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Befors implemienting an engineering syetem bn the désipn processare stindisd difer-
et propesals 1o evaluateand rank them Inthas evaluation process sovera! exports
assess ditferent aspécts and critetin pocording to thelr knowledge and proferonce
on tbem, These eritesia may have differenl natire fouantitative, gualitative) and
the experts could belosg to différent areas and bove different knowledge on esch
rrlterium. =0 the assessmenta wsad to express the walue on cach crstenume conld be
pesesen] with different Lypes of nlormation (numerical, linguistic, intecval-valued)
Tar kel s e, Lo seélet the best propesal we most dead with this Aeforogencons:
paformation to ovidbaste and rank (he difforest proposals. In this cdntribiotion we
'\.'l'll::ﬂ_'.' different fuzey approschien fndenling with heterogencous information.

1. Imtroduction

[ the destgn of traditional engineering svstems the main objective for ses
leeting a design option is to minimize cost. In recent years, however, the
design selection has inereased its complexity due to the need of taking into
ACCOUNT Aspects o eriteria such as safety, cost and techiical performance
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taneously. [n the future all solicitations frvelving souree selection
ald be structured nsing safety, cost and technieal performance comsicd-
ions 2. Also, the decision of implementing a design i an engineering
tem will depend on if the design can satisfy technieal and economical
ponslraints.
Therefore, Multi-Criteria Decision Making (MCDM] technigues s
gould he applied for ranking the ditferent desigrioptions. In these MENMC-
M problems the preferences provided by the experts for the different cri-
Cteria may be expressed with different. types of information depending on
' knowledge of the experts and on the nature of the criterba (quantitative
and gualitative). When the experts do not have a precise knowledge aboutl
the eriteria the probability theory could b pseful to deal with vague infor-
mation, but it is not teo difficult to find many aspects of uncertainties tlist
Udo not have a probabilistic character since thev are related Lo lmprecision
and vagueriess of meanings. In addition qualitative aspects are difficult to
pssess by means of precise numbers,
To rank engineering designs nsing MEMC-DM nroblems we desl with
| criterin as safety) cost and technical performance In these problems, o
trinsically vague information appear and could be assessed by means of
pumerical information (probabilistic), interval values and in those cases
euch that the nature of the criterium is qualitative the use ol linguisti
information '? is common and suitable. Therefore, it is ot a seldomn situ-
ation to deal with numerical, interval valued and linguistic infurmation in
the evaluation process of engineering designs 11 We shall eall this type
of information as feterogeneous fnfermation The decision madel Lo rank
the different designs assessed by means of heterogenecns information taking
o account the eriteria nf safety, cost and techiical performance will wse
a framework as the following one 1!

s Safety assessments will be synthesized for each design.

e Cost and technical assessments will be provided by the experts.

o Thesre assessments will be the input information for a MEMC-TIM

that we shall solve o rank the dillerent designs
In this MEMC-DM problem the assessments for the eriteria will beé
combined to abtain a desree of suitability of each design option. Themain
difficulty to solve this problem is that the values used to assess the criteria
are expressed in different utility spaces {heterogeneous information) and
we shall need to unify the different wiility spaces 1o combine the inpt
information in order to obtain the degree of suitability of each design oplian.
In this eontribution we shall show an approach to umfy Lbus heteridie
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neotts information dealing with fuzzy sets ' and after how this approach
vould be Improve using the lingmistic 2-tuple model 4

Thiz contribution is structured ag follows, In section 2 we shiow liow
to unily heterogeneous information dealing with ey sers, Lo section 3
we review Lhe linguistic 2-tuple maodel and its application to deal with
heterogeneons information. Finally some conclusions are poimted out,

2, Using Pusey sets to deal with Heterogeneous Information

Wioornnst Reep in mibnd we are dealing with helerogencons contexts cnmpoged
b mmmeerical, interval vadued and linguistic informmtion Ohar ain s Lo rank
the different proposals characterized with this tvpe of informestion, So; we
need to unify the heterogencous infarmation into a eommon otiliy space
T operate oo it easily

Here, we show how to unify nomerical, interval valued and lingnistic
trlormnation into o common utility space that Is fuzey sets onow linguistic
termm set, Fro Uhe common utility space St omay be chosen depending on
the specific problen, aceording Lo the conditions shown in " Afterwards,
each numerical, interval-valued and lingoistic evaluation, is transformed
it i fesyeset in Sy, S, wsing the [ollowing Aransformation functions:

(1) Transforming numerical valies, ‘11: = 1], e FIE7)

L L e A
T ‘;\rl V= Alag o s e b bese & Spand 2 (10 1]

