




































































































































































step is usually the receipt of the contract financing the project and the
last step is the acceptance of the device. The steps in between consist
of the design, construction and testing activity necessary in the project.
There may be hundreds of nodes in the PERT network of a major project.
The time to complete each activity (branch) is estimated from experience
on similar projects. The length of the project is determined by the
Tongest path from the start of the project to finish. The essential dif-
ference between PERT networks and the type discussed earlier is in the
existence of precedence relations. There is a precedence of node i over
node j if i can precede j but j cannot precede i. These arise naturally
in development projects, for components should be designed before they
can be built and should be built before they can be tested.

It should be noted that there are more efficient methods(zo) of
finding the longest route thrcugh a network, and one of these is normally
used in PERT analysis rather than Boolean Programming. The demonstration
of this programming approach to this problem is included here just as
an application of this technique to network analysis.

6.3 ASSIGNMENT PROBLEM

(20) Let us

In simple words this problem can be stated as follows.
assume that we are given n requirements that must be satisifed and n methods
of satisfying them, it being understood that each requirement must be
satisfied by one of the methods and that one methecd cannot be used to
satisfy more than one requirement. An n x n cost matrix is also given,
each element Cij being the cost of satisfying the j th requirement by the

i th method. The assignment problem consists of finding that combination

of methods and requirements that minimizes the total cost. It is specified
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that, if Xij = 1, then the i th method is being used to satisfy the j th
requirement, if Xij = 0 the i th method is not being used to satisfy j th
requirement. From the fact that each method is being associated with one,
and only one requirement and that each requirement is associated with

one and only one method the mathematical formulation is as shown

n n
Minimize E & L.y %eu
j=1 3=1 1N
n
Subject to I x,. =1 J = Jassash
i=1 M
n
F Xuex = 1 2 1500550
i
=1
Xij =0, 1

6.4 QUADRATIC ASSIGNMENT PROBLEM
The quadratic assignment prob1em(]7) differs from the ordinary
assignment problem only in that a quadratic cost function is to be minimized

rather than the linear one given above.

Minimize ifJ pfq Liipq %43 *pg®
n
Subject to 151 xij = ] J=T1,...sn
n
jgl Xij =] ; T PR
Koo = Oy 1 5] & Tyeunsh
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6.5 PLANT LOCATION

The problem of plant Tocation has the following formu]ation.(Z])

Let I

{1,...,m} be the set of places where the plants can be located,

let J

{1,...,n} be the set of consumers, let Cj be the annual rate of
market reguirements for location j, let a; be the annual fixed cost of
construction and of operation at plant i, let bi be the manufacturing cost

per unit plant at i, and let Ci' be the transportation cost per unit from

J
ito j.

The problem consists in finding that subset of I, which assures a
minimum for the total annual cost of construction, manufacturing and
transportation.

Let us put ¥y = 1 if a plant is to be located in i and ¥y # 0, other-
wise. Let Xij denote the amount shipped from i to j and let dij = bi + Cij'
The problem is formulated as follows.

m m n

inimi ZIoawy. + 20T di. X
Minimize i=1 245 21 391 d1J X313

.

i

Subject to ~ If ¥y = 0, Xij =0 T 5 lyueosl

pad
\Y
(e}
-
<
-
m
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o
-
—
el
—
—
n
—
-
-
3
~—

(d = Touneshi)

It is necessery by suitable transformaticns to replace Xij's in the

above expressions, in terms of (0-1)bivalent variables, so that the whole

problem becomes a problem of pseudo-Boolean programming.



6.6 ELECTRONIC ASSEMBLY
Among so many other problems that can be solved by pseudo-Boolean

(13) is formulated and

programming a very interesting and a common problem
solved below. |

To construct an electronic device several ways are possible.

1. Any one of the three types T], T2, T3 of tubes may be used,
but only one.

2. The box may be made of wood (W) or plastic material (M). But
when using M dimensionality requirements impose the choice of T2, and there

is no place for the transformer F and a special power supply 'S' is needed.

3. T] needs F.

4, T, and T3 need S (and not F)

The price of the above mentioned components are
Tube T] 28 units
Tube T2 30 units
Tube T3 31 units
Transformer (F) 25 units

Special power supply(S) 23 units
Wooden Box (W) 9 units

Plastic material box (M) 6 units

The other necessary components of the device have the following costs.
27 units, 1if tube T] is used,
28 units, if tube T2 is used,
and 25 units, 1if tube T3 is used.
The assembly cost is 10 units for each set in all cases. Set is sold at

110 units if it is enclosed in a plastic material box and at 115 units in



the other case.

It is to be determined which design is to be used in order to
maximize the profit.

The problem is solved as follows. For each utilizable compenent X,
we shall denote by x the Boolean variable

1 if X is used
x -
0 if X is not used.

The conditions become,

Byttt =] " (6.1)
w+m =1 (6.2)

'If M=1, t2 =s =1 (6.3)

If t] =1, f=1 (6.4)

If t2 = 1, s=1 (6.5)

If t3 =1, s=1 (6.6)

and f+s=1 (6.7)

Under the above constraints, maximize

110w + 105m - (28t] + 30t2 # 31ty + 2bF + 235

3

+ Ow + 6m + 27t, + 28t2 + 25t, + 10)

1 3

The constraints (6.3), (6.4), (6.5) and (6.6) are obviously equivalent to

m s t,s (6.8)
ty = f (6.9)
t, £ (6.10)

t. = % (6.11)
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The above is a pseudo-Boolean problem with a linear objective function and
system of mixed linear and nonlinear constraints.

The above problem was solved using the program in Appendix B and
the obtained results are, t1 = 0, t2 =0, t3 =1, f=0,s=1,w=1,m=20
which means we have to choose T3 tube, the special power supply and the
wooden box, assuring a profit of 12 units. This result was found to be
the same as that of the solution obtained from hand computation(]s) using
Tables (3.2) and (3.3).
6.7 DESIGN OF A SYSTEM WITH RELIABILITY
(22)

The original problem is to design a system with six controllers
at six different stations, with sufficient redundant controllers at each
station so as to maximize the reliability, for a maximum cost of $65000.
Four different alternate designs are available for each station. Since

the number of design variables involved in solving the problem exceed the

handling capacity of this developed program, the system is designed taking

the first three stations and two design alteratives only.

Station Design alternatives
R C R C
1 .9983 2100 .9967 1800
2 .9992 3600 .9906 2900
3 .9846 1500 .9637 1400

The problem is formulated as follows:
Let X; be the number of components that can be used at station i.

