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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 Gemneral 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.1l) 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



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.



B. DEFINITION OF A LINEAR PROGRAMMING PROBLEM

The routine was developed for the following (special) definition

of Linear Programming, namely:

(1)
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Minimize the objective function: Yy

v
H

N
and the inequality constraints: 2 a

and the non-negativity conditions: x 2 0 , for some of the X, 4

The x ~are the unknown variables of the problem and there are N of
them. The c ~are the coefficients of the original variables of the
problem, often representing average unit costs associated with storage,
transfer or treatment of the water quantity or quality variables X

T
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in the constraints. They often represent technological coefficients

are the coefficients of the original variables of the problem

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 Ch0 2 and Ty 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



but rather with permissible range from -« to +x).

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, for which the objective func-
tion has its minimum value.

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

N-K of the X, must be non-negative.



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:
kth constraint is.

X = , which expresses how ''loose'" the

N
K+k Z e
n=1

k

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 B When the decrease in y, Ay is < ey 5
Ay 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.



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 problems 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, Nmax B e

Maximum number of constraints, Kmax BT iy ey

The input data is provided on punch-cards. The following types of

cards are required:

Card A 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 0.K. or LIMIT EXCEEDED.

Cards B Coefficients defining the objective function

and types of variables (free or non-negative).

Cards C Coefficients defining the left hand sides of

the constraints.
Cards D Right hand sides of the constraints.
Cards E Initial feasible solution
Card F Control parameters.
Card G Output controls.

A detailed description of the program input follows.



INPUT DESCRIPTION

CARD | FIELD | COLUMNS | MATH. SYMBOL ! FTN. SYMBOL |FORMAT| VALUE DESCRIPTION
1 1-4 N N 14 + Number of original variables (total)
A 2 5-8 Nf NF 14 Number of free, original variables
3 9-12 K K I4 i # Number of constraints (total)
! 4 13-16 Ke ? KE I4 Z Number of equality constraints
; . 1-8 & ey - | 680 | * or Coefficient of the first variable, x, , in the
z 2 9-10 - + ITYPE(1) 12 0 or objective function ( e.g. cost associated with
L2 11-18 &y f C(2) G8.0 | + or x, ¥
B 4 19-20 - é ITYPE(2) 12 % 0 or If X is a non-negative variable, ITYPE(1) = 1.
; If Xy is a free variable, ITYPE(1l) = 0.
E ! i Continue punching pairs C(I), ITYPE(I), in fields
f f ; ? of 10, with a maximum of 8 pairs per card.
5 % % There will be N such pairs.
] | ey ‘ C(N)  G8.0 + or
| ! . CITYPE(N) 12 | Oor 1 |
! j SIS TS S i : i B! e b i ; s s s Soo e A A P P
é § 1 1-8 a4 A(1,1) % G8.0 f + or Coefficient of the first variable, X) in the
: o2& 9-16 a5, f At1,2) é G8.0 % + oT | first constraint.
é § ; ; § List constraints, the Ke equality being listed
! i , / : .
& | E | ; % first, the K—Ke inequality constraints subse- %
C-1 E % | ; i quently. i ?
é % ! | Inequality constraints must be written ) RS 3§ ; 3% é
{ | n=1

Coefficients ayn should be of the same order of
magnitude.
of the

First, punch the N coefficients an

-'cont. -

B



CARD { FIELD{ COLUMNS | MATH. SYMBOL{ FTN. SYMBOL| FORMAT | VALUE DESCRIPTION
- cont. -
i first constraint, in fields of 8, with a maximum
(cont) By ACL,N) G8.0: ] % or = of 10 per card.
1 -8 | 2,1 G8:0 L B Then, beginning with a new card, punch the N
2 s 492 5(2,2) i 08 +0 e e | coefficients ayy of the second constraint, etc...,
C-2 . . ; " 2 i ; !
|
1
(etc.) i %
i i
1 1-8 2y A(K,1) 1 G8.0 | +or - i ... ending with the N coefficients a  of
! , : n
2 9-16 ay, A(K,2) | G8.0 . +or - i the last constraint.
C-K 2 ! ;
! f %
f i i
g |
- — - i
: keh 3 R(L) § 699 k- Right hand sides of constraints.
;2 4-16 T, R(2) . G8.0 + or - 7
} . : ! . § - . Punch r-values, in fields of 8, with a maximum
D of 8 per card.
There will be K such values.
Ty R (K) GB.0 | +or -
o |
. 1-8 4 Xp(1) Lyl T Initial feasible solution, i.e. a solution
i, % 1 9-16 X; XQ(Z) ¢ G8.0 + or - | which satisfies the constraints.
E { o A . ; ; . xg is the variable corresponding to ¢, of
| the objective function, xg corr. to c2, ete:.
a total of N such variables
| | - cont. -
i i

e i



CARD

FIELD

COLUMNS

MATH. SYMBOL

FTN. SYMBOL

FORMAT

VALUE

DESCRIPTION

E

(cont.ﬁ

i
: S

Xp(N)

G8.0

% Br =

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

in cards B.

1-8

9-16

17-19

max

EPSY

ACC

NIMAX

G8.0

G8.0

I3

1-2

3-4

IPRINT

TFREQ

12

12

Control parameter: Stop iteration when the change

in the objective function Ay < ey.
Computational accuracy requirement: A quantity
is set equal to zero when q < A.q , where q is
the quantity, q the order of magnitude of that
quantity, and A the selected accuracy (say

A = 0.001).

Maximum number of iterations.

Punch 0 if all intermediate results are to be
printed (debug)

Punch 1 if only input data, tables of correspon-
dence with some frequency specified below (every O,
1, 5 or 10 iterations), and optimum solution are

to be printed. (The table of correspondence shows

the values and roles, i.e. states or decisions, of
the variables at each step).

Punch 0 if no tables of correspondence are to be

printed (i.e. only input data and optimum solution
wanted) .

Select frequency of print-out of tables of corres-
pondence by punching:

1 for printout of every step

5 " " " " 5 steps
10 " " " " 10 steps
If IPRINT = 0 punch IFREQ =1
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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 =Xk 2x2 + 3x3 + 4x4}
. >
subject to X; - Xz = 3
X, + Xg 24
- =
X, Xy = 1
X, 20 for«all> a = 1;2,3,4

An initial feasible solution is (xl, Xy Xz, x4) = (5,3,1,1%.
Given this initial feasible solution the user wanté 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 finai result only.

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

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



IRN : j FOATRAN Coding Form T Printed in U.SA

3 GRAPHIC PAGE | (Rt |

PUNCHITIG

= LPTER / DATA F@R SAMPLE PR@BLEM
i T, JBNCH- CLAUSEN ot 3-30-76 INS IR TIONS SRR CRRD ELLCTAL Rt

IDENTIECATION

1T

FORTRAN STATEMENT : SEQUENGE
W12 W WA W JaTT7 1R 190 BT 92 >y 2a 75 26 27 78 29 30 31 32 35 34 35 35 7 36 19 40 Al 47 A3 44 4. A6 47 48 a9 50 51 52 53 54 55 56 57 S& 59 60 6l 42 41 6d Gh Ak (7 €R 69 0 | 7| W & s s i e 3 g
—— : = T T : y -
3 (0] . ; i i i
3 T T i ~ T T
2 | g o e | : L S i e ; . i :
| | 0. ‘ .
. s L
| 0. =i
: ;
1 R ¥ \ : ]
i H
; T
i ' i i ; i i ; P : i i
' i | |
+ t H ' !
4 ! 4 i | £ :
o : ‘ i ) i
L 3 H = —— ‘ 1 : " ] T ' 1
! i : ;
- et
;
‘ ! |
(I :
| ] " = i
I ! 2
i
|
i
i
T ' ;
! ' i i !
I ' ' i ‘
¥ J i i
T
3
i : ! !
[ 63 = i
' i
| :
- ! . )
| [t g , . | S
o ; : :
B t <
¥ ! '
} | - = Lol ;
! ; L 3 4 B LT 2 - ! .
T Tt ¢ Svelv 3 9 40 1132 13 14 15 le 17 18 19 20 21 2 23 24 25 26 27 28 29 20 31 32 33 34 35 34 37 38 39 40 41 42 43 4% 45 45 47 48 49 50 51 52 53 54 55 56 57 5B 59 60 81 67 62 4 &5 66 &7 68 49 76 71 72|73 74 75 "o Tv B v &

TA sxwous ime teTm. BM eiecrio 888137, is ovailon e for punching statements from this form
**Number of forms per pad may vary shightly

