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"A Bug Location Method for Functional Programs
using ‘Function Dependency Graph Transformation"
Naohisa TAKAHASHI,  Satoshi ONO and Makoto AMAMIYA
(Musashino Electrical Communication Laboratory, N.T,T.)

A new algorithmic bug detection method for
languages named Function dependency Graph Minimization (FGM) method is
proposed. This method detects locations of bugs by analyzing the
programmer's -answers to the queries which are automatically generated by
the debugging system. The method analyzes a function dependency graph
which reflects the static dependency of the functions, as well as the
execution history that is dynamically created by test-run of the program to
be debugged. Since this method adopts a new strategy deduced from the
program structure and bug property, it is especially suitable for debugging
recursive programs. This paper also clarifies the effectiveness of the
proposed method by showing the results of the experimental debugging system
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o e e AT:unfolding)

fr.1{(fr,3,00}  fr.0{(#r,2,1),¢r,1,}
=> e—————3+ . (Al:instantiation)

r query 3: fr(1)=1? ---- yes J
fr.1{(fr,3, 1)}fr.0{(fr,2,1),(fr,1,1)}]

e  reeemem

(A3:folding)

fr.0{(fr,2,1),(fr,1,1)}
------ (AT:unfolding)

fr.1{(fr,3,1)}

fr.1{(fr,3,1)} fr.0{(fr,2,1),(fr,1,1)}

=> ——pe -+ (Al:instantiation)
fr.1{(fr,3,1)}
o« e (A2:inner-removal)
fr.1{(fr,3,1)}
o e (A8:termination)
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~Bl& LT, ROXHR7 4K+ v FEFHE T s 55
THRBRACNI DD 2BEON T RBBEERT,
Bie)

fr=A[ (n) if n=1 then 1
else fr (a -1) *fr (@-2) )

COBAE, WOBFIZERTOLBOERR v Tk
BY 3, LML, BORT LS i E UERENASE
HE¥aclicky, fr (3) =1 0ftENNT ORERT
3 EM0h0, BEEIroFRBS (if OfEBEX
T else #) WA HRBH B 2HHET 3,

n 23 BA3EEOnzHLTr (n) OETBENEA
onde, FlS0X> cBEIRES S 7 PERING,
>T, nOWMNAS CEFREOF -5 HBVBATS,
FTACECKEMBEER (3E) TAr%glcs s,
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(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 (231 9)(513 7))

=>fgm
Is (MEMBER 2 (51 3 7))=() true? yes
Is (UNION () (51 3 7))=() true? no

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

[env (0 8 0)] (UNION () (51 3 7))=()
<< 5 nodes 2 steps ( ¢ = 2.5000070 ) >>
( FUNC
(UNION (U = ()) (V= (513 7)))
(RETURN (z = ()))
( LET
(z = ()
( COND
((NULL (U = ())) NIL)
(T
C\\
( CLAUSE
(LET (X = *) (UNION (CDR (U = *)) (V = *)))
(LET (Y = *) (CAR (U = *)))
( COND
((MEMBER (Y = *) (V = %)) (\\ = %) \\))
*) (X = %)) \\)) ) )

(T (\\ (CONS (Y =
N\ ) ) )

(b) Program diagnosis for union

H1l E&OFOFHR 727 5 A0 NTRH

(func (split x)(return sl s2)
(let (sl s2)
(cond
((null x)(tuple nil nil ))
((null (cdr x)) (tuple 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) y)
((null y) x)
({< (car x) (car y))
(cons (car x) (merge (cdr x) y)))
(T (cons (car y) (merge x (cdr y))))l

(func (mergesort x)(return s)
(let s

(cond

({null (cdr x)) nil)

(T (clause

(let (u v) (split x))

(merge (mergesort u) (mergesort v)))]

(a) Mergesort program with a bug

=>(?= mergesort (8 2 1 6 47 5 3))

=>fgn

Is (SPLIT (8 216 47 5 3))

=((8 1 45) (26 7 3)) true? yes

Is (MERGE () ())=() true? yes

Is (MERGESORT (8))=() true? no
There is a bug in the following 1nstance!
Modify the function.

fenv (0 26 0)] (MERGESORT (8))=()

<< 4 nodes 3 steps ( ¢ = 1.3333370 ) >>
( FUNC ‘
(MERGESORT (X = (8)))
(RETURN (S5 = ()))
( LET
(s =())
( COND
((NULL (CDR (X =
(T

CA\\
( CLAUSE
(LET ((U = *) (V = *)) (SPLIT (X
(MERGE (MERGESORT (U = *))

|(MERGESORT (V = *)}) )
\\N) D))