If T is the upper Timit on the availability of components

= T
X o1 N Lk



where ZiK = Dor 1l

T : -
and Z] Zik = 1

The constraints have the form

T my . T <
Z y ZK.Zok_C

&1 55 SNRAT ik = s

where m; is the number of design alternatives available, CS is the total

expenditure authorized, and Cij is the cost of using the j th design

alternative in the i th station.

Also
T
E] Z'|K-]‘ 1=122:3
mj
I Yij = 1 i=1,2,3
J=1

Z_iK and yij are 0-1 variables.

The reliability is to be maximized

3 my X

- I _{1- 1

The solution of the above problem was obtained to give a maximum reliability
of 0.99868 with two components of the first design alternativesatstation

one, two components of the first design alternatives at station two and two

components of the second design alternative at station three.



CHAPTER VIT
CONCLUSIONS

As mentioned in the introduction, for a long time bivalent problems
have been solved as a part of integer programmina. Growing applications of
bfva]ent programming and the inherent difficulties in modifying other
algorithms to solve bivalent problems necessitated the development of sep-
arate algorithms which deal with 0-1 problems exclusively. The algorithm
suggested in this thesis, apart from the Balas' additive algorithm, is one
of the very few that are directly applicable to bivalent optimization. An
efficient computational program based on the particular combination of
replacing the system of constraints by a Boolean function and then to solve
the same branch and bound method for its feasible solutions, has been developed
for the first time in this thesis.

The best feature of this computaticnal program lies in the fact
that the search for an optimum never stalls. The program finds the optimum
solution (if there is any) always.

The efficiency of the algorithm can be improved by devising some
method to deal with the equality constraints directly, instead of replacing
each one of them by two inecualities as it is done in the present algorithm.

The wide range of applicability of Boolean techniques as explained
in chapter VI makes obvious the necessity for further research in zero-one
programming. The fields of integer programming, graph theory and other
domains offer very attractive problems which are easy to translate into
Boolean language. Further investigations are also necessary in developing

improved techniques, perhaps to overcome the Timitations explained in
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chapter V, and also it would be useful to have a pseudo-Boolean procedure

for solving mixed continuous-bivalent programs.
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Some Properties of Boolean Algebra

s xUy=yUx

2 X.¥y=Y.X

3 (xUy)Uz=xU(yUz)
4.  (xy)z = x(yz)

5. xUx=x

6 X o X=X

8 x U xy = x

8 x(x Uy) = x

xUyz=(xUy)(xU2)
10. x(y U z)=xyUxz
1. x U1

1}
—

12, x.1=x

13. xUO0=x

14, x.0=0

15, xUy=0 if and only if x =y =0

16. x .y=1 if and only if x =y =1

17. xUy=1 if and only if x =1lory =1
18. xy =0 if and only if x =0 ory =0
19. xUx-=1

20, x.x=0
2].

x
<
1]
x
<1

the de Morgan Taws

<1

22, X.y=x1U

The above properties are proved by direct verification for all

possible values of x, y and z.



The following properties are also worth noting for every x, y, z

e{0,1}.
23, X<y if and only if x Uy =y
248. xzy if and only if xy = x

25, xxUyandy xUy

26, X .y s<xandx .y =<y

27, If xZ2zandy zthenxUy=z
28, If z <xand z <y then z = xy

29. x = if and only if x Uy =1

1]
o

30. x

IA

Y

y if and only if xy
31. x=y if and only if xy U xy = 0

¥

32, x = if and only if (x U y)(x Uy) =1



APPENDIX B

COMPUTER PROGRAMS AND USER'S MANUAL



HOW TO USE

In its simplest form, the calling program is written as follows:

a) DIMENSION Statement - check through the list of input, output and
working variables. Include all subscripted variables, dimensioning as
indicated.

b) Define logical variables LOGY,XY,XX,F.

c) Define input data in any manner desired.

d) Call subroutine BABO

e) Call subroutine BOUT to give printed output.

f) Add STOP and END.

If the optimization function, U(x],xz,...,x ) is nonlinear, it is

n
defined in the user written subroutine UREAL.



SUBROUTINE BABO(A,AB,F,Y,X,XX,FF,YY,IA,C,M,N,COF,B,MAX,LOGY,CM,0BJ, IDATA,YC,
IAV,XY,JC,X0B,DX,FM,SF,AY,D,NLIN,MTERM,NOBJ , ID,NFEAS KA ,NNON, IFN)

Purpose

To minimize U=U(x],x2,...,xn)

Subject to ¢j(x],x2,...,xn)$bj

and all xi=0, 1

The optimizaticn function may have any form. The constraint functions
may be nonlinear but must have the special form of a sum of terms, each of
which contains only the simple product of any number of the variables.
Variables must not appear in their complementary form, X. in a linear con-

i
straint. Such forms may be removed by the transformation

Method

The solution of the problem with linear constraints uses Boolean
algebra to replace the set of constraints by a single resolvent function.
The feasible solutions may then be conveniently found and scanned for the
optimum solution.

If the constraints are nonlinear, the product of the variables in
each term is replacedby a new set of variables so as to linearize the

problem. This is illustrated in the following example:
-8x4 Xg Xg * 4x3 X7 Xg = 3x] Xp = Xg = Xg = Xgp < -2
The transformation gives

“Byy + byp - g - Yy g Vg = 2
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NOTE: This subroutine BABO is machine dependent in two respects. The first
one is the use of CDC 6400 system routine SHIFT to pack and unpack a

number of digits and the other one is the use of octal format to read in

the variabies of nonlinear constraints. For more information on these refer

CDC 6400 FTN Reference Manual.

Input Variables

N number of design or independent variabies. Replace
with the value of MTERM if there are nonlinear con-

straints and MTERM>N

M number of constraints

NLIN number of linear constraints

NNON number of noniinear constraints + 1

MAX estimated number of terms in the resoivent = 100 for

the first trial. A message will be printed out if
MAX is too small

IAV estimated number of feasible solutions = 50 for the
first triai. A message will be printed out if IAV

is too small



NOBJ

MTERM

IDATA

COF(I,J)

0 for linear objective function

1 for nonlinear objective function

maximum number of terms in any of the nonlinear
constraints,= 1 for all linear constraints

upper limit on the linear optimization function. A
suggested value for C would be half the sum of all

positive coefficients in the optimization function

n

0 for nonlinear objective function

1 all input data printed out

0 input data is not printed out

coefficient of the J th variable in the I th con-
straint for linear or linearized constraints,
dimensioned with (M,N). See also Note (ii) below

re dimensioning.

right hand side constants of the constraints, dimensioned
with (M)

coefficient of the J th variable in the optimization
function, if it is 11neaf dimensioned with (N+1),

and with (1) if nonlinear

(Note that if the optimization function is nonlinear,
this array need not be defined, but Subroutine UREAL
must be written)

See also Note (ii) below re dimensioning.



