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Rule Generation and Approximate Inference
Algorithms for Efficient Information Retrieval
within a Fuzzy Knowledge Base

Hyung-Soo Kim*

ABSTRACT

This paper proposes the two algorithms which generate a minimal decision rule and
approximate inference operation, adapted the rough set and the factor space theory in fuzzy
knowledge base. The generation of the minimal decision rule is executed by the data classification
technique and reduct applying the correlation analysis and the Bayesian theorem related attribute
factors. To retrieve the specific object, this paper proposes the approximate inference method
defining the membership function and the combination operation of t-norm in the minimal
knowledge base composed of decision rule. We compare the suggested algorithms with the other
retrieval theories such as possibility theory, factor space theory, Max-Min, Max-product and
Max-average composition operations through the simulation generating the object numbers and the
attribute values randomly as the memory size grows. With the result of the comparison, we prove
that the suggested algorithm technique is faster than the previous ones to retrieve the object in
access time.
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Zgtel 715S n2d HAg dolg Rdz A4
Hloj A~ FEdlojol AT 1~3). 53], BT
delelzt sl HA deleluo]ze] F&dl 3lof
Ae AA 9 &4 i\-ﬂ“M g #A 2 8
w]ojo} & 576‘ 72 2 =ridls 3%
3 Aate) Axle g&H o muglo] wofof &
o 2 st tﬂﬂE%tﬂlﬂiA wHj]le] & A
sz @l Ay, 1
(boolean logic), 2% ¥ (semantic net), Z&
o (frame) 2 %1314 (predicate calculus)®]
AxzEPez FYPsArt. W, BHLG g
of Mg FrAels HA 2 (fuzzy logic), &
22 (probability logic) % #ojAtRZ
(bayesian  logic)®ll Zlukele]  mdlg st}
(4~6].

dlolgjrle] 2 W] HAIF R e H4adE
o] gAAE Bl 54 AAe HA4E syt
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VAGUE=RY
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(factor space theory)(9.10],

(13 2l=Z3Fel2(rough set theory)(12,13)
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2.1 HX|x|AHjo|A EH

tlojelulo] 2~ o] A4 Foizl A FHF e ul
3 &£ a917ke] #ATFX(relation structure)E
43 ¢+ Ak HRAYEe)A(fuzzy
knowledge base) FKB = ( U, C, D, V, Hog
A=W U, C, D& ¥ZFF ¥ (non empty)elt}.
Ax U = {Uili = 1, nle 24 $4 C
={Cili=1,, n}, A%3&4 D= (Dili =
1,-.ntel =oQls} Agdd. A = C U D=
A EE Y IAFS Ui Cc N D
o V=Ua€A Va °|9W, Va & FIH2e|4y
(interval width method)°l 28l EFHE <

4 a & AU HA /IFEE = (fuzzy

ASdUie U UXA—~ Vil dg
He (Ui, a)€ Va FEgol},

A 2ol FKBO +4 a43te] 7EE7S
A (indiscernibility relation) IND(B)& #
A Rel U X UAA  Fx3 (equivalence
relation)¥ @ IND(B)={(Ui, Uj)ER | Vacs
B, f(Ui, a)=f(Uj,a)} 4 ol&&Aeltt A
A% Ue 71¥3- #(eleme_ntary set)e) d&
oz & E7bsd #AQ (VIR &% U/BY
FA F(equivalence class)@ & & 4 v},
delel AA Ui cU dig X% (UilRe A
Ao} 25 FE3 glo) Mg NRAEQ A B

20| €},

AR&gel o 2d%4e) AT £FI) g

S 93t FEAN U DTARE LDEIS M 105

E EAFE AR OE 2% £Ad &3l By
2]/ (inconsistency) < 7Ha 4 & ], =z
&L oleld BAXA V&st] vdH 2 4

ool - He 24 AFOR BRI

(Be] 1) FAAAMelA FKB=(U, C, D,
V, DM XcUelzt & o disd =33
(algebraic rough sets)& X 9 3 A}
Apr*(X), 33AF Apr*(X) 9+ A9 BND(X)
o A ((UDJR.N.U,~, Apr*(X),
Apr*(X)) & 748

