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Abstract: Thie paper deale with the problea of allocating a flxed budget batween a
sal of coepeting investment propesals. Based an previoua practical experience wWith
probless of this type, an analyele using the fuzzy outranklng approach promised to be
potentlelly effective. A decleloo ald cosputer package hae been developed end epplied
to B case study. It proved to be flexible and to glve edditional insighta Into the
structure of the sal of slternatives.
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1 - IATRADTTVOR

In recent years, a ratge of mathematically based techniqQuesg, termed
mulilcriteria methods, has been derlved with the alm of helplng declsion makers make
ere effective cholces froe among the optlons aveilable to them In particular, a
nusder of euch techulquea atress the importance of achieving a reallatic balance
belween the poNer which a rigoroos mathematical foundation c¢an glve and the reality
that momt publle aector declulons involve factors which are very dlfflcult to
quantify In u numerically preclee form. Fuzzy multlcriteria techniques, Wwecguse of
their potential for representing lmpreclme preferences 1n a formal yet flexlble way,
represent a Patentlally valuable teol for the analymla of such decislona.

¥ithin tranaport planning, a cemnon adminlstrative arrangement in many countrlea
1¢ for lecal highway plannlng agenciea to have devolved to them remponsibllity for
maller-gcsle ihvestmenta, subjact to a centrally determinsd budget. Indlvidually,
such projecta are typically quite snall; the work reported here, for sxample, 1is
priaarily concernsd with acheses costing no more than one er twe mililon poinde mnd
the normal rang® of eosts {& often much lower even than thls. Failure to allacate the

avallable resources 1ln an approprlate fashlon s potentlally a subatantlal

- mimallocation of public funda. In normel circunstances; there mre- eany more cendldate

achessn than avallable funda wlll allow to be undettexen. A meens of melecting
preferred sohemee la thus required.

Seall. locsl hlghway scliemes can be of many dlfferent typea - junction
1nprovessnte; road stralghtening setting up trafflc slgnals, etc-. They ars not all
directly concerned with achieving faster, cheaper traffic flows through the road
network. There ero frequently propoessis to be convldered vhogse prlinclPal purpoee 1
to alleviate Bome enviroomental problem or to reduce accidents or to improve accese
to some facllity. However, sl! mre cospetlhg agelnet sach other urder the same dudget
constraint end for this reseon must (1mPlicitly or explicltly) be compered and
renknd. Any evaluation framework muat therefore Incorperate all the potentlelly
decimlon-relevant criterla likely to occur for any of ths typea of mchema which m]lght
be proposed. Both to enwure conslatency of pollcy and to facllitate uua by
non-speclellate, the criteria and thelr weignts need to be eetablizshed !n advance,
before WNowl) the epecific eet of candidate Projects vhich are te be ranked. In thils
respect, the analyels reported here la more di{fflcult than ssny multicriterla cholice
problems. both because of the difficulty of sPeclfylng measurea¢nt ecales sultable %o
guch a wide renge ef posslble achemes and becauae of the slze of the reaultlig

evaluatlan nodel.

2 - PAEYIOUS EXPERIENCE

Duriog the late 1970's and early 15B0's, many local authoritiea in Great Britein
developed what came to bs termed Priorlty Assessmente Techniquee (PAT®s) to provide
guldelinea for selecting between coepsting highway improveament projects. Earller work
(Simon ¢t &1., 1988) examined the range of techniques that had been develaoped and,
based oh that werk. formulated a PAT (Pearman et aJ. .19B5) wilth an explicit
multlcriterla formulation. uvalng a swtralghtforvard addltive value functlon. This
model [(OONPASS) was implementod through a linked serles of apreadsheet prograss.

Bullding on experlence of PAT'S alrecady In opsratlon, the structure chosen for
COMPASS was a hlererchical one, with a value tree having four aggregate levels of
inpact (safety; traffic; envirenmenl; local planning and development) whlch in turn
were eub-divided into 1! and then 32 lower-level impacta. The 32 are all measurable,
sone obJectively and eome judgensentally. Examples include numbers of accldente saved
and travel cost and tlme eaving (each disaggregated by vehicle class), all of which
Bro normally assessed on an objJective scale, but also impacta euch as visual
lntrueion and disruption to existing sctlvity patterna, which are Judgesentally
agsesged In e 0-10 scale.