OBJ(N+1)

KA(I,J)

value of the constant if it occurs in a linear
optimization function

= 0 if there is no constant

(Note that this need not be defined for a nonlinear
objective function)

See also Note (ii) below re dimensioning

J th term in I th nonlinear constraint. Any variable
present in the term is replaced by 1, its absence
indicated by 0, and its negation by 2. Example:

X3 23 Xg Xg (Assuming there are only 6 variables)
will be replaced by 102011. This should be read in
octal format dimensioned with (NNON, MTERM). (See

the appendix for information on octal formats)

Note: 1) In constraints which contain less than MTERM terms, the rest

of the terms should be replaced by N zeroes each.

ii) If MTERM exceeds the value of N, the value of N should be

replaced by MTERM in the input and dimension statements. The

whole problem will be treated as a problem of MTERM variables.

OQutput Variables

AB(I,Jd)

YY(I)

NFEAS

array of feasible solutions. An element contains the
value of the J th variable in the I th feasible
solution, dimensioned with (MAX,N)

array of optimization function values corresponding
to feasible solutions, dimensioned with (MAX)

total number of feasible solutions



HWorking Arrays

Variable Dimension
IFN (N,MAX)
SF (N,N) if nonlinear constraints are present

(N,1) if nonlinear constraints are absent

FM (IAV,N)
YC (M,N)
D (M,N)
M (M,N)
IA (MAX,N)
A (MAX,N)
AY (MTERM,N)
DX (N)

F (N)

Y (N)

X (N)

XX (N)

FF (N)

XY (N)

XOB (N)
LOGY (MAX)
JC (MAX)
ID (MAX)

Logical Variables

Variables LOGY,XY,XX,F must be defined as logical variables in the

calling program.



Programming Information

Subroutine BABO has full variable dimensioning except for several
variables dimensioned with MAX and IAV. These depend on the number of terms
in the resolvent which cannot be predicted in advance.

Subroutine BOUT may be used to print out the feasible solutions and
the optimum solutions in standard form.

CALL BOUT(AB,YY,NFEAS,N,MAX)

The user may alternately write his own output logic. If the optimization
function U(x],xz,...,xn) is nonlinear it must be defined in the user written
subroutine UREAL. Subroutines called by BABO are CANON,COVER,SOLN,REDUCE,
LSTR,STORE,BOOL ,VIOLAT,OBJECT ,DECODE ,CHOOSE ,ASEMBL and CHANGE.



SUBROUTINE UREAL(X,U)

Purpose

To calculate the value of the objective function at a point
U(x],xz, ..... ,xn) when the function is nonlinear,and where U=minimum at
the optimum.
Method

The objective function may be defined by a simple arithmetic
FORTRAN statement such as

U=6.*X(1)*(1.-X(2))-5.*(1.-X(3))*X(4)

Input Variables

X(I) the current values of the independent variables

OQutput Variables

u the value of the objective function corresponding to the input

X(I) variables

How to Set Up Subroutine UREAL

The following cards must be punched by the user:
SUBROUTINE UREAL(X,U)
DIMENSION X(1)
U= arithmetic function
RETURN
END
A more complex analysis to define the value of U may require more
complicated coding or additional subroutines.

Miscellaneous

If additional data is required to perform the analysis,the necessary
READ ststements should be inserted in the MAIN program and the data transferred
from MAIN to UREAL through labelled COMMON blocks.Where possible,the user
should include conditional STOP's in his coding to prevent invalid results

from being returned to the optimization procedure.



APPENDIX

Ow Input

Octal values are converted under 0 sbécifications.
Ow
w is an unassigned integer designating the total number of characters
in the field. The input field may contain a maximum of 20 octal
digits. Blanks are allowed and a plus or minus sign may precede
the first octal digit. Blanks are interpreted as zeros and all
blank field is interpreted as minus zero. A decimal point is not
allowed.
The Tist item corresponding to the Ow specification should be an
integer.
Example:
READ (5,10) J,K
10 FORMAT (010,02)
Input Card
373737373744,
HO ‘\2
Input Storage (octal representation):
J  00000000003737373737
K 000000060000000000044
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SUBROUTINE BABO (AsABsFsYsXsXXsFFsYYsTAsCsMsNsCOFsBIMAXsLOGY sCM»OB
lJvIDATA9YC9IAVaXY’JC9XOB9DX9FM95FSAYQDsNLIN9MTERM’NOBJ9ID!NFEASsKA

2sNNONs IFN)

THIS SUBROQUTINE USES BOOLEAN ALGEBRA TO REPLACE ALL THE CONSTRAINTS

BY A SINGLE RESOLVENT.
A SEARCH FOR THE OPTIMUM IS MADE BY BRANCH AND BOUND METHOD.

DIMENSION YC(Ms1)s SF{Ns1)s AY(MTERMs1)s DX{(1)s XOB(1)s XY{(1)s JCI
11)s COF{(Ms1)s B(1)s 0OBJ(1)s FF(1)s A(MAXs1)s AB(MAXs1)s F(1)> Y{(1)
59 X({1)s XX{1)s YY{1)s CM{Ms1)s FM(IAVs1)s IFN(Ns1)s D(Ms1)s LOGY(1
3)s ID(1)

DIMENSION KA (NNONs1)

DIMENSION TA(MAXs1)

LOGICAL XY sXXsFsLOGY

IF (IDATAWNE.1} GO TO 4

WRITE (6,529)

WRITE (6430) NsM

WRITE (6431) NLINJMAXsTAVC

WRITE (6s28) NORJSMTERM

WRITE (6432)

DO 1 1=1sM

WRITE (6933) (COF(1sJ)sJd=1sN)

CONTINUE

WRITE (64+34)

WRITE (6+35) (B(1)sI=1,M)

IF (NOBJeEQel) GO TO 2

WRITF (As23h) (OBJ(T)sI=1sN)

GO 10 3

CONTINUE

WRITE (6s37)

CONTINUE

CONTINUE

DO 5 KE=1sN

DO 5 KW=1sMAX

IFN(KFsKW)=00000000C0000000000008R

CONTINUE

SUBROUTINE CANON IS CALLED WHICH INTURN CALLS SUBRQUTINE SOLN TO

GET THE RESOLVENT OF THE SYSTEM OF CONSTRAINTS.

CALL CANON (MsNsCOFsBsCMsIASDsYYsMAXsAsJCsIAVIYCsFMsABsSFsAYsNLINS
IMTERMsKASNNONs IFN)

SUBROUTINE BCOL IS CALLED TO SPLIT THE RESOLVENT INTO VARIOUS
LEVELS.

CALL BOOL (NsIFNsKLMsAsABIMAX»IAVsJCsIDsTA)

DO 6 I=1sMAX
YY{(I)=0.

