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ABSTRACT 
Tl~i,v p ~ p e r  di.~r.lcsst!.r I N ,  Irivli~ricd perspcclirtt. uf IJW cir>l,hir,rr oJ fizzy Itlgic ,frr~tt~ the 
B I -  r i p  I 1 %  1 I I b j e c i  I i I Si~nw 
frtriclanrct~~ul noliotts nrr Jnzy .vei und Jr~zzy logic tr.r ~vcl i  in 11ic appiictttir~ti urcrr,~ rrrr! 
cotr.~i~ler~ed Tlw ILFQ f t n  io,q ic irr xtpplicnt ion in~tol ving ir~~pr~civion l ~nr l  
unccrtuint+v i.v [II.YO fli.~c~&~.vcd AN it~trixlmloqt uix:ottt~f on u p w t  .sp~lcnj,~ utl(1 1 1 1 ~  h t ~ ~ i r  
ct)ny)one-nfs nccc.q.rary far i f . ~  ~leveiopnit~n~ cspeci~~lly /lac h t ~ ~ w l ~ d g c  huw i . ~  ~ I ~ P . Y C F ~ I P ( I .  
I'!w artrbr srrbjl!ct of 1lri.r p r r p ~ .  ~rlrich is the upplicirlrilily uJfIa7 logic it1 I~uruIlit~~ id 
I I I I C ' ~ ~ I I U ~ I I ~  ill e.r/wrI sjslmr i s  i l l~~vIr(~led willt hw) rrxtrrrq~le,~. TkntrpI~ tlte two i l l t ~ . r / r ~ ~ / i ~ ~ ~ ~ . ~  
td.wd i~rsolw tlrc use of e.rl~t*r[ ,~y.stct~~s ill Juu11 ilit~gtwui.~ itt the Jcld tf l  ~Icc~ric~d c l t d  

rkc.f~~utiir. cnginrerirlg which is ~l te  urru r ~ s ~ ~ c c i a f k u l i ~ ~ n  of~lrc rrurhr, thcy colrld nrsi!ll 
he ullupteri iofmlt diqprcwi.~ in oriwr urear. 

