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I. AGGREGATION OF ORDERINGS - MEASUREMENT OF CONSENSUS DEGREE

by

Lidia Ksigzopolska, Jan Cwsinski. and Siawomir. Zadrozny

I.1. Intrcoduction

This chapter contains description of software applica-
tions related to aggregation of orderings. These applications
are based upon three various approaches, referring to, res-
pectively, linear programming formulation, branch-and-bound
method, and special heuristics. All of them start from the
objective function formulated in its general form by e.gq.
Kemeny (see e.g. Kemeny (1952), and Kemeny and Snell (1963)).

The problem being solved by these softwarg applications
is of high significance for any comprehensive prospective-
-strategic-analysis, as outlined in Chapter I, Part 1 of.the
Report. It can be used to model, and therefore bring solutions
to, a variety of situations, ranging from collective definition
of problem areas to consider, through simple voting, down to
aggregation of importance sequences.

It is therefore significant to have these problems properly
modelled and adequately solved. In view of the way in which they
are going to be applied, the modelling and solution methodes
should in addition be simple and operational, most desirably

microcomputer implementable. Thus, not only the way in which

questions are stated would be proper and answers obtained adequa-g

te, but also these guestions and responses could be exchanged in

an interactive way during an analytic session.

I.2 Problem formulation

Assume that one is dealing with n distinct alternative
items (problems, candidates, policies, technolodies,...), denoted
aj4eevsd 4 A;CA = {a1,...,an} , and that a number, m , of
jnges (experts, voters, analysts,...) are expressing an opinion

as to the sequence (importance, gquality, appearance in time,...)
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of these items. Thus, each judge formulates an ordering R
k=1,...,m of items aj. The problem is to find the aggregate
ordering, R , which would represent in the "best", most appro-

priate way all the m opinions expressed through Rk.

Having a measure of such "goodness" (i.e. a distance of
opinion$ ) and the "optimum", ﬁ , Or at least suboptimum, R*,
aggregate opinion , makes it possible to assess the degree of
judges” consensus, ranging from 0, when the maximum distance
occurs, to 1, when all experts give identical Rk. Further ana-
lyses become also feasible, facilitating the course 6f an interac-
tive analytic session.

The three methods, whose software is introduced in this
Chapter, all do refer to the formalism said to have origina-
ted with Condorcet (1785), but better known from such referen-
ces as kemeny (1959) and Kemeny and Snell (1963). It is also
interesting to note that similar formulations as regards the
objective function representing the "goodness" of aggregation
vis a vis in@ividual Rk come from the cluster analysis domain,

see e.g. Owsinski (1986).

The differences in approaches lie first in the more precise
formulation of the objective function and in the methods of

extremization.

Now, the respective software shall be presented, starting from the
one based upon the geometrical considerations, main reference
being that by KuZmin and Ovchinnikov (1975,1976), through the
simple but powerful LP formulation due to Marcotorchino add
Michaud (1979), and finally to an efficient heuristic procedure,
by Owsiinski and Zadrozny (1986), based upon the objective func-
tion equivalent to that proposed by Marcotorchino and Michaud.

I.3 Method no. 1: the "EXPERT" program

The purpose of the program called "EXPERT" is to determine
the group opinion on the basis of the experts” individual opin-

ions given in the form of orderings.



The program has been written in FORTRAN for microcomputer
COMPAN-8.
Input data to the program
/
Input data to the program "EXPERT" are entered in two ways:
either from the console keyboard or from a disc file.

At the beginning of the program the following information

from the console keyboard are to be entered:

- number of alternative variants (items) (from 1 to 15)
- number of experts (judges) (from 1 to 20) ;
- the initial options i.el:
the entry of expert”s opinions
1 - from the keyboard
2 - from a disc file
reports from the program will go out
1 - to the display
2 - to the printer
- number of group opinions if the solution

for a given set of orderings is not unique (from 1 to 1000).

The expert”s opinions are entered from the keyboard in
the form of orderings. Each ordering given by an expert is
entered in one line with commas separating individual values.
If the'data given by an expert are not all entered in on line,

the program will request the missing values for the ordering.

When all the orderings are entered, the program processes
each of them into preference matrix (descriked in the 9ext

section). The preference matrices are stored on a discy
. f

Such a disc file is used as an input file to thefprogram
if the initial option 2 ( entry from a disc file ) has been

i

chosen~.:
Description of the method applied in the program
According to the geometric approach all the experts’

individual orderings should be presented in the form of binary

preference relations Rk (k=1,..%;m).

Elements of the matrix Rk, given by the expert k, are:




1 if the-variant a; is preferred to

K the variant a. in the opinion the k-th
s FLESAE expert ]

0 otherwise

The group opinion is determined in the following way:
” oOn the basis of the set of individual orderings RM =
{R1,...,Rm } a new set 2 of all possible orderings of elements

of the set A is constructed; Z is a convex set.

Group opinions are included in-the so-called core of that
convex set Z. The core contains all the orderings "lying" between
two "extreme" orderings; one of them shows the highest consensus
of the experts, the second - the lowest- one.