DO 6 J=1sN
AB{1+J1=0,
AlTs0)=0.
TA(T+U)=0
CONTINUE
CONTINUE

K=0
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11

aNaRa]

A NA]

14

15

16

18

11

LL.CH=0

J=1

X{1) IS GIVEN A VALUE OF 1 TO START WITH,

X(J)=1,

CALL VIOLAT (XsJosFFsNoKLMsF sLOGY sMAX9sXX XY IFNsIA)

THE FIRST LEVEL OF THE RESOLVENT IS SATISFIED ONLY IF FF(J)=0.
IF (FF(J)sNE«Oe) GO TO 9

LCH=LCH+1

IF (NOBJ.EQ.1) GO TO 8

CALL OBJECT (XsJsYsNsOBJsXOBsDX)

ONLY THOSE VALUES OF X WHICH GIVE THE OBJECTIVE FUNCTION VALUE

LESS THAN QR EQUAL TO C ARE ACCEPTED AS PARTS OF FEASIBLE SOLUTION

IF (Y(J)eGTWC) GO TO 9

CONTINUE

K=K+1

Al(KsJd)=X(J)

X(J)=00

CALL VIOLAT (XoeJsFFaNsKLMsFsLOGYsMAXsXXsXYsIFNsIA)
IF (FF(J)YeNE«Oe) GO TO 11

LCH=LCH+1

IF (NOBJ.EQsl) GO TO 10

CALL OBJECT (XsJsYsNsOBJ»XOBsDX)

IF (Y{J)eGTWaC) GO TO 12

CONTINUE

K=K+1

A(KsJ)=X(J)

GO TO 14

IF (KeFEQeOeANDLCHWLEQeO) WRITE (6938)

IF (KeEGeTeANDeLCHSEGeC) CALL CXIT

IF NFTTHFR ZERDO NOR ONFE SURSTITUTEDR FOR X(1) MAKES FIRST LEVEL
OF THE BOOLEAN CONSTRAINT FUNCTION ZERC THE WHOLE SYSTEM
1S INCONSISTANT AND NOFEASIBLE SOLUTION EXISTS.

GO T0 14

IF (KeNEeOcANDeLCHNELO) GO TO 14

IF THE SOLUTION MATRIX IS EMPTY INCREASE THF UPPER LIMIT ON
OBJECTIVE FUNCTION VALUE,

C=C+0e1%C+5.0

GO TO 7

CONTINUE

L=1

MN=J

J=J+1

JJ=0

DO 16 I=1+MN

X(I)=A{LsI)

CONTINUE

X(J)=1a

CALL VIOLAT (XsJsFFaeNsKLMsFsLOGY sMAX XX XYsIFNsTA)
IF {(FF({J)eNELCe) GO TO 20

IF (NOCBUJ.EQel) GO TO 17

CALL ORJECT (XsJsYsNsOBJsXOBsDX)

IF (Y{J)eGTuC) GO TO 2C

GO TO 18

CONTINUE

IF THE OBJECTIVE FUNCTION IS NONLINEAR UREAL IS ©VALUATED.
IF (JeEQeN} CALL UREAL (XsU)

Y(Jy=u

CONTINUE
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20
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23
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26

31

32
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JJ=JJ+1

IF (JeEQLN) YY(JJ)=Y(J)
DO 19 I=1sJ
AB(JJs11=X(1)

CONTINUE

X(J)=0,

CALL VIOLAT (XeJsFFeNsKLMosFsLOGY sMAXsXX XY TFNsTA)
IF (FF{lJ)NFeOs) GO TO 24

1F (NOBJ.EQ.l) GO TO 21

CALL OBJECT (XsJaYsN+OBJIsXOBsDX)
IF (Y(J)eGTC) GO TO 24

GO TO 22

CONTINUE

IF {J«EQeN) CALL UREAL (XsU)
Y(J)i=U

CONTINUE

JJ=JJ+1

IF (JeEQeN) YY(JJ)=Y(J)
DO 23 I=1sJ
AB(JJs1)=X(1)

CONTINUE

CONTINUE

L=L+1

IF (L.GTeK) GO TO 25
GO TO 15

CONTINUE

IF (JJEQ.C) GO TO 13
K=JJ

DO 26 MM=1,JJ

DO 26 NN=1sJ
A(MMsNN)=AB(MMsNN)

CCONTINUE

IF (J«EQeN) GO TO 27

GO TO 14

CONTINUE

NFEAS=JJ

RETURN

FORMAT (/DSX’*THE VALUE OF NOBJ o..o....0....-.-0.-.0*’159//5
lXQ*THE VALUE OF MTERM .oon-ooooooo‘lao-.0.1*915)

FORMAT (//58Xs*¥INPUT DATA FOR THE 0-1 PROBLEM¥*s/5Xs¥—mme—mom————m———
1o e %)

FORMAT (/’SX’*NUMBER OF DESIGN VARIABLES(N).o'ooooonocoo..*’lS’//’
15X s ¥*NUMBER OF CONSTRAINTS(M) sescssectssscnsseXs]5)

FORMAT (/35X 9 %*NUMBER OF LINEAR CONSTRAINTS(NLIMN)eessesesee®s155//
15X9*THE VALUE OF MAX .oo.o..oooeoooooo..ooo*QISS//?BX’*THE VA
?LUE OF IAV o-ooooooocooooonoo.c.|*9159//9SX9*UDPER LIMIT ON O

BBJECTIVE FUNCTION(C)-ooooooo*iEQQZ)

FORMAT (//+5Xs*THE COEFFICIENT MATRIX FOR THE CONSTRAINT EQUATIONS
1 QQQCOF(IQJ)*)

FORMAT (//+5Xs1F12E10.2)

FORMBT (//5Xs% THE VALUES QF RTGHT HAND SIDF CONSTANTS.ea2(71) %)
FORMAT (//¢5Xe1P12E10.2)

FORMAT (//95Xs%¥THE ORJECTIVE FUNCTION COEFFICIENTSeeCRIIII® /9 (/7
15X51P12F10.2))

FORMAT (//s5Xs*THE OBJECTIVE FUNCTION COEFFICIENTSee%s//s5Xs*NON-L



38

1INEAR OBUECTIVE FUNCTION#*)
FORMAT (////s10Xs% NO FEASIBLE SOLUTION #)
END '

13
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SURROUTINE VIOLAT (XsJsFFsNsKLMsFsYsMAXsXXsXYsIFNsTA)

THIS SUBROUTINE CHECKS WHETHER THE RESOLVENT IS SATISFIED FOR A
PARTICULAR SET OF VARIABLE VALUESe.