- Kcpor&: F u w  set, f u w  it~gic, ex:b~rt systenr, foutt dingnosir 

I m O D U C T I Q N  
Fuuy systcm is an altmativr: to traditional notion or sct membership and logic wl~ich has ils origins in 
ancient ( 3 r d  pl~ilomphy. Arislolle and some otha pl~ilosophcrs berase iiirn. in an offort to devicc a 
concisc ~hcary or logic and ~~~nthcrna~ics, p r o p s d  rlie pop~rlar 'I aws of Tho~rghi" [ I  1. One of Ihae stat= 
Lhai every prupusition musl cirhw hc 'Tn~e' m 'Falsc' and, it mark4  thc beginning of classic {Boolmn) 
logic, More mmlcrn pl~ilnsophers notably Plato, Ilcgcl, Man a d  EngcI opincd U ~ a l  thcre was a third 
region (heyond Truc or False) whcrc thesc opposites 'tumbled otzt'. Othws who cane aftw thcm cxplwcd 
Tour-valued and fivc-valucd logic. It was not ~tn t i l  recently Ilia! the notion o f  an infiniteval~ied logic lonk 
hold. The concept of fiv17.y sds. nnd by extension fwmy tngic, was first i n h d u d  hy 1 ..A. 7adeh in 1965 
P].[31. Sincc thcn l l~crc  lms h s trc~llcnduus intcrcsl in lhe subject due lo ils divcrse applia(ions 
ranging Trm cngi~~ecring and computw science l o  social hchnviour sludia. I n  spitc d the far-reaching 
naturc of the t hcory of film systems, thcrc havc hcen samc ohjcciions in thc prnrrssiona l ~nrnmenil y [I 1. 
Pcrl~aps onc or l l lc mosl mgcnt crilicisrns carnc rrnm I l i~ack 141. Sl~c argues lllaf Tnrc nntl Fnlsc am 
discreze terms. For cxamplq "the sky is blue" is citllcr true or false; any furr.incss la the statetnent ariscq 
Tmm an in~precisc definition nf terms, nrd nlit of thc natrlrc or t r t i l l ~  Snme re~archcrs have hnwevcr 
nttriblltcd hcr r>l~j,jcciiu~~ la lack clTsea~aatic ch~riiy, lhpitc tllc nhjcdions of classial logicians, TII;L;L~ logic 
has rotlnd irs way il)b lltc wnrld or practical applim1ions. and has proved very succmsrul Iltcrc. 'Thwc 
applidalions il icl l~dc informal ioa rclricval sysicnis, a naviglion controliw syslcm I'or aulomnlic cars, a 
pduct ivc fuzzy-logic co~~troltcr for at~lornnlic opmticwl o f  trains, laboratory water Icvd ctintroltcrs, 
controllqrs for robul arc weldcrs. reature-deli~~iliclt~ cantrotIer for rt~bat visibn, RI I~ I~LIII~ more. Expcrl 
'synlems have heen !he mnst t$vim~s recipients or the bcncfit~ or f u ~ q  logic, since the rlnnwin is clflcn 
iahwcn~ly Tll/.-r.y. An cr;pcr~ sysicrll is a co~nputcr application Ibat solvm complicated problems that wuld 
dtrerwisc require cxtensivc llt~rnan expertise 151. Ir emuhles l l le reasoning pattern of human expert within 
a spi f ic  dumain of knowldgc. An cxf l  systcm differs from a wnvcntional cornputcr program by being 
tolerant of m r s  a d  in~pctfect knowledge, and by s q n t i n g  cxpwt knowldge from the gcncrnl 
rusoning [ 143. Expert systems are nwde up o f  three major parts; (i) dialogue stnicture (ii) an in fercacc 
engine, and. (iii) a knnwledgc base. The dialogue structure is he language interface which allows thc uscr 
lo interact will) lhc cxpcrl systcm. qucry L, ohlain exgL.anatian from it, a11d challa~gc its tcsltlts. The 
infcfcmc cagir~e is rllc crriitrr~l structure which allows vnriuus hypa(lteses Iu be generated slid tested 181. 
Tllc knowlcdgc base is whcrc lhc ml puwcr of an c x p ~  systcm lies. It is a sei of facts and heurisl ks 
(rubs of  thumb) ahtnrt a particr~lnr domais. The knowlukc cncndecl in wcpcrt systcms is almost always 
loadd with r~ncertahli~s [A. Thcrcforc. l ike a hu~nan cxpcrl it is dwigned to ernillate, an expert systcni 
shcn~ld be able to handla iinpcrfcct knowledge and pcrhaps rcach decisions wherc ii lack or Tul! k~~owlcdgc 
is rcladvcly uoimpoflani. 
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Puuy l~lgic: A Means off Inndling Uncerhinties in Expert Syalcruv 