% The application of the geometric approach can result in a

solution different from any of the orderings given by experts.

The group oz:inion should satisfy the following conditions:
- the "GL2oseen” condition which implies that an ordering
of variants zucepted as the group-proper one "lies™ among all

the orderings given by experts.

This condition can be expressed as follows:

m m
N Ecr*¢c N &
B k=1 k=1

where:
R* is the group opinion presented in the form of the

matrix preference relation.
- the Pareto condition{*itfimplies that if all,the

experts prefer variant ay to variant a, , then in the group

opinion the variant ay is preferred to aj too.
- the transitivity condition; N

This condition can be expressed as follows:

* * ®
1 a; R aj and a. R a, then a; R a,
*
in which we read, . aiR aj' as "according to the preference
relation R* the element ay is preferred to the =tement a,",




An algorithm used to determine the group opinion based
on the geometric approach was completed with the majority rule
given by Condorcet, i.e. if most of the experts prefer the va-
riant ay .to aj then in the group opinion a; is preferred to
aj too.
If the core of the convex set Z determined on the basis of indi-
vidual orderings Rk (k=1,...,m) includes more than one group

opinion, then the solution for a given set A is not unique.

In such czses the best group opinion should satisfy the
following condition:

L +  _k
2d(‘R,R)=min

1 Rcz X

a (r,8%)

et g

k 1

L&
where: ¢
d(R,Rki is a distance between the ordering R, belonging
to the set z, and the ordering RX given by the k-th éxpeft{(
The distance between two orderings can be expressed as
foilows, Kemeny and Snell (1963):

m
K, _ 1 X
SER/RN S s B e T Sy
i3

Out of all the opinions belonging to the core of the
convex set Z, the group opinion satisfying the condition of the
least . distance is the Kemeny median~of the set R (of indi-

~ vidual orderings).

Output data from the program

The reports from the program will go out either to the
screen (option 1) or to the printer (option2) in the following
sequence:

- the-experts® crderings ‘in’ the form : number. of the vari-
ant /the ordered seguence of variant,

- the group opinions generated by the program,

- the distance between the group opinion obtained first

and all the experts” individual opinions,

- the distances between all the orderings given by experts.

Tﬁe program "EXPERT" occupies 24kB. The 10 kB area on a

disc to store the preference matricesis to be reserved.
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I.4 Method no. 2 : LP formulation

In this method the software data are formulated in a similar
way, as in metlod no. 1 except that the number of equivalent so-

lutions is not given.

The question is treated via the method of Marcotorchino
and Michaud (1979), i.e. as an LP problem

/’ 2?? ? : (dijxij + sij(1—$ij» tEa1)
s 1] i,]
.susject to ’ i
/ xij + xji =1 v i,j (X:2)
xij + xjk - Xk £ 1v i,j,k (1.3)

being a continuocus representation of a binary problem, in

which X35 7 1 and X34 = 0 when issue (item) i precedes issue
(item) j in the :7gregate opinion, while X5 = 0 and xji =1
in the opposit: case. Magnitudes of dij and Sij indicate,

respectively, the number of judges who placed i before j and of

those who placad j before i, i.e.

m m
k k
d.. = L 3G S = L Xro. I.4
A i k=1 ij * ij k=1 Ji ( )
' . ) . k k .
where m 1is the number of judges and xij = xji = 0 in case

of a tie, e.g. when a judge k does not refer neither to i nor
to j in his ordering Rk.

This LP problem was slightly reformulated, in order to get
rid of (I.2) and to accomodate a weighting coefficient r, into

fzﬁ 5 (rdij xij + (1-r)dji(1—xij)) (1.5)
i i< 3 . : : |
. ‘ |
Sax 5 (r(dij + dji) xij_ djixij)
ij 1 <3 )
xij £1 Vi <3 (I.6) |

and (I.3) as before. The new problem (I.5), (I.6), (I.3) yields



the same solution as (I.1, I.2, I.3) for r=0.5. Now note that

(I.5, I.6, I.3) can be easily parametrized with recgard to r,

re [ 0,1]. Assume starting at r = 1. Since (I.5) takes then

the form of

) max T : (1.7)
- d; X, .

i3 1<3 13743

maximum for r=1 is reached for x.,. =1, ¥ 1 < j. At the other

ij
end of parametrization, i.e. at r=0, there is
iax 5 - dji xij (1.8)
ij I
which means an optimum at xij = 0, ¥i < j. Thus, on the way

from r=1 to 0 an initially chosen "lexicographical" order is
reversed, and at r=0.5 the proper optimum or optima are found.
At the discrete vdlues of r order is changed. The values of r
indicates the relative aggregate preference of the shifted
entities. When r falls below 0.5 the counter-preference shifts
are made. Thus, not only the optimal aggregate opinion could

be determined, but also its stability and structure..

Note that for r=0.5 one obtains the actual optima R.

I.S‘ Method no. 3 : effective heuristics

The third method used is derived from the aéproach develop-
ed by one of these authors, see e.g. Owsiriski (1984).:This method
starts from the objective function equivalent to the one as in

(I.5), although it does not refer explicity to variables xij'

The procedure is, roughly, as follows:

1° t, step number, = 1,'rt = 1, ot . {1,2,3,...,n), where
n: total number of items ordered.