Table T. Input data coding sheet for illustrative examplew
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0S =AVRIN
20-30000T° =22V
10-3260001° =ASas
SH3ILINYHVE T0HINOD
00° 1~ °0 0000°T *0
i 0000°1 £
°0 0000°T 0000°1 ‘0
_ 0000°% 2
°0 0000°1~- °0 0000°T
0000°€ 1
(PeT) vV . (I)d 1
; 301IS H3uwnn
SINIVYISNOD 40 XI¥1Vm IN3IIOI4430D anvH LHYIH INIVHISNOD
0000°T 1 0000°Y e
0000°T 1 : 0000°€ €
0000°€ 1 0000°2 b
0000°% 1 0000°T 1
(I)0X (1)3dAlLI . (1)yvd 1
NOILNTI0S VILINI 379VI¥VA 40 3dAL SINIIJI 430D X3UNI
2 =3x SINIVHISNOD ALLIVNU3 40 H3IgwNN
€ =) SINIVHISNCGD 40 mwmzuz-uqh.ob.
0 = 3N , S3ITUVIAVA 33594 40 ¥ 3IGRNN
4 =N S379VIavA wnIVId0 40 YIHWAN V104

t#t#t#########0####################t#t#v###&#######ttt##*####t#####*t}tt#v##ttt###¢$##¢#t*#u###v#t##ﬂ#t###t#&t#tt‘#‘ttt0
viva LnanNl
4#°¢¢°#t¢¢°¢°#¢##ﬂ0#‘###########1######$###$¢####0##¢$¢##t*###t######t####*####t#t######tﬁ##t####&#t######t#######ﬁ##‘##
ONIWAYHO0Hd HVINIT
#ﬂttﬁtﬂtttﬁﬂ#ttttﬁtﬁt#t############*$#$¢##t#ﬁ##é###k###**##t##t##t##*#*n&###*#*1554att*###ﬁv0¢¢$¢##00######‘4######3&0##
°M°0 NOISNINIQ n31d0ud

HOEQOQHRBRDORRERRRLRRBRORBBNGNRREBRERGB SRS FRLNSARBSRB4INABAREASRBRESIS RIS GSSABIBBBRRLEINBBGOT BN RBGRREREBORSEpREABLRTD
T T
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WWNWW L WWwWwWwwWww
® 5 0 0060 9000008 D
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B R R R R SN RO O RO O RO B G H OO B R i R R U B R G R R R R R R G N S R S G R R S R RN R R I RO ORI R LR RS RO R U RORER

INITIAL VALUE OF OBJECTIVE FUNCTION,Y= 17,000

RGO G R e N DR O G D O O B R O S O S B S 2 I S A I B R I S S I S P I I A I S I S S B R R S R B G B R R G S B S R R G N S B R R R R R R RN PR R R R R R RO R RN R BB R RO E O

OPTIMAL SOLUTION

ocOow

X(1
«000
.000

S W
e s D

0
0

B R R N T R IR B S O R S e S B I I I e S A B S R R R R R R S L N R O R R S R R RN R R R N R R R S R S S R R SR R S RS N N R R R UR TR RS BRIV ORRR RO SRR DE

MINIMUM VALUE OF QORJECTIVF FUMCTIONsY= 11,000

P22 222222222 2 222222 DRl 2R - R R -2 R R

NUMRER OF ITERATIONS = 3

RN S R RS R S RO N R G O S G R R R B G R R R R R G S R G B R R RN N R ORGSR SRR RO R R R U R R SRR R ESCE RSSO RR RSO ER RSO ORRER OO RCR RO OROGS

A/0T/76 CStr SCrPF 3,3.,14 R C012 CO013 Cl40 Cl41 05702/76
22.08.TCB45KYV FROM 40 114
PP2.08,TCH45e AFR288#4T309CMA000CsPR&4G,TORKIL
22,08, ,LINFAR PRORRAMMING
22.0R ,FTN(L=0)
22,58, 11.R3& (P SECONDS COMPILATION TIME
?2.59.Lh8ET(P?ESET=NGINF)
23.00,L60,
?23.05,F1.= 025100 C 00012.868BSECs I0 00035.045SEC.
23.06,STOP
23.06.CP 13.140 SEC.
23.96,PP 6v,763 SFC.
23.06.10 35,065 SEC.

& PAGES PRINTFD.

g1
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APPENDIX 1

Flowchart

Notation 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 = number of original variables
Ne = number of free variables

= number of constraints
K = number of equality constraints

= objective function (minimum value = y*)

5 = coefficients of the objective function

Xn = variables

x; = initial value of the variable X,

Ag = element of coefficient matrix of constraints

. t .

Ty = right hand side of k h constraint

ITYPE( ) = array indicating the type of a variable

S; = ith state variable

dj = jth decision variable

bki = elements of the Jacobian matrix (B)

dk' = elements of the coefficient matrix of the decision

J variables (D)

Gij = coefficients relating state and decision variables
(elements of the DELTA = B—l-D matrix)

Vj = constrained derivative of the objective function with
with respect to the non-negative decision variable dj

Ydj = coefficient in the objective function of the nth

variable playing the role of the jth decision variable.
In other words Ydj 52 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(S) = 7 it

means that the 7th original variable is the Srd

decision variable.
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Tsi = coefficient in the objective function of the nth
variable playing the role of the ith state variable.

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

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

superscript ° refers to old (previous) values
. \YJ
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.



Flowchart

| START

®

N
Problem: Minimize y = ) S
n=1
N
subject to Z apn¥n = Tk o k = 1,](e , and
n=1
N
> =
Z A, X, = Ty o k=X+1 , K
n=1

The problem has N original variables, Nf of which are free

(N—Nf non-negative), and K constraints, Ke of which are

equality constraints (listed first).

Input data according to the input description, i.e. provide
; <

Chr 3yn Txo N, Nf, K, Ke’ ITYPE(xn) (0's for free variables,

and 1's for non-negative variables), as well as the control

and output control parameters.

Input an initial feasible solution, (xz,-xg, o £ ¥ xﬁ)

\

Define zero-slack variables of the Ké equality constraints
and calculate the non-negative slack variables of the in-

equality constraints:
X =0 k

1,K
e

N
Z 3n*n Tk k = 1,K-K

g

Define problem in augmented form, i.e. augment cn—vectcr,

and a, -matrix to obtain the formulation:

kn
N+K
minimize y = g c Xy
n=1
N+K
subject to ) Bin¥n = T . k=1,K

n=1

©

17



Partition the x°-vector into K state variables, Si’ and N

decision variables, dj’ by the criteria:

1. Free variables are selected as state variables

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

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

Thus arrays ns(i)(si) and nd(j)(dj) are created. (The ith state

variable Ss is defined as x[ns(i)], the jth decision variable

dj is defined as x[ny(J)1).

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, dk_, in which
J

J  corresponds to the index of the decision variable

d,. = :
kj ak,nd(J)-

After partition the system NEKakn X, =T can be written:
5 o .
izl b S; = Ty -j%l dy; 4 k = 1,K
In matrix notation: B:s =r -Dd

When by Gaussian elimination procedures the matrix B is
reduced to the identity matrix, the matrix D will be reduced
to the matrix DELTA (= B_I-D) of elements 6ij' Thus the
Gij-coefficients 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.

G

18
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If the Jacobian B 1is singular, change partition by simplexing
a state and a decision variable, starting with the highest indi-
ces. (i.e. first simplex s, and dN’ then if also this parti-

K
tion results in a singular Jacobian, Sk-1 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, Vj’ with respect to the

non-negative decision variables, dj:

y
1

I o~

V. = Ydj # j = Ke+1,N

si Gi'
4 J
Here, Ydj and L 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 ’ d. >0 or wv. >0 . d. = 0} for all
] ] ] J

j = Kg+1,N? .

If the K.T. conditions are satisfied, calculate y* = ) C Xy o
n=1

print final results, (x{, XES ssegy xﬁ) and y*, and STOP.

If the K.T. conditions are not satisfied, GO TO 12

Find max {v. ' v. >0, d. > 0‘ = v = v, +

i A j i j,max ~ " jmax
and max { -V, i v, < O} = -v, = v, -

3 J j j smax jmax

+ - + . - g 5
If Vj,max _Vj,max : Vj,max Vj,max , jmax = jmax GO TO 13
If  -v, > Ve :o-V, = -v, , jmax = jmax~ GO TO 15
j ,max j smax j ,max j »max

19
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LA

1.f 0 for all i = 1,K, GO TO 19

S :
i,jmax

1 N >0 for some i, i = 1,K, GO TO 14
i,jmax

For all i's for which 6. . > 0, and for which s.'s
i,jmax » i
are non-negative variables, calculate i
Gi,jmax
g imin :
Find min g _— 2 S T amin
i i,jmax imin, jmax
If d. > amin GO TO 16
jmax
If d. S amin GO TO 19
jmax
1 e 20 for all i, i = 1,K, the problem is poorly
i,jmax
posed. STOP.
For all i's for which §. . < 0, and for which s.'s
i,jmax i
are non-negative variables, calculate 5
Gi,jmax
53 imin
Find min z _— 2 = ————— = amin
i i,jmax imin, jmax GO TO 16
Change partition: simplex d? and s?_.
jmax imin
Calculate new state variables:
g¥ =89~ 8% + amin , i # imin, i = 1,K
i 1 i,jmax
s? = d% - ami i = imin
imin jmax Al 5
v ; g
= = m
jmax ¢ J U
d; = d; (i.e. no change) , j # jmax, j = 1,N




@

Calculate new 6?_ corresponding to the new partition:
i

(-]

