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A Comparison of Data Flow Testing Criteria
Based on a Program Model

Tovoniko Hirora'

Because there are infinite number of paths in a program in general, we cannot test all
of them. Data flow testing is a method to select testing paths based on the data flow in-
formation. There have been proposed various testing criteria, one to use simply defini-
tion-use pairs, one to deal with predicate uses, one to deal with the combination of vari-

ables, and so on.
the criteria has been used.

To compare the testing criteria, the theoretical inclusion relation among
In this paper, we intend to investigate the effects of various

data flow testing criteria upon a concrete program. For that purpose, we have introduced
a program model for data flow testing. Our model consists of five prime models which
are sequence, if-then, if-then-else, while-do and repeat-until and a model of a whole

program to embed the prime models in.

In this paper, we deal with five representative

data flow testing criteria : 2-dr interaction, elementary data context, all-p-uses, all-uses and

required pairs.

essary to satisfy the criterion on our model.
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We have clarified the feature of each criterion by counting the paths nec-
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(a) sequence (b)

if-then

¢

(d) while-do (e)

1 Eo0EREF NV
Fig. 1 Five prime models.
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Fig. 2 A model of a whole program.
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CTREDEOBENRATS 20T, EATICEE
THEFAMNOHEEET S, LhL, FT—&7u—7F
2 PO, BB ONTS,

1) BT 2ER 2 $50i3 v DERD
BT, LoV e BRALTCEATICEEY S
izt

2) BIBIICBYEHR z OHORT, EX
WOREENLT vV enr ZRREL TE CICEET

%X SR
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(c) if-then-else
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repeat-until

EFNI~BE LR EICT S,

3. F—470—-5X}
B

ABXTE, F—x 7a—7F
Z hEEELE LT, EHFERYS
ER7—4
a2 vy 7 & MO (elementary data
contexts), 4 wREEFHY (all-p-
uses), &FHY (all-uses), B3k
1 (required pairs) #E D Lk
F5. UTOWMTENZNDT A FEBICDNTHE
KHML K, 2BTERLLT S 5427 vDE
AR BT PEHOEHLERCBELT, 7R M EE
IO Io DI RE I SR DNTERT S,

3.1 THERATEE

HLEROBRITHLT, £2C~FETETNTO
ERET AT E0W, XK TERINTVEES
[#Hxt (2-dr interactions) ZH¥#ETH 5. Bl L TCH 3
o7ras s sl (CEHE, UTRLU) 2825, 6
FEHTER yBMERINTOBEY, Ze~Nd2iFE &
4ﬁﬁ®ﬁf@£ﬁy®%%@§ #TB. LT
COEEEF I TID

1-2-5-6
1-3-4-5-6
D_DDRRAZEF A MLIBTFHAERE ST,

=57V 1 OEA, BARTOER =, v OERICH
LT, BET2EFEOHMBENEN D, Dy 130T,
Bz OEFEANCHLT D DR, ¥y
DOEHMFEATICHLUT Dy BOABRETH . %
T BEBARTOER + OEREBIHO/MA O IcK
LT Uz HONSRABHBETHS. ChdDRiZE
WICERDAS bbb 50, REOEAKI

(2-dr interactions),

1 if(x>0)
2 y=1;
3 else

4 y =0;
) if(z>0)

6 y += 2;

M3 flESnsrsal
Fig. 3 Example program 1.
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D.+Dy+U- (1) A7y 7 s EELS. TITHTRER v L&

ENRA. F—k7a—REYS.DEEREL SN &
EEHREET AL, D. HO R E U HOrexiT, B
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CETHOOEREENTEL.
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55,

7N 3, ZEPEOES LBOE/RDENEN
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BRETHEOT, BE CZEIL,
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T, EFNE EDENZIS, LkhioT, HKRER
ZHFEFVIERL(1)RENLB.

3.2 BEAF—yavFURMEE

XHR10) TERIN TV DIEEF—2avF s/ 2 b
(elementary data context) &i3, HA/AEKEAHL
ThINCEET IEHEBROTT, TOXTHERX
NTVEIEHOEZEZEDLEDOTH 5. FlELTH

1 y =0;

2 z = 0;

3 if(x>0)

4 y =1;

5 if( x> 2)

6 z = 10;

7 x =y +z;
3 4

R4 BlESar 762
Fig. 4 Example program 2.
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AVFIRMETNTCTFRA VT DOBEELEF—%a v
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1-2-3-4-5-7

1-2-3-4-5-6-7
QDDA % T A PLIRFHUTES I, ek
LT, EREARNEETHINE, 2B~ LEDD
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L, BAF—2a vy s R P EEITEERE AR
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Ba, RAXICEY 3ER =, v OFRIcHLT, 3
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OFEFEORIIC & » TIR/CAMMDBIEZ BH, 2Ni2F
TR DHEBICKET BDT, TCTREIILNT &I
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EFNL2, 4, BITDWNTH, LIMiTHERLEL
ERERAMERE L AR, =FL1ERAT(3)RiC
5,

EFN BT, ZEVEOEE LBOEBED 2{E,
ERLS SRR

2D.D,+2U. (4)
EWB.

