115 
GC TC 114 
CO~TI NL•F 
X>·AX=X 1!\:lll(L)) 
JI'AX:r-.N(L) 
cr. ~ TINUr 
CO~IT yr.uF 
NS I I l =J>•4X 
JI-'4X11JJI=J"'4X 
J..J=JJ•1 
I=I•1 
lFI!.LE.t<l GO TO 1I3 
CCI.TJNUE 
SELECT PEM4INING 1/AKIAnLES TO BE DECISION 1/ARlASLtS 
SELECT ~LAC~ IIA~!A~LES OF EQUALITY CONSTRAINTS I ALL ZEROS> TO 
~E DECISION 1/ARIAHLES 
J=1 
IF!~F..EQ,OI GO TO I29 
00 120 L=N1tN3 
lliDIJl=L 
J=J• 1 
CO•lT I'<U~ 
CO~HINUE 

SELECT Rf~A!NING NON.NEG VARIABLES TO SE OECISIQN VARIABLES 
DO 121 L=1 oN6 
DC 122 1=1•1< 
jF(,~ILl,EQ,NSIIII GO TO 121 
CONTI NUf 
NOIJl=NN(L) 
J=J•1 
CONTI,.,UE 
PRINT TtRLf OF CORkESPONOENCE 
IF;JPRIIIiT,£0,11 GO TO 2607 
P ~ ' I" 7 4 0 0 
FC~~AT(!M1oT5oOTARLE OF COR~[SPONDANCEOo///) 
""l"T 401 
FQPuAT(T~o•STAT[ VARIA8LfS•o//oT5t•NSIII•oT30oOX(NSCill 0 ) 
PRINT 402,JNSIIl,XINSIIlloi=ltKl 
FOw~ATCT1,JJ,T3loGl2,5l 
PRir-.T 403 . 
FOR~4TIIXo//oTSooOFCISION VAHIA8LESO,//tT~o*NOCJI•tT30t•XCN0(J))O) 
PRI~T 404o(NQIJloXINDIJll•J=1tNl 
FOR~4T<T7t!3oT3ltG1Z.~l 
CONT!,..UE 

1,; 
Y=O.O 
DO 1100 I=1•N 

1100 Y=Y•CAIII•XIll c . 
C PRINT INITIAL VALUE OF ORJECTIIIE FUNCTION c 

PRINT 1103oY 
1103 FOP~ATI1Xt///tT5o 0 INITIAL VALUE Of OHJfCT!Vt fUNCl!ONtY•••T~O• 

SG 12. ~ •II /l 
PRINT 99<19 

9999 FOR~ATC///T5t12011H0 Io///l c c 

c c c 

RETURN 
END 

SUBROUTINE P4kT AA c 
c•••••••••••••••••••••••••~•·•••··~••••••~•••••••••••••••••••••••••••••••••••••~ C THIS SUPROUTINf MAKES THE PARTIT!uN Of AAIIoJl INTO 
C 1. THE ~°K COEFFICIENT HATRIX rllloJl OF STATE VA~IABLES 
C 2, THf K~N COEFFICIENT MATHIX OII•Jl OF DECISION VA~IASLES 
c•····················~···~·••uooooooooooooooooooooooooooooooooooooooo••·······i c 

c 

c c c c 

c c 

132 

134 

I33 

135 

131 

CO~HON/CONST 1/NoNFoKoKE 
COHHON/CONST ~/NloN2oN3oN4oN5oNb 
COHHON/\.ONST 7/IPHINT 
COMHON/RLOCK 1/CAI1SloAA.(t:So25ltRI1Sltl:li1Sol5ltOC15t15l 
C0HHON/8LOCK ~/XC25loiTYPE<1Sl 
COHHON/BLOCK 3/NSI1~ltNOI!SloNNI251 
COHHON/ALOCK 4/GAMSC15ltGAH0Cl5l 
IJ=1 
JJ=1 
JS=1 
JO=l 
I=l 
DO 131 ..1=1 oN2 
DO 132 IS=l•K 
IFIJ.EO.NSIISll GO TO 133 
CONTI NUF 
DO 114 I=1•K 
DIIoJDl=-AAIItNOIJJll 
CONTINUE 
JJ=JJ•1 
JD=JD•1 
GO TO 131 
CONTINUF 
00 135 !=1oK 
BIIoJSl=AAIItNS(IJll 
CONTINUE 
IJ=!.J•1 
JS=JS•l 
CONTINUE 

PRINT PARTITIONED HAT~ICES b(IoJI AND CIItJl 
IfiiPRTNT,EQ.1l GO TO 2b07 
PRir.T 500 

500 FORHA1(1HloTSo~COEFFICI£r'T HAT~IX OF STATE VA.HlABLES 8(1tJSl•o//l PkiNT 501 . . 
503 FOR~~riT7oOIOoT80t~rl(IoJS)O) 

DO 50 1=1 ot< 
50! PRT"'T 502, !t (fl (I tJSl oJS=1tKI 
502 FOfi"iAT ( H<Oo r5t J], 1/TZ~otsr.lZ.Sl l 

Pi-qii:T 'i05 
505 FOR~ATI1Xt/l/tT5o°CUEFFICIENT MAT~IX OF DECISION VARI4tsLES DlioJOl s•' Ill PRINT SOt> 
506 FORH4TIT7t 0 I•tT80oOO(IoJD)o) 

DO 507 1=1•K 
507 PRINT 508, I, (0(!tJDltJn=1•Nl 
508 FORMATilHOtT5tl3tCIT2~tdG12.5ll 

2607 CONTINUE 

RETURN 
END 

tN 
tN 



c SUB~OUTI~E IOELTAILS~LOl 

c··········•ooooooooooooooooooooooooooooooooooooo~oooooooooooooooooooooooooooooo 
: THIS SUGP0UTINE C~LCULATF~ THE DELTA COEFFICIENTS 8Y GAUSS ELIMINATION 
C A ~E~ PA~TITION IS TRIEU IF THE JACOHIAN IS SINGULAR c••••••••••••4•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 