BT, St AR R - i R

3° calculate, for all k,l, k < 1:

Fdyy =S Ady
. ieot T k,1-m 1e o8 Tk,1-)
rkl = {(1.9)
2y +dyy) =0 A 44y
ieol™ x,1-n  ieollx,1-1)




e 8 -
and .
ki > Ly
1€0 571 (k41,1 1€ 0.5 1 (k41,1) :
E = k+ . k- (
rlk = . L. 10)
Eldgy * ;) - I (dy +4p,)
" t-1 . -
‘r' 1€ Gk* (k*“'l) 1€ O§_1(k+1ll)
/
where, e.g.
P e
_f/ 0k+ (k +1,1) = {ijlk + 1 > i»> 1,i> k} (1.11)
/ ] 0t-1 ot-1
and >t-1 denotes weak pfeference according to 0O t-1, while
ril .oand rik . correspond, respectively, to the following ope-
rations: 5
rt ki, i 1 > ...l ki, i
X1 ¢ oeee 1 2 e e Bicic et g iy --e
o x i, 4, 1 > ii.i, i, 1k
1k P v Yoy 2 i ok ceei, iy P

4° find max { r;l - rik } = rt, and thereby k*1*

k,1
5° perform opefation corresponding to r;*l* and thereby
form Ot,
6° if 0t is a reverse of 01 or rt = 0, go to 7°, otherwise

return to 2°,
7° stop. .

The procedure outlined obviously suboptimizes (I.5), in that
it makes order changes belonging to a predefined narrow class,
e.g. the ones indicatedabove (one item shifted ahead of the ot-
her or one item dropped behind another). What it can, however,
loose on optimality, it compensates in simplicity and numerical
efficiency. One can see that parametrization in (I.5) was in
fact a step in the direction of this procedure. The series of
rt can .again be used for assessing the stren§th of aggregate

preferences.




This method, of course, requires the same data as the method no.2. Both of
them were programmed in FORTRAN for a minicomputer SM-4, PDP-
compatible, but the method no.3 cangof cours

run on any sort of personal computer.

2, be implemented and

The Appendix, which follows the references contains the
listings of methods considered.
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APPENDIX A.

Computer printout of software for method no. 1
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program expert '
integer 0e(15,15928)ya(15s15) yb(15515) yc (15713) »d(225) y
#2 {(225) y £ (225)
open{l,file=’1ptl”’)
open{égfile="umacierz.dat?’)
write(¥,2024)
write (%,1508)
read(#,7 (11)7)ii
if (ii.eq.1)then ) ,
- ii=0 -
else
if (ii.eq.2)then
ii=6
else
go to 1
endif ot
endif
write(#,1507)
read (427 (11) 70 5
i (io.eq.1l) then i~
in=0 i ;
else
ifCio.eq-.2)then. .. - : - SRTS “
io=1 .
else
go to 2
endif
endif ! bl
if{ii.eq.é)go to 4
write (¥y15922)
read (#,2000211
write (*,1504)
read (¥y20005k1 . .
write (*,;13503) : ‘ -
read(¥»?7(i4)7)ird )
do 3 i=1,13
do 3 3=1:15
alis ) =0 B .
write(io»15e2) ‘
if(ii.eq.®)go to S
read (67 (2i2) 7)) ilrk1l
read (67 (i1)7) ((Coe(irjgrk) si=1si1)y3=15i1)srk=1,k1)

write(ior15€8)i1,k1l "Jf

go to 11
continue .
do 6 k=trki bt
do 7 i=1,il :
do 7 j3=1ril

oe(irjrkl)=1

read (#2203 (allyid)yi=1,i11)
do 8 i=1,i1-1

do 8 j=i+1lsitl

if (a(lri).egq.a(lr3j))go to 8
if(a(lri).gt.allsjd)go to 9
ocdirjrk)=0 -




10

43

12

14

16

17

19

21

i8

go to 8
oel{]rirk)=0

continue

continue

write(4>?(2i2)")ilrk1

do 10 k=1,k1l

do 10 j3=1,i1

1o 10 i=1,i1 .

write(d,? (i1)?)oe(irJsk)

countinue

ie=9

mn=120 '
do 12 k=1,kl - f 4 {
do 13 i=1rsi1l |
do 13 j3=1,il 3 |
c(ir))=1-oe(irjsi)

call druk(arcrilsiorie)

continue . -

ie=9 . !

k2=k1/2 .