1 ¢ = O = 9 =
Petilie: 2y = Oy gwmay 3 B85 = Sipaniy o TP T Ras dund
v SRR am ! 5V il
i,jmax drp imin,j Srp imin,jmax  dSrp
- i'ZZ.
o R o m , i ¢ imin, j # jmax,

i=1,K, j=1,N

|

Calculate new constrained derivatives, v; , with respect

to the non-negative decision variables d?:
" zzj
- =] - o} — . . TR
vj = vj ijax Stp j # jmax , ] Ke + 1,N
Ve .
v jmax i
= j = jmax

Vs =
jmax  drp

GO TO 11 (Kuhn-Tucker conditions)

Without changing partition, calculate new state variables:

Vv 5
g =8 = 87, d° » L2 1k
i i ijmax *© jmax

Define new decision variables:

v - s s
djmax 0 j jmax

d; = df  (i.e. no change) j # jmax, j = 1,N

GO TO 11 (Kuhn-Tucker conditions)

END

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
LPTPR have general applications, and accordingly only subroutine
GAUSS shall be documented here. In addition to its application
as a subprogram in LPT@PR, 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(T,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 / CONST 9 / IDET, KPRINT
IDET = Control variable. If IDET = 1 the determinant is not computed.
If 1IDET = 1 the determinant is computed. _
KPRINT: Output control. If KPRINT = 1 only input dété and results, X,
(DET), will be printed. If KPRINT # 1 all intermediate results
will be printed (debugging)

Mathematical operations

The matrix A of elements aij is reduced to a diagonal matrix by the

Gaussian elimination procedure. First the matrix is reduced to an upper tri-

th

angular matrix (forward elimination): at the end of the k step the coeffi-

cients of the system will be given by the formulae:
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k-1
%ik ,
My = = i= k+l,...,N BT LY
kk
k _ k-1 k-1 E
aij = aij - mik akj i k+1, ,N j o= ktl;..esN k=1,

3 5“1 gL i = k+1,...,N k2 Lovxeasl

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:

o k-1
i,N-k _ A

mik = FT— 1 = 1,2, ,N—k—l k = 1, ,N
N-k,N-k

ai. = af?l - mik-ak‘1 ie=1,2..,N%k1 §=1,2,..,0kil k=

J J N-kj
k k-1 k-1 e 8
T, =T, - My Thok i=1,2,..,N-k-1 k=1y..;N

If in the process of forward elimination a pivot element 3k is zero
the kth row is permuted with the first row i, i = k+1,..,N , in which sy
is non-zero. If no such row can be found the matrix is singular and operations
are stopped.

The multipliers m., are stored in the matrix in the positions I

v



25

Program GAUSS 1

Purpose: Solution of a system of N linear equations in N unknown 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.



Input Description for Program GAUSS 1

CARD | FIELD | COLUMNS | MATH. SYMBOL { FTN. SYMBOL| FORMAT | VALUE DESCRIPTION
1 1-3 N N I3 + Number of rows = number of columns = N
2 4-6 ir INDEXR 13 + Number of right hand sides
3 7-9 IDET 13 + IDET = 1 : Determinant is not wanted
A IDET # 1 : Compute and print determinant
4 10-12 KPRINT 13 + KPRINT = 1 : Print only input and results
KPRINT # 1 : Print all intermediate results
5 13-24 € EPSA Gl12.5 + Tolerance parameter: a < & FBE = 0, where a
is an element of matrix A
1 1-8 a1 A(1,1) G8.0 + or First element in the coefficient matrix
2 9-16 a1, A(1,2) G8.0 + or Second element, first row...
B-1
th ;
a, A(1,N) G8.0 + or N element, First row.
1 1-8 s, A(I,1) G8.0 + Oor Punch elements in fields of 8 with a maximum of 10
per card.
2 9-16 A A(1,2) G8.0 + or
B-1 i2
Start with a new card when starting a new row.
a. A(I,N) G8.0 + or
in

¢



Input Description for Program GAUSS 1 (cont.)

CARD |[FIELD |COLUMNS | MATH. SYMBOL | FTN. SYMBOL | FORMAT | VALUE DESCRIPTION
1 1-8 T RR(1,1) G8.0 + or - | First element of First right hand side
2 9-16 Tio RR(1,2) G8.0 + or - First element of Second right hand side
C-1
Py o RR(1,INDEXR)| G8.0 + or - First element of INDEXRth right hand side
T RR(I,1) G8.0 + or - Ith element of First right hand side
L RR(I,2) G8.0 + Oor - Ith element of Second right hand side
C-I
v th th . 5
£y o RR(I, INDEXR): G8.0 + or - I element of INDEXR ~ right hand side
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
Nnew row.
C-N

LE
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Program INVERS

Purpose: Inversion of a non-singular matrix

Operation: Program INVERS reads data and prints the inverse. A special
subroutine (INVTPR) 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.



Input Description for Program INVERS

CARD | FIELD | COLUMNS | MATH. SYMBOL |FTN. SYMBOL | FORMAT | VALUE DESCRIPTION
1 1-3 N N I3 + Number of rows = number of colunms = N
2 4-6 IDET 13 + IDET = 1 : Determinant is not wanted
IDET # 1 : Compute and print determinant
A
3 7-9 KPRINT 13 + KPRINT = 1 : Print only input and results
KPRINT # 1 : Print all intermediate results
4 10-21 € EPSA G12.5 + Tolerance parameter : a < £ = 0 where
a 1is an element of matrix A.
1 1-8 arq A(1,1) G8.0 + Or First element in the n x n matrix to be inverted
2 9-16 a, A(1,2) G8.0 + or Second element, first row
B-1
th .
a1, A(1,N) G8.0 + or N element, first row.
1 1-8 an A(I,1) G8.0 + or First element, ith row
i
2 9-16 312 A(1,2) G8.0 + or
) Punch elements in Fields of 8, maximum 10 per card.
B-I
Start with a new card when starting a new row.
8.0 + or
ar, A(I,N) G

6¢
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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
. CA(I)
X X(I)
x> X@(1)
a AA(I,J)
T R(I)
s: X(NS(I))
dj X(ND(J))
bki B(I,J)
dkj D(I,J)
8 DELTA(I,J)
1]
V. V(J
: (J)
Yaj CA(ND(J))
CA(NS(I))
jmax JMAX

imin IMIN




PROGRAM LPTOR (INPUT»OUTPUT) T BT’
C.OG..'GQODQQ!Q0#6'#6DHGODQGcoﬂﬂdﬂﬂ“nﬁﬁﬁﬂﬂh“ouo606#“&.#““&#.’6““.“#0#QGQDQODI'DQD JMAX-O_. &
C =
¢ LINEAR PROGRAMMING ALGOWITHM et
[ CODED BY TORKIL JONCH-CLAUSENs DECEMBER 1975, £ FIND NUMERICALLY LAKRGEST CONSTRAINED RI TIVE
€ : T £ I T T A VT -t VL iy
c THE LINEAR PROGRAMMING PRORLEM IS SOLVED BY THE GENERAL DIFFERENTIAL ALGO- ¢
C RITHMs AS OUTLINED BY H, MOREL~SEYTOUX IN CLASS NOTES FOR THE COURSE CALL MAXV(IVPOSsJMAX)
g eg;g;IZA ION IN HYDROLOGY AND WATER RESQURCES 1976, AT COLORADG STATE UNJ- IF(<NOT,IVPOS) GO TO 11
To
¢ Al) == CHECK WHETHER A DECISION OR A STATE GOES T(
¢ INPUT REQUIREMENTS : E ;éég ;§R§$srrlvs (CASA Al) CHEC 3
E : : Tg;:t xuuggw or 8HI§%NA% ¥SHIAHLES ¢
: UMAER U UNSTRAIN CALL CASEA1(ICASE1lsJMAX9IMINSAMIN)
¢ NF t MUMBER OF FREE VARIARLES T
§ & metnor bl Sousimens W e Bl I MR
: : ’ N - KUHN=TUCK ’
E c A DECISION GOES TO_ZERO (CASE Alsibl) CHECK
c ITYPE(I): TYPE OF VARIAALE A(I) : I=0 FGR FREE VARIARLES 3 F SATISFIED
E AA(IsJ) t COEFFICIENTS OF cowsr«alf?é F?chggrgﬁgﬁ¥IVSMVAngBLgs g e It
° H NTSy I= NUMBERs I=1sK AXgKT)
¢ J=VARTASLE NUMBER+e J=1sN. CpLh SASERL LINEKy
¢ R(I) ¢ RIGHT HAND SIDFS OF CONSTRAINTS G0 TO 10
§  ERY 1 YrIARe BLUDIC SOOI e 1y v i reaer susseauent e €
H e : ME : HANG N N E SUBSEQUENT I
c RATIONS IS LESS THAN EPSYs THE OPTIMUM IS REACHED o ¢ 12 CONTINUE
c ACC ? TOLEPANCE PARAMETER DETEWMINING THE CALCULATION ACCURACY @ ¢ A_STATE GOES TO_ZERQ (CASE AlsB3) =-- CHANGE PARTITIONs CALCULATE NEw CON:
C a IS GEFINED TO RE ZFRO IF A.LT<ACHAR®ACCs WHERE ACHAR IS THE OR c STRAINED DERIVATIVES, AND CHECK_THE KUHMN=TUCKER CONDITIONS,.
c DEP OF MAGNITURE OF THE GUANTITY A ¢ PRINT OPTIMAL SOLUTION IF KURN=-TUCKER CONDITIONS SATISFIED
G NIMAX § MAXTIMUM NUMHEK OF ITEKATIUNS c
c IPRINT ¢ IPRINT=1 : ONLY INPUT, wESULT AND TABLES OF CORRESPONDANCE WITH CALL _CASEA3(KTyJMAXs IMINsAMIN)
(% FRrEQUENCY 1FREG WILL HE PRINTE 1F (KT) _SToP
I IPRINT=0 : DEAUGGING QUTPUT GO TN 10
c IFREQ ¢ TFREG=0+1+5 0Ok 10 : FREWUENCY OF TABLES OF CORRESPONDANCE ¢ ’ :
¢ c MAXV IS NEGATIVE(CASE A2)=-CHANGE PARTITIONs CALCULATE NEW CONSTRAINED Di
C FOR THE NORMAL USERs INTERESTED IN KESULTS ONLYo INPUT ¢ RIVATIVESs, AND CHECK KUHN=TUCKER CONDITIONS,
E EPSY=0+ ACCZ0.001s NIMBX=50s IPRINT=I; IFREQ ¢ IF KUHN=TUCKER CONDITIGNS SATISFIEDs PRINT OPTIMAL SOLUTION
g THE PROGRAM IS STILL SUSJECT TO MINUR KEVISIONS AND IMPROVEMENTS. ¢ 11 CONTINUE
COQQQQ#OOQGOGOGOQ'aDDQGGOQﬂ@OﬁbDoQQ“QGO#Q#QQG#Qiiiulﬂiﬂﬁidiﬁbﬂhilﬁﬁﬂﬁiﬂi“'ﬁ'#“'. %é%kT?Ag$3g(JMAl‘KT)
Cc
LOGICAL KTsIVPOSeICASE] 22070 e