(b) Program diagnosis for mergesort

(8)))) NIL)

12 =—Yv—t(t7udssonxsBRl

<9>

*1))



A5h (4) ZEERL, FGM BENIBREBT7ATY XL E
LTHW:bOTH S, cOYAF AR, BI0OLSE,
SEMER, F—yu—wvyyialb—F, FNoH
D3DDTY S5 LD ED, SEMERTE SKEHR
WTERINLISpROY —R 75 akF—p7u—
r5orERT 3, ol SEREROERLOLD
WSKERELLD, ERSEOHREEEF -y 70—
= v HBEBAEE Valid (6) oy 7ey b (4) T
Hb,

5. 2 7ursiaFnNo 7o

WHRE 1Y 5 LEFHCEN VRAFLATETIE,
FNy I LkPiERYT, DToHTE TEBEress
2DANEEL, 2OMEF o FOMAEERT,

(1) £&50FOHK

Bl (a) ok BEAOMERD SR ~TEAN
ka5 h mion L3, cOTRT 56, F—%
7u—3 7 ERMINY IV —F L DEFTIhS,
BITRECEOARDZ2OTT s 523y 27 A 4i#
BL, Bl (b) ok F e FEEH - BEEEVE
TENTHRELA VRS Y AEKRETE S,

(2) ==Yy — DR
B12 (a) &, NIEFGART—Y Y-+ T s 35T
B3, (1) LEMBELT, 070y s aeETIE,

s ARH Y AT LERB#HTZEHI2 (b) LI
NIEELA VY RY Y ADKREKIh 3B,

6. LIV

ARTE BEE 05 2EWRARTIEZ VA5 A
BL, BBEES S 70X REETREORT£E4S
BRFRBNTBRHT ALY ZATHEBEES S5 7B
AME (FGM ) BRAREL %, #ERkoNTBREB7 AT Y X
NRETRBIVERINEA vRY VREES S 708 %
HOTO 203 L. ol 3. BB oBnEkelEE:
FZL TV IBREREY 5 7 bER L TEIFEF V. Pusy
SeREERST 3, 2L T, 20RB4RITL CBkik
W5 752k 5, CO—BOBEAREST - &z
&0, BRIRES 5 7ENIREBERT ) — FlzhiidL.
NIREA VRSP v RERET 5, FGM i, #kor
BT T Y XHIZHEAROD LS SHEEED,

(1) N7 OBEREFHIBKROECH LEIR 50K
DG A7 OREMRERTERNS 57 Ch 5, CORD,
EITRRCEOIENZ Ly OB RT3 &
CXOBRREMEWRMLT 3 e nTE B,

(2) BREMERMI =59 208 kOBIR - 70 5 A
OB E AT OWR, SWAIN BT SBIREWA o3y
BH7 VLY XLTH B,

(3) BAbhk7ursazbnT, 7uls<ikHl
TASIEREBNCED ONZOT, EITERBRET TR
B9 20BN,

BT AFRER NS & HRER X0 ABRSE
FTRENER S nBETH. BRI OFEIC I %
BT 52 EHATHERILS,

4%, EROBHT Y 5 LEF N ITHEECDE
BB - BEEE, CPU R, A=Y BAZOBENOE
NTBRIT T Y X hOREREZED S PETH D,

@8 ARCELUCRESHEEREROLEREER
B - B_IRZORBEEEECR(BELET,

BT

(1) Darlington, J., Henderson, P. and Turmer, D. A,
“ Functional Programming and its Application, *
Cambridge University Press, 1982.i

(2) Treleaven, P., Brounbridge, D.R. and Hopkins, R. P.,
“Data-Driven and Demand-Driven Computer Archi-
tecture, © ACM Computing Surveys, Vol.14, No. 1,
pp. 94-143,March 1982.

(3) Vendahl, S. R., " A Survey of Proposed Architectures
for the Execution of Functional Languages, * IEEE Trans.
on Computers, Vol. C-33, No. 12, pp. 1050-1071, 1985.

(4) %%, /NS, WE, “ﬁmﬂﬂﬂaﬂ.a&%uayna
ﬁqunjfﬁi.‘mM/7rv;7§&ﬁH%é

(5) Shapiro, E. V.,

(eds.)

“Algorithmic Program Debugging, ~

MIT Press, 1983.
(6) MW", EoN, g, “F-— 57“—3*31&)11‘&3%
Valid ,. * BRFEH Vol 32, No. 6, 1984.

<10>