31 

-c 
32 
33 
34 

2&07 

c c 
c 

CCu~oN/RLOCK ~/BETAI1 ~ >•0ELTAI15t15ltVI15l 
Cc~~0N/CONST 1/N,NFtKt~[ 
ccu~ON/CDNST 9/IDETtKPRINT 
ccuwON/~LOCK l/CAil~l,AA12~•25)tR(l5l•RCl5•1~ltDC15,15l 
~PR!NT:l 
ICET=l 
F.PSA•0.001 
CET=O.O 
EPSOET=0.001 
CONTINUE 
C~LL GAUSSIK,~,fPSAtOtOETtNtDELTAl 
IF(AGSf DETl.LT.EP5U ETl CALL N[~PARCLStLOl 
IFIAGSi uETl.LT.E?SuETl GO TO J1 
• • • • PRINT DE.L TA I ltJl. ••• 
1Ff~PAINT.EQ.1) GO TO 2&07 
P~II'.:T 32 
F CR~ATIJX,/1//,TS,•DELTA COEFFICIENTS•) 
DC 33 !=1•11' 
PRINT 34• I, !DELTA lltJltJ•loN) 
F C A~ATf!HO,TS•I3•1/TJu,10G12.~l) 
CO!-;TJNUE 
;:;ETU'IN 
E"D 

S~BAOUTINE GAUSSINtA•EPSA,RHtOETtiNOE.~RtXl 

• ••••••oooooooooooooooooooo~oo o ooo~•••~•~ooooooooooooooooooooooooooooooooooooooo 

~ THIS PR OGRAM PERF ORMS THE GAUSS ELIMINATION ON A QUADRATIC MATRIX 

-c c c c c c c 
: 
: 

~ 

c c c 

uuLT!PLIERS ARF STORED IN THE ORIGINAL MATRIX 
T~E OETFA~I~A N T IS C O ~PUTEO IF IDET IS DIFFERENT fROM 1 
••• INPuT Pa Q,YETERS •~u DATA •••• 
~ O ~ D ER OF ~AkT!X 
A ~CI\J l • '."< i'A rJ>.I t.l!C MATRIX 
E SA:T CLF~A~C E P AR AM ~ TtR 
~ =~&l ~ !K 0P ~ I G HT H A~J 5IOE S-NUM~fR OF RHS•NU~8ER OF COLU~NS 
D T: 0 ET~ ~ ~~ ~ a N T OF OU A 0 ~AT J C MAT RIX AII•Jl 
I DE J Q : 'J t! ~ ~~ P OF WIGhT HAN D Sl OES 

I C ET=C O~ T ROL PA RAMETER. IF IOET=l• THE DETERHINANT IS NOT CALCULATED. OTHE 
R ~! 5 E IT I<; 
~PRINT=rn~T~ O L PA R A~ ~ lEH. IF KP RINT•1 ONLY INPUT DATA AND SOLUTION IS PRIN 
lED. O T ~f A •ISE ALL I NTf KM EO IATE RESULT S ARE PRINTED. 

•••••oo••••~ ~ ooooooooooooooo~~oooooooo o ooooooooooooooooo••••••***************** 

DI~ E~S I ON AI)S,J 5 lt R ~I l S.1Sl,XIl~•l5l 
C!~~ ~ S! G N A011~tlSl,ROI15loMil5t15l•A(15l 
~ ~~ E~ SI O ~ P OLI1~·15 l 
C C ~~ CN /C ONST 9/IDETtKPRINT 
PEA:_ "' 
1"=1 
KCU "J T=O 
CONTlNIIE 
"1=~·1 
IFIAqS(AIK•~ll.LT.EPSAl GO TO 10 
GO TO 20 

10 CCNTINUIO 
•••• I(K,K):O, INT~RCrlA NGE RO~S ••• • 
DO 11 !•K1,N 
IF I~ I I, ~ ) • NE • 0. 0) GO T 0 12 

ll CC!'<T!NUE 

ALL ACitKl ARE ZEROt THE MATRIX IS SINGULAR 
PPINT 9 

9 F0~~4TI1~0,T5t•1Hf COEFFICIENT MATRIX IS SINGULAR 
DET=O.O 
RETURN 

lZ CONTINUF 

RETURN OET:oO•l 

c 

c c c 

c 

c c c c 
c 

c c 

c c 

13 

I• 
20 

22 

21 

50 
51 
52 
53 

54 
55 

2607 

5 

NOT ALL Al!tKl ARE ZERO, INTERCHANGE ROWS I AND K 
KOUNT•KOIJ'<T•1 
DO 13 J• KtN 
AO(KtJ)•A IK• J ) 
A(KoJ)•AiltJl 
4(ltJ)•AO(KtJ) 
CONTINUE 
00 14 L=l•INOEXR 
AOL I K•Ll •Rfl IK•Ll 
AR IK•Ll =RR II •Ll 
RA I I•L l•RDL IK•Ll 
CONTJ NUf 
CONTINUE 
•••• AIKtKl IS NOT ZERO, PERFORM GAUSS OPERATIONS ••••• 
DO 21 I=KltN 
M( I tKl•A II•IO/A (Ktt<) 
DO 22 J•t<tN 
A (I • J l =A I I • J) _,.,I I • K) 0 A I K, .J l 
CONTINUE 
STORIO HITtKl IN THE MA~TIX A 
A ( I • '<) •H I I • K) 
ARIIo1l=RR(!,ll-MiltKl"RRIKt1l 
CONTINUE 
K=K+l 
Nl=N-1 
IFIK.LF.~Jll t;O TO I 

MATRIX IS ~JO W UPPER TRI11 •1GiJLAR 
PERFORM t;AU SS OP E RATION ~ TO OdTAIN A DIAGONAL MATRIX 
IF (KPRI NT . ffl .l l GO TO ci>O 7 
PRI NT UPPER TRIA NGULA R MAT RI X ••• 
PRI NT 50 
FO RHATI!H1tT5t<>UPP~R TfiibNGULAR HATRIX AND k!GHT HAND SIDES•) 
DO 51 I=ltN 
PRI NT 52• lA I I •Jl ,J:J, ,~) 
F O R~AT(}HOtTS,f/TStlOGlc.~)l 
PRINT 53 
FO RMAli!X,///tT5t 0 RIGHT HANU SIDES<>) 
DO 54 I=l•N 
PRINT 55• (AH I I ,J) •J=l•INOE XRl 
F O~ MATilHO,TSti/TS,10ul2.~)) 
CON TINUF. 
K• N 
IFIA~SIA(K, K ll.LT.EPSAl ~HINT 9 
IFIA BSIAIK• Kll.LT.E.PSAl CET•O.O 
IFIARSIAfKtKll.LT.EPSAl RETUkN 
CO NTINIJF 
Kl= K-1 
00 6 L=lt t< l 
J=K-L 
H(l, K) =A llt Kl/A IK•Kl 
DO 7 J= K• N 
AIIt J l•biitJl-MIItKl 0 A(K,Jl 

