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Fig. 2 Function dependency graph representation.
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BizohicFusl 3Dy 7LD (BAICHE
CHL7:) B%oRBEBARTH I B, Lic#EE
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HEHOZRORBREL#T LY, Fos 5=k
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BROT BELEST BBAICR, ~NI/E—DEELK
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'

folded?

AT7:termination
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S|=17>> 1o

Find‘finS
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no X
+ Al:inner-removal
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instantiable? (PD) >

F==———==—===- El
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Find V' ! & folding —

insﬁ) R o J

query _false ' Agouter-removal |—s

(P2)
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& non-input-removal ¥
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AS5:expansion |
(S2) i

_____________

_____________

P18y !

no S  :Strategically Projected Graph
D(S) ; Total Set of Instance Values for S
S(S) : Search Set of Instance Values for 8
D(S)={b} IS| :Number ofElementsin S

b  :BugInstance Value

|_____1 : Selection of S Based on the Facts

'I: - ] : Transformation of S Based on Hypotheses
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Fig. 5 SGM algorithm.
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(3) (REdPMEsicESL, XD EERERFEE



876 BRABFLBE

fibo(n)= if n< 2 then 2 else fibo(n-1) +fibo(n-2)

fibo {(fibo,6,16),-}

fibo.2* fibo.1 L{(fibo,6,16),}

=> ——e eeeeens (expansion)

| query 1: fibo(2)=2? - 1o l

fibo.1 {(fibo,2,2)}

> « T (outer-removal)

6 HEEMIRHES 7 7RV TRt
Fig. 6 Bug location using strategically projected
graph.
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(#3) fibo(n)=if n<2 then 2

else fibo(n—1)+ fibo(n—2)
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Rabik#h - BRxh, 246R8HEAHTLH
> T2REEINLZC LEEKT 5.

BIEWHES S 7 0075 73, 7/ —F fibo ©
BIOIBF7THB. £CT, 39, fibo 2{E
T5. chickbAERE /4 fibo. 1 OEBUH (fibo,
2,2) 2BAETS. T1ub b, “fibo(2)=2" OHA%L
Tars=glngbe, BTH 3 &V EEEE
5. ZOER, BBUE (fibo,2,2) iIto T, Sicwl
T fibo. 1 OAMBREETTS. ChickhLEREH
HEDERNIIE—-DLIEEDT, £DRBME (fibo,
2,2) ORBETHNIBREL /o & WiET 5. B fibo
T F7 A =2 2% 5 BAICEBICETEINS fibo
DORERD B & FIRBEK fibo DELHSY (f O
L then ) I/ 03535 T & YT 3.

SGM HERERDO NI BHT LT ) XL ELBT S
fotd, EROE#E, BIXUREX O HHE T 0 SER7ER
DHERRT 5 EBRT &755. Divide-and-Query
B, PGM B2 B2 hEh 4 vRE VY RIRES 5
7, REMEKES 7 72HAMICESNT/ — FENT
XL1E0FLOTO0EST 5 7XRETEHETD
3. kBT, &/ —Fift5LcERRBHEOA
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(b) PGM Method(12]

Q. fibo.2*
~
2 \\
N
fibo.1 N
(c) SGM Method

T ~UBRMEORK

Fig. 7 Comparison of bug location algorithms.
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(1) 74 ¥F 9y FHOHE ST 5 4
ROELIET7 4 KF v FHHE S0/ 5 LTHRER
NI B BB/EDONTRIBBREERT.

#4)

fr(n)=if n<2 then 1

else fr(n—1)x fr(n—2)

ZOBAIKE, MoRlichTEBRR T » FHHE
18%. LHL, RBIARTXIIHDELER - B
REFELHETCLickD, fr@)=1 DHESN I DR
ARTHEZ L8000, BY fr OFRES Gf ©
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fr {(f,8,0), )
fr.2* fr.11 {([r,8,1),
= . . (Ab5:expansion)

r query 1:fr(2)=17 - yes 4‘

fr 2*(fr. 1{(fr,2, D} | {(fr,8,1),--} |(A2:instantiation
> . & folding)

{(Fr,8,1),}

fr.20fr. 1{(fr,2,1)}]
""""" (A5:expansion)

-noJ

(A3:outer-removal)

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

I query 2:fr(3)=17

2 fea{e i3
={> —pe  creeeee (A6:unfolding)
l query 3:fr(1)=17 ---- yes J
fr 20fr.1{(fr,2, 1)(fx, 1, Dy L3}
=> « e (A2:instantiation)
& folding)
{(fr,3,1)}
=D o {20,010}
—pe e (A6:unfolding)
T2 {(fr,3,1)}
=> o« e (Al:inner-removal)

(A7:terminatlion)
(fr,3,1)

B8 SOM Eic k3 74 #Fy FRHKS ST 40
AVA: i)

Fig. 8 Bug location of erroneous Fibonacci program
using SGM algorithm.
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2 p v —UF HEH merge, CH O DOBEMB &
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mergesort D=2DRPM, L7835, 4, #H5) Ok
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5 1 A% mergesort OEILIESIC/XTHD B BAK
2, M9DL> ICBBHIHES S 7TORRXTDN
T, T OMEBBRHINS.
(#5)
split(z)=if null(z) then (nil, nil)
elsif null (cdr(z)) then (z, nil)
else {(u, v)=split (cddr(z)};
(cons (car(z), u),
cons (cadr (z), )} ;
merge(z, y)=if null(z) then ¥
elsif null(y) then x
elsif car(z)<car(y)
then cons(car(z),
merge(cdr(z), ¥));
mergesort(z)=if null{cdr(z)) then nil
else {(u,v)=split(z);
merge(mergesort(u),

mergesort(v))}
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mergesort
/ 7'\ Mmergesort ,a,()),-uT]
merge split
L query 1:split(a)=b ¢? -— yes j

mergesort[split{(split, a, b ¢)}]
, 7, L{(mergesort ,a,()),--T’

=> // T (A2:instantiation
merge & folding)
L query 2 : merge((),())=()? —- yes

limergesort ,a,()),'T,

mergesort(split{(split, a, b ¢)}]

(A2:instantiation
........ & folding)

mergesort.2*{split{(split, a, b c)}]
[merge{(merge, () 0, ))}]
\ L L{(mergesort ,a,0),+ } ]

........ (A5:expansion)

mergesort.1[split{(split, a, b ¢)}]
[merge{(merge, ) (), O)}}

L query 3 : mergesort((8))=() ?

--- no j

Sep. 1986

[ {(mergesort ,(8),())}"
=> « (A3:outer-removal)

mergesort.1(split{(split, a, b c)}}
[merge{(merge, () (), 0)}}{(mergesort, (8), )}

me:gesort.l L((mergesort ,(8),00} 1

l / N e (A6:unfolding)
split*{(split, a, b ¢)}

merge{(merge, () (),0)}

mergesort.1
P umergesort {8),00} —]
/ - (Al:inner-removal) *

merge{(merge, () (), ()}

mergesort.1 [ {(mergesort '(8)'0)}—|

""" (Al:inner-removal)

=>

(A7:termination)
(mergesort,(8),())

wherea = (82164753),
b=(8145)
and ¢=(2673)

9 SGM ¥k &B3=—YV —+Trsr 5 LD B
Fig. 9 Bug location of erroneous mergesort program using SGM algorithm.
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