The need to admit Judgemental assessment ls occaeioned 1h part by the natura of
the criterla, but alse by the need to keep strict control of the coat of the



apprelsal ‘process lteelf. For relatively lov coat echwmes, <oaplex end bance
oameive traffic foracmata, P3llutton egtieztey. etec. canddt be Juetifted. aw (Pwir
o8t could wowily rPFEEst a2 dizatinl FTWPONRIca of any POsestial  echewn
dYeunflts. Apert from ite cantribution Lo clarifylng the eet of criterla belng ueed
and convincing deolsion cakere thet the full range of relevant critarie haa bean
tadn into account, a eejor reasan for adopting a hieparehlcal atructure la to
fpoliltate the evaluallon of 4waller schemea. Whiere & achowt is too small to Juetify
tbs expeuae of evaluatlon ualpg the full set of (pdtentlally) 3R lowaat-level
oriterla, eome or all empscts of the ProJecL may be evalueted at a higher (more
ag@regats) level in the trve, This may De done elther ®Y replacing a growp of
lowssi-level criteria by 5 elr@l¢ Jjudgesental assoasasnt or by chooelig cce of the
relevant lowert-level crttecla lo stend es & FVOXY for sl the reet. Im fhig oy,
»ii% ainor locsl adjusisent 10 the eeigdhting of <rllerla, waall Projecta cn bhe
evaluated dlrectly alongside larger onee using the sane basic eveluation freamework
apd broadly equlvalent seoring and criteria weighla. Thie allows e wide range of
disparates projecte to be ranksd asalnel each other, a» eajor objective for CODMPASS,
nince concern had been expreseed that exlsting procedurea were leading to an
under-evaluatlion of srall, uynspsctacular but coat-effective e&~hames, eolloving
hl@her-profile alternatives undue precedence ln the ranking procesa.

Wilh the 32 critesrle esteblished and appropriste mesaurecaenl s<ealas developed,
the next lepastant step In the eodellng prx=we was to dcteralne the relztive watghts
to be given to mmit chenges in the different STores. Even exploiting tbe hlerarchical
otructure of the impacts, thlg wae not a slwple tast., Both the size of the problea
apd the difficulty in clarlfying what levels of real changee oorreapond to hhat

ocores In the Jjudgementally saseseed impacta contribute to the probles. For the

Initlal applicatlons of CBMPASS, the weighta were eslablisnesd In one of two ways. One
wis essentially a “pricing oul® procedure (Keeney & Ralffa, 1976); the other used
Santy'e analytic hierarchy wethwd. esking ueera to miake @3lrwlae comparisons of
oriterias flrsl within sach of seven related groups of loweet-i¢vel criterlia and then
euccatalvaly ug the tres betusen reprezantative crlleris selected fTe® lower—level

grovpings.

A9 well es being lineer In the criteria waights, the model used, in ite baesic
form, uees !lnear scales for each of the individual criteria, i.e, a Elven level of
1®proveaent i1e acored equally, independenlly of what wes tho initllal gcore on the
orlterion concerthed. For somé® Clearly non-linear phensmend llke nolase levels, thle
a2 a major siaplificetion. [t can only be Justified as an Approxlaation apalnst the
¥¢tting of an evalyation exercise whera many of the acores are likely to be correct
only to e broad level of negnitude and by the exlslence of genaltivity testlig
aocduies withip tha COMPASS slructure ihal parmil the cotseguences of doudts about the
acowrscy of shY of the INgul data to be opimed.

Overall project ranking within OMPASS ie baeed an a calculatioms of pCoject
efPuctlvenans: cepitsl cost ratlo. This choice te made buczuse fn wll Prabedla
sfflicatlons the capital cast cooeismint i3 1180lY (o be tdrding  Ranre. dranitg a
direct cosperison with coet-benefit anaiyale and capital budgeting In general (eve,
e.8.. Pearce & Mash, 1981), ranking by ratlo provides an effective heurietlc for
establiching the boat overall aet of projects to 1Mplaeent Especlally In the
presance of mome 9Chemee wWnoee capital coal may be high relative to the budgat
aevalleble, rankihg by effeciivences with capltel doat aimply welghted and netted out
a8 e negatlve contribution to effectlveness will @t In general lead to an optimal
eslection of echedds.