7 CONTINUE 
STORE M(l,J) IN AIItJl 
AII••O•"'IItKl 
RR(J,ll=PRII•1l-MII•Kl*RPIK•1l 

6 CONT!NUF 
K•K-1 

30 
2608 

IFIK.GE.2l GO TO S 
•••• CALCULATE DETERMINANT •••• 
IFIIDET~E0.1l GO TO 2608 
DET= Aildl 
00 30 L=?.tN 
DET=OET<>AfL•Ll 
CONTINUE 
DET=DET•CI-l.Ol••t<OUNTl 
CONTINUE 
IFIIDET.EQ.ll DET•37. 
IF<INDEXR.EQ.1l R[TUHN 

tN 
.p.. 



~~ 
K1=K•1 
DO 43 I=K1 till 
~~II•Ll=~Ril•Ll•ACltKl*RRCKtLl 

43 CCNTf"Uf 
42 CONTIIIIUf 
40 CONTINUE 

DO 47 L=2t!NDEXR 
K=N 

49 CONTINUE 
KI=K-1 
DO 4!! Nt~ =1tK1 
I=K-"1'1 
RRCitL):RRCitLl•M(ltKl*HR(KtLl 

48 CU"'TII'<UE 
K=K-1 
lF(K,GE.2l GO TO 49 

47 CONTrNUF c 
C •••• CALCULATE SOLUTIONS XII•Lt,,,, 

DO 60 L=1•I~'<OE•R 
DO 61 1=1•~>~ 
X(J,Ll=RR(ItLl/AIItil 

61 CO"'Tl'iUF: 
60 CONTI,UE 

RETIJRI>I 
EI'<D c c 
SUAROUTI~E l>lfWP~~ILStLDl 

c•••••o•oooooooo~00004000000000000000000 oooooooooooooooooooooooo•••••••••······· 
C FI~ST PAPTITION RESULlED IN A SIN~uLAH JACOtilAN 
C CHA.., GE P~ ~ TITION• SIMP LEXING A STATt ANU A UECISUUN 
C CALL PA PT ~A• AND CON TINUE ALGORITHM wiTH THt NEW PARTITION 
c••••~·······~•••••••••••••••••••••••••••••••••••·~··~•••••••••••••••••••••••••• c 

C O ~~ ON/CON ST l/1\ioNF,KoKE 
CC~w ON/PLOC~ 2/X(~~I•ITYPE(l5l 
CO~~ON/CO~ST 7/IPHINT 

c CO~wON/FLOCK 3/NS(l5ltNU(l5loNN(25l 
IF!IPRINT,F:0.1l GO TO 2617 
PRINT 7 

7 
2617 c 

FO~~ATflHloT5t*THE JACOoiAN IS SINGULAR, TRY A NE~ PARTITION*) CONTIIIIUE 
c c SIMPLEX FRO~ HIGH TO LO- INDEX 

LS=LS-1 
c 

c 

L ~ =Ul -1 
IF IL S . f.u .Ol GO TO 10 
IF I L f'. f'l . 0 l GO T 0 I 0 
LSS=NS(L<;J 
LCD=•ID IL[ll 
NSfLSl=LOD 
' ID II_Dl=LSS 
G0 TO 11 

10 CCNTINUF 
PF-!NT flO 

eo F O ~vAT11X,///oT5t*TH~ JACOHIAN REMAINS SINGULAR fOR ANY PAATITION 
'~-• ST OP•) 

ST O» 
11 CC'NT!NUE 

IFIIPHINT.F.O.ll GO TO 2b07 
PkiNT HI• L~•LD 

81 fOQuATIIXo///tT5, 0 LS=••T10oi3tTI5o 0 LD=*•T20ti3l 
C PRI~T T~PLE OF CONHES~ONDANCE c 

PRI ... T 1<~05 
1905 F CKu~TIIH1tT5t*NE~ TA~LE OF CORRESFO~OANCE*t///1 PRP 1T lC O'J 
1906 FORwATITS,•STATE VAwiA~LES•o//,T~t•l••TlOo 0NSIIl••Tl7t•X!NSIIll*// 1) 

FR!NT 1907•1IthS!IloX(NS!llltl=ltKl 
1907 FO~wAT(1~0oT6t!3tT11tl3•T1~t612.5l P><INT }<IOd 
1908 fON~AT!lXo//ltT5t*DECISION VARIABLES•t//,Tijt*J*tT10t*NOIJl*tT17t*X 1 (i'oQ(J) )*o//) 

PRINT 1<;09, (JoNO(J) •XINO!Jl l tJ=1•'•l 
1909 FO~~AT(1HOtT~t!3oT11•I3tTl5tG12,5l 
Z607 CONTINUF 

c c c 
c SUBROUTINE CONDER 

c••••••••••••••o••~·········~*·~··············································· C THIS SUPAOUT!N~ CALCULATES THE CONSTRAII'<EO OEHlVITIVES VC~l OF THE OMJEC 
C TIVE FUNCTION wiTH RESPErT TO THE 40N·NtGATlVE UECISION VARIABLES 
C CONSTRAI NED DERIVATIVES ~.P.T, ZE~O-SLAC~·VAHIA~LtS ltOUALlTY COI'<STRA!NTS C ~HE SET AT ZFN O 
c············································································•c c 

c c c 

162 

160 

DIMENSION HELP(l5ol5l 
COM~ON/CONST 7/IPRINT 
COMMON/FLOCK 3/NS()~ltN0(15ltNN(25J 
COM~ON/PLOCK 1/CA(l5l tAA(~5t25ltR(15ltRI15•l5l•Dil5t15l 
COMMON/CONST 2/Nl•N2tN3tN4tNStN6 
COMMON/CONST 1/NtNFt~tK£ 
COMMON/PLOC~ 5/HETAI15JtOELTAI15t1SloVC15l 
COMwON/PLOCK 2/XI25ltiTYPE(l5l 
COMMON/CONST 3/EPSYtEPSVttPSCOtEPSD 
N5=~E•l 
00 1~0 J=N5•N 
HELP(1•Jl=CA(N5(1ll 0 DELTAI1tJl 
DO 162 T=2•K 
HELP!ItJl=HELPIII-1l•Jl•CAINSIIll 0 DELTAiltJl 
CONTINUF 
I=K 
VIJI=CA!NO(Jll+HELP(I;J) 
IFIARS!V(Jll.LT.EPSVI V!Jl=O,O 
CONTINUE 
PRINT CONSTRAINED DERIVATIVES V(Jl 
IFIIPRI NT,EQ,ll GO TO 2b07 
PAI NT 900 