DIMENSION F({1)s X{1)s Y(1)s FF(1)s XX(1)

DIMENSION XY(1)s IFN(Ns1)

DIMENSION TA{MAX,s1)

LOGICAL Y sXY s XXsF

K=KLM

DO 1 KI=1,J .

IF (X(KI).EQ.I.) XX(KI)=0TRUEO

1F (X(KI)QEQ.OQ) XX(KI)=eFALSE.

CONTINUE

INITIALISE ALL 'Y' FUNCTIONS AS TRUE SINCE WHEN THIS 'Y' GETS
INTO ANY INTERSECTION WITH ANY OTHER FUNCTION THE RESULTING
NATURE(EITHER TRUE OR FALSE) DEPENDS ONLY ON THE OTHER FUNCTION.

DO 2 I=1sK

Y{1)=eTRUE.

CONTINUE

INITIALISE ALL 'F'FUNCTIONS AS FALSE SINCE WHEN THIS *Ft+ GETS
INTC UNION WITH ANY OTHER FUNCTION THE REULTING NATURE
(EITHER TRUE OR FALSE)DEPENDS ON THE OTHER FUNCTION
DO 3 I=1sJ

F(I)=eFALSE.

CONTINUE

JJd=J

DO 14 1I=1sK

CALL CHOOSE (IFNsJJsNsMAXsIsIA)
JKI=0

DO 4 KJ=1sJ

IF (TA(IsKJ)eNELO) GO TO 5
CONTINUE

GO TO 13

CONTINUE

DO 9 TJU=1sJ

IF {(IA(Is1J)eFEQel) GO TO 7

-1 IN THE FUNCTION DENOTES A NEGATIONAND HENCE CHANGE«T« TO oFs,
AND VICE VERSA.

IF (IA(Is1J)eFQe-1) GO TO 8

IF (IA(1,1J)«EQe0U) GO TO 6
Y(1)=eFALSE.

GO TO 12

XY(1J)=eTRUE

GO TO 9

XY(1J)y=XX(1J)

GO TO 9

XY(1J)=eNOTXXI(TJ)
Y(I)=Y(1)eANDXY(IJ)

IF (Y(I1)) 10,11

CONTINUE

F(J)=.TRUE.

GO TO 15

CONTINUE

FUUY=F(JY«ORWY (1)

GO TO 14

CONTINUE

F{J)=eFALSE.

CONTINUE



15
16

17

CONTINUE
IF (Fl{UM)
FF(J)=0.

RETURN

FF(J)=1a

RETURN
END

17+16

15
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SUBROUTINE OBJECT (XsJsYsNsOBJsXOBsDX)

THIS SUBROUTINE DETERMINES THE LINEAR OBJUECTIVE FUNCTION VALUE.

DIMENSION DX(1)s XOB(1)s 0OBJU(1)s X{1)s Y(1)
CONS=0,

DO 1 I=1sN

IF (OBJ(IVelL TeOa) CONS=CONS+0BJII(I])
XOB(I)=ABS(0OBJ(1))

CONTINUE

Y(J)=CONS

DO &4 I=1,J

IF (OBU(I)¢LTe0W4} GO TO 2
DX(I)=X(1)

GO TO 3

DX(I)=10—X(I)

CONTINUE

Y{U)=Y(JY+XOB(1)*DX(1)

CONTINUE

Y{J)=Y(J)+OBU(N+1)

RETURN

END
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SUBROUTINE BOOL (NsIFNsKLMsAsAAIMAXsIAVsCobsIA)

THIS SUBROUTINE DETERMINES THt VARIOUS LEVELS OF THbE KESULVENT.
STARTING FROM THE 'N' TH VARIBSLE ELIMINATIONS ARE MADE
SUCCESSIVELY TO ONE VARIABLE.

DIMENSION AA(MAXs1)s A(MAXs1)s C(1)s D(1)s IFN(Nsl)s IA(MAXs1)
INTEGER CsD

COMMON /B0OSO/ L

K=L

KLM=K

JJ=N

CALL ASEMBL (AsIAsIFNsNsMAXKsJJ)
GO 710 2

CONT INUE

CALL ASEMBL (AsIASsIFNsNsMAXsKsJJ)
CONT INUE

IF (JJeEQel) GO TO 38

KK=0

KL=0

DO 5 I=14K

IF (A(IsJJ)) 3454

KL=KL+1

D(KL)=1

GO 7O 5

KK=KK+1

C(KK)=1

COMNTINUE

IF (KKeEQeKeORSKLeEQeK) GO TO 39
IF (KKeEQeOeANDeKLWLEQsO!) GO TO 17
IF (KKeEQeO«eORWKLSENsO?! GO TO 13
I1=0

DO 9 L=1sKK

JL=C(L)

DO 8 LL=1sKL

JLL=D(LL)

I=1+1

KU=JJ-1

DO 6 J=1sKU

AA(T s J)=A(JLsJI+ACILL I

IF (AA(IsJ) eEQeQoe e ANDeA(JLsJI eNESOe! GO TO 7
IF (AA(IsJ)eEQe24s) AA(IsJ)=1.

IF (AA(I’J’.EQ."ZO) AA(I’J’z"lo
CONTINUE

GO TO 8

CONTINUE

IF (KeEQe2) GO TO 10

I=1-1

CONT INUE

CONT INUE

GO 7O 12

CONT INUE

DO 11 J=19JJ

AA(T ¢J)=04

CONT INUE

CONT INUE

MN=1

GO TO 22

IF {KK4EQ«O?! GO TO 19
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15
16

17

18

19

20

21
22

23

24

25

26
27
28

29

30
31
32

MN=0

DO 16 J=1sK

DO 14 1=14KK

IF (JeEQ.C(1)) GO TO 16
CONTINUE

MN=MN+1

DO 15 1J=1.JJ
AA(MNSTU)=A(Js1U)
CONTINUE

CONTINUE

GO TO 28

CONTINUE

DO 18 1=1sK

DO 18 J=1sJJ
AA(T s J)=A(1sJ)

GO TO 28

MN=0

DO 22 J=1.K

DO 20 I=1,KL

IF (JeEQ4D(I1)) GO TO 22
CONTINUE

MN=MN+1

DO 21 1Jd=1sJJ
AA(MNs T JY=A(Us1J)
CONTINUE

CONTINUE

GO TO 28

CONTINUE

DO 27 I=1sK

DO 24 J=1sKL

IF (1.EQsD(J)Y) GO TO 27
CONTINUE

DO 25 J=1sKK

IF (1«4EQ.C(J)) GO TO 27
CONTINUE

MN=MN+1

DO 26 J=1+JJ

AA(MNs JY=A(TsJ)
CONTINUE

CONTINUE

CONTINUE

KU=JJ-1

DO 32 LJ=1:MN.