COMMON/CONST ]/N'NFoK-KE

COMMON/CON 1/NSTAR c

COMMON/CONST 7/1PRINT c
5 COMMON/CONST 87/KOUNT sNIMAX ¢

F

G KEAD aND PRINT INPUT paTa c SUBROUTINE READIN
C FORMULATE AND PRINT STANDARD FORMULATION CHEBR BRI R B OB DB R B R E AR BB BRI B B IR IS BB B DR OT DR OB B IR D ERD R R OB A LODIRDLBOODEECR D
< THIS SUBROUTINE DOES THE FOLLOWING :

CaLL READIN & B O L o s PRIh IS Ty Bata
g ' - C 2 FORMULATE LIMEAR PROGRAMMING PROBLEM IN STANDARD FORM
(of PARTITION VARIAABLES» AND PRINT TABLE OF CORRESPONDENCE C 3. PRINT STANDAKD FORMULATION
c C.."Q‘.QQ#QﬂG{'ﬁbﬁﬁ“ﬁ“#“ﬁ‘QQQGGQ““Q#GG“Q#ﬁﬁ#”#ﬁé'“’“’ﬂ.ﬂ.ﬂﬂﬁ“ﬂﬂ.'“ﬂ'.ﬂ.“'“iﬂ".‘

CALL PART ¢
¢ MENSTON X0 (15)sZ(15425)
C PARTITION AND PRINT MATRICES OF COEFFICIENTS 86M50N}80~§T l/N:NFoK:KE
c ~COMMON/ZCONST 2/N1sN2sN3sN&9sNSINO

CALL PAmT %4 COMMON/CONST 37EPSYSEPSVsEPSCOSEPSD
& COMMON/KONST 1/IFREQ B
& CALCULATE DELTA COEFFICIENTS COMMON/RLOCK 1/CA(15) vAA(25225) sR(15) s6(15+15) 9D (15915)
¢ COMMON/CONST 8B/KOUNTsNIMAX

Lo=re] S Lo

o MM K
k CALL IDELTA(LSsLD) : BRINT 6959 s
¢ CALCULATE CONSTRAINED DERIVATIVES & 4:357EAD PROALEM DIMENSIONS....
READ 00 NeNF 9K

o GELL CONGER 100 FORMAT (a14) "1 K
¢ CHECK KUWN=TUCKER CONDITIONSs AND PRINT OPTIMAL SOLUTION IF SATISFIED g eeo o CHECK PROHLEM DIMENSIONS. ...
¢ 1P (NS GT.25,0R Ko6T,15) PRINT
& INITIALIZE ITERATION COUNTER 97 FORMAT (1H1sT5+4LIMIT EXCEEDED® +//T51 SNMAX=25 4 KMAX=152)
¢ & IF (NGT.25.,0RKeGTo15) ST

KoUNT=D PRINTrggg7opnoaLEM DIMENSION OoKo®)

(I:pe’?lf KUN;gC(KT) 9997 FORMAT(TS. °

10 CONTINUE \

1¢
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eee s FEA A TAeees C DEFINE AUGMENTED COEFFICIENT VECTOR OF OBJECTIVE FUNCTIONy CA(I),
READ 1014(CA(I)sITYPE(I)sI=19N) C
101 FCRMAT (8(5R,0+12)) 00 31 I=N1sN2
DO 10 I=1sk 31 CA(I)=0,0
10 KEAD 102+ (AA(IsJ)eJ=1eN) Cc DEFINE AUGMENTED COEFFICIENT MATRIX AA(IsJ)
102 FORMAT(10GR,0) DO 40 I=1sk
READ 103+ (R(I)sI=19K) DO 42 J=N14N2
103 FCRMAT(10GR,0) IF(JeEQ.N+I) AA(IvJ)==1,0
READ 1044 (XOCI)oI=1eN) IF(J.NEJN+T) AA(I»J)=0,0
104 FORMAT (10G6K.0) 42 CCNTINUE
READ 105y EPSYsACCeNIMAX 40 CONTINUE
105 FORMAT (2G8,0513) c
READ 106y IPRINTSIFREQ c CALCULATE SLACK VARIABLES ASSOCIATED WITH INEQUALITY CONSTRAINTS
106 FORMAT (212) g DEFINE ARRAY OF VARIABLESy ORIGINAL AND SLACK
€ ORIGINA TABLES-
eoe s DEFINE TOLERANCE PARAMETERScese C
NN=MINO (10sN) DO S0 I=1yN
SumMC=0,0 S50 X(I)=X0(I) A
S6 go g6sa=é'82(l) g UA CONSTRAL 15
UMC2SUMC s SJ—M—\LLR.LABL_E_S__Q__,.LI_,I_ N
AVERC=SUMC/FLOAT (NN)
EPSV=ACC®AVERC D0 60 I= NluN3
60 X(I)=0,
SumMx=0,0 C .
DC 95 1=1e¢NN ¢ SLACK VARIABLESs INEQUALTITY CONSTRAINTS
95 SUMX=SUMX+X0 (1) ¢
AVERX=SUMX/FLOAT (NN) . —IFAKF«EQ.K) GO _TO 1000
EPSD=ACC®AVERX D0 70 I=N4yK S
NEENSK $1ls1=0 0,
N vJ)=0.
N3 DO 71 J=1l»
N Jl=J+1
NS *<F e Tl Z(IsJd1)=Z(IsJ)+AA(TsU)®X(J)
NA NeK )= (NFeKE ) = - IK=N+1
X(IK)=Z(TsJ)=R(I)
PRINT INPUT DATA 70 CONTINUF
1000 CONTINUF
PRINT Q9Qg C
9999 FCQVAT(//£T5 o 120(1H®)s//7) g PRINT STANDARD FORMULATION
PRINT 6896
9998 FDQ“AT(TG #LINEAR PROGRAMMING®) IF(IPRINT.EQWel) GO TO 2607
PRINT 9396 PRINT 300
PHINT 169 300 FORMAT(1H1aTSs#INPUT DATA IN STANDAKD FORMULATION®)
199 FORIMLT (1419 TSeeINPUT DATA®) PRINT 301
FSINT Qcog 301 FORMAT(1X9///3TSs®INDEX#«T25¢%0BULCTIVE FUNCTION®9T4542TYPE OF VAR
PRINT 200G eNaNF 9K oKE SIABLE®+T659%INITIAL SOLUTION®9/T28e*COEFFICIENTS®9//sTT99[®4sT31s%C
200 FC=™AaT(////TS5+210TAL NUMREP OF QRIGINAL VARIABLES®*sT40+®N=%,T50 FA(I)#oT4Oo#ITYPE(I)#eTT71le%X(])*®)
113//T5¢®MUMEER OF FrEE VARIABLES®eT409#NF=®#9T909139//TS»y*TOTAL NUM PRINT 3029 (IsCA(I)sITYPE(I)eX(I)oI=1sN)
SSER _OF CONSTRAINTS® 9 Ta)e¥K=®43T50913//TS5s#NUMBER OF EQUALITY CONSTR 302 FORMAT (1Xe/9(/Tbsl14sT284G1C.9+T529119T6BvG12e5))
SLINTS?3T4Ns#KE=®4T50413) PRINT 3039 (TsCA(I)eX(I)gI=N1wN2)
PEINT 201 303 FORMAT(1X9T4s14+T26+G1l2.59T63161245
201 FCRmMAT(////T5+2INDEX T480°COEFFICXENTS°0T“bv“TYPE OF VARIABLE®, PRINT 304
1T6S5«2INTTIAL SOLUTIO 304 FORMAT(1H0-//vTSQ“COVSTHAIN]"vT30v“ﬂIGHT HAND®s TTO+#COEFFICIENT MA
PRINT 202 STRIX OF CONSTRAINTS®#/TS,#NUMBER®sT30y2SIDE®e/T /s 2y T3398R(I) @,
202 FORMAT(//TT92[29T319%CA(1)®#eT49s#ITYPE(I)¥9TT71e#X0(1)%) STHS W ®AA(TeJ)®)
PRINT 2109 (I9CA(I)oITYPE(L)9XO(I)sI=1sN) DO 90 I=1sK
210 FORPMAT(//TS9139T280612e59T529119T7679G1265) 90 PRINT 3059I9R(I) e (AALTsJd) 9J=19N2)
PZINT 237 305 FORMAT(1HO»T59139T29+G12.5+(/T4557G12.5))
237 FCRvAT(1xe///7)
PRINT 2C3 2607 CONTINUF
PRINT 209 RE TURN
209 FORMAT(//TBe®l1®9sT34e%R(1)2eTHBOIPAA(TSU)®) END
20 PATRT. 50hs ToR (1) s (A (Tsdl suzloh}
v L] [} 1] sJ=1y
203 FORMAT(1XeTSe®CONSTHRAINT®4T30s#RIGHT HAND#+T709#COEFFICIENT MATRIX c ;
$ CF CONSTﬁAINTS?/Tﬁv“\y?ﬂin“vf39v“SIUE?) ¢ SUBROUTINE PART
206 FC?:$Té6:?'ggé$fxgg?&§izi3'(/7“5'7612'5)) o B B B B S L D B IR DR e D B R RN B R LR R B OO DEOR00ERE0000000000000000086s
205 FGQMATl/7/Tbc°COthOL‘PAHAMETEHS'!//TS»'EPSY=’0TBU'GIZ.bO/Tb’“ACCS C THIS SURRQUTINE _MAKES THE PARTITION OF X(I) INTO @
5 T309G12.59/T592NIMEX=®,T40,13) C l. K STATE VARIABLESy NS(I)s FREE ¢ NONJ.NEG
RINT 206, 1PRINT,IFREG KuvoovsensnonelivalaDECISION YAKTABLES: NO(J) s ZEKOS o NON-NES
208 FORNAT(///T5v'PRINT CONTROLS®9//TSs#IPRINT=#3T40+13+/TS5s2IFREQ=*, ¢ @ ® L I R T T Y Y ¥
SRt 9059 LOGICAL INS