Tos originsl TRAPRSS pregrax hup Deed Costed op dmla gruvidat by a nuaber of
local amidwritiey, e faedback fus bema Positive. \Qiila at the same Liwme identlfying
arese of potential leprovement. In particular. one mstter of oonceru derives {Pam the
difficulty in establishing accurate mssguree of proJaot effectlvensss on eachk of the
different criteris, A seecnd eoncarn le the oxtenl to whlch declglon wakers view
projecta In thelr own right aa individusl schemes, rather tlan ss memders of a
packsge of schemesa contributing to an ovarall laprovement in traffic conditiohe in
Lthe town (or wvhich t{hey are responslble.

Tbie papsr reepsnds to these two lesues DY euploring the use of ¢ fuzry
meE€icriteria eodel for Prloritiziag Nighvey ochesee (altholgh the Frovioue PUre
addllive ocdel ded 1D ddvantage cf belzng relatlvely etraightforward ¢ lwpiezent and
to explain to non=gpeclalist decision makerg, trial! applications to priority
assgessnent exarciaes bhave euggested attesmpting an elternative procedure baged ¢ e
fuzzy eultlcrilerla approach). As will we explelned more fully 1n asubseQuent
sectlons, Lhls appreach firslly allows for a more flexible asaesswment of whother one
project's criteria acorea really do eatabligh thal it 1is preferable to another.
Addltlonaliy, a omethod ls derived for teatlng 9¢ts of projects against each other,
where the asuessment of the sets looka at thelr aggregats achievement 11 each of the
32 dimenslons of lepacl, rather hsa at wiat 1s coplributed by amy gpe CORPINent
project froa tve zel ln isslatlion. The fun<tionitg of the wethod 18 hhlantrated uvsiag
dala on a group of twelve proJecta =mupPlied ¥y a Britlah local aulhority (eee the
APPENDIX with the ariginal data). The projects repregented are broadly typleal, with
the one exception that they are clearly divided inbo iow-cost ad high-cost eubeets,
with relatively llttle representatlon of the mot'@ Codmon medium-scale echemoB., [t ia
clear that high-copt and lew-cost schemes are piértltularly difflcult to coapare, and
that the vay of includlng capltal coat in Lhe m¢del will be importent.

3 - THE EBASIC WODEL

This silernatlve PAT sodel has been derived froe lhe sethcdd FAupused by SleRog
et al_, 1983, but Lhe outswt —rlnal information t¢ Be analyzed by the declslon maker-



is exparded according propoeals glven: in Montero & Tejada, 1986, in order to- get a
batter knoviedSe of projecia. The 1nltial set of dats -expected acorea G(l,])) imder
the 1th criterie if project ] la developed- has been glvon by a groWwp of apeclallats,
incluaing the relative welght of each criteria and the threshold of slgnificant
difference and the veto threshold for the scores under each criterlon. Based on thle
aat of paramatera, the following fuzzy relationa are ihen deflned:

al Partlal fuszy outrenking relatlons: they provide the atrength of
raimtionablp batween sny two projscte, 1n outranklng tecrae, regarding only one
criterion. In this way, a velue PO(},).k) 1s asaigned to represent the degree to
vhich project k 1s outranked by the project ), taking into accouni ooly the 1th
critarion. 1t depewxda on the signlficance threshold, and ae e flret step it was

defined as PO(l, j.k]=1 1f G(L.k)sG(1,)3), Pa(y, J. k)=0 1f G(1,K)XG(Y, J)+S(1) and linear

imterpolatlion for interwediate valwms.

b) Partlal fuzzy dlgcordance relations: they provide Information mbout
incnepsrabiiity phenemena between twa projects, diw to a given criterion. Ia relation
to the outrenking of & project ) by the project k. a valim PD(4, ), k) willl ghow how
dlecordant 1la an unfavorable difference In performance under the ith criterlion,
depanding on the veto threshold and the algnificance threshold (as a firat atep it
waa taken as FO(1, J,k)=1 1f G{1,k)2G(1, J)+V(L), PD(4. ), k)=0 if G(1,k)3G(L, J1+S(1) and

alen linear 1nterpolation otherwisel.

c) Fuzzy concordarce relatlon: 1t provides the welghted aggregsted
outranking, obtalned from a8kl the partial outranking reletions and teking into
eccount the criterla welghts W(l) v1, previously standardlsed.