if (k2%2.eq.kl)go to 14

write{i0r2005) ((alksi) vi=1v138) rk=2r4,2)

write (ios2003) ((alkyidpi=1y13) 1k=1;4,2)

cont e

do & =1r1i1

do =11l

ali,;;=0

c(irjl=1

do 17 k=1ykil -

do 17 j=1,i1
do 17 i-1i,i1
oe(irjrk)=1-oe(ir3rk)
if{oe(isyjrk).eq.@)go to 17
aliry)=1

continue

do 18 i=1,i1

do 1€ 3=1,1i1

1=9

k2=k21/2

if (2%li2.eq.k1)go to 19
k2=k2+1

T -
continue
du 22 k=1,kil
I=1+0ue(ir3slt) ’ i
if{l.ge.k2)go to 21
b(i»3)=0
go to 18
b*»’_]):l

continue

do 22 k=1,kl -

do 23 3=1,i1 g

do 23 i=1,i1

if (Caliry).eq.1).and. (oelirysk).eq.9))go to 24
go to 23

oelirjrk)=1

8}
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36
29
29

?6.

do 25 1=1,i1
do 25 m=1,il
do 235 n=1ril d

if{(oelrnrk)*¥0e(nrmrlk) ceq.1) cand. (oe(lrmrk) .eq.0)igo to 2

continue
go to 23
ae(irjrk)=0

continue

continue
write(io»?(//) ")

do 27 k=1,k1l

do 27 i=1,il

do 27 j=1,i1

if (celirjrk).eq.9)go to
go to 27, =
c(ir3)=0

continue

do 29 i=1,il

do 29 j3=1,il
if(b(irj).eq.1)go to 36
go to 29

c(iry)=1

continue

continue

do 51 i=3%,1i1

do 51 3=1,il

do 51 1=1,i1
ifllcir)%c 1y 3¥.eq.1).and.(c(irJ).cq.®))go to 52
conlinue '

go 1o 40 /

continue *

do 53 i=1,il

do 53 j=1s1iil

if(b(ir3).eq.1)go to T4

continue

go to 4@

cliyr3y)=02

b(ir3j)=0

go to 30

continue

1=0

m=9Q

do Sé6 i=1r,il

do 36 3=1,i1

if (C(atir3y)-c(iy3)).eq.1)go to S5

8]
@

~gao: to:36

m=m+1
l=1i%mn+)

.d(m) =1

continue
continue
write(iar135035)
do 946 i=1,i1
do 96 3=1,i1
L{ir3)=c(i»r))

-t

W




o8

&7

63
62
60
61

&4

¢ o
~

73

b6

70

do 117 i=1,i1

do 117 3=1ri1l

aliry)=o

cull drukCarcrilriorie)
if(m.cq.2)go 1o 155
if{ird.eqg.1)go to 155
do 37 i= irm

16(!2.eq m)go to 77
do 58 i=1wm

f(1)=c(i)

d (i)y=e (i)

ml=m

k3=k2

m2=m

continue

do 59 i=1ym1-k2
do &0 k=1i,i+k2
ia=d (k) /mn
ib=d (k) -ig*an
if(k2.eq.9'q0 o 61
if(i.gt.ryg 50
if(k.gt.ily Lo 62
do 63 11=1,11

do 63 12=1,il
c(11,12)=b(11,12)
c(iarib)=1
continue

c(iarib)=1

do 64 i2=1,il

‘do &4 i3=1,i1

do 64 i4=1,i1

ifCc(i2ri4)%c(i4,1i3) .eq.1). und (c(i2,i3).eq.®))go to &5

continue

id=id+1

if(id.l2.irvcall druk(arcrilriorie)
1fid . go to 77

cliar?

continu

if(k2.eg.2¥go to &8
continue

ml=mi-1
if{ml.eq.k2)go to 79
do &6 i=k3rmi
d(i)=gi.+1)

go to &7

continue

k3=k3-1 N

if (k3.eq.2)go to 48
if(k3.eq.1lgo to 71
do 72 i=1ism2

d (i) =f (i)

mi=m2

A




[N}
[}
[2¥]

e
3]
(]

139

118

go Lo 73
coptinue
m2=m2-1

if (m2.eq.k2)go to 74
do 75 i=1,m2
f (L) =f (i+1)
d (L) =7 (i)

k3I=k2

ml=wn2

go to 67
continue

go to 48

continue

write(io»20e35) ((atkril) »i=1,15)k

=214:2)

Wwrite(iosr2083) ((a(kyi) »i=1+10) tk=1+4,2)

go to 101
Write(ior2019) (a(2ri)si=1ril)

write(ior2010) (a(iri) si=1,1i1)
continue

rewind 6

rcud(éy’("i”)’)llyPI

do 208 k=1rkl

do 208 j=1ril

do 208 i=1,il

read(6s? (i1)?)oe(ir Jrk)
writelios?(/727)

wirite (io0v1513)

do 150 i=iritl

al{ly,ii=0

do 132 j=1,il
a(lrid=a{l,1)+(1-biy3))

do 136 i=1ril

do 136 j3=1,il

c(irj)=1 .
do 134 i=1,i1-1

do 134 j3=i+iril

"if (a(iyid.eq. n(lrg))go to 134

if(a(lri).gt.allyj)dgo to 135
c(ir3g)=0

go to 134

c(jrid=0

continue

do 118 k=1ykil

do 119 i=1,i1

do 119 j3=1,i1
afirjr=oelirjrk}

call odleg(arcrilyen)

d(k)=n

continue

1=0

do 137 k=1,k1

1=1+d (k)