DIMENSTON JMA
CCMMON/CONST
COMMON/CONST
COMMON/RLOCK
COMMON/CONST
COMMON/BLOCK
COMMON/RLOCK

N6
5)9R(15)98B(15915)9D(15+15)

2~

N(25)

(A%
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DEF INE ARRAY OF NONSNEG VARIABLESsyNN(J)
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JMAX1(IJ)) INS=.TRUE.

ZUVNZ~0MNVNOCOZ ~
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T0 114
) «GE « XMAX) GO TO 115

*~N2Z2Z7%2Z
CT NN N
>

K) GO 70 113

CM = LCCZ~C=Z-Clr »

zr
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RLF OF CORKESPONDENCE

T.EQ.1) GO TO 2607

1eTSe®#TABLE OF CORRESPONDANCE®+///)

+©¢STATE VARIABLES“v//vTSv’NS(I)“|T30v9X(NS(I))')

(NS(g)vX(NS(I))vI ly
3.7 .

\Y
b 8]

— Dt an
EZ2 L7+ Z A A e M g e (=X  OM

AP AP =Y - e Z IO ) oM

ﬂ
[e]
el
- =4 - T
P N S S S

S5+oDFC
) o X (N

?? VARIABLES®9//9TS5e®ND(J)®9T30s#X(ND(J))®)
J
31+612

PRINT & sJ=19N)
FORMAT(
CONTINUE

I3
N
0
1h
01
15
02 {
17,1 S)
03

1Xe/7oT 1S1
040 (ND ( Dy
T70130T 5)

L]
°
v

DO 1100 I=1,N
1100 Y=Y+CA(I)&X (1)
¢ PRINT INITIAL VALUE OF ORJECTIVE FUNCTIUN

PRINT 1103,Y
ll03SEOPMéT}}§;///oTB-“INITIAL VALUE OF OBJECTIVE FUNCTIONsY=®4T50s
’

PRINT 9999
c9999 FORMAT (///T50120(1H*) s ///)

RETURN
END

SUBROUTINE PART AA

T R L T g A o
THIS SUPPOUTINF MAKES THE FARTITION OF AA(IsJ) INTO
l. THE K#K COEFFICIENT MATRIX B8(lsJ) OF STATE VARIABLES
THE K#N COEFFICIENT WMATRIX D(Il+J) OF DECISION VARIABLES

?
’Q'..MWQ#““GONW&QQ#GWNWGQ“GQMW“Qﬁ#ﬁﬁMWOQQOGOMN'QQEGQMMG0.0..““W.Q'.OQN

0000000 OO0

COMMON/CONST 1/NsNFy
COMMON/CONST 2/N1sN2
COMMON/CONST 7/IPRIN
COMMON/RLOCK 1/CA(15
COMMON/RLOCK 2/X(25)
COMMON/BLOCK 3/NS(15
COMMON/RLOCK 4/GAMS (
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)) GO TO 133
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132
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>
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RTITIONED MATRICES B(IsJ) AND C(IsJ)

T.EQ.1) GO TO 2607

lcTSv“COEFFICIENT MATRIX OF STATE VARIABLES B(IsuS)®e//)
#1289 TBO9¥B (19JS) *#)

'K
Te (B(I9JS)eJS=19K)
2159139 (/T29+8G1265))
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SUBROUTINE IDELTA(LSsLD)

"....'OOOOOOGODQ0006hO00SﬁGQQO600#6#‘&“9&6#“60““#“60“9#0#”#DDQQQGQO’GG““QGQ'Qﬁ

THIS SURROUTINE CALCULATFS THE DELTA COEFFICIENTS BY GAUSS ELIMINATION
A NEw PARTITION IS TRIED IF THE JACOBIAN IS SINGULAR
L R R R R e o R R g N R PR R R R R TR L P P QU

CCMMON/RLOCK 5/BFTA(15)-DEL1A(15015)0V(15)

O

COMMON/CONST 1/NsNFsK
CC¥~ON/CONST 9/IDETyK9RI NT
Sg;;??/?LOCK 1/CA(15) 9AA(25925)9R(15)9B(15+15)9D(15515)
= ¢
IDET=1 ¥
FPSA=0,001
CET=0.0
EPSDET=0,.001
31 CONTINUF
CALL GAUSS(KsBeEPSAsDDETeNeDELTA)
IF (ARS(NET) JLTLEPSDET) CALL NEWPAR(LSsLD)
3 IF (RS (DET) oLTLEPSDET) GO TO 31
of eeesPRINT DELTA(IVU)0see
IF (XPRINT,EG.1) GO TO 2607
PRINT 32
32 FCRMAT(1Xe////+TS5s*DELTA COEFFICIENTS#)
DC 33 I=lyx
33 PRINT 34« T4 (DELTA(IsJ) s J=1sN)
34 FORMAT(1HO9TSeI3+(/T10e10612.5))
2607 CONTINUE
FETURN
END

(gl9]

SUBROUTINE GAUSS(NyAYEPSA9RRsDET+INDEXRYX)

LRy T R L T L L T T T T L L T L U T prurpnpr g g
o THIS PRCGRAM PERFORMS THE GAUSS ELIMINATION ON A QUADRATIC MATRIX
E MULTIPLIERS ARF STORED IN THE ORIGINAL MATRIX
c TrE NETFRYINANT 1S COMPUTED IF IDET IS DIFFERENT FROM 1
€ eeee INPUT PARAMETERS AND DATAcee.
L N=C~DER OF “AKTIX
/o A=A (TsJ)=QUAORATIC MATRIX
e EPSA=TOLFR4NCE PARAMETER
C PE=wtTRIX OF RIGHT HAND SIDES=-NUMBER OF RHS NUMBER CF COLUMNS
& DET=DETFRmInanT OF QUADRATIC MATRIX A(Isd)
; INDEXR=NUMEER OF RIGRT RAND SIDES
§ XCEIEC?¥T?2L PARAMETER. IF IDET=ls THtE DETERMINANT IS NOT CALCULATED. OTHE
- Hald
€ KPRINT=CONTROL PARAMETER, IF KPRINT=1 ONLY INPUT DATA AND SOLUTION IS PRIN
¢ TED., OTHERWISE ALL INTERMEDIATE RESULTS ARE PRIN
coveen 0900’090oaooooo0vﬂovwonﬁaowﬁQOQhOOGQnQQ#H'HtOQGOQ6OGQQIOQQOQ'QQQQOQQOOﬁﬂﬂ"
DIMENSTON A(15415) 9RR(15+15)9X(159195)
DIMENSION AO(lSvlS)oRO(lS)-M(l:vlb)vR(lS)
NINMERSION RPOL(15415)
CCMMON/CONST 9/IDETKPRINT
REAL M
“=1
KCUNT=0
1 CONTINUE
Kl=x+l
IF (ABS(A(KeK) ) LT.EPSA) GO T0 10
GO T0 20
e 16 CCNTINUE
L svesd(KeK)=0s INTCRCHANGE ROWSeoee
DG 11 I=KlsN
IF(A(IsK) NELO,0) GO TO 12
c 11 CCNTINUE
¢
c ;k%né(va) ARE ZEROs THE MATRIX IS SINGULAR
9 Sg?ﬁsTélNOoTS-OIHE COEFFICIENT MATRIX IS SINGULAR : RETURN DET=0%)
RETURN
12 CONTINUF
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IS NOW UPPER_TRIAMGULAR

