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Development of a Backward Chaining Inference Methodology
Considering Unknown Facts Based on Backtrack Technique

Yong Uk Song* - Hyunsik Shin**

# Abstract &

As knowledge becomes a critical success factor of companies nowadays, lots of rule-based systems have been
and are being developed to support their activities, Large number of rule-based systems serve as Web sites to advise,
or recornmend their customers. They usually use a backward chaining inference algorithm based on backirack to
implement those interactive Web-enabled rule-based systems. However, when the users like customers are using these
systems interactively, it happens frequently where the users do not know some of the answers for the questions from
the rule-based systems. We are going to design a backward chaining inference methodology considering unknown facts
based on backirack technique. Firstly, we review exact and inexact reasoning. After that, we develop a backward
chaining inference algorithm for exact reasoning based on backtrack, and then, extend the aigorithm so that it can
consider unknown facts and reduce its search space. The algorithm speeded-up inference and decreased interaction
time with users by eliminating unnecessary questions and answers. We expect that the Web-enabled rule-based
systems implemented by our methodology would improve users’ satisfaction and make companies’ competitiveness.
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2)(ERP, Enterprise Resource Planning)] B3]
w2} AAL 2HolA 9] HAsE gF Z2AA 7
& 9 o8 T %‘?}31 ARSE AT § AU
o olF JIHES UA ARVeS 4% A=
+ B9 A3 7lsAdE FE) AFe,
1 F 78 2ok E diFE el A4
A otk BFE e FRL A59 A
HERE A& F539 48 F & VgL
a8z X3 7198 A3 BAEE A
3, o]RAL 7199 AE B o]f AEd S 3
Fg vAA HAeH, oJAE e 8 T
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Aoz 3y AAAAES F&8 H9 Hulx
' A 29 e FE7|d0 AEE A
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A3 & Aol A(rule-base)ghil dha, ARE S
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W@ AR} st HF B UM
2ato o] M AReHe AME Foz FH3
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a3, 89 Ee o] BEXE A3 39
X Lt AMEC] FAAE doln: 9oz
YAt dE 5ol ‘A => B9 B => C9 7
of 3L, AHEA7} C7F AMERIAE elstan &
o skat o] wj C7F 537t =W, C7b A o)Y]
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o o] AAAA T ALERTE A} AbdolERs
A& AFsHA =HE C7F AMd ol gz, whof
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2.3 e 2iZl(backtracking)

AAANAE 5B T3 S RE 28
& 30 5¥, $27180] oJRg AU AU
7 fsAE 2449 YnelFel BasA A,
PIPRES FHH A3t} by dEHe=
A5l @aele] E &7 (backtracking) 4
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o] AZ3lEH11, 151

n 71 F7Hselection spaces) Xi, Xz, **, Xa
H2E9] MR o] F0]7 FZHproduct spa-
ces) XpxXox -+ xXpol| A 7]& &< (criterion func-
tion) d(xi, X, -, )& AN FE Y (sam-
ple vector) (x;, Xy, -, X & T

&, Q7N xy, x5 0, x4 X, X, o, X
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WEHRAE FHH 2 HEer] 438t nAl9
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g weo] Wihe eMdE AEH dda 7t
et} AAAAE o] A7 vE Asd S
A3, Ee HEHF Fo FAAE AAA U2
TE Atk "WA X9 A HA di x & A
F A" JEEE o FE T 1FE
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gol i F WA U xpE A3 & o
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€ e vk ¥, W Xeo BE U4 xim
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a9, 58 AE i xy, xa K3, -, v, VSR E
o}7}A (backtrack), X39l 94 F xg th&9] 94
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HAHE W=, A X9 dad) dEty B8
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712857 ", xpE t BE folt}. nkA AR
+ dHA F3F Bell X E op(xp, xp)7F BEE
71EES7E Ao PRGFES A wPE 7)E
e X9 @3 XA a4 FHE 98y
BF7rad. o8 B9, ¢s(f, D9 L “FH&S 7
g ¢ e, F ‘Ge Fol obdo] "k st
9, D = fo]ln2 E7} Fo] ol B = fo]B22 F
T Fol olin, mEtA el 93 Grb Folgtn
AES UE F 7] Wielth o) 98, E &
F7} 39 o G7} o2 ¢S} dp)e] e
EF“HAAE 78 5 A" HY, 5 D=t
d wf Bt A9 gl Aagle] G Fel g4 ¥
o oA Tk, WgE J1EESE A48 73
£ HRoE E37} o] & JleAol gloH
“‘AAHE 78 & Ao AAge] Ha, ofvA
“‘HAAENE 7 T G870l Aol 0k 9 ¥
¥ AAS 74 A9 AEE 7ESSE vy
2 I N9 FHoZ @ oA sl HEHA
WS A8, G7F #Fol7] % A=, -, )9
(4 t, V8 4A Bk wek 1719 g ek A
o] EFoIttd A WA 3AE, -, )L N2 I
< Aot