C(J.k) = T W(1)"POC(L, 3,K) ¥,k

d) Fuzzy outraiskirg retatfon: 1t aggregetes the fuzzy concordance relation
with the pertial discerdance relationa. Flnal analysls wlil be bassd on its
axeoclated donlnation structure (seo WOriovsky ,1978). Inltielly the following
exmwrwesgion waa proposed:

D(J.x) = CLJ,k} ® min {1-PD(1, §5.K)}

4 - THE OUTPUT

The initlel 1des was to edapt an oittranking method to our particular tranepoct
plannling problem. Two important difficulties were found 1n such ah 1mplementation:
the apecific fermulas to be uged and the way of lncluding cost (1t should not be
conaidered juat as asnother 33rd criterion, and if included in the besaic forsulas, {t
becvass too easlly either decleive or non-relevant). At ita finel stage, the complete
trestuent ls provided by a B8t of programs; in order to get mere 1nsight,
complementary fuzzy relationa are also Provided {(slwllar!ty, strict preference and
incomparabd!)lity) at each level. together with other useful indices (ratio

effect iveress, for sxapple].

Based od the fuzzy set of nandominsted slternatives
ND()) = 1 - -n'l(n(k.J)-Dtj.k)}
(Orloveky, 1978), twe outPuts are included in a firai atep (ape Monterc & Telada.
1986):

a) Hierarchical representation with 8-ievei cholce sets, which allows ua to
sona lder alight errors in the evaluation of such a fuzzy set of anondoaloated
projects. Orloveky'a cholce set will appenr aa the 1-level pet. when 1t 18 non-eapty.

b) Successive discarding analysis. Woret Projecta -those with the lowvest
degree of nordosination- are euccessively discarded, snd then a nev nondomination
structure 19 re-evaluated without taking into account those projects.

Coat 18 included, aa a pecord atep., in two alternatlve ways, and theh both
previous trsatments 3) and b) are developd:

c) Effectlveness as a fuzzy prefareace relatior, to ba aggregated at the
fuzzy outrenicing relation levol, through an Interactive sagregation rule.

Dpe!J.k) ® D(J,k} ® ®min (1,Coat(Xk)/Cost{])]

d) Effectiveness as a fuizy set, to be eggregated also through an
Interactive aggregatlon rule, bdut at the fuz2zy set of nondominated alternatives
level.

ND, () = NDtJ) ® CX/Coai(4)
where (X is deflned in order to get an appropriste seale (for example, mithimum cost
of the projecte under conslderation].

[(T&FLTF 1]

Frolect CTomt RE Rank MWD Rank FE Rank PE Rank
1000 N100 2100

2870 0.1500 7 0.4464 & 0.3889 8 57.345 4

3710 0.0813 10 0.4473 5 ©0.3014 9 44.632 6

6030 0.0238 11 0.4630 4 0.1920 12 13.435 10
950 0.1136 9 0.0908 12 ©.2673 11 9.089 12
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-0.037 12 0.3884 T 0.2943 10 46.638 S

2600 0.1473 8 1.0000 1 0.6944 7 100.00 1le
201 0.7625 6 0.2871 9 3.0736 6 26.812 @

S0 3.5650 2 1.0000 1= 54.000 2 100.00 1=
30 2.4697 3 0.1881 11 15.428 3 39.138 7

1¢ 185 D.9041 S 0.2689 8 6.4251 4 10.948 11
11 25 7.1837 1 0.5449 3 5449 1 86.355 3
12 87 1.6457 4 0.2124 10 6.1000 S 15.04a 9

[n the adove TABLE 1 1t 18 shown 3 small portion of the output for the conplete



- set. of our twelve slngle projecta: in the RE column appeer -the ratio effeetiveneas
iodicea, ND are the nondomination dagrewes without coasts, FE are the nondoplmpation
degrees baeed on (c), and PE are the nordemination degrees (d).

Sinoe we sre not Juat looking for s single project,but for e satisfactory eet of
prejects that can be developed with s cerlaln budgst, each 8roup of projects should
be congidered as ohe project.

e) Aggregated proJects: fanllies of different projects are conaldered If
the totel cost 1s withla an sppropriets renge -in this way the 1nfluence of cost 1a
minilmized-. The coaplete set of ocutputs should be then obtalned for euch familiem of
aggregated projecta, with appropriate gcores (It was previougly checked that the
assoclated scores of any group of out mingle projects could be evaluated according to
the additive sssumption}. :

Obvioualy, the number of aggregated groups can becoms too large too eaelly. The
following procedure was thea applied, bul it 1s <¢lesr that the wodel 1s Open to ad
hoc changes by the decislon maker -even a tentmtive procesa with differert cost
rangea-, takin8 1nto account ali the 1nformstion svailgble at each moment:

1. - Compsre, by 2pplylng the PAT1 program, all merime! cets of apggregated
proJects within a flxed range ln cost -that 13, seta of projects that can be Jointly
developed within the btudget emd auch that no other project can be added while
rewdinlhg in the flxed cost ramuie—. There were found 19 maximal Broups 1t the 2
prior! fixed renge (7.5 to 8.0 million pardda}. Thia PAT] progres is ahle to flnd all
eaximal sets 1n a flwed range of coat within any family of projects, developing the
complete analysls for thes.