M GAUSS OPERATIOUNS TO OBTAIN A DIAGONAL MATRIX

N

MmN T~

) ARE ZEROs INTERCHANGE ROWS I AND K

N

K)/A(KK)
J)=M(IsK)®A(Kod)

) IN THE MARTIX A
? 1)=M(IsK)#RR(Ks1)

N1) GO TO 1

T.EN.1) GO TO 2607
PER TRIANGULAR MATRIXess

H

1

) (A(Io J)sJd=leni

HOs TSy TS:]OGIZ 5))
X

1

°

H

#RIGHT HANL SIDES*)

) sJ=19 INDEXR)
T5+10612.59))

K
&vK)/ﬂ(KQK)
Ted)=M(IsK)®A(KsJ)

IN A(IsJ)
1)=M(IsK)#RP(K»1)

Vo~
Lrte
—~e C

—X o~

)
v

GE.2) GO TO 5

c

ULA}E DETERM

INANTeow e
T0 2608

~m

(=1,0)®#KOUNT)

1) DET=37.
Q.l) RETURN
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SUBROUTINE NEWPAR (LSsLD)
FIRST PAPTITION RESULTED IN A SINGULAK JACOBIAN

CHANGE PARTITIONs SIMPLEXING A STATE AND A DECISUON
CALL SAPT AAes AND CONTINUE ALGORITHM wITH THE NEW PARTITION

oKE

ITYPE(15)
sND(15) 9NN (25)
DR;NT.EQ.I) GO TO 2617

ALJngvTS'GTHE JACOSBIAN IS SINGULAR. TRY A NEW PARTITION®)

FROM HIGH TO LOw INDEX

DZZCC——T
QOB NTIN  —
- O~ 1
NDD Ne e
NO~-~-oo
o<
DO
oo
-y
[=1a}
——
oo

8~DC N~ MI N 3¢
—— O e OC

Xo///+TSs#*THE JACOBIAN REMAINS SINGULAR FOR ANY PARTITION

GO TO 2607

S98LS=%9T10¢134T15s%LD=%9T20513)
CORRESPONDANCE

ATE VAKIARLES®9//sTBs#I#3T109®NS(I)®9TLITo#X(NS(I))®//

SNS(I) e X(NS(I))eI=1ysK)
39T11913+4T159612.5)

S+®DECISION VARIABLES®s//yTBe®J®sT10s#ND(J)®9T17s0X

o1
o7
sND (J) «X(ND(J) ) 9Jd=19sN)
913¢T11+13+T159612.5)

Q0000000 OO0

&0“9“Q“6“09““6““”9"”OQQ.“Q.Q..'O“

Q”9099QQ009“0““1‘QOGOQOOQOQQOﬁ.OGQ'MMWQQQQ.“.'Q'.'Q'...’O.

SUBROUTINE CONDER

L L T R TP T TR T T R T L TR T LT TR LT PP PGP ey S 1S
THIS SURRQUTINE CALCULATES THE CONSTRAINED DERIVATIVES V(u) OF THE OBJEC
TIVE FUNCTION wITH RESPECT TN THE NON=-NEGATIVE VECISION VARIABLES
CONSTRAINED DERIVATIVES WeReTe ZERO-SLACK=VAKIABLES (£QUALITY CONSTRAINTS
:55 §§T AT ZFRO

vowed D R L R R PR TR P R A SR (g G R R S
DIMENSION HELP(15415)
COMMON/CONST 7/IPRINT
COMMON/FLOCK 3/NS(19)sND(15) sNN(25)
COMMNON/ELOCK 1/CA(15)9AA(25925)3R(19)9B(19915)9D(15+15)
COMMON/CONST 2/N1sN29yN3sN&eNSING
COMMON/CONST 1/NsNFyKsKE
COMMON/RLOCK 5/BETA(15)sDELTA(L15915)eV(15)
COMMON/RLOCK 2/X(25) s ITYPE (15)
COMMON/CONST 3/EPSYsEPSVIERPSCOVEPSD
NS=KE 1
DO 160 J=N5SsN
HELP (1eJ)=CA(NS(1))®DELTA(1»J)
D0 162 I=2+K
HELP (I9J)=HELP ((I=1)9eJ)+CA(NS(I))®*DELTA(Isu)
162 ?OETINUF
V(J)=CA(ND(J))+HELP(I5J)
IF (ABS(V(J)) «LTLEPSV) V(J)=0,0
¢ 160 CONTINUE
g PRINT CONSTRAINED DERIVATIVES V(J) -
IF (IPRINT,EQ.1) GO TO 2607
PRINT 900 -
900 gg?M$Téé?lvTSu“CONSTRAINT DERIVATIVES v(J)®)
N
901 FORMAT(1HO+//9TSs#INDEX _OF DECISION VARIABLE®sT40s®CONSTRAINT
SDERIVATIVE®9//sTLT79%J%sT48e%V(J)®*e///)
PRINT 9024 (JsV(J)9sJ=1eN)
902 FORMAT(T15+13+7444G12.5)
c2607 CONTINUE
RETURN
END -
Cc
g
c SUBROUTINE KUNTUC(KT)
(o g R R R R R R R R R 2R R R A P A R R R AP Ay
Cc THIS SURROUTINE CHECKS THE KUHN=TUCKER=CONDITIONS 3
C l. KI=-CONDITIONS SATISFIED : KETURN KT=¢TRUE,.
g 2. KT=CONDITIONS NOT SATISFIED ¢ RETUKN KT=,FALSE.
g %EDTHE OPTIMUM 1S REACHEDsIeEe IF KT=,TRUE.» THE OPTIMAL SOLUTION IS PRIN
(2 R T B R R Y XL TR PN PR PR TR P RGP L PP
c
LOGICAL KT )
DIMENSTON YSTAR(30)
COMMON/CON 1/NSTAR
COMMON/CONST 1/NyNF sKsKE
COMMON/CONST 3/EPSYsEPSVIEPSCO4EPSD . )
COMMON/RLOCK 1/CA(15)9AA(25925) 9R(15)98B(15919)9D(15+15)
COMMON/CONST T/IPRINT
COMMON/CONST 8/KOUNTeNIMAX
COMMON/PLOCK 2/X{25)sITYPE(15)
COMMON/RLOCK 5/BETA(15) 9DELTA(15515) 9V (15)
c COMMON/BLOCK 3/NS(15)sND(15) sNN(25)
c eeee COUNT TTERATIONS.see
KOUNT=KOQUNT+1
IF (KOUNT ¢GT<NIMAX) PRINT 1109
1109 FORMAT(///TS+*MAXIMUM NUMBER OF ITERATIONS EXCEEDEDsSTOP®)
IF (KOUNT«GTNIMAX) STOP
NS=KE+1
DO 1000 J=NSsN
IF(X(ND(J))«GT.EPSD.ANDABS(V(J)).GTLEPSV) GO TO 1001
IF (X(ND(J)) eLToEPSDeAND V(U)oL To (=EPSV)) GO TO lOUIL
1000 CONTINUE

g¢. =



10

ann o0

1101
1102
9999

1103
$5

1104

AOOOOOHONNO OO0

1201

1200
c

S

3

Mo .EQ.1) GO TO 2607
0

1

s X
-

s #*KUHN=TUCKFR CONDITIONS SATISFIED IF KT=Ts NOT SATIS
9// 4TS ®KT=#9T15sL7)

ONMMU V= OXF
HNONHO O=~OM TIM O~

LUE OF OBJECTIVE FUNCTION

<D=
0
<
o

~“I —Z >

O MmN

NT INUE
NSTAR=NSTAR+1

IF (JNOT,.KkT) RETURN
PRINT OPTIMAL SOLUTION

PRINT 110

F'~UAT(lX-/l//vTSv“OPTIHAL SOLUTION®9///9TSe#]®sT109®X(]1)*®)

PRINT 11026 (TeX(I)sI=1sN)

F”RvAT()HO-TJvI3’T6'GIZ 5)

PIINT 93

FQQ“AT(///T5|120(1H')v///)

PRINT 11030

FORMAT(lX'///'TSv’HINIMUH VALUE OF OBJECTIVE FUNCTIONsY=#,T50+612,

PRINT 9999

PRINT 1104+ KQUNT

CD“AT(///Tbv’IUMﬁER OF ITERATIONS =%,T30913)
F=INT 9999

RETURN

END

SUBROUTINE ~AXV(IVPGSsJUMAX)

T T T e e R R R L S R L R R R AR At S bbbl d A

THIS SURRQUTINE FINDS THE NUMERICALLY LARGEST CONSTRAINED DERIVATIVE V(J)
I FT 12 REITING puoRen s

(J) : . .
lF ¥NF hg§ISISN VARIAHLF IS ZERO,AND THE CONSTRAINED DtRIVATIVE IS POSITI~-
VEe TREM ThE NEAT LARGEST CONSTRAINED DERIVATIVE IS FOUN

ceseRuoBbOBOGD GGOQ“QGQDQQQGiGGOO"60“069Q#GQQQGQOﬂ#QQOQ'iG.O"OQ.OOlﬁ”'."’..ﬂ.