write(ionr1513) (krk=1,k1)
write(iorl1514) (d(k)sk=1rk1) 1
writel(iaor? (//)7)

o

MRSECST SN R

T WS

od




writed(ior1518)
write (los1519) (kyk=1vk1)
do 124 k=1:k1l
do 126 1=1,11
do 1246 3=1,i1
128 clir3y)=oc(irgrk)
do 125 1=1,k1 . ~
do 127 i=1,i1
do 127 3=1ri1
127 alirjr=ovelirjy,l)
call odleg(arcrilen)
d(1l)=n
125 continue ~
11=9
do 138 ji=1:k1 )
138 11=11+d (31) ~
write(iorl912ky (d(id vi=1,k1) 11 '
124 continue .
"1509  format(1x:’oceny eksperlow (uporzadkowaniez/l.punktow)?/) ~
1501 format (Ixr4xsilr»2x» 151i2y30xry15912)
1502 format(lxs’liczba obickbow (1-15) L&) :
1503 format(lxr,’liczba ocen grupowych (1-1¢¢e) ') ~

1504 format(ixs?liczba ekspertow  (1-203 (b

1505 format(ix»’ocena grupowa?’) i ~
1505 JTormat (Ixs?urz.uegscia 2 luklawiaturar 2.zbior dyskowy?®)
1597 fTormat(ixy’urz.wysscia * lomonitor » 2.dvubdariza?)

1398 format(lxs?l.ubicktow=?yi2,3xy’l.ekapertow=T»i2) - ~
1513 format(ixy’nr.ekspertas/odl.od ovcueny grupowe]l”)

1514 formabt(I1xr43»200i3,25) 7 I i4)

1515 formub (Ixrdx2200i3+2%x) 15275 ?%)

1516 format(ixs’odl.miedzy uporzadkowaniumi ekspertouw?’)

1917 format (Ixsi2,2%y20Ci3»2%) 13y i4)

12000 format (i) ~
2002 format(il)

2003 format(15{i2,1x)) :

2005 format(1xr2(15i3»2%)) ~
2208 formut(lx»’okreslanie oceny grupowe) na podst.ocen ekspertow’
2010 format(1x,15(i3,2x)) )

2012 format(lxs’koniec przebiegu’) ~
write (#,2912)
end
[ = . —~
c obliczunie odleglosci m-dzy uporzoadkowaniami
€
subroutine odleg(arcrilrn) : -
integer a(l15,13) 2c (15,15)
n=e

do 19 i=1,il
do 190 j3=1,i1
if(alisry).ega.cliry)dgo to 10

n=n+l - g
10 cuntinue
return
end . - -
c
™
é&



83

69

9L
?e

P4
0%

)

drukowanie oceny grupowe
2

subroutine druk(arcrilriorie;
integer a(15r15) »c(15,15)
ie=ie+l ~
n-=ie+l
do 89 i=1,i1

a(ieyi)=0
do €8 j=1,il
alieri)=alierid)+(l-c(iy3))
alpnrir=i
continue
do 79 i=1,i1-1
do $1 J=i+iril
if(aCiersid.lt.alies3))go to §1
l=a(ieri) -
m=al{nyi)
alieri)=aliey J)
aier )=l %
alnrid=alnry)
alnej)=m
continue
continue )
if(n.eqe.4dgo to 92

ie=ie+l
go to 93°
continue

wirite (ior2) (Calkri) »i=1y15) yk=2,4,2
write (1or2) (Calkei) pi=1915) sk=1194,2)
wirite(ior? (Ix/)7)

ie=0

do 94 1i=1,19

do 94 3-1,15

afirji=0

continue

format(1>»2¢1513,2x))

neturn

end




APPENDIX B.

Computer printout of software for method no. 2
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IaEalalaksaRaNakaEaNaEaNalalaNaNaNaNaRaNaNaNaNaNa e Ne le Nalal

FORk GIVED "M CROFRINGS OF -=t2® TTENS GEMERATES LINEAR
PPLCRRANIN G POUGLF” TR ALGRFGATF THESF DHNRERINGS
ECCARNING TC MARLOTORCHT W

=M [CHeUN VMBREL

INPUT  ~ea CrT4 SET "ORPD.LDAT" CONMTAIMING GIVEN ORCERINGS

OQUTPUT =~- naTa SFI 'VRFHLTLDAT' CONTAINING PRECEDENCF

MATRIX FOR GIVFI OFLERINGS

c== DPaTi SET "HMOLEL .ORN™ CONTAINING GENERATED
I I"EAK PROGRAMMING PRUBLEV ¢

.
=== PATA SET "CRO.LUG™ FOR TRACIMNG PRUGRAM EXECUTION

RASIC N.TA STFUCTUPES

PRMAT  ~o- PRECEPENCE MATKTX COMPUTED Iii PROGRAM
8™ ~-—e NIMRER NF GPOFRKED ITEMS
I8 == QUFRER (OF GIVFEI, UGRUEKINGS

LUGICAL=1 ARSENTCIC)
CELL+A NANTS(2)
ToTERER2D NIRIT(ICY | .

