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] . INTRODUCTION

In this paper, we describe a computer-program for Interactive Multiple

Goal Programming (I.M.G.P.), as described in Nijkamp and Spronk [}9783

This method is based on a mutual and successive interplay between a
decision—-maker and an expert. By consequence, a computer program for the
use of this method should be of the conversational type. In that case, the
decision-maker has a computer-terminal to his disposal by means of which
he can interfere with the program and thus articulate his preferences
during each step of I.M.G.P. However, to avoid a large amount of tech-
nical details (which depend largely on the very computer system used),

we here do not present a program of the conversational type. Instead, we

' (see

give a program in which the concept of an 'imaginary decision-maker
section 2) 1s used. As will be shown in the final section, the latter
program can easlly be changed into one of the conversational type. However,
the required modifications depend on the computer system used.

The present program consists of three subprograms, written in PL/I and

using the MPSX-package. The first subrogram, described in section 3,

reads the data and generates the input for the MPSX-package. The second
subprogram, given 1in section 4, calculates an optimal solution for the
imaginary decision-maker's objective functions. These first two subprograms
can also be used for standard linear and multiple goal programming. The

third subprogram forms the actual Interactive Multiple Goal Programming

method. All programs have been run on the IBM 370/158 computer of the
Technical University in Delft, the Netherlands. Obviously, they can also
be run on other computer systems in which both PL/I and the MPSX-package
are beilng used.

The authors realize that the described programs can be improved upon.
They will be grateful for any suggestion to increase the efficiency of

the programs and to correct possible errors.



2. PRELIMINARIES

In this section we discuss the formulation of the linear programming problems
to be solved within the computer programs (subsection 2.1.), the character-

1stics of the imaginary decision-maker (subsection 2.2.) and the structure

of the computer program (subsection 2.3.).

2.1. The formulation of the Lingap_prggyamming_;roblems

During each 1iteration of IMGP, there are a number of goal variables

8. (x) (1 =1, ..., m), each of which is to be minimized or maximized,

given the same set of linear constraints. This set of constraints normally

consists of:

(a) the set of constraints h (x) < h, describing the feasible region R
of “thie "tnstrumentall~variables "x. ;1 '= [ 72 . @ (x in vector notation)

1
where h (5) = B. X, and where B is a matrix of order (k x n).

(b) the set of constraints g (X) = AJ x, where ‘A'is a matrix of order
(m x n), describing the goal variables in terms of the instrumental
variables x.

(c) the constraints g (5) > Yi (or g (E)égyi 1in the case g (X) 1s to be

minimized), for i =T, S 115

The constraints (a) and (b) remain unchanged during the whole procedure,
while the set of constraints (c) changes from iteration to iteration.

The latter changes occur because, each time, at least one of the right-hand

side values b5 1s shifted by the decision-maker.

To bring the computer program in line with the standard version of MPSX,
and to avoid unnecessary complications of the program, we assume that each
of the goal variables is to be minimized. This assumption does not deliver

any problems. For instance, a goal variable g (x) to be maximized can be

transformed into g{ (x) = = g (x), which then has to be minimized. Another
possibility is to formulate the goal restriction B (X)ss y; = Yx, where
X

Y: 1s a“value'of g (x) which is known to be unattainable, and then to
minimize Y. - The use of such 'deviational' variables can also be very
useful 1in other cases (cf. Nijkamp and Spronk [ﬁ978%]).

Notice, that the above assumption simplifies the program very much. At

each 1teration, the problem is to minimize (consecutively and separately)

a number of goal variables, subject to the same set of constraints.



Then one or more of the right-hand values i1s changed and the minimizations
can be carried out again, while using some of the characteritics (e.g.

basis or solution values) of the former solutions.

2.2. The imaginary decision maker

_—_—

As mentioned above, we do not present a computer program of the conversa-
tional type here. Instead, we introduce the concept of an 'imaginary
decision-maker', who makes the necessary managerial choicesl).

In order to make the program suitable for a decision-maker in realitv, somne
modifications are necessary. However, because these modifications depend
largely on the computer system which is being used, we do not give them in
detail here. In the final section, we will indicate in which way the computer
program should be changed in order to make it suitable for practical use.

The managerial choices to be made, both by the imaginary and the real-life

decision-maker are the following. First, given a proposal solution, she

(or he) has to indicate which of the goal variables need(s) to be improved
in value. We assume that the preferences of the imaginary decision-maker
can be described adequately by a preference function which is known to us
but not to him. Nevertheless, we assume him to be able to give his judge-
ments concerning a proposal solution, and moreover to do so in a manner
which is in complete accordance with the preference function specified.

