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2. Quick Sort 7o4sh
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Ouick Sort7 04 5 AOBTH LB, asort(Input-iist, Output-List) &5,
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gsort{[X L}, L0):-
partition(L, X, L1,12).
gsort(L1, L3),asort (L2, L4)
append (L3, L4, 10).
gsort{[], []}.

partition({yY } L1 X L1, [¥ ) L2)):-
partition(L, X, L1,L2).
partition{[Y} LLX. [ Y] L1].12):-
V=X,
partition(L, X, 11,12}
partition([] X, [1.[1}.

append{[ X! L1].12,13):-

append (L1, 12,13).
append{[].L,L}.

Ea 2 = N




gsort([X | L], L0):-

Partition(L, ¥, 11,12},

gsort(L1, L3} gsort(L2, 14),

append (L3, [ X! L4],L0). £ Revise2 & 4
asort([3, f1).

partition(IY; L1, X, 11, (¥} 12]):-
Yisx, X Add1
partition{l, X, L1,12).
partition{[Y | L] X. 0 V! 11].L2):-
Y=<},
partition{L, X, L1,12).
partition{[] X, [1,11).

append([ X L1102, %) L3]y:- % Revisel
append (L1, 12, 1L3)
append([], L, L).




3. JOZSLOFTIRwELYT

FOZZLT {H2) |, RELD ick Sert 7OV FATHD, TRy E 55T
mb&ﬁEﬁHHQTDﬁihﬁ{E31%méi?®?DtE%~mFﬁE?&=
M3nAddT, Revise?2, Revised., Revisedid, TATh705
LT, 2, 3, AKHILBRELER TS, BEMNGASR, 2152808, COW
T, T=LOFR7OCATEHESINET 70 FOTFSHE, s 248559 F ¢+ 710 1—
F-EBWSELFET, ROBR (MUEL 2/ O0-ZORR) #iTo T 5.

CO@mMFER Rbackirace LA BBETERS LD, LHL, O I O—IHREA R
tt?.Ehéﬁm&ﬁﬁﬂ—xﬁﬁﬂﬁﬂwmtwﬁﬁﬂmiCﬂﬁ?ﬁ.lﬁﬁmﬂ
BiEEnrEsn TS, Shapiro @ Algorithmic Program Debugging SystemTit.
Inductive % Hodel Inference®—BELTIOMBEEESZTVA, CHICLED L,
TLORBE, BELAAL — % (Refinement Operator) %> T4 RS W1- BB OMD
NORTILEEDERENS,

LCBT, BFAETR, Ky 27 b=-20L0K, BRI aRA%,
“&E%%%EWMMMLWHWHHJ"t@h?hénbbw;@ﬁaﬁﬂmbkwt
& OADNY, TRCS-> TREORNSLEAELEeES 1],

LAl Shapiro mAlgorithmic Program Debugging SystenTit, COBLORAS L
Zlontrol ¥ 2MEASINTHGN, MAO LTS, 1-F =D Lo Tlontro] &
ﬂfmétﬁtﬂw,mbﬁbaﬁmmml#@tmcm,pszmﬁQJ}ﬁ?U?
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APPENDTX-T, SORRA CHO, APPIRDIX-2i5, ZOEN L - 2TH5, COMTIH.
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backtrace({P, @), CE):-!,
backtrace(P,CE}, backtrace{Q, CE ).
backlrace (P, CE):-
clause(P,Q), backtrace{d, CL), resolve((P:-Q).CF)
hacktrace(P,CE):-p

resolve({P:-Q), CE):-
var(CE), [, ask(P v}, (v=Talse, CE=(P:-0) :V=trug).
resolve((P:-0),CF)

ask(P,V):-
fact(P.v), 1.

askipP,vi:-
repeat, write(P), put(63), nl, read(v),
(V=true;V=false), assert{factip,v)) 1.

| 24 s T SN D bl — A DProlog s [ 5= /.




The refinement operation, which takes a clause"P"(alternatively, cenerating hypot
hesis) as an input and pencreles a clause "7 (alternalively, generated hvoothesis)
as an output, is one of the following four cases:

(1) a o= al¥1, X2, 83, - Xn) if p 2= O,
where"a"is an inductive generalized predicate symbol with n arguments.

(2) q ::= unify Xi and ¥j for
PUXT, X2, K3, e n} where "Xi" and "XJ" are distinet variabies.

(3} g .= instantiate Xi to U(Y1, Y2, e Ym) far POX1, K2 X3, oo ¥n) . where
"t" is a functor with m arouments.