Apr*(X) = {Uie U | (UiR € X}

pr*(X) = {Ui € U | (UIJRN X+ @}

BND(X) = Apr*(X) = Apr*(X)

o714, F2A Aprf(X)E X FEIEA
EE 71238 gz X ¥3" 7}
F 2 ™I, AF2AL Aprt(X)E Xst
HEAEe 2t BE 7183y ez X
£ ¥ste M AL I Pl HZ e
B3t - A3t EAlel] #PS A BE (accuracy
of approximation)?] A4S %8 =TS
R ¥ o+ Ut 7 I¥ Xy 524
(similarity)® 2343 (closeness)& VER)Y]
A&l MZ(Marczewski-Steinhaus) M EZE o]
+3 A= S(XY) = | XNY |/ | XUy

| o 93l AP B=E At S(X.Y)E R
X, Y 7F AR &o¥ 1oz Fdshd Qo).
A o] oA AR 2D Dol g 4 24 C
o HEHEe ac(X)
S(Apr*(X), Apr*(X)) °lth. ec(X) € (0,114
e 7Y, ec(X) = 1o/d  Co WiEl X&

A=

I



106 CIX|ZZEI=ES] F2X| HM23 M25

A0l gle gAY FARY AAYE v
ehdrt, whdol Aelo] Xof el £4 ¥R Al
gEE ga2Addel BAGe EAA Ho 2
ARBES e ac(X) (17 Hol 84 Bz
A& (probabilistic rough sets)el Bl &
9.,

2.2 BAF BHTH B4

AHHE Uy TE— 13¢1 X' SQL 2o
oAz} Bher & AF2AL Feo Fxdd, (2
g 1) Zol 1\1§Zx\_(dlsjomt)?l ek POS(X),
o NEG(X)® ZAY BND(X) Al 2AME
2 FEHETH14).

jo do d

(23 1) Asjelel 2A9Y

(23 1)9] 2A9E d4d SZHT A
of eAeld E@alw Thew Lk
POS(X) = Apr* (X)

NEG(X) = U - Apr*(X)
BND(X) = Apr’(X) - Apr*X)
E3], AA EXF x € BNDX) 2%, 94

x& X wu A9 A iRE g BY
B s fzolRE WA
A €. 22t BNDX) = 29 A9 9
Aol X 7lEe] BAuelE |zl BAUS

2

Aztel ol o] WP G Bl AA Aol Fbe)

AL AR TEE A ARE HAr] HE &
7 #Hz4%e] ZAUA A (decision threshold
value)ol 21§+ A ¢ikel thde] Hu}

(A9 2) AA AA JF Ud di x, vy 7t
Folx|1 o|gHA Re] b B2 A r B
@QQV/}”’ e o] r(x) & x & BE R-#

H(R-related) 425 VAT

ro U — 2V
x=U —rx)={ye Ul xRy}

o] r(x)ol 71ZE 3te Uo| Ta olgdk R
of g dled Bz B FEH 2=

el 4 - SEAle et o] ANE

Apr s (X)= {erl —L,—Q—V)ﬁ—!u—sa}

Aprt (X)) = {xEU| —J—,Qﬁﬂ)—l— >8}

o714 91 8<[0, 0.5)= A 2L
stz At A3 YAA(decision threshold
value)olth, & = 091 A& Apr'0(X) =
Apr*(X), Apr*0(X) = Apr*(X) #A7I B3t
o, WA A= A4 433 2o BNDX)
9] F9go] o] FEA HEZF Aol 718 gy
o] #r}. 59 e AHe| webM, AFTH S 3§
B2k FE POS(X)7h =o] AA HAe A
o7 AR B dpdMe ZAG] &3 A
A 9] &4 (mining) & Y& EHe wlolxt e
(bayesian theorem)%& ©]&3tAth. -de 3

ol o) AAGA S A FARA 4 - A
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22 BRHol HE Aol AAHELD. o
ARFH] AP AREX ] AAY 2|40
228 993t olEe] HA AelFEIHretrieval

state space)°] ©t}.

_—

2.3 M el S

AN G FE dolEluo] e MA e} &4
a3 AR ek S498078e) HAl(relation) 2 T4
He 439 /g3 ~717Hconceptual schema)el
o} o] AA e FzeM EF A mx {FEe
AL AFPAQA dolguolx XAl SQL
select-from-where T-%9] Agjojo] o3 A=
o AAE A Ay ue £4 29 fo] B4
(relevant) ol u oA f 29 AMF(mapping)
9 flw& 2 AU EEETH9,10).