25 234 st FE

Ao A "dH oz Bgao] YEFo

Aok wekA #atE =l o] 94 Fojuk A
Ao} ThE o= A3 (deterministic)$] 3
o2t Az B BIRAAL Az e
Y & flE 397 Bk £844 (uncertainty) ©] &
“Bodolu} 9ALAAe| "3 Hdg Hre
Z7olgtn & 4 Y7l BFAA ol fEE A
2] 9] B-¢hdA(incompleteness), A2 & o) oA
(vagueness) EE 23 $Hambiguity), A42] 27
(incorrectness), &7 L. F{measurement error) &
o] AEA7]. & HelAe BE A 4
Aol e ATE /MRS FE Wil sl 4
B3, o)2d FEL 3 FE(exact reaSon—

ing)elgkx 3k ojgl w2 EFAAE wigo
2 3 F2& 84 FE(inexact reasoning)©lzk
I g

THe BEgAAL A A /XE EFEC
AME AE 73 (individual rules)?] &4, &
A 13 24 £ (conflict resolution)®] £&84
A ARE 77 7+e] R&(incompatibility) o]
tH14l. /1 139 BESAd e 244 B 28
A Q Flerrors; 233, B4AY, 2AEE, &
AR/ 5), ol 2ulE 71 A (likelihood of evi-
dence) 525 o7|drt 73 HE &4 &
FA4L 73 2t 49 B oRE of
718tk 139 A& £A7F vhEd ue Oe 2
28 528 4 7] dEolth o]RA L& 53] 1/]¢]
g = AS A7 gk 43 7Y 2ed
S 3H(subsumption), % E-(redundancy), F-A(mis-
sing), 4% RE&(contradiction) SL.EHE o}/]
gt ¥go|d ‘A => C&E FHH ‘A and B
=> Cee &l FAld EAdhs A58 2%

. FEL 5UI o] 27 ol EATe A
£, FAE gEsteold 7a& FHulol2d ¢
HalA) 42 Af, 283, 4% BeEEA=> B
ghe 133} ‘A => not B'Ehes 7Eo] FAld &
A B8 Lottt o|9 Zo] EFAUNY d
AL 48 A} ded, LFE AT YA
EANES BT Ao, A #At
7 9l Al ulg] Hs) & & Y, FEIH
F8 3 F A Folof e EAECIh 1
Hu 2F 0|99 EFAAT Hde] I v}
oz ol¥d HE ETFHAES AW A}
o & 4 e WL gl gF E34A4d g3
o Ztz} B 71X A W Ee] AAH Qi) o]
o} Zro] B3HIAS B3t Ashe dxH W
Helle 84 HIH, F4 % (certainty factor)E ©]
23 | 9| $E(fuzzy reasoning) 5°] Utk

25.1 &4 H<d :
ol &2 2ARE ZFHA(evidence), ZERE
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7Hd (hypothesis)olgti si88 A9, 1 F3L&
‘IF <Z7> THEN <J}d> WITH & P'g+=
el 2 Jebd & gl o) A9 AR g
v A4 EF Zoz #EEyd JMd HE 2y &

& P & & Sk A7) o3t g
o NEE o] &3 B3N AHPHoes R
Al Aol wlo]xI¢t (Bayesian) #&&o|tH12),
Hlo]2x Aejo] whaw, 919)o] A E A5 e}
2l 7Hd Hi, Hy, -+, Hool Foixl& o i 7}
A HY 24588 PH BT 983 2t

P(E | H)P(H)

P(H:|E) = % P(E | H)P(H;)

ol x| ot BERoNAE PH)S A48 E (prior
probability), P(H; | E)& A}5-&% (posterior prob-
ability)ole} @t} AASEL 7 EE B3]
Ael 714 Byt 2 gl AXHEL F
EE #2339 To U7} w golt. watA ¢
Ag olgshn FHo A% & ZA E/b Alo|
GEAAS W), FHY AEE = s HE ol

25 Y g v BEY AESE P |
B)g +¢ 5 9k

AL HA HA BAE dT So} HHFES
SATHT]. 54 Aede] §Ho] Ye FES P(HY,
-Mol §1g B8 PHYT 3ha ol2e) BEB(}

2)o] Zk2t P(HL) = 06, P(Hy) = 04243 8h7).
%d% AL gJste] Zugd] o AW
AR 844, adE, AAYAE 100% A
B3 Zlo] ofUsL, dhwk BA oel el A}
Azt date] thg 2o 2ARHEY S
o

e r>J

O
r°\‘ ok

PE|H) = 08
P(E|H) = 01
714 Ex “AA"AL A3 f4o] glvka kg

A event) & VERIY 18d, PE|Hy)

g Bel”

£ 7 fAol i AN AdgAE & 3
7 fdel Alc}z H3g Bl 73%«} 58 g8
2 PP AR dor a8 slolgke 21

oo, PE RIS 1 F49] G Al
N ARAE B 4% fdo] dokm e
o A%e #2RE 78 ARG, oF),
P | B)E thes o] Al

P(EHYPH,)
PEH)PH)+PEH)P(H,)