REAL PRUPT(2,10,12),P

NIFEnNSI0 - FRIDEF(LD)Y . . S

AATE DTCTT /001,000,830 0340 0e50, 0640 ,00710,0681,'89!,'1€¢'7
NETE S prFS/'Er S, 30Lt GFS  /

Ysezes

ASSTGM (L, Y GFL. 02D %) s

ALL QST T, 1)
< 8
sly ASSTEI(T, ' GFCLLDG)

“RTIE (R, 127) OM, T8 X .
FL3 AT(Y STVF NRBeF NUVBFR *,12,° & ',12,°(12,10) %)

RFADIM . OF CROEPINGS FECH INFUT

PEAC(3,173.E"E=47) GRDFP

FCRwaT 1~ T2, 1Y) )

fe T 1zs.0%:0 : . )

Ir (1FDFH(I) At O ARDLORLEK (IS .LELISN) GQTO 7
WETTF (ho13)

FQF! KY(' :nh"” TPY ARAT. wxxxxseazxz')

e

Cit

,1
ne-1




A530 Ty [ALF - 20 -

L

COMPLTATIC, F *PONVaT® anesy
PO 1S L=1,T3%=1

ITEY ™U*nfw 2 2 CPUNTFRED IM PENERING MFAMNS
HD MCRe ITErS A%t GIvEn IN THIS UROERING

NDOON OO0 -

IF(U=DE2¢L) FA.2) ROTY 35
LL=VOPE 20
AxSci(Lty=_FaLSE,

PR OALL "TM FOLLU™LNE L1 SET PRMAT(1,U1,I1)=PRMAT(1,L1,1)+1

[xEalal

N5 27 M=l TSN
TEC2RIFAC ) SULY)Y GCTO 25
MI=HINF L)
A2~ Te21)=_FALSE,
Bt ATC1,! Lo 1)SPATE LY, ") +1 &
29 et T te .
5ol 1s

c .
€ ITS™s A3L3,T T2 GIVFI QPOFRTC TRFATED AS FOLLO=ING L1
{ 4

25 DL 5 T=1,T3S% »' - C
33 TFLa3F T(TIY PaMaT(1,L1.1)=PRVYAT(1,L1.I)+1.2
15 coMTT e :
6uT) 5.
c
€ FC3 SveEdY [ .5 ARSEAT TTFMS T GIVEN CURDERING *I* R *J"
€ SST B2WaT(3,7,1)zFP4AT(2,[,J)+M .S 2
€ PP2ATCleue L)ZPRA%AT(2,0, ) 0w, S
c .
3s n) 48 T=a1,T3M
TFC. aSc"T(1)y SOrP oS
DI s TSN
49 TFCCT JYLAUD RASEMT(J)) PRAAT(2,1.,J)=PR¥AT(2,1,J)+%.5
a5 cOMTT ¢
SoTy S

' ~ - /

B3 33 I=1,T3Y

NS SY J=s1,T5% .
S0 PRLTLD, T, JISERSAT(L, 1, J)+0RMAT(2,1,d)

N H8 T2m,7
Ss SRATTE(T,130) (((PRMAT(I,¥,L),L=1.[S8),K=21,1ISM),J=1,2)
3% FARSUAT(Y. FREMENENCE MaTRIX: *//10C19¢1X,Fa 1)7)Y777

1' FRCCENEMCE MATRYX #ITH TIES: 77
1101201, Fel 1) /7)) :

c

€ LINFAD BLAGPAMMILG PRAALEM GEMERATION
-

c .

e 3T Y=, ?
Ny ST T=1, T30
Ny 57 J=Ter, 7
s7 PRIIAT(Y,1,T)=
CaLbl CLCSELS)
LaLL eLSE ey
S5 T3, Y SADELN _ORDYY

PRVAT(X,T,T) s

a3~ E3IATEIALN,TA, ¢ ALTSTY /190wSi /0 N ORJ'y
£ CRJPr/r o 0BJPY)