TbarY 
lmpcrfect Knowledge and I nturmatian 
~alural  Inngu~ge contains vague and .imprecise concepts and some slattmalts fire onen dimcult lo 
tmslate into morc precise language witbout losing sonlc semnlic value; fix CXBM~IG thc stakmcnt 'the 
temperature is 35 d c ~ e e s  does not explicitly statc that Ihc weathm i s  hot or cold. For insrancc wl~en.ont: is 
designing an expert *ern to mimic the diagnastic powws af a physiciarr, one of the major tasks is lo 
codify the physician's decision- making process. The designer soon learns that the pllysician's view of he 
wmld, dcspbc his rtependtnce trpon prrcisc, scicnt i fic t a t s  and mc~atremeas inwrprntes ew~lun~ion of 
symptoms, and relatianship hetweetr them, ill a fumy intuitive manrlw: deciding tiow rn~~ch al'ti priicular 
mtdiuldon to ailministcr will b v t :  as much lo do wiLh lhc 'slrc~~gth' of the p;llie~i~'s symplcrms as it will 
their heightlweight ratio. The rnmt gms for faitlt diagnosis in othh non-media11 nppiications. As Iiumi~ns, 
we live in a world that onen requirts decision and action in ?lie face of uncertaintieq arltl imprecision. One 
of the most important capabilities of a human e x w ,  and one which is the most dilTxulf lo faithfully 
replitere ia an wperl system is the ability to dm1 eUectively with imprecise, incomplete and somaimes, 
~mcertain informtion [g]. I f  an expert system -is lo help whh some of the decisions being undertaken by 
hunlan experts, it must bc ahb In rcprescnl and manipulate uncertainties and irnprecisjon. Imperfections in 
knowledge lake n varicly of h m ~ n  A piece of inrormation may hhl: miusing allogdhcr; il may be likely 
rather than absolutely certain; i t may be vague or i~npwisa  Depending on l l l e  nature trr the imperfections, 
there are usually four numeric methods of handling uncerhinlics in cxperc systems. These art: the Bayesian 
Prohabitity, Dernpsier-Shafw Raiier Functions, Cmainty Fectors and F u a y  Logic 171. Fu-rzy Logic is 
k e r l  an the use of Tuzy seis rather then the binary v a l n ~  asswiated with the traditional BooIan Logic. 
A f i ~ u y  sd is a class af elements wif 11 Itwkely d d i n d  boundaries. It is n sel whmc members may possess 
a gmde or rnernba-ship at any Ievel bctwecn camplete menlhcrship and complete aon-mcmbcrship. 
Memberstlip in a set is subjectively indicalcd by a gadnlicn from 0, wltic!~ indiciites ~hnt  t l ~ e  elenlent is 
definitely not a member, and t, which iilrlibles that the elen~enl is kfiailely 21 nlernbw. There are 
silualions whcrc il is more nnlurnl lo 11ndle uncaainly by ruizy sa theory than by probability theory 
[I I]. Fuxxy gel dleory can he itlmpreted ns a tllewy or possihilily. Pmsihility relutm to our perception of 
l l ~ u  dt:grw of fcnsibility i>r wsc tuTaitainmcnt in contrasr, ta pmhabiiily wbid~  i s  asstx iat4  with a dcyree of . 
likelihood belief, frequency, or proportion Iq. The imprecise language that chawcterbm much expcrt 
systcw knowlodge argua h r  the use of fi17xy reasoning 11 61. M u d  or the work on h 7 q  logic has been 
put fmard  by L A .  Zadth 121, [Sl,[I 01, [12], [1.13. One of tho main srgumerita that Zadch use for the 
appticrhility or  liw2.y ruaauing is tlki~l it modds imprwkion, which I I ~  claims tu hc s totnlly disiinct 
concept liom that or uncertain~y. l'he latter is corrcc~ly modeled using probability t h y ;  the former, he 
says CBIIIM)~. he. Ile repcatodIy e'mpluisir.m that thcrc are no links hdwoen Tuiv.y ,.yet Ihmry and probability. 
This view has beerr disproved by' somc researchers in this iiefd. Gnine el sl 1151 pmve that probability 
logic can be made truth functional as a Tuzq  logic by certain assumptions a h u t  the ~ t l ~ r e  of tbt  wents 
and the semantics cnnnscling them. !-Iamburger et a l  161 believe lhat prnhability itself can he an imprecise 
pi~mmctcr: to kllow f h : ~ ~  a ctl i l~ srlaicwl~ai weighlctl rn favtlur t~crlrls is to know cbur tltu probability of heads 
i i  bctwwn K sntl 1.  Whicticver oi'i he ~ w o  one nray wish lo supporl, \tht is d~viotrs is ibt luzzy logic is 
employed in dm ling with imprecision. 

Furzy Scb and Pw~my Logic 
6. 

Lei E be a imivasal set and A a f u z q  srnhscd of E: then. it c P -: 

'.- 

one usiw4Iy indicata lhal an clement s of E is a mcmher of A using thc symbol E : ?( E A 

' W n  a 1irm.y st~hs~q A or 13 is it XI c~fc~rcicrcrl pairs, ( - 1  ) 
where p i s  Ihc grade ofgrunlhcrdlip al's in il c~tllerwise knawn us mcrnbmsl~ip function. Consicier the 

-4 

where xi is an elenlent of the rcfcrencc sd E and die ~ ~ u n ~ b e r  pIsced aAer 1l1e bar is the membership grade. 
Thus, we coyld say that; 

xi is a member of A with degree OJ 
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.luurnaI of )lcsenmh in F:ngineeriv, Volurnc 2, Number 1.2005. 

xl is a'mcmber of A with degree 0.3 

x., is a member of  A x5 is a mcmbcr of A with dcgrcx 0,8 

Simpk Operation On Fumy Suhqcls 

(a). Inclusion: Let E be asset and M its associaled ~ncn~hcrsl~ip set, and Id A and ll hc two f imy srihscts 

of C, we soy that A is included in R if Vx E E, p. (x) 5 p (x) 
A H 

.. . 
i.e. A c B (b). Luali lv: Two R ~ m y  SL~~YIS-  A anti L! arc r(111itI i T  t/X E R, J, (x) = ph(,r) 

h 

(c). Corn~lcmenh~ ion: A and II arc u~rnplcmcn tary i T Vx G R, p (x) = 1 - p (x) 
H #I 

Therefore, A = B This corresponds to fuzzy logic NUI' 
> .  

(dl. Intersection: A n  l? 