0.8+0.6
0.8<0.6+0.1+0.4

= 0923

P(HLIE)

i

] B3 T AREA A fAe] gkm
Fe-& By THEN “fr4o] gtk ahe 3¢
S Pl 09230t RO 8, &, ANYAL Az
Aol sltke ¥hgol UtE o o] Stk
7pdel A FE(F,
092302t Eolth

oj9} Zrol WlojRiet HE L o|EHoEE F
el ov HAZ HEH He AEE,

485 2% vy 2 9&010 ‘}1 7
= g

rtﬁ

110 o

AAZ 40| Y& FE)e

2A% GBE Yopo} P, u}rfm o 4
2ue d8d 340l golsALt By 2o
0] EANAANAL ST 5 SITHT, 14]

252 A4S

21 % (certainty factor)= &3 Fyel FA
2 §As7] $18 digre 2 MYCINolgk= 73
719k A 28 e AL HAGol A Shortliffe and
Buchanan[22, 23]0] 19tgk Hgolci7, 10, 13]. &
A Ei= a1 A% (degree of confirmation)E Y
ehlie]| ob-33 ol Eal(belief)H &4 (disbe-
lief)o =24 ZPTCL
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CF(H, E) = MB(H, E)--MD(H, E)

o714, CFE 54 E7F Fo2E 9 7144 Hel
g A%, MBE EZ <18 Hell s S$71e &
A9] A% (measure of increased belief), MDE E
2 Q3 Hell t&) 5719 E8419) A E(measure
of increased disbelief)E =3t} <i7]A MBS
MDe thg F4d d3te 78 4 Urh

=1 if PH) =1
MBH, E) . _max{P(H|E), P(H)]-P(H)

max[1, 01-P(H) » ofw
=1, if P(H) = 0
MD(H, E>= min[P(HIE), PE)I-PH) -

min(1, 0]-P(H)

BTN F28 AL A A U &
A=Y 2g%E PNEE P Aot} o2
o], ¥ 79 FHo] 5UF /Mg Aoz 7
T gohn 844, o] ¥ Ao BAEE 22 CR
CREtL 818 Z& /Mg 2eez st 5 73
o AYE FAEE e z.

= CF1+CF2(1-CFyp)
CF, CF; 2% > 0

_ CF1+CFs
1-min(ICFil, ICF3l)
+ CFy, CF29l 7|57
e o
= CF+CFx(1+CFy)
CF, CF; 2% < 0

ZAYCF(CFy, CF2)

A% o) g3t 2 F A9 FHel grtu
A}

(ry) FEAA 7184 E] HAHA
- THEN +#°] &t WITH CF = 021

() IF AZHAL 2% /3 weo] ot
THEN o] $ltt WITH CF = 05

Tep 9BoA 7]§AAE] ERHNL, ANF
Ab 23 A W3] AATE, frAol Je 2
FlEe o5 2o| T

ZCF021, 05) = 021+05(1-0.21)
= 0.605

A A olde) BAEE ARE B DA F )
2 A% ¥, 2 29 A WA FUEE 2
W gt o8 B0 e e #40) sht o
A 8.

() IF AYAF 23 /184%e] 225
it
THEN 3] it} WITH CF = -04

grep $-EoA 71§ E0] ERHNL, A"
A 23 A Wl AN, ABAF 2 VlE
o] AHA Fgod, FHo] & AF &
AEE B&3 2ol T,

& N (0.605-0.4)
ZUCF(0605, -04) = (1-min(10.605], [-0.41))

= 0.205/(1-0.4)
=034

FAEE Aite] 7hasln gA A2 4 9o
o7 FA7|W AadeA AeE v Uk 2
A, ojd Bfolle AMFEEO] 2 Fo] 23
] FAEE gl oz FURT} AFFETE
ANFHEe AL T & 9o FNEE A
FHoZ A& AME3 MYCYNSY 24 2 3
Ao} @+ MR o)Fold FHMo|AE
A&7 WEe 7E A7t 2 S 7ol
P ag FoHdoman)lA e STt F 2HE3A]
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HAFEL AA =& o438l F 9 #HXA
HAZEE st thE 2AEQ Hx]| HAE &
S8l A $E(approximate reasoning)©|t}. ¥
Az A FAE 2Egkol 0(AR) Ex 1(F)o)
obd 03} 1 Atel9) g 27 A= 6t
g& £ 3344 ME IF A THEN Bats 73
o] oW o] F33ly] Yt WA o] 3
o] 27% & YA A% 943 FY3 FA7}
Ardulel el EAstojor st =Y At B A
#gto] 0(AA) Tz 1)) Hojof g} ofd) w
8to] Zadeh[3017h AIAE dutald 342 (gene-
ralized modus ponens)ell 218bH AA|, =A% A
Y 5ol & dATE & Holx F2o) 7hE3
o g B9 U 2L HAFES AHRA
{7, 18 24, 311

=
o]

A

i

T3 717 & A BERAN £40
A ") 7)) oz =
A2 AR AeE BEAZE Az £

A7IRE 717t adee A €48 bR
sledl, el 2078 4Hs] FUsA e
Aol FolAHRE Ad2GA FEo] e
o o2 AdWetr] fdte v 2ol 9 A9

WA, 2D, AER $4E 423 8,

“717% & A BFAC 5
-—> FXisFthenYis G
where X = 7J(AFE)