In this case, we assume, that the imaginary decision-maker's preference
function is linear in the goal variables. Furthermore we assume that he,
within the IMGP framework, first tries to drive the first variable to

1ts optimal value (up to a small, predeterminal margin), then the same

with the second and the third goal variable respectively, where the rank
order 1is chosen arbitrary. In this case, the sizes of the proposed changes
of the goal values are calculated within the method. Thus, the imaginary
decision-maker does not formulate any asniration levels, neither before
nor during the interactive process. For the merits and the demerits of these
assumptions we refer to Nijkamp and Spronk [ﬁ978§].

A second managerial judgement to be made, concerns the acceptability of a

proposed shift in one or another goal value, vis—a-vis the loss of poten-

tial values of the unchanged goal variables. Given the a priori knowledge

—

] . : s : T [
)ThlS concept has also been used 1n Nijkamp and Spronk [}9785J and L}97861.



of the 1maginary decision-maker's preference function, an optimal solution
of the problem at hand can be calculated in a straightforward manner.

This optimal solution is then used to evaluate the proposed shifts in the
value of the goal.variables. The question simply becomes, whether the
proposal solution excludes the optimal solution or not. If so, the proposal
solution 1s clearly unacceptable. If not, the proposed solution is being

accepted and the decision-maker again has to indicate which of the goal

variables has to be raised, and so on.

2.3, Structure of the computer program

This computer program consists of three parts or (sub)programs. The first
subprogram, described in section 3, generates the input for the MPSX-

package. In each of the three programs, we are using the following 'standard'

cerms.:

NP = number of problems, i.e. number of goal variables

DD = data set name

PP = problem name: there are always NP + | problem names. Problem
names PP ||l up to and including PPI|INP correspond with the
NP goal variables. Problem name PP|INP + | corresponds with the
1maginary decision-maker's preference function.

T = name of the right-hand side column

BB = name of the 'bounds'which can be used within MPSX (see section 3.).

AAGOAL = common name of the first NP + 1 rows of the 1nput tableau, descri-
bing the NP goal variables (AAGOAL ||l up to and 1including AAGOAL! INP)
and describing the imaginary decision-maker's preference function
(AAGOAL( | NP+1).

AAGOAP = common name of row NP+l up to and including row 2xNP+1 of the

input tableau, describing the upper limits for the (NP) respective

goal variables to be minimized.

The second subprogram, described in section 4, converts the input, optimizes
the imaginary decision-maker's preference function and saves the final basis
for use in the third subprogram. The third subprogram, described in section 5] -

1s the actual IMGP procedure. In broad lines only, the following chart shows

the structure of the total program.
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A more detailed chart of the third subprogram is given in section 5.




3. THE INPUT GENERATOR

MPSX expects input in a certain format and in a certain order. In order
to fulfil these réquirements, we use the input generator ETMIC. Below, we
only give a brief description of the card deck as required by ETMIC, to-

gether with an example of the input and of ETMIC. For further details,
we refer to Lebret [}977].

Of each card, only the first 72 characters are used by ETMIC. The input

card deck consists of one name definition card and a series of sections

in which the linear programming tableau is defined. The format of the

first card is
text name | name?2 name?3

These words must be separated by blanks. 'text' can be any string without
blanks.

'mamel' is the name of the data-deck for MPS (the NAME card of MPS) .

'name2' is the name of the RHS column.

'name3' may be used (not necessarily) to define the RANGES column for MPS.

IThe rest of the input is organized in 'sections'. There are five kinds of

sections: ROW, SOS, BOUNDS, INTEGERS and RHS. The sections 'SOS' and

'INTEGERS' are only used in (mixed) integer programming problems. The use
of the 'BOUNDS' section is optional. However, the sequence of the sections

must be conform the above list. Each section begins with an identification

card and ends with an END card.

The following examples show how each kind of section must be specified.






4. OPTIMIZATION OF THE IMAGINARY DECISION-MAKER'S PREFERENCE FUNCTION

L.i.

Below, we show the subprogram which converts the input, optimizes the
1maginary decision-maker's preference function (i.e. minimizes AAGOAL | INP+1),
and saves the basis for subsequent problems. The program should be self-
explanatory. As noted above, this program can also be used to solve ordinary

linear programming problems. In that case, define NP=0 and define the

target row as AAGOALI.