900 f0NMAT!1H1tT5t*CONSTRAINT OENivATIV~S V(Jl*l 
P~INT 901 

901 f0RMATI1HO,//tT5t*INOEK Of DECISION VARIAMLE 0 tT40t*CONSTR&INT 
SOER!VATIVE*t/loT17•*J 0 tT48t 0 V(Jl*t///l 

PAINT 9~2oiJoV(JltJ=1•Nl 
FOAMAT!Tl5oi3•T44tG12,5l 90Z 

Z607 c 

c c c 

CONTINUE 
RETURN 
END 

SURROUTTNE KUN TUCI~Tl c 
c•···························*··········••oo~oooooooooooooo•··················~ C THIS SURROUTTNE CHECKS THE KUH N-TUCKEH-CONUITIONS : 
C I. KT-CONOITIONS SATISfi£U : HETURN KT=,T~UE, 
C 2. KT·CONUITIONS NOT SATISfiED : HETUHN KT=,fALSE, c 
C IF THE QPTIMUM IS R[ACHEOoioE. If KT=.THU£., THE OPTIMAL SOLUTION IS PRIN 
C TED 
c··········································~o·••••o~~·························· c 

c c 
1109 

1000 
-. 

LOGICAL KT 
DIMfNS!ON YSTAP(~Ol 
COMMON/CON 1/NSTAR 
COM~ON/CONST 1/N ,NF,K,KE 
COMWON/CONST 3/EPSY•E~SVoEPSCO,EPSD 
COMWON/PLOCK l/CA(l5ltAA(25t25ltR(15loHI15tl5lo0(15tl~l 
COMWON/CONST 7/IPRINT 
CO~MON/CONST 8 /KOUNToNIM~X 
COM~ON/ P LOCK 2/XI25l oiTYPE115l 
COMM ON/PLOCK 5/8ETA(l5 l t0ELTAI15•15loVI15l 
COMMON/~LOC K 3/NS(l5ltN0(15loNN(2Sl 
•••• COUNT ITERATIONS,,,, 
KOUNT • KOUNT•1 
IfiKOUNT,GT.NIMAXJ PRINT 1109 
f0RMAT(///T5t 0 MAXIMUH NUM~F.H Of ITERATIONS EXCEEOEO.STOP•l 
IFIKOUNT.GT,NlMAXl STOP 
N5=KE+1 
00 1000 J=•6tN 
IFIXINO!Jll.GT,EPSD.ANO.A~SIV(Jll.GT,EPSVl ~0 TO 1001 
IF (X (NO !Jl l .LT .EPSD.ANO.v<Jl ,LT, 1-EP~vl l .uO TO 10U1 
CO~TINUE 

Vol 
lJ1 



o.T:,F'ALSE. 
1002 COr.TINUf c 

IFC!PRI~T.fQ,ll GO TO 2607 
C PI<!NT KT c 

PR! ... T 1003o t<T 
1003 FC~~tTClHloT5o°KUHN-TUCKFw CONDITIONS 

SFIEO IF ~T=F 0 o//oT5o°KT= 0 oT15oL7l 
26·07 CONT I"'UE 

SATISFIED If ~T•To NOT SAliS 

c c CALCULATE VALUE OF O~JECTIVE fUNCTION 
Y=O.O 

1100 c 
DO 11 0 0 I= lo N 
Y=Y+CA (J l •X (I) 
,,,,If THE CHANGE OF Y IN THREE ITEHATIONS IS LESS THAN EPSY I c c c 

c 
c 

OEF! NE t<T=.TRuE. 
YSTA"C'lST4'll=Y 
IFCN~TAP,Lfo3l GO TO 10 
DELT4Y=A~SCYSTARCNSTAwl-YSTARCNSTAR-3ll 
!FC OFLTAY,LE.EPSYl KT=.TRUEo 

10 CO'<Tl"'UI' . NSTA'l=NSTA'l+1 
IFC.NOT,KTl RETURN 

C PRINT OPTI~AL SOLUTION c 

c c c 

PI<INT 1101 
1101 F C ~u~Tr1Xo////oTSo 00~TI~~L SOLUTION°o///oT5•*I*oT10o*XCI)•l 

P'<l'IT IJn?dl•XCiltl=l+N) 
1102 F ~ ~ ~eTrl~ O .T3oi3oT6oGl2.~l 

P'l J.; T 9'1<19 
9999 FO"~ATC///TSol20C1H*lo///l 

PRJ"T 1!03o Y 1103 F0"~lTC1Xo///oT5o*~INIMUH VALUE OF ORJECTIVE FUNCTIONoY~o,T50oG12o 
55) 

P'l!NT 9999 
P"!NT 1104• ~OUNT 1104 F0ouAT!///TSo 0~U~BER OF ITERATIONS =•oT30oiJl 
;:.~ IU 9999 
>< ET U ~N 
Et.;) 

SLS• OvT!"E YAXVCIV~uSoJ~~X) 
c 
c•••••oooo~••ooooooooooooooooooooooooo*ooooooooooooo•ooooooooooooooooooooooooooo 