F = ag
Y = EFARD)
G = #H%

A A7t g A

> Xis F
where X = 7|(&%$)
F* = oz 2o

B FRATE O BHY

->Yis G

AR5 TRES o3l HAZE BHS 1
A & the} go] ek

3 :IF X is F then Y is G
A X is F
N2 MY is G

ol7]A X7t ARG Foll &3k AR &%
g wxE X7t IAFE FE vEde 7HsA
o A=E JellE 754 EE(possibility distri-
bution) (k& o) &gtk &

[Ix(w) = PossiX = u} = pp(w)

olth. d& £}, 717} 180cm?) Abge] “ATH"2
E HAAE £8 2535 ol 10]2H, oA
& ofd Age] 7] X7h 180cm € W 2 Abghe
“avga & sbeAel 10gks Zelth oA -
2o} dAdAM Fok G 2&53,2FH dojdl
(Ade 2e) Fo GO 7hFsAd £E7F b5
2kl 34k,

x(w) = upu)

= {0.1/150cm, 0.3/160cm, 0.7/170cm,
0.9/180cm, 1.0/190cm}

y(v) = pa(v)

= {0.1/40kg, 0.3/50kg, 0.7/60kg,
09/70kg, 1.0/80kg}
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[ ]

%3 “IF X is F THEN Y is G’8t= #3239 =
A8 FSAEE Iyx(y, vE FIHER HAS2E
NA ZAR AR E TiE AL LT

Zt

Myx(w, v) = 1 A (ppu)+ue(v))

rl

A A et T 2AR FEAHRE
<E 1>3 2t}
714 FFI7F 4zt adhe] 7FsAREE o
AXNA F B (dilation) FAAE H L3 7
o BRFANAE 25359 gEd tstd Al
& Ak A°|RE FY 7Fe4EEENH 4
7 Zo] AEHr)

go md o N

F* £ i) = {0.316/150cm, 0547/160cm,
0.836/170cm, 0.948/180cm, 1.0/190cm}

S22 16.(v) = supyus) A Q-ppw+gv))
£ T3] 939 WA ppdw) A Q-ppu)+ug(v))

(B 1) =%

& 73k A A4tA w(A A B) = min(u(A), v
BNHel2g, <& 1>F ppdwell Wt A Aits
FYPFo 2N <X 2>8 dA "t

<FE 2>9A supy (upu) A -prlw)+ue(M))E
T3 o33 2ok

G ue(v) = {0547/40kg, 0.6/50kg,
0.836/60kg, 0.948/70kg, 1.0/80kg}

(i

UQL‘

o)A olFA Wold NEHRE, & 2&FS
Adol2 v B} “BEAJL PR 4k
e QA FolRA AAY pa(v) = {0.1/40kg, 0.3/
S0kg, 0.7/60kg, 0.9/70kg, 1.0/80kg}elt}. o] £&d
%9} 919 G'9) 25U E Hlmale] BY 2 B
2AY o GOl 249 7H5Ael B oEE G
o s} AAE Aol “BEA} okt B
7t 9 Rolth. gokskd, Y7t 2 Age BRI
7} 2R e SAFAS A5t 717k g2k A
el HARAZRE dutsky IR o3
o “AsE BEAZ} gt AN HE HA WA

o

IESERE o

G (40kg) {(S0kg) (60kg) (T0kg) (80kg)
F 0.1 0.3 0.7 09 10
(150cm) 0.1 10 10 10 10 10
(160cm) 0.3 08 10 10 10 10
(170cm) 0.7 04 06 10 10 10
(180cm) 09 02 04 038 10 10
(190cm) 1.0 01 03 0.7 09 10

CE 2 ur(u) A (T-ue(u) +ug(v)) AL ofF|

G (40kg) (50kg) - (60kg) (70kg) (80kg)
F 01 0.3 0.7 09 10
(150cm) 0.1 0.316 0.316 0.316 0.316 0.316
(160cm) 0.3 0547 0547 0547 0547 0.547
(170cm) 0.7 04 06 0.836 0.836 0836
(180cm) 09 0.2 04 038 0.948 0.548
(190cm) 1.0 01 03 07 09 10
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i

=8 o it

3. =4 oke &

E mioldes BEUAY E OE FHd ‘B
F(unknown)'& HLFFEAA Hstes B
= AAaa @ HEHR] BHe AA 7
AA&g o] 7N wEd 7EET 0 %k
& Tt & W FEZHS HA X9 g ¢
ofol At} X8 g2 Aol 2N dojg W=
PA F2 /‘}%X}QM AeH oA F3he
o &, FE7|He] BHEF, BA) Xt #el
A 7'1751‘{1112 AREA Al ARt AMEAbE 1
Rl thate] webA dch ad), olw) AR}
g FAZE FAA ARNDA Z2E BS EAV}
DA "k ol ANHA o ALAF
do] 27 EREAY = ue gHE 2 =

©% -s}w 2

1 &4 =EojMel durstzz

e 8 sollA HEHT RS Ao ] o}
APdjo| A7t EAeHE duaEg s gola A
ol wFo] dnFoz A vhea gt
A3 ES dedsty] Y3t F 749l EE Main
3 EvaluateZ ©]-&3to] £@g o™, 53| Evaluate
A7) A& oA FE2E(recurse) Holl 9381

7| wheet,

3.1.1 ¥ Main
Step 1:g = “B¥(goa)" 8 E&rh

& Ol%@t ggym b’MVH “ﬂo‘ &

%‘% wh oﬂ i 133

Step 2 : Evaluate(g) A EE2ES HEt} Evaluate
9| A zkreturn value)o] Folw 23 ¢

T Folx, Aigle] ARleld EX g=
Alolt}.