KJR=LJ+1

IF (KJR«GTMN)Y GO TO 32
DO 31 I=KJRsMN

DO 29 J=1sKU

IF (AA{LJsJ) eEQeAA(TI9J)) GO TO 29
GO TO 31

CONTINUE

Do 30 J=1sJJ

AA(T+0)Y=0,

CONTIMNUE

CONTINUE

CONTIMNUE

KFJ=0

DO 36 1=1.MN

DO 32 U=1,JJ

18



33

34

36

37

38

39

40

41

42

IF (AA(IsJ)eEQeOs) GO TO 33

GO TO 34
CONTINUE

GO TO 36
CONTINUE
KFJd=KFJ+1

DO 35 U=1-sJJ
AAIKFJsJ)=AA
CONTINUE
CONTINUE
MN=KFJ

DO 37 L=1sMN
DO 37 JU=1+JJ

(IsJ)

AlLsJ)=AA(LJ)

CONTINUE
JJd=JJ-1
K=MN

IF({KGT«MAX)GOTO 41

CALL REDUCE
GO TO 1
CONTINUE
RETURN
CONTINUE
KU=JJ-1
CONTINUE
IFN(KUs11)=0
KU=KU-1

IF (KU,EQ.O)
GO TO 40
CONTINUE
WRITE(6442)

(AsMAX s JJsKsAA)

RETURN

FORMAT(//+5Xs#INCRFASE THE VALUE OF MAX¥*

CALL EXIT
END

19
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SUBROUTINE CHOOSE (IFNsJJsNaMAXsTIs1A)
DIMENSION IFN(Nsl)s TA(MAXs1)

THIS SUBROUTINE CHOOSES A PATICULAR DIGIT
CONSTANT,

KG=0

DO 1 J=1sJJ
IT=IFN(JJs 1)
IT=SHIFT(ITsKG)«AND3B
IF (IT.EQ.Z) IT==1
L=JJ-J+1
TA(TsL)=IT

KG=KG=-2

CONTINUE

RETURN

END

OUT OF AN INTEGER

20
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SUBROUTINE CANON (MoelNsAsBaCivis IAsDsCMAXsiMAXsCUOs JANYIAVICoFMesAD9sSF oY
1sNLINSMTERMsKASNNONs IFN)

THIS SUBROUTINE REARRANGES THE CUOEFFICIENTS OF THE VARIAoLES InN
ORDER OF DECREASING MAGNITUDE.

DIMENSION AB(MAXs1l)s SF(Nsl)s Y{(MTERMsl)s CM(Msl)s BL1}s IFN(Nsl),
1 A(Msl)s D(Mel)s CMAX(1)s FM(IAVsl)y CO(MAXslly C(Mel)s JAN(1)
DIMENSION TA(MAXs1)

DIMENSION KA(NNONs1)

COMMON /BOSO/ L

DO 1 I=1sM

DO 1 J=1sN

IF (A(IsJ)elTeOs) B(I)=B(II+ABS(A(IsJ))
ClIsJ)=ABS(A({IsJ))
D(IsJ)=C(IsJ)

CONT INUE

DO 7 L=1sN

DO 3 I=1sM

CMAX(I)=C(Is1)

DO 2 J=1sN

IF (C(IsJ)eGTeCMAX(I)! CMAX(I)=C(IyJ)
CONT INUE

CONT INUE

CO 5 I=14M

DO 4 J=1¢N

IF (C(IsJd)aNEeCMAX(I}) GO TO 4
Cilesd)==C{IsJ)

GO TO 5

CONT INUE

CONT INUE

DO 6 I=1sM

CM(IsL)=CMAXI(])

CONT INUE

CONT INUE

NNN=0

1B8=0

DO 8 KL=1sM

CALL COVER (MsNsAsBsDsCMaMAX 9 TASCOsJANSTAVsCoFMsKL sALs IB9SF Y oNLIN
1o MTERMINNN s KASNNONS IFN)
CONTINUE

LC 9 I=194MAX

DO 9 J=1sN

CO(IsJ)=0e

CONTINUE

MN=0

D0 13 I=1.18

DO 10 JU=1lsN

IF (AB{IsJ)eNEeQe} GO TO 11
CONT INUE

GO TC 13

MN=MN+1

GO 172 Jd=1sN

COINNe ) =AR T, )

CONT INUE

CONTITHNUE

L=MN

CALL, KEDUCE (COsMAXaNsLsAB)
RETURN

C A~y



SURROUTINE COVER (MsNsAsBs>DsCM+sMAXsTASCOsJANITAVICoFMsKLsABIIBsSF
1Y SNLINsMTERMsNNN9sKASsNNONs IFN)

THIS SUBROUTINE FINDS ALL THE MINIMAL COVERS OF THE CONSTRAINTS.

N ON

DIMENSION SF(Ns1)s Y(MTERMs1)s FMUTIAVsl)s CO(MAXs1)s C(Msl)s JAN(1
1) CM(Ms1)s B(1)s IFN(Ns1)s A(Ms1)s D(Ms1)s AB(MAXs1)s TA(MAXs1)
DIMENSION KA(NNONs1)
1J=1
DO 1 LL=1sMAX
DO 1 ML=1sN
IA(LLsML)Y=0
1 CONTINUE
L=0
2 L=L+1
IF (LeGT&N) GO TO 21
DO 11 KMN=1sN
KKK=KMN
MO=1
DO 3 IN=1sN
JANCINY=0
3 CONTINUE
NAM=1
IF (LeGTeN) GO TO 12
I=L
SUM=OO
IF {CM(KLsI)eGT&BI(KL)) GO TO 9
4 SUM=SUM+CMIKL 1)
J=1+KKK
KKK=1
IF (JoGTNY GO TO 10
5 TEST=SUM+CM{KL s J)
IF (TESTLGTWBI(KL)) GO TO 6
I=J
JAN(NAM) =1
NAM=NAM+1
IF (14FQ.N) GO TO 11
GO TO 4
6 CONTINUE
IA(IJst)=1
IA(IJsJ)=1
MAT=L+1
DO 8 K=MATsI
DO 7 MAN=1sNAM
IF (KeFQeJAN(MAN)Y) TA(IJsK}=1
CONTINUE
R CONTINUF
1J=1J+1
J=J+1
IF (JeGTeN)Y GO TO 10
GO TO 5
9 IA(TIJs1)=1
IJ=1U+1
GO TO 2
10 I=1+1
IF (1eGT.N} GO TO 12
11 CONTINUE
GO TO 2
12 CONTINUE

~
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17
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19