C THIS SUQP QUTI~E FlhDS THE NUME RIC•LLY LAMG EST CONSTRAINED DERIVATIVE VCJ) 
C IF VCJl IS POSIT!Vl• IVPOS=.T NUE. 
C IF VCJl IS NE GATIVE• !VPOS=oFALSE. 
C IF T~E 0f CIS! ON VAkiA~LE I S ZEN O.A NO THE CONST>lAINED DERIVATIVE IS POSITI-
C VEo T~EN T~E NE•T LA MG EST CONSTRAI~tD OERIVATIVE IS FOUND 
c•••••oo••~•o•~·*••oooooooooooooo~~············································· c 

c 

LC :; It:AL IVPOS 
c o u~ QN/~LDCK 5taETAC15loOELTACl5o15loVCl5l 
CC~u ~~/C CNST 7/IPRINT 
C ~ ~u c ~ICONST 1/No~to K o~E 
C C ~u Q~ /PLOCK 2/XC25lo!TYPEC15l 
C O ~~n~/HLOCK 3/NSC15loNDC15loNNC25l 
JI'A~=O 
~"AX:O,O 
k':=<~·l 
(' 0 17 00 J:N5oN . 
r•r~('•flCJll.f(,.O,U.Id'; O.VCJloGT.O.Ol GO TO 1200 
!FtA"SCV(J)l,GT.AEIS(V"1AXl) GO TO 1201 
50 TO 1200 

1201 CCo.;TJNUE 
V!'A'/.:V(J) 
JI'AX=J 

1200 CO,.,Tl'-UE 
C E~~ OF LOQPo V"1AX=VCJ"1AX) AND JHAX DETERMINED 

IFCVWAX.GT,O,Ol IVPOS=.TRUEo 
IFCV~AX,LT.O,Ol IVPCS=.FALSE. 

C OI<IGI~•L INDEX OF VARIA6LE TO BE CHANGED 
!P=II.;)(JM~Xl 

c c c 
c 

• • '"' ' . , ... ,.., -o e\ . ...-.&1 UV IV t:.UVI 
PkiNT 1710 

1210 F0k"1A1(1H1oT~o*NUMERICALLY LAHGEST CuNSlRAINT O~klVATIVEt AND VAHI 
$AeLE TO BE CHANGED*•///) 
P~INT 1211• V~~X 

1211 FOR~ATCTSo 0NUMEkiCALLY LARGEST CONSTRAINT DEHlVATlVEo VMAX••oTbOo $Gl2.5o//) 
Pk!NT 1213• IP 

1213 FORMATCTSo*VARJABLE TO ijf CHANGE0lXCIPl=XCND(JMAXllolP=••T66oi3o/l 
PRINT 1215o JM~X 

1215 FOR~ATClXo/oT4 6 o 0 JMAX= 0 oTb6ol3o/l 
PAINT 1216• XC!Pl 

1216 FORMATCT4~•*XC!Pl= 0 oT60oGl2,Sl 
PRINT 1214• IVPOS 

1214 FOR"1ATC!Xo/TSo 0 IF VCJHAX) IS POSITIVE• tVPOS=.THut.•,/T~, 
S*IF VCJI'AXl IS NEGATIVE• IVPOS=.FAL~E.*•//oT5o•IVPOS=*•T66oL3l 

2607 CONTINUE 
RETURN 
END 

SUBROUTINE CASEAI(!CASEl,JMAXol"11NoAMINl 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C THIS SURROUT!NE DETER"1!NF.S WHETHER : 
C 1. A DFCISION VANIA~LE GOES TO ZEHO : CASt Al•BI ICASEl=.TRU~. 
C 2. A STATE VAHIAEILE GOES TO ZEHU : CASE Al,~3 ICAS£1=,FALSE, 
c•··························~•oooooo•o••••••oooooooooooooooo~·················· c 

c c c c 

c 

LOGICAL ICASfl 
UIMENSION ACl~l 
COMMON/CONST 1/NtNF• K • ~ E 
CO~MON/P.LOC K 2/X(25loiTY~ECl5l 
COM~ON/CONST 7/!PkiNT 
CUM"10N/8LOCK 3/NSCl5loNUC15loNN(2~l 
COMM0N /RLOC~ S/ofTArl5loDELTACl5•1~l.VC15l 

BY OELTAC!oiPl IS ~EA N T OELTACioJMAX) WHERE IP=NDCJMAXl 
IF DELTACioiPliS NEC.AT!Vf FOR ALL I : lCA~f1=.THU~. 

IFC!PRINT.EQ,1l GO TO cb07 
PRINT 1729 • 

1729 FORMATC1HloT5o*WE ARE IN CASE Al:THE VAH!A~LE XCI~) XCNOCJMAXll MU 
1ST OECRfASf 0 o ///oTS.~ aUF.~TION:WILL A STATE VA R IA~l GO TO lEHQ ~E 
2F ORE X(JP)*o///oTS,~I F YF5oiCASEl=.FALS~.•ANu W~ AR IN CASE Alo~3 
3°,//oT5o*!f NUoiCA5El=.TRUf,,AN0 wE ARl IN CASE Alo 1•1 

PRI NT 19. IMINoJ~AX 
19 FORNATC!Xo///oT5o 0 IMIN=*•Tl5oi3oT25o*JMAX=*•Tl5olll 

2607 CONTINUE 
DO 1300 I=1•K 
IFCOELTACioJMAXl.GT.O,Ol GO TO 1301 

1300 CONTTNUf 
ICASEl=,T'lUE. 
IFCIPRINT.EO.ll GO TO 2b08 
PRINT 1299, ICASE1 

1299 FORMATC!HloTSo*All DELTACioiPl NEGATIVE OR ZEN0°ol/oT5,•ICASE1~•, 
ST15oL3l 

PRINT 1 BJ 
1733 FORMATClXo/////oTSo*A DECISION VARIABLE GOES TO ZtRO : ICASEl•,TRU 

SE*o/T5oqA STATE VARIAijlE GOES TO ZlRO : ICASEl=,FALSE.* 
2608 CONTINUE 

RETU RN 
1301 c CONTTNUf 

c c c 

1303 

1305 
1302 c 

DETERMINf wHETHEH ANY NON-NEG STATE VARIA~LE GOES TO ZERO I 
FIND AMIN=M~NCXCNSCill/OELTACNS(IloiPlo ALL NSCll 
I"'IN=l 
AMIN=lOOOO. 
DO 1302 I=loK 
IFC!TYPFCNSCill.f:Q,Ol GO TO 1305 
IFCOELTACioJHAXl.LE.O,Ol GO TO 1305 
A C I) =X CNS (Ill /DELTA C I oJMAX l 
IFCACil.LT.AMINl GO TO 1303 
GO T0 1305 
CONTINUE 
AHIN=ACil 
IMIN=I 
CONTINUE 
CONTINUE 
END Of LOOP : AMIN=ACIMINl AND I"11N DEYlRHINEU 

(.N 
0\ 



c 
JF(X(NQ(J~~Xli.GT.A~lNI GO 10 1304 
ICASF:1=.TI'IUE. 
IF!JPRJ~T.EQ,11 GO TO 2o09 
PPJ"'T 1?9a , !CASE! 