Step 3 : AHEAF Al B0 G A7 (3, AZDE
Bk,

3.1.2 A H%% Evaluate(g)

o A g G EAIES] AND £+ ORE dZ
" EggAeltt wEtA gof gBEAEE o
Al Evaluated ¥ AND T OR9 Zz|Fof
i} g 2 ARAE 78] # ¥ (return) 3] of
gich

Step 1:G = ‘g9 @EAEY AY o8 ¥+
T = go% o}

Step 2: Gl Z4 42 pEol Wt oh& RS
Flaaa
Step 21:R = ‘pE& AEH 2= FHEY F
=301 O )z‘:.q‘

Step 22 1R = @ol¥ po] & AA AF-E A
Aol A Eevh 1 ARE %3?} Tl
F7heie,

Step 23:R # @o|¥ Rel 7} 94(= 739
ZH4 ol st Evaluate(cj) AME
RELHEY =1, mn=R¥
429 A4 AFArecursion)E Foll
9|87} wleh}, Evalnate(c)sl A} %’
shiete 2 A7ggte] Aol FE&

g Tol| Fr13ich RE A} AAle]
W ARG AF Tl Frhsich
Step 3:TE g9 dHBAEY # AR 239
Agolrt. g8 GUBEAESE AND £
ORZ dZs o] glemg <& 3o 4
Bl AND E+ OR g Eed @} g9
Z, ARE Fate] gEgt 48 &
g = A AND Bolz, T = {&, AAY, &
o9 WA A9 g F, 99HA B
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b ]

2 AR, g9 g2 7Hlo] €k
g9l SABA A7t 14, D9
Ale] Agko] g Adgte] =W, g
S 3AS 7L 370 o) golghd AND
E= OR Q4& wtasto g9 Adgke
=t

rr

(E 3) AND % ORe| Z2|&#

a b a AND b aORb
T T T T
T F F T
F T F T
F F F F

F)T=#F= A%

X B EE Evaluate(g)S ©133te d slo] #9
sfodof & Apglo] 3t Qlth Step 2.2 Evaluate
() 4% F shviet® o1 dgho] Aol &
A Tl F718t3, RE AF7t AAold AAL
A% T F718ka Ak o] AL YubE el =3t
ZHAA ojsistd ARE To|t}. & E
g dAE BA.

a=>p
b=>p

A O 2 x => yEH= =844 x7} Fold
yE Fo)Auh x7t AAY W& y#g 238 +
sich meEbA 9 dAA a == by} Folgka &
9 pe Folgtn & 4 gloy, a% b EF7 AR
d A4 pd #E 2R & A ok 2yl o
WEEEe 54 Exglo] AA xS #
Hah= Aol o] obd Adle “AA"% “AA
o] ¢t 8 A'E XFH= Ao ey, aAS
g3 “AAolgn gdIE S, o gaz
&7 JYEE 74 go] AL 5 Qg

olAl A&7t AW LdueF olsE §7)
At e 22 9] oA FH tisty ¢

WAg Re

() D=>E
(rsy Band C=>F
(ty) EorF=>G

EXE G §4AL WA Evaluate(G) € F-Et}.
Evaluate(G) AEZEL GE A2 %+ 73
E¢ Zeth oA {»olth tEo g el 24
A& o]&38t9 Evaluate(E)$} Evaluate(F)& thA]
22l 94 Evaluate(B)= EE ZE-d Z&
. )AL {r}olth. olA e =13
& 0] 43l Evaluate(D)& F&t}. Evaluate(D)=
D9, AR 9% wE3ly] $isld DE 424
o Ze= 1A etk 18 7o glerg D
9 & AA ARE AR A Btk AHA}
Folgtx @3t Evaluate(D)& 3L, ARolg
3 g AZE L 2 dgAdals AME
A7t AAolgt gatdka akxb 12 Evalu-
ate(D)E AAL B¥sti, wekd Evaluate(E)ol
A9 T = {AA}o] A}, TE2HH Evaluate(B)=
ARG Frolatet ol whel AAZE “FdAol
ot " A")E Yeg} o2+ Evaluate(F) &
F& A&dd zZte 74& Feth oA ()l
t} oAl 9] 27AE o]&3lY Evaluate(B)%h
Evaluate(C)2 #2t}. A Evaluate(B)t B9
AR ARE WEs] 9t BE ZEA
Zte qrES etk 23 73] flend BY
AR ARE AREAA EET £ dAldAE
A&7} Folgtal @etvtar &tk 12 Eva-
luate(B)= & #9sta, mWehA Evaluate(F)ol
A @A T = {F)o] Er}. g9, Evaluate(C) =
CE 4&4dd zZte 1EHE 2Tt oA {n)ol
th oJAl o 2HAE& o83t Evaluate(A)E
22t} Evaluate(A)= A9 #F A3l «RE gd
37] g3l AZ A2 e F3& FEt.
a8E 7Ho] glem A F, AR JRE A}
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,Lx;-
=