Computer program

geddad 4 ECHIRGPHIK  JuUi) xxx,'L.sLJ*.JEHIQEHE"JPI{'..'JNIL',l{liiilu}f =5/CK,TliiE=(, 25)
b2 ERECHIARSEGL

deadda it SSYo il %

Juddd . FERSTe PiidG OPTHINS GIA T ;

Juilodr  SZLHCLYUDE DEPLINIT ;
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Jel i At fbo)s
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Sl oL nbULHL=LD;

o)L CALL SETUP;
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JislIa) CALL SOLUT FIN:

W3290  EHY A
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5. THE SUBPROGRAM FOR I.M.G.P.

In this section, we give a listing of the subprogram for an imaginary

decision—-making using I.M.G.P. Before doing so, we explain the most impor-

tant names used within the program, followed by a flow chart of the program.

Some further remarks will be made i1in the final section.

Explanation of names used within the program (in order of occurrance)

SOLOPT

SOLACC
SOLOPT
DELTA
ACCUR
VAL

HMAT

SOLPROP

POTPROP

Il

vector

of goal values for the optimal solution of the imaginary

decision-maker's preference function

vector
vector
vector
vector

Vecttor

of
of
of
of
of

pessimistic goal values

1deal goal values

step sizes for the shifts in SOLACC
accuracies

changed right-hand side values for the AAGOAP res-

trictions

matrix
of the
vector
of the

vector

of
NP
of

AAGOAP restrictions

goal values obtained during the respective minimizations

goal variable

pessimistic goal values after the proposed shift in one

of i1deal goal values corresponding with SOLPROP
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JOB xxx , "OUWERKERI=SIMMINK! , RECION=576i, T iE=4
IPSECL , Ti\k= ;UH,P—'JF'
Uy * X
 (UBSCR PTRANGE) ¢
FASLL : PhwC uPTIOHNSGHATN) ;
SINCLUDE oPLEIT;
/*x LPACE ODECLARAT O */
BELESCRR, T, 136) CHARC 7)), 0L PLCY 9 @i, 2D IDECEELOAT:;
OCL (SULUPT(HNP) , POTACC(HP) , SULACCCHP), LJL'LTn(i"P) ACCUR(HP),
PUT UP(I P) oJL I JP(HP) “IH'(IHI) 1 ,I{d-\n(lil'q},i‘al'})) BEE FLOAT CT'.}
DEERISEND) R G, 2 STATUS, GllkREL) 2 anIVl*T DIEC ELEOAN,
. UDUAL DEC LUAT;
DI SRS STR GRS CHlE, 82 Sl ClaviC2),0 2
2 A2 Clinik(s), 2 VAL DEC FLUAT;
/% QEAD PROBLEVIAMES, PARAGETERS , ALLOCATE SPACE =/
GETS L STICIPERP Nl BB)
ALEGCATE ‘SULLOPT, POTACE , SULACC , DELTA,ACCLR, POTPRGR , SOLiFRIP,
H AT, HAAR, VS OTI;
GET EISTCSYLORT)
HULP=P+1;
AULUNAGE=1"P | [ HULP;
~HS=TT;
Abulllu=0b;
/ex il ZESEACH OF
TN

EAECH

AR GIRARE T,

THE P (@IALVARTABLES #*/
Ar UJ =1
5 0] I R 5
APOIAE=CP ) UL ;
CALL CUFY
AUDLU= :—JiuUnL IlIIL“_P

CALL SETURS
ALLUCATE D
AUPSAVE="BAS' | |HULP;
CALERG R IZEE;
CALESSOLURTONC STATUS " VALEEY,
L: DU J=1 TU NP;

HOWT (L ,J)=SACTIVITY(J);

YDAl STRUCTUREY 2S)1s

Liww 0
Liil) A3
L4 il=i AT
/* DEEIRTICOHCOE  REQUITRED ACCHRACY, %/
G5 UU J=1 1u NP;
V4a = Ltgi,ih"iL; 2
POLRTHST TGOS RS
}Jl=. WAXCHEIATCLH, d),;ii)
wZ2= 1 HLCHAT ( III,LJ)‘“ V&
Bl

Um(,C(u)=.;Z;

JULHCC(J)“}l,

WELTA(J)=SULACC(J) =POTACC(J) ;

ACCUI(J )=S0LOUPT(J )/ 1E2Z;
END C;

st IR E S STARTRENGT SCEUTIRIINS = */

PUTEEMEECSCHRYE)E SRR EESTICY « THE EIWST
pE =L TONP;