U, V & AA9 £42059 AA Hgolzt
o, ol ueU o Wstd ol #dd R
29dES v =2FE 9 (U, VIE HuIH
(left-matched pair)elg} &ch A% (U,
VidlAel U, V 3t 4ubd 34 Re v 2ol
A=

(He 3] uwt fo THRHE R(u, fH=1°]t}
D(f)={u€U | R(u, N=1}, V(w={f€U|R(u,
H=1}4 = 2 feve AA u o s f(w)
7} AFEslw Aol

f: D) — X
u — F(uw

A7 XD = {fw | ueUls AA T
Frolet. o X(Nel 7 dAe fo Fei(state) 2
A =EEA), =EE(V) 2 =883 (~)9 4
w 2oi$(boolean algebra)® 7]1& @4ke
wEGTh A de I3t 546 we .9E

il
e
0
tL

factor), %29l (degree factor), =1Aagl
(switching factor)®] ez FEHT

AMZE|

Qol eiAte] MEl

[ L T

2

2.4.1 7|2 ¢!

f2l(zero factor)& FHF X(0)={6}&
DESHE ATEX 713 0 o2 Yehdnh o)A
712 & HAL 9% davt sle

(empty state)¥2 @ach FadE
H99lo] gl 291 f = YA8A(atom factor)
ol "t 53], AxL<l T digtd gloje o
A os, t oo Wisld AAF= 0 od EHE8Ql
(independent factor)s] #AZF 48tz
o e 330 AR {FY ., 7 5Relw

o aN of -l> ~

X(Vierfd =0 o X(f) k. o7 1T &
FVEl F AAbR}H(cartesian product operator)
oltt. 89 g7t TR 2 A& WY o f
o] Z7# 8% (proper subfactor)el= &t f )
g & E7|¥}

JYY*0 & Y*+{0}) wr.t X() = X(g)
XY

2.4.2 201044t

89 f, g 9 220F(conjunctive of factor)¥
h (f Agle 8 h 7t £ g 9 FHdiger Fad
(greatest common subfactor) 224 T f >
h, g = h °o|&Z h > e #A7} 4™ o9
2 e 7 EAlgke Afelvh Wi 991F
(disjunction of factor)?d h ( f V g)& h > ¢

o, e>f, e = gd Wl e = h & V&I e 7}
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ZA4T |t} f g9 S8AA(difference of
factor) h = f-g& (fAg)Vh=fod
A hAg=0¢4%dc £ 299 (complement
of factor)&= f° =1 - fo¥, <71 & &4
8% (complete factor)elth, g @AF3+ (U,
Vil F € Ve ol 32 {X(Ner EU R
A theel FelE wEPt

DF =F(V, A, c 1, 0 &3 Edigeolt},

@ X(0)={6}

@VTCFoln('s, teT) (s*t=s

At=0) =) Vyrf= lerf

Il

il

m . HNAZEAN9 8d

3.1 of&sagel HA

glojeldllo] 2oy &3] 21 4 (dependency
analysis) & B3l &E83<¢ AR o] st}

B AFdMe 1 oY 84S 2SR 2HE
A9l o] MEER A bivariate population)d] “F3
A Adell oAzt Aty 548 2HEA
of sl ABAAI w& ZAKHRE I AEA
& 9A ZARPEA AFHeR EPHE
(attribute reduct)ol A7tshe dnEEE At
st tee $AEES APshe Az
A& Mgt

Azo| HRAAHol~ FKS = (U, C, D, V,
f )X e 2F &) e} F8(redundant) &
£ & (superfluous)9 Z3&ol &
ok Alz=E WA ogh S
4, $5 T A& S49 wEe &4
atol od) ATt AESEAE A
gEe] A REDD(C)E 4 dlo

F
) -h
1m mimql

)
[«
-
O_\..

T

< B
=

—

9 x ARAzEe A, Fol Az AR
259l dolee B4 sde] 2oz BEDY.
FKSA A7) Uel 57192 JBE AT &
2844 CE BAG AAN Ad 4
YE Aol thew 2.

i

(#e 4) C*, D*= ZI4 #A INC(O),
INC(D)9] gA7e Jolrt. 2AHEZ Apr =
(U, INC(C)4A C*el W@ 28 D'} ne
718 A& A d-E POSc(D) =Ux
€D C*X) ¢ W, $480 a 9 oEsA
ARAG L offot 2t ‘

@ If POSc(D) = POS(c-{a})(D) then

a : D-superfluous attribute(for all
ac€qC) else

a @ D-indispensable attribute(for
all a&€C)

@ Subset C'SC, C’ is attribute reduct iff

C’ is D-indispensable attribute
and POSc(D) = POSc’ (D)

AREA oAFE AAse (B9 418 7ZE
dof 2A%4 Co RS D 2 YEE

(degree of dependency) rc(D)= | POSC(D)

[/1U e, ¢ £ D& rc(D) €
(0.1) 2 ZHE3T}

(F9 5) ZFEA Dl wi&
2A#A ¢ = 7 £99H
FAR = i A=

@ rc' (D) = re(D) _

@ For all acC’, rC(D) * rc'-{a} (D)

I
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(g9l 5] @9 24 (D) = re(D)E
&4 C'7t Dol HE 9JExe] HELEHN HE
HEAAES] Ao EHS &
BTt 3, @9 &1& wEIte C7F EAS
H ool C'e Hi AHolxryg &HHTiHE
REDD(C)7} €t} o] A4 el SAYET}
EA A, 2AEA Cdl gle BE D-g95 Ebd
&g H¥L C o uled D-FEokcore)
CORD(C) A3l =9, CORDC) = n
REDD(C) °lv}.