LGSICAL TVPOS

CCMVONZRLOC
COMMON/RLOC
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~Cr T Ore
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PIMMTOTTOOMNOMN

UNrtmmOZ B>

ZOLE ~AMIM A4 Xrs A X

U ZEO= 1) =D D~NM 1

SNZPPTNZLCZ NSO 00
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0000000 OO0

(glelgTe]
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:

LWeasr WV IV QUUI

PRINT 1516
1210 FORMAT (1H1 TS+ #NUMEKICALLY LARGEST COUNSTRAINT DEKIVATIVEs AND VAKRI
SAELE 10 BE CHANGED®:///)
PRINT 1211+
IZIISEQSMQT}}?, NUMERICALLY LARGEST CONSTRAINT DERIVATIVEs VMAXZ®,To0s
. ’
1213 FONMAT (S5 oVARTABLE T0 BE CHANGED '
A Se a BL HANG SX(IP)=X(ND(JUMAX)) s IP=® 6 o/
PRINT 1215y JMBX ¥ TngneratRoslIsLl
1215 FORMAT (TX3/+T4692UMAX=43T66913+/)
PRINT 12165 X(IP)
1216 FORMAT (T45+8X(TP)=#+T60961245)
PRINT 1214, IVPOS
1214 FORMAT(1X 71202 IF V(MAX) IS POSITIVEs IVPOS=.TRUE.21/Ts,
& = FALSE®e//915021VP0S=8,T66sL3)
2607 CONTINUE
RETURN
END

SUBROUTINE CASEA1 (ICASELyJMAXs IMINsAMIN)

L e T R L R R 0 R PR R P R R P P R PR QA
THIS SUPROUTINE DETERMINFES WHETHER ¢
1. A DECISION VARIAHLE GOES TO ZERQO : CASE AlvBl ICASELI=.TRUEt
A STATE VARIABLE GOES TO ZEKU : CASE Ale.B3 ICASELl=.FALSE.

'...Q.OQQGGOGQOQGGGGQGOGQﬂ#@h’ﬂﬂﬂﬂ’“&ﬂhﬁn.QGOQﬁ90ﬂOG0.000&00bDOO..O.QOOO..IQ...

LOGICAL 1
IMENSI

[alslnl=t
ooCo
XXX
T
o000
zZzZz
NN\

COMMON/F

N
0
L
20
4.
COMMON /R

S)eV(1S)
X

) WHERE IP=ND(JMAX)
¢ 1CASEl=.TRUC,
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IF(X(ND(JMAX)) GT<AMIN) GO TO 1304
¢ ICASE1=,TRUE,
IF(IPRINT.EQ.1) GO TO 2609
PRINT 1293y ICASEl
1298 FORMAT (1H]19T59#NO NON=-NEG STATE VARIABLE DRIVEN TO ZERO®+//9T5Sy
$*ICASEL1=®#,T154L3)
PRINT 1700
1700 FORMAT(1X9/////9T75s%a DECISION VARIABLE GOES TO ZERO : ICASEl=.TRU
E®9/T5+24 STATE VARIABLE GOES TO ZERO : ICASEl=.FALSE.*)
2609 CONTINUE
TURN
cl306 CONTINUF
g ORIGINAL INDEX OF STATE VARIABLE DRIVEN TO ZERO
IR=NS (IMIN)
c ICASELl=,FALSE
IF(IPRINT,EQ.1) GO TO 2610
PRINT 1297y ICASE]L
1267 FCR“AT(IHI.TSv’A NON-NEG STATE VARIABLE IS DRIVEN TO ZERO%*9//»
SIN%C§ggé=."ls sL3s/
1296 FCQ“AT(TS.’THE STATE VARIABLE X(IR)=X(NS(IMIN)) GOES TO ZERO%#,//)
RINT 1295¢ Ike IMIN
1295 FOQVAT(750’19=°9T15-I39/vTSv‘IMIN='oT15!IJ)
RINT 12949 X(IR)9AMIN
1294 FO?“%T{;?;’X(]D)=“vT13-GIZ 99/ 9T592AMIN=%9T15+612.5)
N
1701 FCR“AT(IX./////vTS.“A DECISION VARIABLE GOES TO ZERO : ICASEl=,TRU
$E SeeA STATE VARIABLE GOES TO ZERO : ICASELI=.FALSE.*®)
CZQIO CONTINUE
RETURN
END
c
g
2 SUBROUTINE CASEAZ (UMAX9KT)
Pl L TR R R R R R R R R R R R R R G G G R G A R G S R Ty
53 ThIS SURRQUTINF HANGLES CASE A2y I.E.
C 1. X(;P) IS INCREASED UNTIL THE STATE VARIABLE X(IR) IS ZERO
g Z.Cé’g:% ?ND X(IR) arc SIMPLEXED AND A NEW TABLE OF CORRESPONDEN
2 INE
C 3. NEw DELTAS AND CONSTRAIMED DERIVATIVES ARE COMPUTED
L L L S L R T TR TR a-- - graagho--g-ghr g4 A 0P S-SR 98 3 S - J-0-9a M43
Cc

[21slsle]

DIMENSION AR(15)

END OF LOOPs AAMIN=ABS(AA(IIMIN)) AND IIMIN DETERMINED

1

COMMCN/CONST 1/NoNF 9K oKE

CC™MON/PLOCK 2/X(25) s ITYPE(1S)
COMMON/KCNST 1/IFREQ

COMVON/CONST B/KOUNToNTMAX

CUMMAON/ELOCK 3/NS(15)9ND(15) 4NN (25)
CCMVAN/PL OCK S/BETA(15) s DELTA(LISe15) sV (15)
COMMON/CONST 7/IPRINT )
COMMON/RLOCK 1/CA(15)9AA(25925)9R(15)9B(15915)+sD(15+515)
FCR NEGATIVE DELTA(IsJMAX)s AND NON=-NEG STATE VARIABLESs THE MINIMUM OF
ARS (X (NS(I))/DELTA(IsJUMAX)) IS DETERMINED
TIMIN=]

AAMIN=10000,

DC 1900 I=1lsx

IF(ITYPE (NS(I))eEQ.0) GO TO 1901
IF(CELTA(I9JMAX) GEL0.0) GO TO 1901
AZ{IISX(NS(I))/DELTA(I»UmMAX)
IF(ARS{AR(I)) <L T.AAMIN) GO TO 1902

GO0 T0 1501

COAYINug

AAMIN=ABS (AB(I))

IIMIN=]

CCNTINUE

CONTINUE

1903

1899
2607

[elele]

onon

19

o000 O 000

OO0OOO0 000

(e BN elsle]

04

10

PRINT 1603

FORMAT (1H1+sTSs“WE ARE IN CASE A2 THE VARIABLE X(IP)=X(ND(JMAX)) M
1UST INCREASF®+¢///9T59%A STATE VARIABLE X(IK)=X(NS(IIMIN)) wILL BE
2DRIVEN TO ZERO®)

PRINT 19+ TIMINsJMAX

FORMAT (1X9///9TSe#IMIN=#4T154135T2hy#UMAX=®9T35513)

IF (AAMINGLTe1000140.ANDAAMINGCOGTL.Y999,6) PRINT 1899

FORMAT (1X9////9T5e%IN_TAIS CASE THE DECISION X (ND(JMAX)) CAN lNCRE
5égET{zBEFINITELV"//,TSv°THt PROHLEM IS POORLY POSED == ST

IF (AAMINGLT.10001.0.AND.AAMINGT.9999,0)STOP

CHANGE PARTITION SIMPLEX THE DECISION X(IP) AND THE STATE X(IR)
IP=ND (JUMAX)

IR=NS(IIMIN)

NS(IIMIN)=IP

ND (UMAX)=1R

CALCULATE NEW STATE VARIABLES

XO0IP=X(IP)

D0 1904 I=1eK

X(NS(I))=X(NS(T))+DELTA(I»JIMAX) ®AAMIN

CONTINUE

X(IP)=XOIP+AAMIN

DEFINE NEW DECISION VARIABLES

X(IR)=0,0

CAaLL PRINT(KOUNT;IFRQQ)

C%%%FgUBROUTINE NEWVAL FOR CALCULATION OF NEw DELTAS AND CONSTRAIN
CALL NEWVAL (UMAXsIIMIN)

CALL KUNTUC(KT)

RETURN

END

SUBROUTINE CASEB] (UMAKKT)

TH{S SUBROUTINE _HANDLES CASE AlsHBl,
« SAMF PARTITION AS PREVIOQUSLY
ONE DECISION VARIABLE GOES TO ZERO

I E.