1298 FOR~4Tti~I·T~t 0NO NON-NEG STATE VANIABLE ONIV~N TO ZERO*o//,TS, 
S•IC~~EI=*oTI5tL31 

Pi<I"'T 1700 
1700 FO~~AT!!Xoi//I/,T5t 0 A DECISION VARIABLE GOES TO ZERO : ICASE1=.TRU 

IE*t/T5t*A STATE VARIABLE GOES TO ZERO : ICASE1 =.fALSE.•I 
2609 CONTINUE 

I<ETI.!RN 
1304 c CGNTINUF 

c c 

c 

c 

c c c 
c 

ORIGINAL INDEX OF STATE VARIABLE DRIVEN TO ZERO 
IR= .. S!I"I"ll 
ICASEI=,FALSE. 
I~!IPRI~T.E0.11 GO TO 2610 
PRI~T 1297t !CASE! 

1297 FCR~AT!!Hl,T5t*A NO"l-NEG STATE VARIABLE IS DRIVEN TO ZERO*tll• 
ST5o 0 ICASEl= 0 ,Tl5tL3•1//l 

PKINT 1?g6 
129n FC R ~AT!T5,•THE STATE VARIABLE X!INI=X!NS(IMINII GOES TO ZEHD*•III 

P~I"lT 1295, Ik• I~IN 
1295 FCR"AT!T5t*IR=*tTl5•13•1•T5t*IMIN=••T15tl31 

P~I .. T 1?94, X(!R!tAMIN 
1294 FQ PMAT!T5o*X!IPI:~,T15•Gl2.5oi,T5o*AMIN=*tTl5•G1Zo5l 

PRI"T 1701 
1701 FC ~ MAT(jX,///IIoT5•*A DECISION VARIABLE GOES TO ZERO : ICASE1~.TRU 

1£•,/TSo•A STATf VA NIAoLE GOES TO ZERO : ICASEl=.FALSE.•l 
2610 CONTINUE 

RETURN 
E"O 

SUBROUTINE CASEA2(JMAX,~TI 
c·········••ooooooooo00000040000~000000000*0000000000000000000000000~~--········ 

C ThiS S U~P QUT!Nf HA~DLES CASE A2t I.E. 
C 1. X!;PI IS !NC RE A S ~D UNTIL THE STATE VA~IABLE XIIRl IS ZERO 
C 2. XI JPI A ~O X!I NI AHE SJ MPLEXED AND A NEW TABLt OF CORRESPO~DEN C CE r PTI ! NE Q 
C 3. ~ E• O E L T~ S AND C O~ ST A AINED DERIVATIVES 4NE COMPUTED 
c••••••o•ov~o.~ooooooooooooooooooooooooooooooooooooo••·························· 
c 

c c c c 

190~ 

1901 
1900 c c 

Dito!F.II.S ! ON AR!l5l 
!..C GI (: AL KT 
CO~~CN /C O NST 1/ NtNFoKt KE 
CCYU~~ /P LO CK 2/X(?51t!TYPE!l51 
( Qw ve Ntr CN ST l/IFREO 
C Q~v Q ~ / C O"l ST R/ KOU~T, N JMAX 
C l; ". ~ fl N/ 1-L O C I\ 3/ 'iS!I S lt NU!!'>I tN N!2!>1 
C(yV QN /P LOC K 5 / ~ ETA!ISitOELTA!l5tl51oV(l51 
c r. ~v ON/CONST 7/!P~l"lT 
CO~" O"/RLOCK 1/CA (lSI •AA !2So251 oR ( 151 oiH15t 151 oD<l5•15) 
FC~ ~EGATIVE OELTA<I•J~AXI, AND NON-NEG STATE VARIABLES• TrlE MINIMUM Of 
A!'S!XtNS!II 1/0ELTA<I•JMAXI I IS DETERMINED 
II"I"<=1 
.&AMH<=l 0000 • 
QC 19.00 l=ltK 
IF<!TY" E < ~>: S!III.EQ.Ol GO TO 1<.101 
lF!GELTA!IoJMAXI.GE,O,Ol GO TO 1901 
A2 \ ll =X !"<S(J I 1/0EL TA (I tJMAXl 
!F ( ~8S(AR(III.LT.AAMINl GO TO 1902 
GO TO 1901 
CC~<TINUf 
A•~tN=ABSIABIII) 
liM IN= I 
CC);T!,.UE 
CONTINUE 
END OF LOOPt AAMINzARS(A.IIIMlNil AND llMlN DETERMINED 

PRINT 1903 
1903 FORMAT(lHltT'>t~WE ARE IN CASE A2 THE VARIABLE X(!PI=XINO(JMAXll M 

lUST l~CREASf*•/1/oTSo*A STATE VARIARLE X!Ikl=XtNS!IIMlNII wiLL ~E 
2DRIVEN TO ZE RO*) 

PRI"lT l9o IIMIN•JMAX 
)9 FORMAT(lX•I/ItT5t*I~lN= 0 oTI5•IJ,T~~. 0 JMAX=*•T35•IJI 

IF(AAMIN.LT.I0001,0.ANO.AAMIN.bT.~9Y9.01 ~Rl"ll 18~9 
1899 FORMAl<JX,/II/oT5, 0 IN Trl!S CASE THE DECISION X(NDIJMAXIl CAN INCRE 

SASE INDEFINITELY*,//,T5t*T~E PNOHL~M IS POONLY POSED -- STOP •1 
2607 CONTINUE 

JF(AAMIN.LT.l0001.0.ANO.AAMIN.GT.~99~.0ISTOP 

g CHANGE PARTITION SIMPLEX THE DECISION X!lPl AND TME STATE XIIAl c 

c c c 

1904 
c c c 
c 
c 

IP ND(JMAXl 
IN NS<JJM!NI 
NS I Po!Hil =IP 
NO JMAXI=IR 
CALCULATE NEW STATE VARIABLES 
XOIP=X<IPI 
DO 1904 I=l•K 
X !NS( I I I :X (NSI Jl I +DELTA< J,JMAXI*AAMIN 
CONTINUE 
XtlPI=XOIP+AAMIN 
DEFINE NEW DECISION VARIABLES 
X.( I R I= 0. 0 