This i s  buy disjunction and it is  equivalent to tuzzy logic OR: 

Application of Fumy Subsets in Expert Systems 
To illustrate how fuzzy logic is t l s d  in expert system, lei us propose an electronic ra~llts diagnaqing 
system: 
Device F is not functioning as it should and there is a need to diagnose the fault A human expert is aware 
of two rules of thumb: If component A of the device is VERY I-IOT, component I3 is bad anti, I f  
component A is MODERATELY HOT. then component C is bad. For an experie~iced human expert, these 
nrles will guide in locating the faull in I: easily. I ran cxpert system is to be developed to perform this 
function, Ih- rulcs should be coded into its knowledge base. But thcn these n ~ l a  are not prccisc. How 
docs thc system know when the compomnt A is very hot and when i l  is moderately lid? This is exncfly 
where f u q  logic comes in. To be able to handle the situation, a membership iunctbn is determined with 

. some tmperaturc values as elerncnts oTn sct. Witl~ inputs from an expert, thc membaship functionp IT) 
N 

for a f u z q  sel H of "component A being very hot'' is drnwn as shown Fig. I. From lllc figure, the expcrl 

system may be sondiliuncd tu ;akc any tcrnpcrature with p. (T)% as a member of  the m H . Thus, tbc 
H 

expert sysfenr may ga.ahead to conclude that component D is bad if the icmpcrature of thc component A is 
greater than or qua1 to 70'C. If UK temperature is less than 70'C, there aretwo alternatives lo take from; it 
is either the component A is moderately hot or it is not hot at all. there is a need to construct another 
membership function for moderately hat coodilion. This is shown in F i b  2. Following the same linc or 

argument, thc rclnpcraturc range Tor "component A being moderately hot" represented by set M is 
bctwccn 40'C and 70'C. Onc may want lo summarize thc two rules mlicr given by saying that: 
1fA is vcry I,G OR a~o~c ' ra tc f~  1104 thcn lhctc is a fault in ciihcr compon6nl D or C. Ihc cquivalcnt of logic 
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Jl'w Logic: A Means of llandling Uncetlnintia- in Experf Sptrm 

0 20 40 (10  XI) 100 'I' 1 - I  I 
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.hurnaI aT Hwcamh in E~lginmrimg, Volumc2, Number 1, ZOOS. 

This is illustwtd in Fig, 3. Thc lliick linc sllhws the incn~bcrsl~ip functior~ for very hat OR moderately hot 
conditiun. lr wc assume llle samc cnnditiorls srated eariicr ot~, thcn t h m  is a fault in componcril I3 andor 
C. Let us consider anptl~cr cxamplc. Two rcports arc &vcn on a faulty clcctronic dcvice: - 

(i) The device produces ae explosive sound when the fault occurs and. 
(ii) The occumnce of the fault is preceded by a surge in supply vutlage. 

We first maslruct n knowlcdgc base Tor Le system by finding a sct A orcon)pone~ts in thc dcvicc h a t  

may produce an explosive s w n d  urldcr raull condition: A = {(filtering capacitor1 0.51, (short cct. I 0,8), 
lot hcr capcilorsl 0,5), (mi1sform~0.2), 

(fuselo, 1 ). (lia~it ing ~sistorj 0.0 1 )!. 

Next w e  construcl a set B aTcamponenb in  he device that may dnmage undcr avcr vattage cco~~dil inn: - {(liIiwing capaciturl U,7), (short ccl. 0. I ), (oll~cr capasilursl 021, (imnsformcrp,l), T~IJCI I ) ,  (li~nilis~g 
resislorl 0.1)). lr  Lbc Lwo rcportslobservalk~s above occur logether, iautt diagnosis may be simplified by 
using ruuy AND which is quivalent lo ruuy  conjunction (inlcrscction): 

= {(filtaing a~acilml 0+7h (short eel. 1 0.1 1. ( 0 t h ~  capacilorsl 02). (transformer[0,2), (fiisel I ), (Iimiling 
resistor/ O . O I ) ) . h r n  thii scl. the mas1 l ikdy raulty cnmpnncnl is thcn fillcriny wpacitor. 

CONCLUSION 
It has bccn rtcmonstntd that hay logic is saitabb for handling imprccisc knawlcdgc in cxpcrt systcm. 
Though thcre arc still somc problcms wit11 this approach, rcscarchcs arc going on in this promisi~~g field 
especially in thc dcvalopmcnt of hardwax bas4 on fuzzy rcas~ning 131. Fu7;ry logic Ins bccn rcportcd kt 
bc capabI~ of liandlir~g probability. Th is  fact has not been cmidcrcd hcrc sincc it is still a subject of 
controvcq 
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