0, if .-3;':: & Supportip, (2]
- -\:I_ m-tf'lliﬁﬁihl
L, :jh.g;;’;gd,

: =gkagld

1

o

ik, fdi g af)
Remark: We consider membership fanctions, g, (), for linguls-
tie labels, s © Spo oare represented by s paramettic foction
Ly tepody, e ) And being 5, the degres of membership ol Che munber
into the linguistic terns of S
2 e B2 ., e in
{2} Transforming linguistic terms. s7; € 5. into F(5p)
Tty -8 — F57)
ress bsh) = {{wnl) /4 € {00 g} ) Vsl €5
] = max, mindp, z [1,1} T TR

where p o [} and ji, () are the IIlL‘IL'I}M-_'TS]'iip firnetioms of the fuzzy
SELE BsE0 mi:—*d wilh the terms e anid o, respectively.
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(4) Translormng mterval-valued, &f, in [0.1] into Fi8¢) Let £=11.7]
be an interval in [0, 1] We assume that the interval-valued has a

representation. inspired in the membership function of fuzxy sets T
D._ i'-_|r il o= L
g =¢ Lifigdsq
0,if1 <t

The transformation [unetion 15
tisp +d — F{S7]

rrag (el )= {lepg) fhedd, etk

k== max.,mm[,us:-liy:..,:r._ll;y]}

where e () 18 the membership [unction associated with the
inl.:-.'j'vﬂ'l-'»':alhled s:ll

Al this moment sl the fiiput information (heterogenentls information)

g5 expressed 11 & COIIMON utilivy space and we can operate withi this in-

formation easily 1o obtal a ranking of the alteryatives. Thus muethod bas

‘heen applied successfully in the process ol safety synthesis in

=, 11

3. Using 2 tuples to deal with heterogengous information

The use of [uzzy sets allow us to unlfy the heterogenenis information. nat
the results to ank the different proposals will he fugry sits Lhiat sre twl
stpaight to order and not exsy Lo uriderstand for all the experts, However,
the use of the lmguistic 2-tuple maodel will allow to order straizhtly tiw
different praposals = and the results will be easily imderstandable by all the
pRperls,

Now, we toview briefly the ingnstic 2-tuple msdel and show hiowe Lo
comvert the fitzey sels ohtained in the section 2 into linguistic 2-1uples.

3.1. The 2-Tuple Fuzzy Linguistic Representation Model

The 2-tuple fuzzy lingnistc represeitation model, presented i, will s
ased fn this comtribution Lo unify the heterogenaus information, This Tnale]
is based on symbolic mnethods and takes as the base of its representalion
the concept uf Symbolic Translation.

Definition 1. The Symbole Translation of o linguistic timm &, & 2 =
{80, 8gt 45 @ omerical value assessed in | =03 that support the "dif
ference of wformation” hetuieen un amount of mfarmation 3 € 6, 5] rend
ik closest vatwe tn 40,9} thaet indicates the inder of the elosest Grgusti

torm & € 5. beng [O.g) the inten al af grauularity of 5.
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Fram this concept the linguistic information is represented by means of
2-tuples (v, oy}, v € Sand o) € [=.5..5).

This model defines a set of functions between linguistic Zotuples and
numerical values,
Dietinition 2. Let 8 = {si. ..., 5, } be-u linguistic ferm sef and 1 & [thg!
a value supporting the result of @ symbolie agyrgution eperation, then the
Sopuple that ezpresses the gquivalent acformation to 3 is abtained with the

folleintng furiciio
A Uog —o 5 [—0.5.0.5]

ATE)N = { f " ith i \ ! T‘U‘NII 4

(8} = (5, @ {&=.rj'-1 a € |—5,.5)

where round() 1w the usual round operation, s; has the closust inder lobel
o "5 and "o s the value of the symbolic translation,

Proposition 1.Let § = {80, Sgf bea linguistic term set ard (5, e1) be
a linguestie 2:tuple, There a3 altvays a A7 funetion, such that, from a
2. tuple 1f Telurns s equivalent rumencal value 3 € [0, g] in the interval of
granudnrity of 5.

Proof. 1t i3 trivial, we consider the function;

A8 % [—5,.8) — |0g]
Alis,a)=ita=4

A linguistic computational model for 2-tuples was introduced in i

3.2, Transforming fuzzy sets in Sy into linguistic 2-tuples

I section 2 the heterogencous information was unified by means of fuzzy
aets in the common itility space, Sy now we shall transform them into lin-
suistic 2-tuples in Sy This transformation i earried out using the function
v and the & function (Def. 2):

xo F{Sp) — {0, 4]
o 2 - oo . PR @
©iro)) = {8930 0 = Ojgl) = Freo - =4

g Vi

A is & vumerical value in the granulanty iterval of S, de. S =
{50, 8gf 3 € [0.g]. Then, to obtain the linguistic 2-tuple from we shall i
nse the & function presented in the Definition 2:403] = (&), 0)

Now sl the input infermation are expressed in a eomiman utility space,
Sr. by means of lingnistic 2-tuples. So we can use all the linguistic 2-tupls
aperators * Lo obtain the results we are loking for,

This model has been vsed 1o deal with heterngeneous processes in eval

wation amd decision processes o g
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4, Conclusions

In engineering we can [uce problems frvelving decision processes dealing

with information assessed in dillerent utility spaces. [n this contdbution

have showed two fuzzgy approaches to deal casily with heteropeneous
nformation composed by numenical, interval valued and lnguistic values,
In the future we shall apply these approaches to the wlole decision

: i the engineering problem.
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