Evaluate(G)

Evaluate(E) Evaluate(F)
Evaluate(D) Evaluate(B) Evaluate(C)

N

s ls

Evaluate(A)

(O3 1] & F20Me| JUSFE 202|F HE o

BAA Feth B A= AHERTE Folet A=A THE T glojoF dth BES ¥
3 @t o skAb 12 W Evaluate(A)s #& AND, OR 931& 918 Jei7t <E 4o Y
#¥sta, webA Evaluate(C)ol 42 T = {3}o] sl

€t TERH Evaluate(C)w= & f¥sit} u

ZtA o)A Evaluate(F)ol Xl T = {3, 3] | (&% 4y "2E"8 T3 AND ¥ ORSl T2IE
o TERE, & “3 AND F"222E| Evalua- a b a AND b aORb
te(F)© & 293t} Evaluate(®)e] gte] AR, T T T T
Evaluate(F)2] gto] |22 Evaluate(G)] T = T F F
(A4, Aol Ik TE2HH, F “A3 OR F'o2 T 8] U T
HH, Evaluate(®¥ #< FH8 L, Main 5L F T F T
AHgAelZt BE G7b A0S wagth A7) F F F F
qeg Ae 1dos ¥ (13 113 2ok 3 u F U
U T U T
32 2518AM sloAo outstxz U F F U
U U U U
AHAE A WA AelA AR B2 FT-%F=A%U- 28

B, & ERHAEE A AsME 4 o
A9 ROZ “B3} AR o ‘BB Erhz 314 ¥ RE Evaluate(@old folAigos 4
o 4 Jolok Bk & AMgAt olw gA B EA S =8 x> yeld b AR 3

st RaAds 9ede A4S 1 gAe @ $o AEAE B ot SN WE
& “mgr0] 3, o] AND 2 OR 9Ate] 1 3] stefob @t o)A A “=>"= xsty



136 85 - AEY
Lo

o] FolA A& o 4 “x => y'9 FE A4l
T o34z} (binary operator)7t ohg}, x¢)
gol Fo9A A& o yo gg AN Fe 9
AR} (unary operator)o]t}. ©3FAR} “=>"9]
A FEE <E 5> Ueh ek

a a=>
T T
F U
U U
FT=%F=AR, U= 2%

EYAA slellA HEHR BYPE T Mol 29
AH o) A7t EAEE AulaREs| ol A
g 3ol dnFoZ FHWE e gl
of ¢uYFL & HY A FE slelAMY ¢x

TS F4e Aoz I AR KA F A
¢} 2E Main¥ EvaluateZ o|-8-3le] E@3th

3.21 2F Main

Step 1:g = “Z¥(goal) "2 FET

Step 2 : Evaluate(g) A B2 ES F-Et}. Evaluate
o] A gh(return value)o] Fo|H £ g
E Folx, ZFHge] AR F& g
AR, AFglo] BEo|W EE g BE
o]t}

Step 3: A8 B B cAR(H, AR E

T EHE Budn

3.2.2 A B R-F Evaluate(g)

o A4 : gE W9BAIE] AND & ORZE 9
g EggAolch metA go] g EAEE o
Al Evaluatedt ¥ AND =+ ORe} A2 g u}
% g9 &, AR, BES 7389 2E (return)3}
ofof gt}

Step 1:G = ‘g9 SABAEY AW o= =

th T=go= &}
Step 2: G Z+ 94 pE "3l t& AL
HHE ST},
Step 21 :R = ‘pE ZAEH Z= AIHEY A
Foz Fer)
Step 22 :R = @o|® pd] &, A3 EE 2§
BE AR A B 2 49E F
3 Tol F7hee,
Step 23:R = @o|¥ R Z+ 9&(= 73)9
2734 ¢l Watd Evaluate(c) AE
REL HEYg(=1 - mn=RH¥
429 A4, AA(recursion)E ol #
9)3l7] ul@tl Evaluate(cy)l 23 F
sttets 1 Adglo] Fold, #& A
g Tl Friet. 2 At AA
EE REOW EES FHF T F7t
gt} o] AL <F 5>9 AR %
Aot}
Step 3: T+ g9 GHHAEY &, AA = B
A7) Ftoltt, g9 GHAELS AND
& ORE dZHo] JoEZ, <E 49
UERd AND E: OR AelEo| we g
o & AN B2 EEFL 7o HU
t} & B0, g = AANDBo|%, T =
{25, AAl), & 29 WA A9 g2 =
E, 99994 BY #2 AAolEHE g9
#2 ARl dnt. g8 @A ATt
17028, gegAe] dxglo] g9 A
#ol =m, g9 dEA A7t 37 o
Atolgld AND T OR @AHe HHEs}
o go] AgE d=th

3 FLAZAH BE Maino] “A3"E B}
£ A%t BE g2 Aedol 2E #30] SuE
RolH AL HA g g AEH A
e @ QUL Aotk Wef BE g8
e 2 FHo| YU, <E 5>9] Wl Fo
dete] Azlelas Ade A= AL 47