20

21

22

23

24
25

L=0

CONTINUE

KKV=2

L=t+1

IF (LeEQeN) GO TO 21
I=L+1

CONTINUE

SUM=00

NAM=0
SUM=CM (KL sL)+CM (KL s T)
IF (SUM.GT.B(KL)) GO TO 21
NI=I1+KKV

IF (NIGT«N) GO TO 13
DO 15 IN=1sN
JAN(IN)=0

CONTINUE

J=N1

CONTINUE
TEST=SUM+CM (KL s J)
NAM=NAM+]

JANINAM)=J

IF (TESTW.GT.BI(KL)) GO TO 1
SUM=TEST

J=J+1

IF (JoGTaN) GO TO 20
GO TO 16

CONTINUE

IA(IJsL)=1
TA(TJsL+1)=1

MAT=L+2

DO 19 K=MATsJ

DO 18 MAN=1sNAM

7

IF (KaEQsJANIMAN)Y ) TA(IJsK)=1

CONTINUE

CONTINUE

1J=1J+1

JAN(NAM) =0

J=J+1

IF (J.GT«N) GO TO 20
GO TO 16 :
CONTINUE

KKV=KKV+1

GO TO 14

CONTINUE

NJ=2

NO=NJ-1

CONTINUE

DO 25 NN=14sNO

DO 23 J=1,N

IF (TA(NJ»J) «EQeTAINNsJ))
GO TO 25

CONTINUE

DO 24 J=1sN

TA(NIs =0

CONTINUE

CONTINUE

NO=N.J

NJ=NJ+1

GO TC 23

23



24

IF (NJ.GTeIJ) GO TO 26
GO TO 22

CONTINUE
CALL SOLN (MsNsTASAIDICMICOsCrIAVIMAXSFMIKL s AB*IBsSFsYsNLINISMTERM
INNNsKASNNONs IFN)

RETURN

END
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SUBROUTINE S
IMTERM o NNN s KA

THIS SUBROUT

DIMENSION SF
IMs1)s IFN(NS
DIMENSION KA
JA=1

1=KL

L=1

CONTINUE

K=1

CONTINUE

IF (D(IsL)E
K=K+1

Go TO 2

IF (CM(IsK)a
CM(IsK)=-CM!
GO TO 6
CONTINUE
CM(T 9K ) =—CM(
DO 5 J=1sI1AV
FM(JsL)=FLOA
CONT INUE

GO TO 8
CONTINUE

DO 7 J=1sIAV
FM(JsL)=—FLO
CONTINUE
CONTINUE
L=L+1

IF (LeGTeN)
GO TO 1
CONTINUE

L=1

DO 13 KJ=1s1
DO 10 KM=1sN
IF (FM(KJsXM
GO TO 11
CONTINUE

GO TO 13
CONTINUE

DO 12 J=1sN
CO(LsJ)=FM(K
CONTINUE
L=L+1
CONTINUE

IF (1.GToNLI
CALL LSTR (C
RETURN
CONTINUE
CALL DECODE
1)

RETURN

END

OLN (MoNsIAsADSCMsCOsCsIAVIMAXSFMaKLsABsIBsSFsYsNLINS
sNNONs IFN)

INE CONSTRUCTS THE RESOLVENT OUT OF THE MINIMAL COVERS

(Ns1)s Y(MTERMs1)s AB(MAXs1)s FM(IAVs1)s CO(MAXs1)s C{
1)s A(Ms1)s DI(Ms1)s CM(Msl)s TA(MAXs1)
{NNON+1)

QeCM(I4K)) GO TO 3

FQ.A(IsL)) GO TO 4
1K)

1+K)

TITA(JIK))

ATLTIA(JISK))

GO TO 9

AV

)eEQeCs) GO TO 10

JsJ)

N) GO T0O 14
D9sABsIBsL sMAXIN)

(COSMAXsNsL sABsTAsIBsFMsSFsYsTAVSMTERMINNNIKASNNONSIFN
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SUBROUTINE ASFMBL (AsTAsIFNsNsMAXsKYsJJ)
DIMENSION A(MAXs1)s TA(MAXsl)s IFN(Ns1)

THIS SUBROUTINE ASSEMBLES A NUMBER OF SINGLE DIGIT INTEGERS INTO
A SINGLE INTEGER CONSTANT.

DO 2 I=14KY

K=0
YT=777777777777777777778
KT=777777777777777777708R

DO 1 J=1,JJ
IF (A(IsJ)eEQele) IA(ILJ)=18B

IF (A(19J)eEQeOs) IA{(IsJ)=0B
IF (A(lsJ)ebEQe—1e) TA(I+J)=2B
MT=SHIFT(ITsK)eORe3B
NT=SHIFT(KT+0)aOReIA(IsJ)
NT=NT.OR.48

1T=MT ANDWNT

K=2

CONTINUE

IFN(JJs 1) =1IT

CONTINUE

RETURN

END
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SUBROUTINE REDUCE (COsMAXsNsL +BA)
THIS SUBROUTINE SIMPLIFIES THE RESOLVENT,

DIMENSION CO(MAXsl)s BA(MAX»1)
KJ=0 '

DO 1 I=1sL

DO 1 J=1sN

BA(IsJ)=CO(IsJ)

CONTINUE

K=L

DO 9 I=1,sK

DO 2 J=1sN

IF (BA(I1sJ)eNE«Os) GO TO 3
CONTINUE

GO TO 9

CONTINUE

IF (I1.EQe.K) GO TO 7

JS=1+1

DO 5 11=JSsK

DO 4 J=19N .
IF (BA{IsJ)eEQeBA(II»J)) GO TO 4
IF (BA(IsJ)eEQeleeANDBA(ITI9J)eEQeOs) GO TO 4
IF (BA(I’J).EO."IO.AND.BA(II’J).EQ.OQ) GO TO 4
GO TO 5

CONTINUE

GO T0 9

CONTINUE

KJ=KJ+1

DD 6 J=14N

CO(KIsJ)=BA(1,s])

CONTINUE

GO TO 9

CONTINUE

KJ=KJ+1

DO 8 J=1sN

CO(KJsJY=BA(TsJ)

CONTINUE

CONTINUE

L=KJ

RETURN

END

27
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SURROUTINE DECODE (COsMAXsNsLsABsTAsIRsTNsSFsYs ITAVIMTERMaNNNSKASNN
I0NSIFN)

THIS SUBROUTINE RESUBSTITUTES THE NONLINEAR TERMS FOR THEIR
LINEAR SUBSTITUTES,

DIMENSION CO(MAXs1)s TN(IAVs1)s SF(Ns1)s IFN(Ns1)s Y(MTERMs1)s ABI
1IMAXs1)s TA(MAXs1) ’
DIMENSION KA(NNONs1)