&9
a1

4z2¢

a2s
u27
61
62
63
435
65
uzn

436

4as
73
a4¢

an
45¢

90
a7

nge
35

PO 6 T=1,TSN=P 228 cpor 2o
PO 6o J=T41, TSNt
Ny . 6e K04y, I8H
VRTTE (FRLU10Y DIGIT(T),DIGIT(J)Y,DIGIT(K)
FORBAT(' L C',342)
WRTTF(Fu,u20)
FORMATC'COI UMNS ')
DY 74 T=1, 15Ny
NI 70 J=I+1,18N
D=P4+PRIAT (M, J,1)
PRTIF(FIe, 629) DIGITC(T) ,DIGIT (), PR“AT(M 1,J)
FURLMAT (IR, ' X' ,2A2,TI1S, 'UPJ)' 125, FS. 1)
“WRTTF (Flv,427) DICIT(T),uIGIT(J).PRNAT(M,J,I)
FUPHAT(15,'X',2A2,T15, '0FJ2',T25,F5.1)
IFC(I.E0, 1) LNTD 62
PO et k=1,1-1
VRITE (Fl, 0%2¢) DICITCYY,DYGYT(J)Y,DIGIF(K),DIGITCI),DIGIT(J)
IF(I+1.en.0) 6070 64
PO 62 F=T41,J=-1
RITF(Fie, a5) DIGITCI),OIGITC))Y, DIGIT(I) DIGIT(K),DIGIT(J)
FOPLAT (IS, 'X7,2A2,T15,'CY,3A2,T25,'=1.0")
TECJ.LO.TSNM)Y 60TO 76
N LS K=Jg+1,T8M
FRTTF (FNL, 4%9). DIGITCI)LDIGITE3),PIGIT(TY, DYGYT(J) DIGIT(K)
CONTILUE
EGRUAT (TS, 'X',2A2,T15,1C! ,ZA?,TZS,'l.Q')
WRTTE(FN, 0T6) . D .
FURMAT (TS, 'Y1',T1S, ' NBJ*,T25,'1,0',T40,'08J1',T59,

110 /TS, YL, TS, TCRJIPY,T25, =10/

175,'YpP!., T{ +'CEJ,T2S, 1.0, TH¢.'PBJ2',TSO,'-1 0'/
IIS:'Y“',115.’DUJP'172§,'1. )
NG Be L =1, .
ﬂRITF(fL,qMU) NAMES (L)
IF(L.EG.D) 60TD 73
“%TTF(Fh.an) N e
FOPHAT(TS, 'RO1Y,T1S, '0RJ2Y,T25,Fh.1)
COYTINUE 3 i
FURMAT(AR)
DU E® Tz1,TSM=D
DU &8¢ J=T+1,TSN=-1
N\ 80 K=J+1,18H
WRITE(Fl,459p) DIGIT(L),DIGIT (1), DIFIT(J),DIGIT(K)

‘FubinT(T< 'R, A2,T15,'C',342,725,'1.e")

WRITE(Fi, thv)

FOURIAT €' R201IMNS )

NY Sh T=1,TSM-1

Dy 90 J=T+1,TSN

WRITF(Fid,u70). DIGLT(]),LIGIT () |
FOREATCY UP F1',T1S, X', 282,T25,'1.8%)
WRTTF(Fil.480)

FURFATC'FIOATAY)

CUMTTHUE

STOF

Fin
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‘Computer printout of software for method no. 3
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O ONARAROARNNANABANAAMAO -

2

o0 Wl

uH

208

2117
AL LAl CLUSE¢L)

SEBTEE RIS ARITIZST= T ~-a::::::::::;::izzzzzu_-----:-d:!

varAM NORD

HAVING *N* ORDERINGS OF *M® ISSUES IN THE FORM OF i Y :
PRECEDENCE MATHIX THE PROGRAM GENERATES AGGREGATE. ' "/ ' =" :ul.oi- o
DROFRING ACCORDYNG TO THE OWSINSKI-ZADROZNY ALGORITHMI::i'. ' . iy

==:na=k_=:::::::::::::::::x—::::::::::::_::::: ::::::x:::slal

INPUT ==l DATA SET *PREMAT.DAT® CONTAINING PRECEDENCE
L 3 MATRIX (SEE COMMENTS IN PROGRAM "ORD'):

COUTPUT  cwn SERTES OF AGGREGATE.ORDERINGS FOR COMPUTED
‘ VALUES OF "R™ COEFFICIENT FROM INTERVAL 10,1}
(SEE DESCRIPTIGN OF THE ALGORITHM)

S EEXSEILCXS SRR IS AEIIATISSRNNIISIISSERSIIRI=S

o
u
]
n
1
n
[:

"
!

it

" BASIC DATA sfnuchRESf‘ RN Lot e L MR s S

. PREMAT el PREEEDENCE “ATRIX

QHAT Pt AUXILIARY QUOTIENTS MAVR!X P

ORDSER . =we AGGREGATE. DROERING .FOR-CURRENT VALUE & i
: OF "R™. OSTART WITH "NATURAL®" ORDERING !,2.'

REAL PREMATEI2,10),QMAT (T, 19) e

INTEGER ORDSEQ(1@)
LoGIcaL UPs .
DATA ORDSEN/Y,2,3,4.5,6, 7 a 9,10/
DATA L“AT/IOux-l s

IaN 7 ; =
CALL ASST u(r.:NnRo LUG‘) AL
CALL, ASSTGH(T, "PREMAT DATVY _ 00

CREARD(1, 202) ((PREMAT(I,d),J= 1,ISN) 1=§, !5N)
FORMATC18(1%, Fa.,1))

WRITF(7,211) ((PREHAI(I J),J 1.IaN) I= 1 15N>
CFORMATC1OCI0CIX,Fy, 1)/)) B

. CALL HORD(IZH, PREFAT 0RD°EO QMAT)

3T0pP

END 4 :
SUHROUTINE qnnn(lsu PRFMAT ORDStn QMAT)
REAL PRE“AT(ISN,TSN), QMAT(IoN,xsu)

