


SUPPORT SYSTEMS FOR DECISION AND NEGOTIATION PROCESSES 
Preprints, IFAC!Il'ORS/l!ASA/TIMS Workshop. June 24-26, 1992, Warsaw, Poland 

THE CRARACTERISTIC PUNCTION .AND EXPERT SYSTEM CONSTRUCTIONS 

DETERJIIliDfG PROBA:BLE SUCCESS Ilf THB COIIPETITION TEHDERS 

!adeuas Witkewsld. 

Passenger Car Factery, 0:rganization and Informatica Centre 

ul. Stalingradzka 501 03-215 Wanie.w, Poland 

ABSTRACT. A fuzzy logic i• applied in conatructing different 
ferma characteristic functiens,as well as,in the data consistency 
in the oomputer-aided oontrel systeme at decision-mak:ing :·•oment 
under conditions foraalized with dificulty.In the case of softwa­
re development both speoialized software, and expert ayetems the 
tuszy seta theory i• used for the facilitation of deciaion-me.ld.ng 
in conditione of riale and uncertainty. This paper dealts with the 
approaches uaing the tools for construoting the chare.cteristio fun­
otion, an expert system whioh i• empleyed tor the determination 
ot an inorease ef prloe value on an aciYanoed te tenders prepoaaJ.s. 

KEYWORDS1 Com.petition te11.de:ra, business game, deciaion~ms.ld.?lg; 
expert ayste11., tusz:, logio; characteristio function. 

1. Intreduction 

We shall state briefly the atudied probl-em. lfany papers deal 
with the tendera atntegy tuk and prebabiliatio modele ara exa­
Jlined in mest of thea.' The probabilistic modela 4ete1'111ine the 
ohance ef _success in the cempetitien tenders; The probabilistic 
modela tmd the reoe1ve4 resulta application enable decision -
ae.ke:ra /DK/ in tenders to detemine the ·gain probabilit:, in the 
bidding /oem.petitien/. 

Before the tendera begin, enterprise evaluate expeues ef pro­
ductioa on the executieR ef a partioular order, then they incre•e 
the price te :rege.in expenaes oencerned with the cenatant oosta of 
an enterprise, the teohnical-eoonollia prepoae.l. p:repa.ratien and se 
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on te get aome profit in the end. When Bll enterpriae strlvea for 
gain in the bidding urgently, presenting its own propoaal with low 
increaae ef prioe,it hu a chance of •ucc••• cloae to 100 per cent. 
Otherwiae, when an inorea.ee of prioe 18 very high, the probabilit7 
of gain in the bidding goea to zero.Ił 18 elear that between the•• 
twe extreae poai tiou there a%'e auch propoaala w1 th an increue of 
prlce which probability of gain in the coapetition takea on Taluea 
within the 111111.ts ef O and 100 per cent. l"er the firllt tille thia 
appreaoh has been obaerve4 b7 Priedman Olartia and Ko Cat:ter, 198)). 
It hu been ba.sed er pletting a ourve ef probabilitie• .diatrlbu­
tion being a frequeno7 of ga1n• in ·t~e '. tendera which dependa 
upon offered price. 

2. The charaoteriatio funotion qd ezpert system cenatruotiea 

Thi• work seeka te oonstruct the deci• ion malciDg npport ex­
pert system fer prebabilit7 sucoe• s dete:nninatien in oompetition 
tenders. A fuH7 logic i • the ma1n facili ty uaed in auch ld.Jld 
software construction. IJl fuzz7 m•d•l• oonatruction linguistie va­
riablea are of great iJlpertanoe. U• i.JJg the• 7ou can fermalize qua­
litative infonaation about decisien aakiq object Npresented in 
wordy fei,a by ezperta. It 18 nece• aary to determine the fuzzy va­
lues and design an argwaent •111t•• in inferenoe opere.tien e:ncu • 
tion tor the expert ayetema oenstruotion baaed en 11:nguiatic va­
rlables, an.:•• -~the beginniq the:t:e 1a a legio te cenatruct •1n­
creaae et price aize" characteristio function for the prcblea un­
der review. It 18 eTident that extenal and internal. limitations 
cf the cempetitien tendera implioitl.7 are included in numerlo ma­
trix conatructed on the bui• ef ezpert dGIIIIU14. 