2.- Conslder just a few of those maximal aggregatsd projecta, and apply the
PAT2 program to each one in order to study i1f some projects inaide them should be
rejocted (thla PATZ program develops the cowplete analysis for all the subeeta within
any famlly of prolecta). After a de¢p analysls of the PATL output -containlag ths
aummarizad atructure of all maximal groups- three sax1mal groups were chosen:
A ={2,6,7,8,910,11,12}
8 = {1,2.4,7,8,9,11)
C = {1,4,6.7.8,9.10,11,12}
ad no single prolect could be clearly rejected within them -remalning In the
required range ln coet-. Aa an example, ses TABLE 2 for group A, whare fiva subseta
were found In the cost range:
Al = {2,6,7,8,9,10,11,12}
A2 = {2,6,7,8,9,10,12}
A3 = {2,6,7,8,10,11,12}
A4 = {2,6.7,8,10.12}
AS e {2,6,7.9,10,11,12}

(TAFLE 7]
Projact Comt RE HRank ND Rank FE Rank PE  Rank
21000
Al 7808 0.2109% 1 1.0000 1 0.9929 1 1.0000 1
A2 7783 01885 4 0.2475 3 0.2465 3 0.2505 3
A3 7778 0.2022 2 0.5659 2 0.5641 2 0.5697 2
M 7753 0.1797 S5 0.0638 4 0.0618 4 0.Q0684 4
AS 7758 0.18%G 3 0.00J0 5 0.0000 S ©.0072 5

3.~ ApPly the PATI program in order to compare maximsl 2gategated projects.
The declslon maker should teke the declslon based on the PATI output (TABLE 3 shows a
small portlon of thla output), wvhere the complete snalysis for any selection of
aggregated proJjecta iz eade (an initlal propomal was to develop {2.6.7, 8, 9.10.11,12},
and 1t was consldered an acceptable ctwlce -an 4 priorl ldea was to develop
principally cheap projects but only one expenalve project-).

[TAFLE" 3]

Project Cost RE Rank ND Rank FE Rank FE FRank
21000

7808 0.2109 2 1.0000 1 1.0000 1 1.0000 1
7928 0.2073 3 0.4473 3 0.4406 3 0.4489 3
7818 0.2395 1| 0.6897 2 0.6889 2 0.6897 2

aw>

In thig peper only a part &f the outputs are lncluded, always assuming litear
Interpolatlon ln the baslc formulas; other expressions -¢. & . loglstlc cuves- and
fuzzy numbers are aleo beling Investigated in order to improve the epproprleteness
model to our particular problea and 1n order to Increase 1tz sens|tlvity. In any
cese, rowustnesa can be studied through elmulation, by including randonm errors ln the
Initlal data -thou8h 1t ¢an be cowplex slnce the number of parameters required ln the
madel 18 ugually large, even in a sm2ll case llke the one analyzed hare-. Tlhe
conplete programs ¢an be obtalned from the authors on request.

Finally, once sgain the difficulty of how cepital ¢ost should be included when
analyaing problems of thls kimd should be palnted out A&&rege.ting projects allows @
reasonable way of avolding the difficulty in our case.

5 - GENERAL COHMEWTS

This package of fuzzy sultlcriterla tlechniques has bean applied to a to a
particular transport planning problea ln the U.K.; 1t 1s baslcally, an adaptalien



froe the outrsnking eethod proposed by Siskoce et al., 1984, {nitleily developed for o
couplex decisionh making problema involving radicactlive protection meaaures for a
nuclear pover plent, but with ad hoc formules mand an expanded output.