PUT FILe(oCHRYF) SKIeP LILT(!
D)
RO FHSECSCHEYE) NS iz (@)« LIEST( YSOLACC . V), SULACE)S
RUTIEEHEECSCHIRYE) S SKRIE EVSTIC Y SOLEGRT L SOLGRT) ;
PUT FILECSCHIRYF) Skl P LI STEYROTACE ',uJT {C6))

SULUT IO ATRIAL):

SATELE, %))
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/% STARTE OUF CTHE: BIATIR LU0 %/
DI 1=1 TU ildP;
w1 )="" ;
A1 (1)=1T;
HULP=1 ;
I 12C1)="AAGOAP | [HULP;
EiiU;
% GCHIMTOE UE THE QIR VAL E SR BE CHEANGER %7/
i =il
Ere i k=T TR SR
VALC LT )=0UlACGE T )+ CIE=6)*SuLLCCC L) ;
SR &
J=+1;
L= IR THENS GO 2V BESE
Gt DELTAG)GACLURGYD, STHIERNGUTOL B EESE
VELTA(J )=, 5=uBELTAC):;
VALIGJ)=SULACC(J) =DELTA(U );
|- VAL(J)<=PGTACC(U) THEN GUTY G; ELSE
|'F WAL )>=50LIPT¢d): THERTGITO: PelieLSE
PUT FILECSCHRYF) SKIP(2) LIST('VAL LT i
AT FEILECSCHRYE) . Sy L LSRG NELTA s« S0 BLT )
PUT FILE(OSCHRYF) orRIP LIST(" SULUTIOI «WJILL BE REJECTED',
"DUE TO 1w iBER" ,J)3
aJld G
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VHER I N I
VE IR THENGGUT: e ELSE
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YOBJ=" AAGOAL" | |HULP;
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AOPRESTR="BAS" | |} IULF;
XOPSTART="RESTURE" ;
AOPSAVE="DAS" | [HULP;
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CALL “SOLUTIOMMSTATUSY ;. "VALUEY w2 DALY,
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A=1iP+1;
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END ;
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GUTU
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END;
GUTU
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Jilbd /% DETEXNNATION OF POTEHICL AT A */
Jil/d e U 2= TUiNg, >
Jld o Wi==1E29; LJL._].ELU,

J1ddy DO l=1 TSP,

)Ly L= UK WT i, L) 01D ;

)l Ziu Vi2=i 1 La (L WRT ( IH,L),H.L.),
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GloYu PUT FILECSCHRYF) SKIP LISTC' SULUT IO ACCEPTED DS

JL U4 U PUT SEHLECSCREYE ) SKIP LESTI( S0LACC ',._H. LACCYS

dlh;u Wiu U;
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6. SOME FINAL REMARKS

In this final section, we indicate how to transform the described program

into one of the conversational type. Furthermore, we discuss some other

possible i1mprovements of the program.
When a program of the conversational type is being made, it should be
realized that a decision-maker in reality may make some simple errors

(like typing errors) which have to be corrected. This makes it necessary to
use a subprogram for the detection, report, and to make it nossible to reset
these errors. Such a subprogram may have many forms, depending on the computer
system used, the availability of other error detecting codes, and so on.
Therefore, we do not present such a subprogram here.

In order to make the described program of the conversational type, the

following parts of the program should be adapted. First, when an accepted

solution 1s presented to the decision-maker, he must have the opportunity
to state whether this solution is satisfactory or not. In the latter case,
he must also have the opportunity which of the goal variables should be
improved in value, and by which amount. In order to so, the statements
numberedz) 690 up to and including 760 should be replaced by some input

statements. The second problem to be solved by the decision-maker, 1is

whether a proposal solution is satisfactory or not. In our program, this

1s done in the statements numbered 790 up to and including 840 and in 1310

up to and including 1350. Consequently, these statements should be adapted
for the conversational use of the program.

At the end of this paper, we should mention a possible improvement of the
program. This may be found by using only one single linear programming
problem for the whole procedure, instead of NP+1 problems used above.
Furthermore, 1n using the outcomes of one optimization as a point of
departure for the next optimization, one may consider to use the old activity
levels instead of the old bases, which was done in our program. At the time

of writing this paper, these possibilities had not been investigated in

detail.

e —————— e ___r

2)The statement numbers have been added for i1llustrative purpose only.
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