In thi• paper the liDguiatic ftriable i • used ter usessment 
ot increue of price value, that 1a w •" •vaiue", T, X> , wure 
T • { •very lew", •lew", • mean", •high", •yery Mgh" } , 18 a term 
wMch 18 11.JJguhtio variable set W I X •{9.0; 9.25; 9.5.J 9.75, 
10.0; 10.251 10.5, 10.751 _11.0ł is ltaaic variable set w • .And 
the tem "nry low• i • apeoifie4 by tussy Tarlable<•very low,x,c1>, 
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the term •1·ow" b7<:•1ow", X, c2 > and eto. Then the oharacteri11tio 
· .tunoUom JC1C[), IIJ2CX), IE:,CX), E 4 C.U, .MC5 (X) ot the ap­
prepriate fwsz7 aeta are oenstruoted b7 iadiNot ~ ud the ex­
pert demand • e:dmJW erren are defined(:L.•• errers uauaed by an 
expert a pairld•• comparuiea J1&tri.lt !end.ngl. Thea, using the 
rul.H expert a79tea hu, the oharaoteristio fwtotieu deaoribing 
linguistio variable •ga1n prebabilią 1a oeapetitiea teaden• va­
lue is oonst:nicted. It is evi481lt that the łerm "very lew" gai.n 
p;rebability 1a tha oempetitien ten4en 1a oeuiatent with the 
ten •very high• iao:reu• e.t ·pnoe, •1.,,• pro'babili t,- -•high• in-_ 
CNaae e.t prioe aacl •• •a. .l ohan.oteriatio f,mctien plet e.t "in­
creue e.t pric• ais•• Ht is •hewa in Hgure. 

The univenal aoal.• oeutnotien 1a a ilupple iut:rumeat having 
adequate :reaotien •xt•raal change• e.t tlnlł preo••• oenditiona. lZł 

that ay there 1a u nee4 te make a an expert demand.Under exter­
Jl&l ohuge• in thilł paper n aeaa vary:Lng market oenditiena i.;e. 
tha relationahip e.t erden -•\Ult an.4 aactwtt e.t eate:rpriaea tak:ing 
p~ 1a the bidding • U an expert evaluatea aarlcet aituation cor-:­
recUy, tha inoreue ef pric• .tenaing aooerding te univenal acale 
will be rather exaot that 1a ~ the ga1Jl preba'bil1t7 will be ra­
ther high. ~ha mdvenal. aoal.•• .ter •ucreue e.t prioe• and "gai.n 
prebabilit,.• &N te1'99ł ter eaoh et givea erden, 111.!loe they łi.t­
fer in -ount and in enoutie• ·U••• 

!Det det:Lne th• t1'11th Talu•• .ter aeme atat„eata ued wbił• ael­
rtq tha prebl• oeJ1Cenecl wi th the prebabili t;y e.t erder receip­
tiag 1a tha o•p•ti tioa • tqed u teaden. !he characteristio .tun­
otieJl e.t standard fuss7 t1'11th val.uH 1u aooerdaD.oe with the Bald­
win appr„oh ( n1r and Pelger, 1988 ) , are uaed. Il:l thia appreach 
the oharaote:riatio twtotieu ef 'baaio tussy trutll values, noh as 
•tne• , •tai .. • eto.; u a fUDOtiea 1u tha tem to,1J-[o,1) , 
ai-e 4e.t~4. 

'l!heH TaluH are pre•ent ... 1117 cunea 4enoted ręapectiveiyi 
tairl7 true1 tru•1 nry t1'11eJ fairl7 .tal.Hl .tal•e1 very .talaeJ ab­
Hlutt17 t~HJ W1oertd.nl.71 n:r:-y talae. 

_ 1e:r ••Pl•, the tussy t:ruth Talv• apprepriate to the term 
"t"e• IIUa1. be 4,fiaed b7 the tellewing oharaoteriatio fuaotien 1 
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Jl •tru•• (y) •T• '1f vf: (0,1] • and Jl •taiee• (v) -1-v. 'I- vECo~i:i. 
Let present "market conditiona• by the set et te:r119 1n the 

ferm, 'l-, (.f,) •<"ver,- taveurable oenditiona"• •taveurabl• oenditiena", 
•oonaiderably better than nermal conditione•, "better the.n nonial 
oonditiou•• •nomal conditieu•, •won• tbaa nonaal oenditiom• ; 
•oomiderabl7 won• than n•:rml!l oonditiona•• •un:taveurable oondi • 
tiona•, " qui te untavourable conditiemr• > • 

And marlcet conditiezur 8 are preaente4 with tho f1U1ction e. 
• t ( a,n) • where • i.a ueunt ef onterprise11 b.lcing part 1n the 
oempetition tendera, • i.a IUIIOUllt of ord.era introduoed to tho 
tendera. 