3.3 mEEREE

BERMBEEMTERINTVS & &, 20FF4%
ENTNDOHREHIE D BT b OEREFH (p-
use) LD, HFlELTRISOF v s 5 sl #EX
%, 2ITEREHETHEOT, Bz DFERIILE
PEOEALBOBELEDFNFNICED U TOINE T

1 X = m;
2 if(x>0)
3 y=1;

5 FES 0543
Fig. 5 Example program 3.
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LIS B Xk 14) TERIN T2 LBEEA (all-
p-uses) HEHE(Z, ZODXIWBEERAOTTICHL
T, ZNEFNTRTOIET IERETALTHH0
THb., Licds-T, M50fTR, 2FED if @
SKEDPBEOBA LBADHEABEDICT X FENS.

Fe g 7 u—BEPEELTOLED, ZhENno
BEFEHICH L T—2U EORET 3ERIHEET S
BETHY, TNTOHEDS1ELDEFR FINS.
Liehio TAREFRHEERLNMEF A P EBET
3. 2RICHLT, ERERNEEOES, if-then
OEABETREEBOFERT A L ENS 3D
EFLHODT, 29EFA FEREELIEV. KL,
LREEMFAETIE, RBEERAUA OER GHEE
) BREELILVOT, ERFEANEEAEET SD
TR, TR REBEER T E I,

=70 1T, REEHEELBOVDT, 2iliE#
FREORHE LA SRBERELINC IS,
#2L, a5 sadicel SENIETNENIDI TR
DT, EFL1OEARENE -/ T2 &
N END T ETIRIE,

EFN 2T, if OEBHTER » PBREHERAS
NTV5. ZERoE L BOZhETRICE LT, D:
BEORETAEHEN T X P INBHDT, BEIL/NR
i3,

2D (5)
ETRB.

2703}, BEEH VL IATRE, BFVZLE
F -1 ALTHD, BELSRAFREFNVZ LRAL
(5)RIC 8 5. FTHhEFNVATIE, while LDOEMH
WEER 2z BBREFRAENTNEY, CnbEFIV2E
LHEUTHD, HERAFL(5)RICE 5.

=FNEIE, EFNVAERBON—TTHEN, E
EREONH S, EH 2z OBRFBEEMCEOTHEY
pERE, V-TRORAXOERIITTHS. Lic
B o CTHREIL AT 2TH 5.

3.4 &EREE

Wk 14) TEFIN TV B AER (alluses) FEHE
2, T OMEER (puse) &, ThHADT T
OEA, THROLBHEER (cuse) KHLT, §T
OFETIERETALITEH0THS. FlELTH
6nrus s AEAELS. 2/TEE 6FTHIRER
T OBREFABHY, ChEFRA LT IDO/IRE

* HLESUEM OB ST, RRE—2 DL, T—427
o—F X M EEEEZDBHERLD.

SRS I AEFNVECESILF -2 70 -5 R VEEOKEK 2237

X =m;
if( x> 0)
y=1
else
y=20;
ifCx%2)
y += 2;

X6 FIESnS T4
Fig. 6 Example program 4.
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LT,

1-2-3-6-7

1-2-4-5-6
DZOBEZONDE. —F, ERyORBEFERST
fTEICHY, C~N23fTHEE SITHOERDRZET
5. FOZODRRATRBITEHDERMNT A P AN
WODT, FHiki,

1-2-4-5-6-7
REBINT 2 LEND 5.

E=FN 1R, BEERSEL, HEEROATH S
DT, EHBFERANEEOBEALEALICES. Lich-
T, LSRRI,

D.+Dy+U. (6)
&85,

EFN2THE, ETHEERICOVWTEA TS S
&, EFNV1IERAUT, BRER 2REI(6)Rick
%, BEHEHICONTIR 2 HFHODEAF X LY
TS IOD, HEo—FHIFHEFHDOT R
AFNB. DEOMBEE TR T BIDICHRER?
2%t D= 20T, 4H¥T,

2D+ Dy+U- (7)
LB,

&5V 3T}, BEFEAO 2HFHOSKIFHEER
DF A MCEENDB T EICIEHDT, ERFERGELE
OBALELICES, LIed->T, SHEIL SR,

2D :+2Dy+2U. (8)
B,

P43, EFNV2EBRE LIS, B0
W— T RO x OEFEVFS NV — T HORAIICE]
BTBLLETHAB. TNRPB/CATHN—T% 2EE
FINEFRAPEINBDT, SREEPTCLITES
. Lleds->T, HER S 2BFEF V2 EFEUT
(TYRIL12 5.