Some 8 prilorl edvantagee aof bul lding a Ffuzzy outranking relation ahouid be
noted:

1) On the ons hand, any multicriterla technique should alwaya be underetood
Just es mn eid to remching a final declelon: such a declsion will ba usually taken
directly by ths decielon-meker, who only ln &pecial cases would lesve it to be taken
automstically. A claseical value function approsch gets in fact a solutieon through e
repreaantation on the real line; dbut 1t ssess to be rather fictitious for any complex
aulticriteria declsion aaking problea and. finally, such a clagsical additlve model
has o clear tende™y to tpply the decleion-meker with extra work., providing not euch
insight about the structure of the pet of alternatives (1t does not take into accourt
any kind of conflicl, similsrities or Incomparabiliiles). In o wey, our final set of
fuxzy outranking relationa can be considered aa an Interesdiate level between the
initisl wses of data and the classical value function aggregation. Hareover, the
vhola eackage of programs can be structured by the declvion-msker in many different
vays, end such e flexibillty should elwaya be required to any declslen assking aid
method.

2) On the other hand, €iskes'e proposal tekes out the main drawback imn
constructing a fuzzy preference relation: the declaion maker’'s difflcultles ln
eatablishing direct palrwies comparison valuea Fuzzy outranking relatlons are
defined from the ecores, weighte and the veto and signiflcance \hresholds: since
scorea will be evaluated by epecieilste, and weiglita can e Xnowm by applying some
standard technique, Lhen the dec! sion-maler ahould define directly anly the values of
both thresholde. Moreover, this approach allows us to model Incemparadility
phenosena, a relevant charecteristic when dealing with practical multicrl terla
problems (a single criterion csn Inhibit direct outrauking betueer. alternativea).

1he particular package of prograas epplied to our date provides a mere complets
knowledge about the slructure of eingle end aggregatsd sets of projects through a
flexible process.
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APPENDIX: DATA SET