L=L~-1

NJ=N

DO 1 J=1s+MAX

DO 1 K=1»sN

TIA(JsK)=0

CONTINUE

CALL CHANGE (NsMTERMsY sNNNsKAsNNON)
KI=0

DO 27 I=1»L

NJ=N

KOUNT=0

DO 2 JB=1l,IAV

DO 2 JC=1»sN

TN{JBsJCY=0,

CONTINUE

KN=0 :

DO 26 J=1sMTERM

DO 3 JB=1sN

DO 2 JC=19N

SF{JB+JC)Y=0,

CONTINUE

IF {(CO(1sJ)eEQe~1e) GO TO 5
IF (CO(1sJ)eEQeDa) GO TO 26
KOUNT=KXOUNT+1

DO 4 JL=1N
SF(JsJLI=Y(JsJL)

CONTINUE

KH=1

GO TO 7

CONTINUE

KOUNT =X OUNT+1

DO 6 JL=1sN
SFUJLs L) =~Y {JsJL)

CONTINUE

KH=N

CONTINUE

IF (KOUNT.EQel) GO TO 21

IF {KHe.EQeN) GO TO 8

JO=J

JR=J

GO T0 9

JR=N

JQ=1

CONTINUE

DO 19 JH=JQsJR

DO 1C L A=1sN

IF {SF{JHWLAYWNFLOeY GO TC 11
CONTINUE

GO TO 18

CONTINUE
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22

23

24
25
26

27

IF (KOUNTeEQe2sOR+KOUNTLEQe3) 15=1
DO 17 JUN=ISsNJ

DO 12 LA=1sN

IF (TA(UNsSLA)NELO) GO TO 13
CONTINUE ’

GO TO 17

CONTINUE

KN=KN+1

DO 14 JK=1sN

TNIKNs JK)Y=SF (UH» JKY+FLOAT(TA(JUNs UK) )
IF (TN(KNsJK)eEQe—24) TN(KNsJK)=-14
IF (TN(KNsJK)eEQeOe o ANDeSF(JUHsJK)eNEoOe) GO TO 15
CONTINUE

Go TO 17

CONTINUE

DO 16 JK=13sN

TN(KNsJK)=0.

CONTINUE

IF (JeEQ.MTERM) GO TO 17

KN=KN-1

CONTINUE

CONTINUE

IF (KHJNE«N) GO 70O 20

CONTINUE

CONTINUE

IS=NJ+1

NJ=KN

GO 17O 23

CONTINUE

DO 22 JUN=1>sN

DO 22 JK=1sN

TA(JUNs UK)=SF (UNsJK)

CONTINUE

GO TO 26

CONTINUE

IF (KOUNTLEGQ.2) IS5=1

DO 25 MK=ISsKN

DO 24 ML=1sN |
IA(MKsMLY=TN(MKsML)

CONTINUE

CONTINUE

CONTINUE

CALL STORE (ITAsISsIRsIsMAXsKNsABINsIFN)
CONTINUF

L=18B+]

RETURN

END

29
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SUBROUTINE STORE (IAsISsIBsIsMAXINJIsABsNsIFN)

THIS SUBROUTINE STORES THE TERMS OF THE RESOLVENT FORMED OUT OF
NONLINEAR CONSTRAINTS.

DIMENSION TA(MAXs1)s IFN(Ns1)s AB(MAXs1)

DO 2 J

=1SsNJ

IB=I8B+1

IF (IB
DO 1 K

«GTeMAX) GO TO 3
=14N

AB({IBsK)=TA(JsK)
CONTINUE
CONTINUE

GO TO 4
CONTINUE

WRITE

(6+5)

CALL EXIT
CONTINUE

RETURN

FORMAT

(1H1 95X »*NUMBER OF SOLUTIONS EXCEED DIMENSION#*s//s5Xs*INCRE

1ASE THE VALUE OF MAX %)

END
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SUBROUTINE LSTR (COsABsIBsL sMAXSN)

THIS SUBROUTINE STORES THE TERMS OF THE RESOLVENT FORMED OQUT OF
LINEAR CONSTRAINTS.

DIMENSION CO(MAXs1)s AB(MAXs1)
L=L-1

DO 2 J=1sL

IB=IB+1

IF (IB.GTeMAX) GO TO 3
DO 1 K=1sN
AB(IBsK)=CO(JsK)
CONTINUE

CONTINUE

GO TO 4

CONTINUE

WRITE (64+5)

CALL EXIT

CONTINUE

RETURN

FORMAT (1H1+5Xs%¥NUMBER OF SOLUTIONS EXCEED DIMENSION#¥*s//95Xs#INCRE

1ASE THE VALUE OF MAX %)
END
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SUBROUTINE BOUT (ABsYYsNFEASsN>MAX)
THIS SURROUTINE PRINTS QUT THE FFASIBLE AND OPTIMUM SOLUTIONS,.

DIMENSION AB(MAXs1)s YY(1)
WRITE (6+4)

IF (N«GT415) K=15

IF (N.LE'IS) K=N

WRITE (695) (IsI=1sK)

DO 1 MM=1sNFEAS

WRITE {(6+6) YY(MM)s (AB(MMINN) sNN=1sN)
CONTINUE

YO=YY (1)

DO 2 I1=1sNFEAS

IF (YY(I)«GTW&YO) GO TO 2
YO=YY (1)

CONTINUE

WRITE (6+7)

IF(NeGT#15) K=15

WRITE (6s5) (Is1=15K)

DO 3 I=1sNFEAS

IF (YY(1).NE.YO) GO TO 3
WRITE (6s6) YY(I)s{AB(IsNN)sNN=1sN)
CONTINUE

RETURN

FORMAT (1H1s/7/910Xs*FFASIBLE SOLUTIONS#39/10Xs¥momm—mm e e — e e %)
FORMAT (//79s8XsxUxsrXs15 (%X {#s]29%)%x33X))

FORMAT (/792X F1345915(F5,083X )s/9 15X915(F5,093X))

FORMAT (//+10Xe#THE OPTIMUM SOLUTION(S)¥*4/]10Xs¥r—memm e mmm e
1-——=%)

END
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SUBROUTINE CHANGE (NsMTERMaY s NNNgiKAsNNON)
DIMENSION KA(NNONs1)
DIMENSION Y (MTERMs1)

THIS SUBROUTINE DETERMINES THE NATURE AND THE
PRESENT IN A PATICULAR NONLINEAR TERMe

NNN=NNN+1

DO 2 I=1+MTERM

K=0

DO 1 J=1sN
IT=KA(NNNsI)
IT=SHIFT(ITsK)eANDS7B
IF (ITeEQe2) IT=-1
L=N=-J+1
Y{I+L)=FLOAT(IT)
K=K~-3

CONTINUE

RETURN

CONT INUE

END
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