{4) 0 ::= (Head:-Goals, Gn) and
Porie (Head:-Goals) where "Gn" is a user deflined predicate, or recursively
difined predicate whose svmbol name is the same as that for the given
"Head’s” symbol name.

[ S Refincment Operator 2




i QUiICK Sort==m < = /., oD
EEEE Ot =

FOITSLE T ®= OFE I

E1BEODArtition YOS5 L0 T — Ui
FOES L K. Y@>X%EEme 5,

BI1EEOsort 7045 L Cappendd i
TugshL 2 HE,

4

L append{[ X1 13],14, LIEFT .,

ﬁ1#ﬁmmmm7nfihmvammﬁi
FOYSL 3 ERDESCEEY 2, |
_append([ X} 11,12, [ X1 13]): == = L0 |
| B1EEDusort 7045 ATappendD o |
TRISh 4 ji%

(append (L3, [X 1 L) L0} BT 5, i

To¥TL 5 L




4., FOHSLTCHTRTFRYFT

asort M7 OFSAEZMAMALTAELELCA, HAKERGHEAHASAGH DT,

backtrace i & ¥ . A ALETS, partition ORTEBOTOFSLICREFSHDLE
% . backtrace hRER ( (E KZFOH/O0-AHma2nTL) LEOT, TOID-A%
BEILGHNESESSn,. TO0-2@, $L7FLXOEARDOTFT FLEEDZUS
FHETHAATHEOL, ThERUATDLLOODATIEA G LIE, SHDLES
5., chickb, 1-=H@E, F® partition 7OFZLOIT-LmMIZ, “Y@>X" &
FEmazsaisiasd, -AddT1OERE.

P 7- asort([2.1,21.%,
=11 == AR ¥

yes
| 7- backtracel(asort{[2,1,2].%),CF}
partition{{2],2 [1,[21)7?

o Lrue.
partition({2]. 2,11, (2117
i false,

X - [

CE - (partition([2],2, 1) 12} -partitionf i 2,00 110}
¥es

Ao d e i FH

B & . il = I A I A B Tl o = BT ST AT A =T




5. TDUSL2KERTATFRv kLY

TOTSL2%, TOUTSLT + Add1&RATE, COTO/SAER., o
RERRELTOTHEDET®ELUEHNESES Eoy, gsort{[2,1.2]. 08T EL T,
7O A%G> TWCE, qsort([2].[]) ARTHBZENI LMo 1=BfEE L T
PCLHRREND, CAKEYD, BT OYFLOB 1 B0 /0 -T2 8B0Héa
FHOME (U ETENTVD) . CORMOIUIENBILIIC. TORLEAHR
FhTD append EEOREC A%, append([ X! 3], 14, L0)ICEZX THA,

e Revise 208
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i 7- gsorl{[2,1,2],%)
K= ] --- AR D

Ves
| 7= backtrace(qsort{[2. 1,2]X),CE}.
partition{[2],2, [2].(1)7?

1o Lrue.
partition([1,2]1,2,(1,21.1117?
Pootrue.

partition([],1.{1.17}7?

i o Lrue,

partition([2],1,11.[2]}?

1o true,

asort{[], [])7

potrue.

append({], [, [1}7

|1 true

gsort([2],[1)7

10 falsa.

X =[]

CE = (asorc(f2).11):-
partition([1.2, (], {1},
gsertifl, 11}, asort([]. [ 1)
append({1. 11,11}

V&S

Revisez2 zmA

B2 7 . A R i i N I el O i i AT
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6. TOFSLIKHT BTy v 04

TOTSLI&, TR4G54L2 + Revise2dtlrgda,
ST, aendDERLHPEOHBHTEARINTOS, apenih 7055 AT H
TEEWQD—IEEﬁﬁﬁaC@?ﬂ—I@%SWﬁE‘E&EﬁﬂﬁXﬂ%W$ﬁ‘
g,

ReviselmEm.

T. 7TO0OU3LAHTEZT Ruvsoy

TOTZL4%,. 705543 + ReviselLig#Hiva,

CETR, WUt DERLEHPROABHI LN, RENTOS, partition THHOR
BERDATOIBRXE PR/ FTHNBERO S HDEI TH .

SR TLISL2ES0TRE LiampendD B AKBRAS 20T, TRELLL
BELGUAMGS B, s Revisedzml

i ?-osort([2,1,2,], X},

=1 - &'

Ves

i 7- backtracefnsort([2,1,2], %) CE).
append( (2], {1.[1)?