W oI,

oA AZAN 4B FnEY oldg )
Astol & WolAsk 22 el A FHol s
o 9 FuAFE Aes wA,

) A=>C

(k) D=>E

() BandC =>F
)y Eox F=>G

ZRE G 84k UA Evaluate(() S #-&
Evaluate(G) MEEELS GE 284 7= ?FZ‘J;
5 Feh o3 {holth e oE o 24
& o|43}4 Evaluate(E)9} Evaluate(F)E thA|
5Eth WA Evaluate(B)x= EE 2244 zt=
TEE RE AL (ol oA gl 2733
£ o] g3td Evaluate(D)E H-2t}. Evaluate(D)&

Del &, A%, BE 38 s dsk DS
a2 2 4 den 208 ) go
B2 DY A, A%, 28 ARE ASANA B

o AREAR7E Foldha digshd Fva]uate(D)'-*

NN 7HE 01%*"ﬂL ”Q"W 3tell o] kg

Lg

of g o+ 137

ojgtx tiwstd A3,

ZEolgta o
P 228 gttt B dAdie AR
z}\o]a};ﬂ_ datgohal kAL 28 Evaluate(D)

+S, AA
3

o X oo oo

= AL gEan, ¢18F Step 234 83hod
Evaluate(E)el A 2] T = {E&}o] it} TZEE
Evaluate(E)¥& 2§& g@dith

&0 2 Bvaluate(F) F§ ZAE2Hd Z+=
FEE Zeth oA {iojth oA Y =104
£ o] &3ty Evaluate(B ¢} Evaluate(C)E 78t}
WA Evaluate(B)= B #, A3, =& o5& 3

H3al7] 9ste] BE 2249 2= 738 2=
oy o] glen® BY 3 AA, BE A%
B AMEAA Bt B dAdAE ARSIt
Aol ettt kb 281 Evaluate(B)w=
A& festa, webs Evaluate(F)olA @A T
= {(#}o] "t} F4, Evaluate(C)= CE 2240

Zb= S Zeth oA (nlolt). oAl e &
A4dEg o] 83lo Evaluate(A)g 2etl Evaluate

A A9 F, AA, BE AFE Wdsly] fsto
AE ZEAd zte A Ferth a9 @ Wl
flemz Af AN, BE ARE AREAA

Evaluate(G)

o{%—’

Evaluate(E)

AR

\?éi»o
Evaluate(F)

5 e

Evaluate(D)

Evaluate(B)

Evaluate(C)

1»
=1

Ix}
=

Evaluate(A}

V

WatEE AT2E HE oA
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Lo

2t £ dAdA s AMAZE Felgta g3k
i 3z}, 23¥ Evahate(A)e 3 €3z,
wtekA] Evaluate(C)ol X9l T = {#}o] €. TZ
FE EvaluateO)E & fddch webr] oA
Evaluate(F)ol419] T = {3, ol dch TZHH,
% ‘& AND #F'222E, Evaluate(F)& &
g}

Evaluate(E)9] el EE, Evaluate(F)9] 3tol
FHo|2Z Evaluate(G)8] T = {2E, o] €t}
TZHH, & ‘25 OR F o232 E Evaluate(G)E
< 9d¥sa, Main EE& AHEAZE B8 G
7b ZAdE Rk AgA A9E Ae a9
o2 g@sid (29 2]9 2t

33 B4 Zzhe T HE

% AN e G4 FEAY IHgRE du
HEE ANG F, ol FAstd BEFAHA sl
A9 gUGEE duEFe LAsGiTh o] €1
HAFEL H3 AHE o8t FE dHIE ¢
FolWite HoM e dEHRR PEE 2o o
23 vk v ZE 9A4e] 3, 71’}\ EE BE
< WHSEE Hol gv] Wi, | 71&%
T ol& A B $1e %‘Q"iéﬂ F’“-‘li A
Eoluz st HEHFY 179 FHS dejn
YA F3tn vk A GAFFE SaFe
HAENE Sl 715E FUHe] H3d =22
2 o] Fobo Al Short-circuit evaluation
(%% minimal evaluation, McCarthy evaluation)
olgta ¢z A4tg ={lstn ). Short-
circuit evaluationS A WA AR gho] A
A FAe AAgE AYsked 3RO F
7. ol3te] FA A g A ge Ag
I g 59 ‘a AND bEte F4E AN
) a¢] gro] Aol be] #AF Fglol AA
T4 ‘a AND b'9] 32 ARl dch -2 A3
g8 gnElFoA Step 23 ¥ Step 3004
s A8 F vk 9A, Step 239 F¢ R

9] 7zt (= 73)9 234 ol i3t Evaluate
() %9 shigtelgix Fold 1 e Fo|BE,
BE ZAA ¢l giste] Evaluate()E € 22 ¢
o] o] v 214 & e wW7A % Evalua-
te(c) & 3% Bt "7FAR Step 39041 g Al
Arg o) TE $A% F AAE Aol ofg, g9
#ol 24€E ¢ & WA TE S F g9
e Axtetd g oAE fe9 duFEd
A g3t gstd ohgd o] €rh

3.3.1 2§ Main

Step 1:g = “E¥(goal)"2 ¥ET}

Step 2 : Evaluate(g) M EREE §-Et}, Evaluate
9] A gHreturn value)o] FolH EF g
£ Folm, AFAgho]l AAold EX g=
AR, A#gro] BEolH B gv &
olt}.