3.2 ZE A9 My

S YE A7 44 FEA A 435k
ZHEQ ZHRIHHEES T8l thAl A& AW
2 (minimal decision rule)S 84T < U}
ol & A 7HL HolHMol~ WY £49 F
o] glol £AEAFe] FE HLeHA Fo
7 HE Al2loflA diole] AMZ & e g3t
£ oY ZATE R FTIAINY HE
(partial) 27871 # A4 BNDC(D)S #&
7V (partial possibly) ZFTHEoZ FAH o
g AAL HES vepiA =W, 2144 Ci
Gi=1,...., n) ¢ 23854 Do =9l Viiel 2
1ge] Agolr.

R @ (C1 = VIiDA(C2 = Vi2)A ... A
(Cn =Vm) — (D = Vii)

A& 5% 47 Ei(C)d de A
e Mz ve 2454 £ KD &8 4
F, ol AHFFdE & F e BYERE
(decision conflict)el] #Wx1Al At} 2290
o W3 2AFES P M e ALY
2 AZA Qo 2Rl Ad2Ag gl
= AAE 2/ e 448 F de =1

#7109

9E 7} gasi,

E dFoAe =udgEE (39 2)9 ¥E
A AZHF 71zdl], o PG | Ei(Q)) &
AREEQ WolAet S ALl AHSAHS
AAFRE U % gnse (28 219 2o

A PLELO) | 9
i EOV= o ie +. ... FHE(CH [ mlQ,,

71N, Qv A% HHAxE] FKS9 AA
AN 2t7e) B BE Ej(D) A7 24
& gEoltt. =R FE PEIC) | jle A
9 BNDC(D)el sle 999 =d&8 ¥R/
Ei(C)e] AA7F ZAzhe] AAEE £ Ej(D)d
A dAdE gEoth. =3, P | Ei(Q))E 2
4 F Ei(C)9 AR M=z gE 23
&4 v‘i’-% Ej(D)OM WY GEolr).

Input : Attribute Reduct REDp(C)
Output: Minimal Knowledge Base (U.C.F)
Attribute classification_procedure()

Do /* Calculation of Quotjent set Ei(C). BE(D) "/
””U%y E't(/C /2SS BF
partition Ej (D) /’ HAESYe] £

/D ="UE (M)

Do /* deade boundary region E(C) wrt E (D) Y

R=0 n=0:/ RS Fsm)dFTae 2713 %/

For i=1 to n

For j=1tom

If Ei(C)CE; (D) then { E(C)CPOS(D);Ri =RUR; .}
else If E;(C)SE;(D) then { E(C)CBND(D) | r; = rUr :}

else Ei(C)CNEG(D)
Endif
Endif
Decision Rule_Procedure
select 5 /A BND(E,(C)) A de v/
enerate approximate decision rule for Ei(C)C
BNDDS

set @ /o HF YAA Y/
calculate & w.r.t Ey (D) & P [E{(C) l il in B (D) :
calculate probability Pl I Ei(C)):
decide wi' = Max P(j I E(C)):
Do /°E{(C)2] %Vv'/"d A By (D)ol diel FgFIAl of REAPY
If1-¢ < w' then /* sIehaAl A 24 27738 R AH ¥/
{E:(C) CE; (D) : R =RUR; :}

else E:(C)CNEG(D)
Endif

(2d 2) dxugfE 1 A% w3 A4

(2" 219 gz FE D $4 Fzxel 77
AXHlo]~ FKB = (U, C, D, V, f)elA
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$49 AREYE AAR (39 5)e] S4ee
A% 9 247} Ao d=Z493el tF 2
E Qe W Avde 24 2 21440
@ grUe @l m ;ok(core) PHEA
#2% 49 JHES Aa

(FaeE DA 2R 48R =

=

g

Attribute classification_procedure()-& &g
E A3 diFd (28 1)9 Zoo] g 99
- Sa2AL Ao g 23 2 2d549
F FAEeltt. Az Za® XAHolAE o
A AR qrale] AEL B2AIS o] &3
ARZTAE AdE BAD &8 AANBe
bt g Her a3