I o false,

¥ - 11,
CL - fappend([2], [0, 11} :~append([). 10,110}

ves

R e v i = a3 & 3 B

12



Ve gsort([2,1,21%).

K=1[212] --- B}

ves
| 7- backtracelasort{[2,1,2].X}.CE).
append([2],[1.[2])?

1ootrue.

asort([2].(2])?

1o true

append([], [2].{2],)7

1 True.

append{ 1], [2].[1. 27

Lo true,

asort{[1,21.11.2])?

1 true

append([1.23, 11, 01,2117

o true,
append([2,1,2],[7,[2,1,2])7

i Lrue.

gsorid(2,1,2],[2,1,2])7

{1 oTalse.

X =1{21,2],

CE - (asort{[2,7.2],[2,1.21):-
partition([1,27.2,.11. 21, [,
gsort{[1.2],[1,21). asort{{],[]).
append( [2,1.27,[1,[2.1,21))

YE5

FE o TN L T L A NS T E TN v e S o
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8. 7OFSLLOEE

OGS L%, 7O53A4 + Revised bgHTs,
COTQITZLEFRRETLLE, SETOAAYRE (2, 1, 21 dh0THC, BYS
ADBUARIS, 2, 45, =T KHULTHIEEEY AL (V-FFH) sHHTHD
T, —aA-¥-RBRLL, LDz EHS,

e 7= asert([2,1,21.%).

x=[1,2,2] --- IF L.t> ¢

yes

P 7= oasori([5,2,45,3,24,5,43,2,3,11,%).
£=[1,2,2,3,3,5,5, 24, 43,451 ---  11- L &~ 0

ViS5

B 1O =S S DR
0, FHA ) (C

AHME TR, X D2 £l Quick Sort7 0% 2 A%H#ICL T, backtrace E5E
DEBZNEFRELL, COHER, BEEAETIEATVNS “"BRENGER (Crucial
Experiments)” O—fif1 &, ERLELLOTHY, Fuzty HEEEEBL ., IBIHALE
MEEELTHRTEETSHD.
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C APPENDIX-17 ] Fuzzy type meta-interpreter,

| %% A specialized interpreter that accepts i
i a ¢certainty threshoid(1).
i ]

%% Author : H.Kitakami--- "83.9/27.
|
r s0lve(KEN, A, T, C).

|+ KBN : Knowledge Base Name. [input]

s A : Goals, [input] i

- T t Certainly Threshold.  [input)

0 : ResulL{C=>T). [output] I

# T.C are all fess than or equal to 100 i
and greater than (.

fe Fuzzy type solve s/

solve(KBN, true, T, 100).

solve(KBN, (A B), T.C): -1,
(solve(KBN. &, T.C);solve(KBN, B. T, C)).

solve(KBN, (A, B}, T,C):-
sulve(KBN, A, T.X), solve(KEN B T, V),
mini¥, v, cl.

s0lve(KBN. &, T,C):-
clause-kb(KBN, A, B, 1), times(TT.F. 1)
solve(KBN, B, TT,CC), times(CC, F,C).

clause-kbh(KBN A B F) -

K= [KEN,Y F] ¥
(Y=(A =B)->true:¥=p B=truo}.

16



min{X, ¥, ¥):-X=<¥, |
minix Y, yY).

rimes(X, ¥, z):-
var(¥), integer(Y), integeri?) !,
divide(l Y, X}, X>0, X=<100.
times(X, Y, 2):-
integer(X), integer(¥) var(Z},!,
Bultiply(¥,¥, 7). 7=0, I=<100,

divide{T, F.TTV:=T1 is T#100.7TT is 71T
muEtiplyiGGC, F,C):-07 is CC=F.C is C1/100.

kb(parent(f1,f2), 50).

Kh(parent(f2, f3},50).

kb{parent(f1, m2), 100).

kbi{parent(m2,m3), 50).

kb(parent(f2, f1},0}.

kbi{ancestor (X, Y):-parent (X.¥3), 100).
kb({ancestor(X, Y):-parent (X, z), ancestor(7,¥)), 100)

17



C APPEMNDIX-2 ] Execution traces.

i 7= solve(kb,ancestor(X, ¥).100,C).

xo= i1,
Y = n2,
C =100 ;
no

v 7= solvel(kb, ancestor(X, ¥}, 50, C).

* - f1,

= 2,
C =50
£ = f2,
Y = f3,
G =50 :
X =11
¥ = m?,
C= 100 :

= W2,
Y = ni,
C=50
ioe 1
Y = 13,
L =250
L= 11
Y o= m3,
L= 50
no
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