PROLECTS (gpe criteria per row) Wiy s(11 ¥(1)
1 2 3 4 E ] 7 8 & to 11 12
0.408 0.433 0.267 0.000 0.133 0.833 0.000 0.1000.067 0.000 0.)67 0.933 0.804 O 240 1,000
0.133 0.133 0.067 0.067 0.067 0.200 9.067 0.067 @.200 0.000 O0.867 0.000 0.024 0.2 ).000
0.167 0.000 9.000 0-000 0.000 0.000 9.000 0.000 4. 000 0.000 0.000 0.000 0. 162 D.200 1.DED
0.080 0.067 0.033 0.000 0.233 0. 467 .000 0.000 0.000 0.000 0.0Q0 0.000 0O.004 0.200 ).080
0.000 0.000 0.000 0.000 £.-200 0.200 0.000 0.000 D.0C00 0.000 0.000 0.000 0.024 0.280 1 000
0.000 0.000 0.000 0.000 0.000 0.000 0.167 0.000 0.000 0.000 0.000 0.000 0. 162 0.240 1.000
0.8892 2 662 4.637 0.000 0.449 1.428 0.000 0. 150 0.000 0.000 3.21% 2.131 0.016 1.000 $.000
3.9557 2.219 1,546 0.000 0.300 1.428 2.8%% 0.400 0-992 1.306 ).609 2.088 0.020 1.000 S.000
1.234 2.219 0000 0.961 0.599 1.428 0. 000 0. 000 0.000 0,000 0.000 8,000 0. 016 1.000 $.000
3.557 1.77S 2319 0.080 0.449 0.952 0,953 0.200 2.498 2.938 4.024 ).044 0.C20 1.000 S. 80
23.50 7.800 7.500 10.50 -21.0 47.30 S.300 3.300 0.000 0.4000 2. 200 2.300 0.002 10.04Q S0.00
3.100 1.200 1.100 1.100 ~2.90 S.400 0. 700 0.S00 D.000 0.000 0.3dn 0.30Q 0.004 1.000 S.000
3.000 1 200 0.400 0.900 -1.60 2.0Q0 0.700 O.380 0.000 0.000 @ 200 N.200 0.00S 1.000 S.000
0.100 0.100 0.100 0.100 -0.20 0.790 0.000 9.000 0 000 0.400 0.000 0.000 0.602 0.200 1.000
0.400 0.190 0.200 0.000 -0.30 0.800 0.000 O.16¢ 0.000 0.000 0.100 0. 108 0.0Q2 0.60Q 3.000
0.000 0. 000 0. 000 0.000 0.000 0.000 0. 000 Q. 000 0.000 0.000 @ 000 0.000 0.002 0,204 |.800
52.90 16.80 16.20 22.60 -67.8 102.2 11.40 7.000 0.080 0.000 4.700 S.000 0.002 20.00 100.0
10.40 4.100 3.700 3.700 -14.0 17.80 2. 200 1.600 0.000 0.000 ).100 ).000 0.002 4.000 20.0Q
10.80 4.200 t.500 3.300 -8.30 7.200 2 SQ0 ). 100 0.000 0.000 @ 740 0.700 0.002 3.000 1S5.00
1.600 1.600 §.600 -4.90 1.600 14,30 0.000 0.000 0.080 0.000 0 000 0.00 0.002 2.060 10.00
-6.20 -1).9 -47.8 -19.0 #9.50 -2.80 -8. 80 -4..%0 =0.70 -) 30 -)J1.7 -7.98 0.002 i0 00 SO.00
0.176 0.436 0.000 0.000 0.798 0.046 -.0A1 0.000 0.080 0.400 0 000 0.000 0.071 0.200 i.000
D. Q23 0.033 0.000 0.080 0,080 0.030 0.002 0.000 0.000 0.000 0.000 0.000 0.040 0.100 0.5
- 017-,0233 0.000 0 000 0.000 0.000 0.000 Q. 000 DO.000 0.0C00 0.000 0. 000 O.08% 0.100 0.000
-.00y 0.004 0.000 0.000 0.001 0.060 0.000 0.000 0.005 0.001 @ ®30 0.000 0.0as 0.100 0.500
0.002 0.80i 0.002 0.080 0.005 0.001 0.001 0.000 0.0t 0.002 0.104 0.003 0.02% 0.010 0.050
-1L.00 -.008 0.080 0.000 0.000 -.808 0.000 0.000 0.000 0.4000 0.000 0.00i 0.029 0.200 ).000
- 006 -.002 0.000 0.000 ..@02 -.002 .. 002 0.000 0.000 0.000 0 000 ® 000 0.034 0 010 0.05M
-.003 -.003 -0.02 0.080 -0.12 -.00) 0.080 0.000 0.080 -.002 @ 000 0.000 0.006 0 100 O SO®
0.000 0.000 0.000 0.800 0.080 0.080 0. 800 (0.000 O.808 0.NN0 O Q00 O 0ee 0.057 0.010 0.050
0.400 0.000 0.000 0. 000 0.000 0.000 6.000 L.000 0.080 0.300 @ 000 0.000 0.116 O 200 1.000
0.250 0.600 0.280 D. 450 D.250 0.200 0. 200 €.300 0.000 0.350 0 200 D. 200 0.0%5 0.200 1 000
COSTS
1 2 ) 4 S 6 7 8 9 10 11 12
2870, 1/10. »030. 8S@. 3X0. 3600 201 K. a0 1L5. 25 8/
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CORFBRANCE INTORNATIONALE
3UR EA TRAGOUMEN? OIRTERMATION T [A AETEN OWDIITTRDAY
OANS L83 SYITeMES A4 EaASP D2 CONNALSSAKCES

November 30, 1990

Dear colleague,

We e glad 1o inform yod thal your paper entitlad ©

FAAWM%WW Ka&«wmwfmiméﬁ:w

has begn acmepied for inclusioh in the volume of the scries
publishad by Springer Vertag and devowed o a seiection of papery peemied at the (PMU
Cotference. This volume will be co-edited by Bemadetie BOUCHON-MEUNIER, Ronald R.
YAGER ad Lotfi A. ZADEH and it will appeas dueing the Spring of 1991.

Thank you for tfformving your sonhacy.

Could you piease send us the final camara ready version of Y0Ur Papes, prepared gaeordin€ly

0 the AT (YPUQ meDCTigITs ) Imple ydeet (1 later Whan Janusry 25 1991
The length of the text shonld not exoced (0 pages, and it showld e typed with font Times, 12

point characwss, if possible.

Tw0 capics of your manuscyipt must be seut 10
Bamadette BOUCHON.MEUNIER
LAFORIA. Umivasité faris VL Tour 46
4 place Jussicy, 73252 Pans Cédex 05, France,

and gne Sopy 1o
Ronald R. YAGER
Maching Iatelligenee Insttulc, Iena College

New Rochelle NY 10801, USA

Thank you vety much for Your cooparabion.
Yours sincerely,

i~ .
Pernadeite Bouchon- Meunier

wditn 1 EJADA
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