2 dFdME o] ZAAY AR W HFE: 4
iAol e (e 2)9 g =y 4
ool 7lz3ted P | Ei(C))9] wHlolxlet Hels
A gate] ARUAA= —é‘l‘_utﬁﬂ s ZH
o} o] - (g E 1) FurRe A3
A4 &9 Decision Rule Procedure()°A]
FalEc). oje} e (FmE 1)el AATE A
AL 9% A - TR golg £ ¢ wlo|x|¢t
Zele] AR &8 HzHg Hed A7,
HEE Ha ANHelazNo MR HA A

4

Q1 Aejole] 7}1‘5 Ce &4F3Hdescription

—(En
e dr N e

1

frame) (U, C, F)& A3 o714 Fe deld
o] g CE w=dhe YHEQ AnEH A2&H

o Q& &4edel Felth E Uk ol 9%
A7) AAYFoEA WolAet Hel Ag AR, 7
BLE (V1= U, (3fF) | Ru)#Au)) @

AHinjection) Z73-& &I}

&4 g =17
E

gt} 4 AR HxzHd) Aga] Y3 &
&¥rE 538 (convex normalized)d] A

AT FEASEE(pilecewise
function)9] 43 wEaiol Ith B AP
T2 ZvQl

S8ad8d HUF(qY), HAF(gM)
& FAAHAE (eft
number)®] Fejo] A&34
=g

continuous

[o
N
rfir
b

triangular fuzzy

2 Thew o] Ao

0 . xE(—OO,q*]

#ci(x):{ (x_Q*)/(q*_g*) xe(Q*, l]*]

o] u(x) & HAX A ool NG 2ol F=

oml, WA ALY HE T

st o A&

Hot 59, =Hlel s 2F3e £4899 &
(positive) - S(negative) 3o ma} oo} 7)
dol &40 A g9z37 g8 Heln, v

Bl e é*é?% a&gse @e 1
A
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Input @ Retrieval Statc Space(U ., C ., F)

Output: Specific Object retrieval
Reduct_Ceneration_Procedure()
Decision Rule_Procedure()
Approximate Inference_ Procedure()

Define a concept for U={U; i € (1. n}}
Determine a in C

Determine afu) (i € [1. nlj € (1. m)) & Complete
factor
1(u,)
=(a1(m), ax(us), ........, @m(2t))
Convert Fuzzy representation extension a C,(a ,)( ui)
w.rt
Calculate m-ary triangle norm Tm
ac( D, uy, ... u,)
= Tula claXw), o clay)(uy, ..., a clamu,))
= acla)e) - e cla)ug) ...« a clan)u,)
Calculate Feedbback extension 171( a C;( 1) wrt @
17 o (1w
= a (1)(1(u))
=T,(ea c,(al)(a]( u)), @ c,(az)(az(u,-))
........ a c(amlanu)).

Reotrieve Max U; by 1st Maximum membership principle

(38 3) €x8F 2 @ 2AFE

4.2 ZAER0| o5t ZadL

DAERe % 53 AAE AAs] 9 2
e (Laels DY A7, A" Hax 4wl
29| AAFZ (U, C, F)ellA 5 Zejo] Cof

g &89 Fo Hx =oQld tigk A3 stw
gaelEe] Faditt ol Helx B dAFoMe
HA MG o eC o 24 FE Aoz B3
#4(representation extenswn) 2:1 8
(feedback extension)9] 7ld #
3) TAFE (FaYE 2> Zﬂ°}°}°“‘3‘r A
FEREEN
Procedure()= ®AFIF (U, C, FA9 5
Agrze] 393E vehiis 23392 ¢35
Aoz A, »

HAMT A e FU)9 % Adel doo o

e C 7 794 A% 94 o9 T 234 AA)

o

Approximate Inference_

1o
Bl
e
02
H

Q@

v AADeF(X(H)oz 29 Azt X(He

HA R PoIWA AATAE u, () BAE 2

AA): X(H—I[0,1]

x = AA(0= V,@:,Jf(u)

=5 o ALl o] L
(possibility theory)ell 9lojx 2z &3kl
AMFEE 2B JHEEREY AlY duks
(projection generation)?] €4k} =3 7}E]
A ZFdAakolt).

B AFdA Atstn Je (GuEE 1, 28
Tt Hxe] FHAHAMle]~ FKS = ( U,
C,D,V, fylxd dAF E7§ AAE A8
o dYel A wAEE (2™ 4)9 N-S
i}E(Nassi—Schneiderman Chart)®} vt U
o 53 AL AN Ao geCo UF 74
&89 Fo 2FE 5% 23439 A o
Jerze] HESAY Tl &utehgo] §HA
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