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FRAOBEERL, TOPHERE TS 5 A TREICERL
Ted VA v AOBBARIBERTH 5, _queryiziT<,
wery : d=|DP* (r) | %KD3,.

d =1 OKf, terminate i<,

d >1 OB, R -2 T5A6h3 0, y KDPVT
ly |—in | OEsHEERINCT 29 2R 5, {HL.q
WX B -3) 2@k TdoTchs,

n=DP* (q)
J=DP* (r) — n 3-2)
g€ DP * (r) @3-3)

q = (f,x,y ) &LEE, Tursei

“f ) =y OHEBENLELESD,
Tarseh TH] CHELLEB& Eyes i, Tl &
HRE L 3B a It Enotzi7 <,

yes : DA=DA—DP* (q) &¥BIlicLkD, q
&?5%%*%%**#6&0%%@%Lkﬁ<o

no : r=q &L,queryiZ{T<, -

terminate : ¥ B = L— ¥ g VIR K O BHRIFEZfILS
Mo f (x) £BERTSCBRVERT 5. D (r) &
LA VR VAT OREBOFMRRERDTERL,
BB 0T 4 a2y 5 < ikils 3,

[Source program]

[ Translator’ ‘AJ
[Parse treel

~—

[Dataflow graph]

Dataflow Machine
Simulator

4. F-y7u—-7rar5spHYAFLOER

4. 1 Y2F20HE .
ﬁﬁifki«rrﬁ,rﬁoﬁ%ﬁtﬁﬁﬁéﬁﬁk
FEEHERAF —F 7u—TusSLF Ny S VAT
LEFER LI, COVAFAR, RTOoLSK, EENH
% F—prun—=vvyvial—¥, FNyHDID2D
TussahbiiB, s A0BEMEL UToO
BYTHS, -

EERER SREAVTERShLispBO Y — 2
TRy AEF-F7u—05 7l ERT S, JITR,
SENHZOBMBELO DI SKERE LY, TAEE
ONMBE T — 5 7a—< v v ABBRIEE Valid @
BAEE (18) oddo, HEHE BBEE <7 o
7R, if X, return R, EHOBR, HHEH, <
I uBN R BY Ty FERDBLESDTH B,
F—pou—2yYyialb—4% BENATS4AY
Br-—yrvn-TonbsyOlBREYI2V- 195, 7
Ok HDT—FFIFrid, RO2EEBROTWR (T
) LE%TH B, OEBIEFHOBIC A YAy v 2AEEBHIN
CHERT 3, QAWK . _HENOWE clEs— 7R
R SUERORNEREEEELBNTS 5, BE, VAX
/WS OTA0-Lisp (19) OBk, RT, BEY V¥ -V,
F-rHa%o7o—Hlas (1) LRNEEELE
HTENTE B,

FNRo A 2, 3ETCHEALFNy THF— 5’&.5&‘?’
2WRT — 7 OEEIBE XU 0S5 ARHEBENO
85,

FR7u 7S A0F T VAL/MS OTA0-Lisp (19) %
AutEsh, BE F-rrvu—-7rur35u60ETe
Friy S OEBRMNUETH S, HL, BRF - OFHE
B0, 2. SHiIRRLEFN IHOETF %%
BB — & ook 2l AP BRELT TICERS 1,
2. 2WICRUBIRRM R T h B,

{Query: "Is .... true?"]

Debugger | > Programmer

[Reply: "yes" or "no"]

Bound variables}
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4. 2 70T 555y O
BRI 0SS AEAFH TR YA F L TERITIH,

Fry F UlhikRd, DTFORIeRIBicsyTi}, T

BHET R S wDOANERL, ZOMEF Ny HOmD
%7, '

(1) BEot®

n OREEFRD BB fact ONTERAEBIELT
M8 (a) O7urs5a4kELS, COTusrsuE, F
—y7u—rS7RERIAYI VY LOETEN
3, EiERrBordb30TCTns 52 BBy A7 A
ZRHL, F8 (b) DL F o XM ERM - BEEE
DERFENTREUA VRS Y 2ERTE S, BIDLD
2, 70752l F Ny I OBIC yes, no TEA B
TR, b2 vEbtrv—29 35Kk us 520
BEAKEBRINS,

(2) ==Y —FOFH®

B9 (a) & NFEGAKT—VY=-}Fus5LT
2, (1) ERHRIZLT, Tl 5 A%5FETIHE,
TarSARWY A7 L EBEHTSEEI (b)) DL
NIRGEA YRS VASRHBS WS,

(3) A& Dunion DK
B0 (a) WRINTAEAK union 7073508
WBEANI0 (b) RT,

(func (fact n) (return result)
(let result
(cond
((<k=n 1) 1)
(T (+ n (fact (- n 1)))))]

(a) Factorial program with a bug

=>(2?2= fact 8)

fenv (0 0 0)] (FACT 8)=36
=>pgm

Is (FACT 4)=10 true? no
Is (FACT 2)=3 true? no

There is a bug in the following instance!
Modify the function.
[env (0 6 0)] (FACT 2)=3
<< 8 nodes- 6 steps ( ¢ = 1.3333370 ) >>
( FUNC

(FACT (N = 2))

(RETURN (RESULT = 3))

( LET
(RESULT = 3)
(COND
((<= (N =2) 1) (\\ 1\\))
(T (+ (N = 2) (FACT (- (N =2) 1))))) ) )

(b) Program diagnosis for FACT

H8. BEMT s 5 50T KREH

Il

l

5. &IU

AR, BEE7 005 A EBAETSEI VAT L
CEIAHLLT S SAFN SEEREL, 20EKH
BEEPOMLE, OFRE, ROL D BEHERF.