LOGICAL KT

COMMON/RLOCK
COMMON/RLOCK
COMMON/CONST
COMMON/RLOCK
COMMON/KONST

?v15300(15115)

ZRX—Z—TO
Qe ~ONNTMB

et 1 A WENTS 2
SNNNNNNNN
OZNCTU~T—~

9 TSe#WE ARE IN CASE AlsBl.

N
SEQ.
1 THE DECISION X(ND(JMAX)) GOES
4

’

r~r ZD—MIr~
-“N—VZ O —AXZTZTZ—

NS(I))=DELTA(IsJMAX)®XOIP

OXOXr=+ O OV TMT—~O
O~00T » OOTNOITTMO

ZZ =

DEFINE NEW DECISION VARIABLES
X(IP)=0,0
CALI PRINT(KOUNTsIFREQ)

T DERI!

RSB RO B O O S S R S R G R D R N S S R R SR D U O IR AR OGO RO RO OO O R OBV DORRODRPIORDDORRRRD.
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C SINCE THE PARTITION IS UNCHANGED» SO ARE THE CONSTRAINED DERIVATIVES DU 2000 JI=1sK
¢ T e 2000 %éﬁ%?35%7A"'J"AX’
A K T (K
gE%bQNUN % ! DO 1999 J=N&4oN
ND ZZ(J)=DELTB(IMINyY)
A L e R A R R R R e e R R R A e LY 1999 CONTINUF
Cc DELTRP=DELTA(IMINsJMAX)
C DO 2001 T=1,K
c DO 2002 y=N4yN
SUBROUTINE CASEB3(KTsJMAXs IMINyAMIN) S 8S[N¥?'SE'F"J)=DELTA(!|J)-Z(I)QZZ(J)/DEL]’RP
g'....'...'..'ﬂD..'.OQOQDOGQGO“QQQQ“QQQGQ“GQQ'Q“.QQ.ﬁ“.“b.““““‘“.“ﬂ'ﬂ..“".“.“‘ 2001 CONTINUE
& TS RUTe U TE B CARRYED ATT  HeE e ktE k1) 1s cero DELFA (TnTnnsi Y22 () s0ELTRP
C 2: X(IP) AND X(IR) AéE SIMPLEXEDs AND A NEW TABLE OF COORRESPONDENCE ;S 2009 SgN;éggF, ; k—
o] ORTAINED =1y
b, ) R S ARE COMPUTED =
5....-.-35.55ﬁ.955If§.§§9.59331555§§9«9§.§¥5I£¥5.o¢.5....g?........-..a......u. 2003 ggh}?ébgdHnl) Z(I)/DELTRP
< DELTA(IMINSJUMAX)=1,0/DELTRP
LOGICAL kT C -
COMMCN/CONST 1/NoNF sKoKE c PRINT NEW DELTA COEFFICIENTS
COMMON/CONST B/KQUNTeNIMAX IF(IPRINT,EQs1) GO TO 20607
COMMON/KONST 1/IFREQ
COMVON/KLOCK 2/X(25)sITYPE (15) PRINT 2004
COMMON/ELOCK 3/NS(15)9ND(15) sNN(25) 2004 FORMAT(1H1+TSe#NEW COEFFICIENTS DELTA(IsJI®e//7)
COMMQH/RLOC; ?;?E;?(%S)vDELTA(l5'15"V(15) 2005 FgéuZTﬁggs“lNDEX' T75+s#COEFFICIENTS
MMON/CONS N g NTS® 3 //9TTs® (#7769 T e
EOMNONZELOCK 17CA 115) +AA(25525) sR(15) +B(15215) +D(15+15) R 1'1 ke WAL TTAF IR« FTORNDEL TAC D) Sty
C =19K
PRINT 1499 PRINT 2007y _I9 (DELTA(IsJ) sJ=N4sN)
1499 FORMAT(I1H1+TSsoWE_ARE IN CASE AlyB3» THE DECISION X(IP) WILL DECRE 2007 FORMAT(1HOsTS5+135(/T40,7612.58))
14SE UNTIL THFE STATE X(IR) IS DRIVEN TO ZERO%) 2006 CONTINUE
PRINT 19y IMINsJMAX N . ) 2607 CONTINUE
19 FCRMAT(1X9/// 0TS0 @ IMIN=®9T159139T25s%#JMAX=®9T35413) c
(ol o} NEW CONSTRAINED DERIVATIVES
C CHANGE PARTITIONSSIMPLEXING THE DECISION X(IP) AND THE STATE X(IR) c
c VP=V (JMAX)/DELTRP
I1P2=ND (JMAX) DO 2010 J=N&4sN
TN (TN T V(J)=V(J)=VP*2ZZ (J)
NS (IMIMN)=]P 2010 CONTINUE
ND (UMAX)=IR ¢ V(JUMAX)=VP
(]
C CALCULATE NEW STATE VARIABLES g PRINT NEW CONSTRAINED DERIVATIVES
Cc ;
X0Ie=X(IP) IF (IPRINTLEQ.1) GO TO 2608
DO 1500 I=1+K PRINT 2011
X{NS(I))=X(NS(I))=DELTA(I»JUMAX)®AMIN 2011 FORMAT(1H1+T5s#NEW CONSTRAINT DERIVATIVES V(J)#®)
1500 CONTINUE : PRINT_ 2012
X(IP)=XOIP=AMIN 2012 FORMAT(1HO0s//sTSe*INDEX OF DECISION VARIABLE®+T40»s®*CONSTRAINT DERI
¢ 3 DECISION VARIABLES g e e MR D LR
EFINE NEW 1 N ABL sV (J)ey=
& Sl 2013 FORMAT(TI54134T44s612.5)
X(IR)=0,0 c2608 CONTINUE
€
CALL PRINT(KOUNTsIFREQ) EEEURN
E CALL NEWVAL FOR CALCULATION OF NEW DELTAS AND CONSTRAINED DERIVATIVES "
c
CALL NEWVAL (UMAX9IMIN) c
C“TL KUNTUC (KT) C
EEDUPN ¢ SURROUTINE PRINT (KOUNTIFREQ)
~
c c'..."““ﬂ““““bDﬂﬂl.ﬂ“0'6'9”00“’0'#““0“0.9’96#09'.QQ.'Q.GCOQGDGGQQO.
1 & VETS SUSROUTINE PRINTS TABLES OF COWRESPONDENCE AND VALUES OF THE OBJECT)
SUBROUTINE NEWVAL (UMAXyIMIN) c IF IPRINT=0 ALL SORTS OF DEHUGGING PRINTOUTS ARE PROVIDED
R = . 5L ES -G A ~ - 3 .
goonocoocoooaogpoéoaoooboaoana&oaaaa»aa#nonoaaoaeovonae#agéoanownqocagﬁﬁsaﬁcoﬁc g %EoprégguéNnggFIgS¥LTéﬁ?%EERgFDE?ZS&?S?BU%?L%;Négo SOLUTION wILL BE PR]
e TRIS SUPnogTI¥ETCALCULATES NEW DELTAS AND CONSTRAINED DERIVATIVES AFTER g {FPEQ:O ONLY INPUT AND SOLUTION PKRINTED *
NG E N EQ= 4 :
g...-«s:i.:sagicoﬁjage£9ue“aoaqooncoaﬂooanunccnooonc.bn.ocﬂ.oo.tiaa.onoooto'uscﬂ ¢ xré%8=é ;:gtg 8; ggsg gg%ﬁ;%g :; E:E: gtlgth
c FREQ=10 TABLE OF CCRR PRINTE
DIMENSION Z(15)¢2Z(15) 8"'0.“Giﬂllﬂoﬁﬂovobqobﬁno»a»agoocooggoseﬁ:Io§£s:o£2o%5:559oo..o..oootoooo..coo
CCMMON/CONST 1/NoNF e K9 KE c
CCMMON/CONST T/IPRINT COMMON/CONST 1/NoNF sKoKE
COMMON/CONST 2/N1sN2eN3oN& NSNS COMMON/BLOCK 2/X(25) s ITYPE(15)
COMMON/RLOCK 3/NS(15)sNO(15) +NN(25) COMMON/RLOCK 3/NS(15) sND(15) yNN(25)
COMMON/RLOCK 5/3ETAT15)+DELTA(15515) 4V (15) COMMON/RLOCK 1/CA(15) sAA(25925) sR(15) 98(15915) +D(1591)
Né=KE+l IF(IFREQ.EQ.0) GO 70 100
IF(IFREQ.EQ.1) GO TO 101
IFIVE
ITEN=
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