INTEGER ORWJFU(ISN) © s % - 3

R=1,8 .. : Lo gy fom T A
F=9. ® Zozfx ¥ o AR AP =
 Filzg o S e e ECEIRAL Ll P

COHPUTATION OF CLARENT VALUE OF OBJECTIVE FUNCTION

DO 7 1=1,1SH~1
DO 7 J=I+1,1%N
M1sURDSEOC(])

L M2EURUSENCD)
Tr(M1.GT.M2) COT0 6
FzF +PREMAT (111, M2)
FI=H 14 RaPREAAT (M1, M2)
GuTu 7 . -
F=F rBRFMAT G4, M2)




Fisi1e (1t ) APRFMAT (MY, P _{v g
R I SR S y
= RRTTF (6,1 2A) K, FLFY, DRASEY %
oy CwRITECT, M) B, F FAZORDSE U St i Sae e U ;
198 1 FORAAT(AX, * &= *LFA.3.' ORIG. FURCT. = 1,783

ToldIPAR, FUNET 2T, FB. 3/
"’ URJFR‘Xﬁ B '/Il’(lx ?)/)

ﬂﬂﬁ

CﬂuVﬂ*(Y 34, PdFMAT.h*'? 0 OMAT)

(LLL

_LEH=“V‘

c L
'C SEARCH FOR
{ et LT x

00 12
no Lo
Mi=of . ‘ o3
 MRREURLSEDL D)
FCLF(RYLBTLN2) BATO §8 : - :
it IF((QHA-(H M11ATKYG AND (QMAT(HI.MZ! LT R)) GOTO 10
U RAZQMAT (M2, 19
IF QumaJ(ve, 1),
Lo TR C(RRLEQ.RY
LENED~ I
C-KIET 4 - f‘
gl ¢ £ j P NP
- R=0MAT G2 ML)
UP=,FALSF, ; S S
_lr(ulmh'fz MUY GT QHATM‘.PZ)) cato. 19
UP=.TRUL, 2 s .
At B R=O#AT(M1,%20 ) ;A
FANpR SRS COMTINUE, e
TENPLIUIFLRY JEQ, 0) BETY 3p

o ,1(n;,w>)) RR= ﬂHATﬁFl.“Z)
(tJ«?w LI.LEN)) GOTO 18 -

> EFCE LT.ﬂ .
. .IF(UP) 0010 25

(%
[ SHIFIINF ﬂr SFLFCTtD 1TEM
c

Hl UTUSLU(VJY 2
% 2000 DO 20 I, K2-K1
- S 'ﬂNﬁSEuqﬁzvt-I):DQ’
TR TTORDSEACKY ) =M
CEE U ROT0C.S
T MIzURDS.
-.DO 27 1=
CARDSFE S« o~ Pl ““Sth(&lél)
RIS ULR >
] S quTLn S
i L TN WeITECS, 1ou2 A
e 1 FORMAT (! £ OF NORD')
. RLTURN i 5
£nD
. 8uhnnuTlr~ L)MPUN(XSN FREﬂAT URDSEQ Gh

BER(K2=])

(. "amay" 44v1 FHR CHURKENTY ORDERING « 'URDSCQ' AQHAV) AND
“PRECEDENT ,‘Tnlx ( 'PRFHAI" AKRAY) Lot -

S efannno

SRE Z"tMAT(l\h,ISN).uhAY(ISN TSN) :

1 § DS UCISN) , COUNT - - ]
fon COuNT 767 } _'W Vs
Do 19 T=3, 160 e L PR A
[EERE TSN XU (971 Rl




- ey
v &

20

100

M1=0RLSEAC])
Pd:th);F(')

3) 607N 10

1F (¢ ?.ﬁTZv: 6010 3
DI=D14PRFAT (LD, M3)
NZ=UP+PKE"
GOTO S

ke L
~
~
x
n
~

CUWTIJ”*
N(w1#°>cm°€>cm“
IF (i, .u-») GUTO 12
nnﬂT(ﬂ? “1>:“1/(n1+0?) .
CONTINUE =

ny 2¢ I-.,;fﬂ-i

NO.2n J=T++,ISN
M1=CRDSEN(T)
V2=0S0SEN ()
TF(M1 ,CT =2) 6070 29
n1=y

De=C | .

OMAT (141,22)=3.0

DU 1S L=T+1,J

M3= UDU;L'( )
IF(3.LT.~1) G0TO 14
NDIzLI+PREFE AT (HT, ML)
DP+PHRFELAT (MY ,M3)
GOTO 1S .
N1=D1=-PRFALT(M],M3)
“a D2=-PRFNAT(MI,M1)

NTThJE '
IF((ﬁl#UD) E0.8.0) GNTO 28 o
TF(L1.LT.5_2) GOTu 2¢
qMA](u],-?) PII(DI+D?)

CONTTINUE =

cgunT:CuU“T+1

IFC(CNUNT LT q) RFTURN

MRTTE(7,1228) MAT(I, ), 021, ISh) , 1=1, ISN)
FORMATC! C"AT‘ rl@(TIQ lc‘lx F6.3)/))
COUiT=

PETUR}L .

ExuD =
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