(1) 7075 2ORARE, 7—5 7 0 —RITORRE
EFNy I OB BERF — ¥ 2T NTRIRT S & LT
Bo, REHOBIRNNESA 5, 7/%y 7k, BRP

(func (split x) {return sl s2)
(let (sl s2)
(cond
((null x)(tuple nil nil ))
((null (cdr x)) (tuple (car x) nil ))
(T (clause
(let (u v) (split (cddr x)))
(tuple (cons (car x) u)
(cons (cadr x) v))))]

(func (merge x y) (return s)

(let s :

(cond
((null x) vy)
((null y) x)
((= (car x) (car y))

(cons (car x) (merge (cdr x) y)))

(T (cons (car y) (merge x (cdr y))}))]

- (func (mergesort x)
(let s
(cond
((null (cdr x)) x)
(T (clause . .
(let (u v) (split x)})
(merge (mergesort u) (mergesort v)))]

(return s)

(a) Megesort program with a bug

>(?= mergesort (8 2 1 6 4 7 5 3))
env (0 0 0)] (MERGESORT (821 6 47 53))
=(36 7251 48)

=>pgm

I

(2 6.7 3))=(3 6 7 2) true?

§ (MERGESORT no

s (MERGESORT (6 3))=(3 6) true? yes

s (MERGESORT (2 7))=(7 2) true? no

(MERGE (2) (7))=(7 2) true? no

(MERGE (2) ())=(2) true? yes

There is a bug in the following instance!
Modify the function.

{env
<< 26 nodes

(7))=(7 2)

(0 36 0)] (MERGE (2) )
2.166677°0 ) >>

12 steps ( ¢ =

( FUNC

(MERGE (X = (2)) (Y = (7))
(RETURN (S = (7 2)))
{ LET
(s = (7 2))
( COND
((NULL (X = (2))) (\\ (¥ = *) \\))
((NULL (Y = (71)) (\\ (X = *) \\))
( (= (CAR (X = (2))) (CAR (Y = (7))))
(\\ (CONS (CAR (X = *))

(MERGE (CDR (X = *)) (Y = *))) \\) )
(T (CONS (CAR (Y = (7)))

(MERGE (X = (2)) (CDR (Y = (7)))))))) )

(b) Program diagnosis for MERGESORT

I
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F—5 OBHEREA LT 2RROFECRDY, ZHCH

BoWAEDF — 7 kFBIRERSMCRET 2B EA
ELikdOLiz3, CORR, TurseRdF-sRELC
B9 SREINER & FHINERAZRE TNy 7%
BV EAHEEERY, YRS vT 5207 N S OM
LIFBRT 3,

(2) ERF o FEERRE, ETERERITL TER
B 28T 37075 ARHRBESERSh TV 3,
o7 rsARWTR, FHRcRELLHES S 7B/
REERIANTBRT ALY XA T, FRNyFNRT
vy 5e~OREBERVEL, 20REERFTE &
LonrERMT 3, COBR Tus s L0ERTHEEN
ABEREIhRIBETD, BRI OPEBRC T £
R - P N

ARTW, ¥k F—Fvu—=rrornssAaFN

(func (member u v) (return m)
(let m (cond
((null v) nil)
((equal u (car v)) T)
(T (member u (cdr v))]

(func (union u v) (return z)
(let z (cond
({null u) nil)
(T (clause
(let x (union (cdr u) v))
(let y (car u))
(cond
({member y v) x)
(T (cons y x))]

(a) Union program with a bug

=>(?= union (31 8 2) (53 2 9))

[env (0 0 0)] (UNION (3 1 8 2) (53 2 9))=(1 8)
=>pgm

Is (UNION (2) (5 3 2 9))=() true? npno

Is (MEMBER 2 (3 2 9))=T true? yes
Is (UNION () (5 3 2 9))=() true? no

There is a bug in the following instance!
Modify the function,

{env (0 9 0)] (UNION () (53 2 9))=()
<< 5 nodes 2 steps ( c = 2.5000070 ) >>
( FUNC
(UNION (U = ()) (V= (53 29)))
(RETURN (2 = ()))
( LET
(2 = ())
( COND
{(NULL (U = ())) NIL)
T
C\\
( CLAUSE
(LET (X = *)
(UNION (CDR (U = *)) (V = *)))
(LET (Y = *) (CAR (U = *)))

( CoND
({MEMBER (Y = *) (V = *))
A\ (X = *) \\))
(T (\\ (CONS (Y = *)
(X =*) \\)) )
ANNREREDER I

(b) Program diagnosis for UNION
B10. & Dunion OFEI I 5 0N R

I

v P Y AF A~ORFROBERAERET, FROFIE
EFHoMz LIz,

B, BBR7 s 5 soRkEERENCANEL, vo
~7 57 DEBBIEEREFE LNTBRTATY X2 %
BRLERET- T3, COERIEDONTE, s
TEPETH 5,

(H#®) TRO-lisp YRFARBIRL, EHOCOERITH

WA BHRFRCRELE T, %2, ARcBELT
HEAHEREHEVBBHECHER, RBEREXE, &
T, FHEAFEARELCRCE#HLE T,
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