CALL PRINT!KOUNToiFREQI 
c c CALL SURROUTINE NEWVAL FOR CALCULATION OF NEw DELTAS AND CONSTRAINT DERI ' 

TIVF.S c 

c c c 
c 

CALL NEWVAL(JMAX•IIMINI 
CALL KUNTUC!KTl 
RETURN 
END 

SUBROUTINE CASEBJ (JMA~tKTI 
c··········~·-•ooooooooo o ooooooooooooo o ooooooooooooooooooooooo••··············· 
C THIS SUA ROUTJNE HA NDLES CASE Alo8lt I.E. 
C 1. SAMF P~RT!TI O N AS PREVIOUSLY 
C 2, ONE DECISION VARIA~LE GOES TO ZERO c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · c 

LOGICAL KT 
COM"ON/ RLOCK l/CA!l5ltAA!c5o25loR(l5ltfi(1~tl51•Dtl5,I51 
COM MON /H LOCK 5/BE TA!l51o DELTA!l5t151tV!15l 
CO M" ON/C ON ST 7/IPRI NT 
COM" ONIP LOCK 3/NS!l51oND!l51oNN(251 
COM ,.ONIKONST 1/IFREO 
COM MONIC ONST d/ KOUNToN!MdX 
COMMON/PLOCK 2/X(25!t!TYPE!l51 
COM MONICONST liNtNFoKtKt 
lF!IPRI"lT 1 f.Q,ll GO TO 2617 
PNINT 192.j 

1923 FORMAT(1HJ,T5t*WE ARE IN CASE Al•Bl. THE DECISION X(ND(JMAXll GOES 
$ ZERO"I 

1924 
2617 c c c 

PRINT 1924• JMAX 
F0R"AT!lX,/IItTSo 0 JMAX• 0 ,T10ol31 
CONTINUE 
CALCULATE NEW STATE VARIABLES 
IP=ND (J~~AXI 
XOIP=XIIPI 
DO 1 0 I= 1 • K 
X<NS<III=X!NS!Ili-DELTA!lt.JMAXI•XOIP 

10 CONTINUE c 
C DEFINE NEW DECISION VARIABlES c 

X<IP)zO.O c 
CALl PRJNTtKOUNTtlFREQI 

Vl 
-....:1 



C SINCE THE PARTITION Ts UNCHANGED• ~ AR~ THE CONSIRA~U~~TTVES c . 
CALL KUNTUC IKT) 
RETURN 
E~D 

c••••••••••••••••••••••••••••••••••••••••••••~•••••••••••••••••••••••••·~···•••• c c c 
SUBROUTINE CASEB3CKTtJMA~tlMINtAMINl c c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C THIS SURPOUTI~E HANDLES CAS€ A1tB3t I.E. . 
C 1. X(JP) IS OECI?EASED UNTIL THE STATE XIIRl IS LERO 
C 2, X(JP) AND XCI~l APE SIMPLEXEOt ~NO A NEW TABLE OF COORHESPONDENCE IS 
: O~TAJ~EO . 
: 3, NEw DfLTAS AND CONSTRAINED DERIVATIVES ARE COMPUTED 
:························································~····················· · 

c 

~ c c 

c c c 

LOGICAL KT 
CG~wCN/CO~ST l/NtNFtKtKE 
COM~ON/CONST ~/~OUNTtNIMAX 
C0~~0N/KONST l/IFwEQ 
ccMvaN/RL0CK 2txcz~>.ITYPE115l 
CGM~ON/FLOCK 3/NSCl5ltN0115ltN~(2Sl 
COM~0N/RLOCK ~/qETA115ltOELTAC15tl5ltV(15l 
COM~ON/CONST 7/IPRINT 
COM~QN/RLOC~ l/CAC15l•AA(25t25ltR(l5ltRC15t15ltDC15t15) 
PPINT l4<l9 

1499 FG~MATC!Hl•T5t9WE ARE IN CASE AltB3t THE DECISION X(lPl WILL DECRE 
H5E lilllTIL THF STATE X(lill IS DRIVEN TO ZEI'lO*l 

PRI NT lQt IMIN•J~AX 
19 FC ~u AT(lXt///tT5t•IMIN=••Tl5tl3tT25t*JMAX=*tT~StlJ) 

ChANGE PARTITIONtSIMPLEXING THE DECISION XllPl AND THE STATE X(lHl 
IP=NO(J!"AX) 
!I<=NSIH'!Nl 
NSII"I'il=IP rm (JMA.W.l =IR 
CALCULATE NEW STATE VARIABLES 
XOJC>:X ( IP) 

1500 
c 

DoJ 11:;00 I=l•K 
X:NS(lll=A(NS(Jll-DELTA(ltJMAXl*AMIN 
CO,TIIIIlJt 
X<IPl=XOIP-A><IN 

c c 
c 
c c c 

c c c 

DEFINE NEW DECISIO~ VARIABLES 
XCIRl=O,O 
CALL PR!NT(~OUNTtiFREQl 

C~LL NEWVAL FOR CALCULATION OF NEW DELTAS AND CONSTRAINED DERIVATIVES 
CALL Nf~VALCJMAXtlMINl 
C~Ll KUNTUC Ct<T l 
I<E;TUPN 
Er.O 

SUBROUTINE NE~VAL(JMAX,JMlNl c 
C••••••••••~•~••~oooooooooooooooooooooooooooooooooooooooooOooooooooooooooooooooo 

C T~IS SUPPOUTT~f CALCULATES IIIEW DELTAS AND CONSTRAINED DERIVATIVES AFTER 
C C~A~GE OF PA~TTTIO~ 

c··················~•oooooooo~•············~···································· c 
DI~ENSION Zll~l•ZZ<l5l 
CC~~ONICONST 1/NoNFt~tKE 
CCMMOIII/CONST 7/IPAINT 
COMvON/CO~ST 2/N1tNC•N3•N4tNStN6 
COM~ON/RLOCK 3/NSI15ltN0(15ltNN(25l 
COMMON/RLDCK 5/9ETAI15ltPELTAI15t15ltVI15l 
N4zKE•1 