Step 3: AMEALOl Al E8] B4 AF(E, AR E

= E_E)é— Bugch

ol

3.3.2 AABEE Evaluate(g)

o A9 g AYAEo] AND B ORE 92
B EggAoltt. webA, go] dHEAEE o
A] Evaluate® ¥ AND =& OR9 g X9
et go] # AR, 25 T3t € (return)
stafof gt

Step 1: G = ‘g9l 9994 pEe AP o= =
thi =1, -, m m=GY 442 A%
Step 2 : g& A 5t pEE eI 2ol
e 2 A
Step 21:R = ‘pE AEZHY Zte #HE F
oz e
Step 22 :R = @o}@d p9 &, AR T B
Be A4 Beth 1 298
9] o i}
Step 23:R # @°]d RY Zt 4i(= F3)9
Z14 ol tiste] Evaluate(g) AE
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T

BEg AGE FEGG=1 - s n
= R 949 71%). A7 (recursion) &
ol f93l7] wiet}. Evaluate(c) S
AHE B2 Fo 1 Axgie] A
Aol Yo F& pdl o= 3t
Evaluate(ca)7HA] E5 1 A7gte] A
A EE ZEoH &S p9 gew
g} o] RL <F 5>9 JYHFA 93
Aoltt,

Step 3 : p7t @A it <F 6>& o] g
o] & AHE & YA ) <F 6>
AA “a only”) Zte] Yes¢l A$E A
HA SRt gnte g dags o
& e A$olm, Noold & 4= 9lE
folt} g9 g AAT & gled v&
poll st Step 28 wHE3IT) g &
AARY F b <F 6> Ao ubt
g9 I AR EBe RES Tl e
o4& E°f, g = A AND Bolx, A9 @t
ol AAolgtd, g9 e AAo| "tk g
o GAHAY 5T 1A, S
o] Adgro] g Axgre] HH, go] @
AL AL A7t 370 ol doletH AND %
£ OR Qihe WHESle] go] Aghs o

o

4. & 9
B Rl AN B4 MR 7 9
PRE AnZ) Al dste] AARAT A

A, o] g Fo] §A IS A Fd F A
A Az BAH19], 9vrF ez 3 Al
Zol, AND = OR gk &7, =
b G HAY AF Tl met B I3 2
Aert gt ey B Aoie =9& o
o] st BE A 2744 Yeid o
AA M7t Fdst, 3 A ot U
Bue X WAy ZH A& HARHE
A 1 e Zojrolol dl= WA)7A o 2
ol7} Y3ttt JHAskAk L8lal AND$} OR+
Short-circuit evaluation #Ho|A A2 Ao
2, % 3 WA gaidart AAeld AND Ade
AR, A HA 3| A4A7} ZolE OR AFe 3ol
B2, AND % ORY /e &4 382 2ol
Arete Aol gtk d& B9, &4 739 =4
Aol vehd @Al 527 2709 2SS dwks}
H g e Bge (19 3]3) 2ol "
(28 317} Zo] dwistd &AF 7oA =X
A g7t = #Y == AEHA XG =1, -,
nE°l e oY =749 Zol(depth)E dz}

s
o o
LS
i

=t I 8kaL, ZF 2 A vehd gEAY et ¢
(E 6) Short-circuit evaluationg 112{8 AND % ORS| ZI2|E

a b a AND b ‘a’ only aOR b ‘a’ only
T T T No T Yes
T F F No T Yes
T U U No T Yes
F T F Yes T No
F F F Yes F No
F U F Yes U No
U T U No T No
U F F No U No
U U U No U No

»
-
1
ok
2]
i
Al
po)
(e
1l
b
il
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N N

—
TN

X3 X; X3 X4

(28 3] Ltisd g S2h ol

g3 s A w29 AsE 5 go) A o
o BE 2AdE9) 2 99 AEc] ANDE 92

HAE o Xo] AAleld, 89 dugFed i
of galgto 2 go] gHAAN)S & F A et o
AHoz wief BRE ZAAEY ZF g4y A S0l
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(B 7 SelgH i) ¥ Zol(d) ¥ B B4
29l Fwsd | wF ed | Bxce | #z w4 | Fess | 9w s
=2 2% =3 = (€= 4 3%
1 3 175 4 2.00 5 225
2 7 375 13 525 21 7.2
3 15 6.75 40 13.00 & 2425
4 31 1175 121 3425 341 8.25
5 63 20.75 364 9.00 1,365 346.25
6 127 3175 1,093 27925 - b461 1,371.25
7 255 70.75 3,280 827.00 21,845 546825
8 511 13675 9841 246825 87,381 21,8325
9 1,023 26475 29,524 7,390.00 349525 87,390.25
10 2,047 52175 88,573 2215325 1,398,101 349535.25
the AL, AHSAA BEaR RS o & FEvlue) 484 gug € F gz, 29w
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