In abort notatien linguillUc variablea t 1 (J3) may be ahnn 
U tolleu1 ,, (J) • < v.P.LC. t :,.11.c •• c.B.lf.La.. B.B.LC: t 

B.Lc., w.x.Lc., c.w.B.LC., u.x.c., Q.u.11.c: > ancu 

v.:P.LC. <=- nH/\ ałt P.Lc.~(n f/\ ałł)V(nłł/\ ał); 

c.B.Jr.LC.~ (n. A • tflv(n • J\ mł) V ( n H /\ -.. ) J 

B.If.LC. <;=;>(n • A mH)vfu.0 /\ ał)V (nfĄ -,.e>v(nłłA mł); 

Jr.Le. ~(Js ♦ł A ałł)V bał A atlV ( ~ /\ -..>v ( nł A mł)V(n tłAa łf), 

w.N.LO.~ (ntłt\ ał}V(:ał A --•}V(~/\ ał)V (nł A ałł); 
c.B.B.LC. ~c- HA .._.)V (a +A ał) V <n. I\ .m, 
u.11.c. <;::::> (n łł A a n V ( • ł A ał♦) Q.u.11.c.~ aH A a ff . 

Tb.en, Xi • {(:a.Hl\ ałł) ••••• ( ałł /\ aH). And 
the sign • tł "• • ł •, " 1H •• • ł •, • ł ł • whioh are 
the lil:lguistio variablea 1n the tora "Tery high", "high", "••an•, 
"low", "very low" oo1"1N9PIIZldiDg 11 the T&luoa a and JL • Let u 
increue et price valuo 1Jl the limit of Clfo • ll0) aa4 e%penaea ~ 
production of separato enterpriaea realizing tho ordera are oon­
atant. If the inoreue ot prioe Talue a little aore tłum mesa 
an4 'there i• taToura~l• market oonditiom, tho gaili probab1lit1 
1n bidding i.a about o,a. Then the propoaition •probabl• auoce1111 
1n the ooapetitio:a. tendera• ia fairly truo ( true, TU7 true i 
fairl1 talli•, falae, ver,- falae ) anł hu tollowing truth 
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aóo•rditng te the Baldwin appreaoh 0.9 { o.a; 0.67; 0.47; 0.211 
o.06 ) , respeotiTely. 

S1milarl7 te determiDatiea ef 11&rket condi tiona an enterprise 
state 1n the funotion ef production expam1ea and increaae ot pri­
oe /extra charge/ ( er only expaues of produotion taking 111ncreaae11 

u oontrel) is defiud. 
Te help deoision-aakera in detU'Blinatin prebable aucceaa 

Talue in bidding at repre• entable 117 bill prepoaala, a Jliner expert 
a;yatem hu been deaignede Thia ayata uaea legio 1'11lea et deduc­
tiou 1n the tollewing toni · 

< Il' extra charge ~ f TBEli 8UOOH• prebabil1t7 alC>WII down > 
< IP extra charge re duce• !HE1I • uoceas pre ba bili ty greu > 

< D' market oendi tieu bee... wr• e !BEll extra oharge reducea > 

<IP market oentitiou beceme better !BEK extra oha%'ge growa > 

The expert a;yata realisea a • erie• ot reuononga uaing eseen­
tial relatieu ef prebability theery duriJlg ita work with the know­
ledge bue rulea. Dar1ng prebabiliatio analy• ia ot valuea the DK 
intereated 1n linguiatio vari.able• auoll. u •reduoea•, •growa• and 
ee on with reterenoe te the '#&lu.a •extra oba.rea• are e:icaained. Por 
the liDguiatic variabl•• anal.yei• oonditienal probability fomul.aS 
od tactor• ot contidenoe are W1ed and prebabili ty -ralueajin oalcula­
tion are detenained acoording te the ceacrete aituation. 

4. Concluding re:marlc• 

Por the problem the software hu bean de•igned in dialog mode 
in the tora ot bWlineaa gema, aimulating productien-tinancial ac­
tivitea ot competing with each other enterpri• es.The received re­
aulta anal.yai• hu been oarried eut on the basie ot the ditterent 
bebaviour atrategiea ot the gema participant• with Wald, Hurwicz, 
Laplace, Savage principlea applicatien and łhier variationa. 

Buaineas game haa been uaed ter .enterpriaes leadera aoquain • 
tance with the basie .market mechanilllll expreHed b7 the relations 
demand , propoaal an4 prioe, u well u, deoiaion ma.king under 0111-

cumatancea of unoertainty. 
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Pig. Characteriatio fW1otioa •1ncreue ot prioe aize• set. 

X 

The system hu bean realized at IBII 37O/1';3 -and IBll 'PC/AT in 
improvement ot prefes111onal skill centres and a number ot Pclish 
enterprise&. 
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