2000 

1999 

200<' 
2001 

2009 

2003 
c c 
c 

OU 2 QOO r=1 oK 
Z ( 1 l =DFL TA (I tJMAXl 
CONT!NUf 
DO )'l99 J:N4tN 
ZZIJl=D~LTAIIMINtJl 
CONTINUF 
DELTQP=DfLTA(!MlNtJMAX) 
DO 2001 T=ltK 
DO 2002 J:N4tN 
DELTAIIoJl=DELTAIItJl-ZIIl•lZ(Jl/DELTRP CONTINLIF. ' 
CONTINU~ 
00 2009 J:N4tN 
OELTA(!MINtJl=-ZZ!Jl/DELTRP 
CONTINUF 
DO 2003 1=1•1< 
DELTA(loJMAXl=Z(ll/OELTRP 
CONTTNUf ' 
OELTAIIMINtJMAXl=1.0/0ELTRP 
PRINT NF.W DELTA COEFFICIENTS 
IFIIPRINT,EQ,1l GO TO 2c07 
PRINT ?004 

2004 FORMATC1H1tT5t 0 NEW COEFFICIENTS DELTA!ItJl•tl//l PRINT 2005 
2005 FORMATCT5t 0 INDEX*tT75t°COEFFICIENTS*tl/tT7t*l*•T76,•DELTA(ltJl*•// 1) 

DO 2006 1=1tK 
PRINT 2007t It IDELTA(ItJl tJ=N4tNl 

2007 FQRMATClHOtT5tl3t(/T40t7G12.Sll 
2006 CONTINUE 
2607 CONTINUE 

~ NEW CONSTRAINED DERIVATIVES c 

2010 
c c c 

VP:V(JMAXl/OELTRP 
DO 2010 J=N4tN 
V(J):V(J)-VP*ZZ(J) 
CONTINUF. 
VIJMAXl=VP 
PPINT NEW CONSTRAINED DERIVATIVES 
IFIIPRINT.EQ.1l GO TO 2608 
PRINT 2011 

2011 FORMAT(lH1tT5t 0 NEw CONSTRAINT DERIVATIVE~ V(Jl*l PRINT 2012 
2012 FORMAT()H0tlltT5t*lNOEX OF DECISION VARIA~L€ 0 oT40•*CONSlRAlNT OERI 

}V~TJVE*•//,TJ7, 0 J 0 tT4~o 0 V(Jl*t///) 
PRINT 20}3,(J,V(Jl•J=1•Nl 

c 

c c c 
c 

2013 FOR~AT(Tl5tl3tT44tGI2.5l 
2608 CONTINUE 

RETURN 
ENO 

SURROUT!NE C>R!NTCKOUNlt!FRF.Ql 

c••••••~····~~···~··•••••••••••••••••••• •• •••••••••••••••••••••••••••••~••••••• 
C THIS SU~POUTINE PRINTS TABLES OF COHME S~ONOtNCE AND VALUES OF THE 08JtCTI C VE FUNCTIO~ 
C IF IPRINT=O ~Ll SORTS OF OEHUGGING PRINT Ou TS A~E ~MOVlOED 
C IF IPR!NT:l ONLY INPUToTA8LES OF CORWfSPO~O~NCE• AND SOLUTION WILL BE P~J C TED. FHEOUENCY OF PRINT OU TS AWE DETERM! NfU BY IFWtQ, 
C IFPEQ=O ONL Y INPUT ANO SOLUTION PRINTED 
C IFREQ=l TARLE OF COMR PRINTED AT EACH LE~EL 
C IFPEQ=~ TABLE OF CORR PRI NT ED AR tACH ~ LEVtl 
C JFREQ=10 TABLE OF COMR PHJNTED AT EACH 10 L~VEL 
c••••~*•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 

COMMON/(ONST 1/NtNFoKtKE 
COM~ON/RLOCK 2/~(25ltiTYPE(15l 
COMMON/RLOCK 3/NS(15ltNDC15ltNN(25l 
COMMON/RLOCK l/CAI15ltAAC25t25ltR(1Slt8(l5tl5ltDC15tl5l IFIIFREO.EQ,Ol uO ~0 100 
IFIJFREQ.EQ.ll GO TO 101 
IFIVf=O 
ITENzO 

w 
00 



c c 

n v11 =FL:ou; K!i u;.; r i~ 
Tt~~=FLOAT(KOU~Tl/10.0 
TEN!=FLOaTCKOU~T/101 
IFIFIVER.GT.FIVEI•0.999.aNO.FlVER.LT.FIVEI•l.UOll IFIVE•1 
IFITE~A.GT.TENJ 0 0.999.4~n.TENf<.LJ.TENI•1~001l ITEN•1 
IFCIFREQ.EO.S.ANO.IFIVE.EQ.Ul GO TO 100 . 
IFIJFRf.Q.E0.10.AND.ITE~.EQ.Ol GO TO 100 

101 CONT INUf. 
PRINT T~PLE OF CORRESPONDENCE 
PR·IIIIT 1905 

1905 FOR~~T(1H1oT5•*NEW TABLE OF CORHESPONOENCE*o///1 
Pf<!NT 1906 

1906 FOR~AT!TSo•STATE VARIA8LES•o//oT8t*l*oTl0t 0 NSIIl••T17o*X(NSilll*// 
11 
P~I~T 1907oiTtNSIIIoXINSIIIlti=1•KI 

1907 FOR~ATIIHOoT~tl3oT11•l3oTl5oG12o51 
PtiiNT 1901! 

19~8 FOR~ATI1Xt/l/oT5,•0ECISION VAHIAHLES 0 o//oT8o*J0 oTlOo*NOIJI*oTl7o*X 1 INOIJI l*o/ll . ' 
1909 c 

PRINT 1909o(Jo~DIJitXINDI~lloJ•1tNI 
FO~~ATI1HO,T6tl3oTl1tl3tTl~tGl2.51 

c c 

1910 
1911 

100 

CALCULATE AND PRINT NEW VALUE OF OBJECTIVE FUNCTION 
Y=O.O 
DO 1910 I•loN 
Y=Y•CAIII*XIJI 
CONT!~UE 
PRINT 191lt Y 
FOR~ATilXo///oT5t*NEW 
COr-.TTNUE 
llnURN ""n 

VALUE OF OBJE~TIVE FUNCTIONoY•••T50tG12,51 

"' 

<.N 
t.O 
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