EFNVE5TIR, 2BREFHOECATOERLICK
I, B x OBFEFER plx) ~BET LD, €O
BEHORAXICEIBEREDSHTH B, LEN-T,
BEFERICTUTENE T R b2 E2ELHBERR
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{, MESZFEEFVIERL(6)RiIK 5. I
B, v—-7hoOERLERHOBKIR, =TI 40BA
ERBRIC, EnbORTr—7% 2 P EEFT S
CEICE>TTFAPENA.

3.5 ERufEie

EL 1) TREHRIN TV AERY (required pairs)
REUET, HOSEREEICINAT, EHH503
FERPY— TR HET B & &,

1) eEbicrv—r%H5

2) =% 1EPEETT S
D2BYDHEETAPT S, FlELTRTOS Y
oW EELS. 2ITEOER s OREFR IRV —
THRICHBDT, BEOBEHBIZITREL, v—7%
TR BICH B84 & v—7% LA LEFT 3EAIC
DNTT A MTBRERH L. 3TEHOER > DESE
LERLERK, v-TELEBICHBBEEV—T
A 1R EETT2HEICDNTT R M5 RENS
5. LU, 3fTHOEELERICDVLTR, v—7F
EIIEBICHBERE, Vv—7E2 1AM FEFT 3
BEICaEnNs. H¥RoiE, v—7% 1EDILLEST
LIcBaTed, BROEROERES 2 VRERICER
FTHE, bl —ho e it 2056 T
5.

FELILTFR M RETRTCOERELEHOMELEAE
RLTNE, BEOEDRICZDITOESR LERE 7 X
b B e DICHEI N~ P OEFTEBAERL TS,
*REOEMYETHECEEERLTNE, TDE
Mo, W—7ETEROE, 1[H, 4E03#&ELEF
ZbFTHREENT &I,

=FN1, 2, SPN—=TEEFILNDT, LFH
HELFEUTHY, RELGZEIZhEN, (6),
(7), (8)RKiwiss.

EFNVATIR, Bz OBREER LT, v—
TEFEEOE, 1E, 2B EO3HEY, Bz
yOEFEHICH LTI, v—-7OETFRE 1E, 2
BYED2EDAT X T BUENES., $lev—7
FOERzDEHEENV—-TAOFERICHLTIR, v—
TOFERTEKIE, 2ERDEO2EDAEF X T3
MBS B, v—THOER L EROBKICHL TR

1 X = m;
2 while( x > 0 )
x==;
T PIES0sS 45
Fig. 7 Example program 5.
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X1 PIES 0545 0Bk

Table 1 Required pairs of example program 5.

iz £ id iz} W=7
T =7 | T BEE =7 aEt
1 — 2 No — 0
1 - 2 Yes 0 1
1 — 2 Yes 1* 2%
3 0* 2 No — 1*
3 0* 2 Yes 0 2%
3 0% 2 Yes 1* 3*
3 0* 3 — 0 2%
3 0* 3 — 1* 3*
3 1* 2 No — 2%
3 1* 2 Yes 0 3*
3 1* 2 Yes 1* 4%
3 1* 3 —_ 0 3*
3 1* 3 —_ 1* 4%

* 3Z DL EATRT.

V=% AP R B BENS B, Chidfhio
BRICEDDCENTES, Licd->T, SEI/ PR
i,
3D:+2Dy+2U. (9)
135,
EFNETRE, V—7ETEEOEE S DRERE
LEEDOT, A2
2D.+2Dy+2U. (10)
E13 5.
4. 7R MREDLE
F2\C3ETRY L7 x +EHE, BLULME
FTA L, &FRAFAPCHLUT, ENENDET NV
B BBBELNAZBO—EERLTNAE, CCT, Pr
& P i3,
Pi=7n75 sBtho S ERRE TORL S
72 D
Pu=AKEro7rus 5 A RTETORNLS
22 D
EELTVAS,
R2DEDFISHNCEL > TED, EFV1I~5
M, CCTHEHLTVBFR M EELRBT B Dic+
BREDTHDCERARLTVS, Tk, EOfTHE
WIRE->TBY, EFNVI~EDENEFND, F—
270—FX MCHUTHENLERS - TV
EERLTNS, )
AFEFA N EF -2 70 —F A M ERETS L,



Vol. 34 No. 11 Fu s I AEFNCEISLF-E70—F A PEEDKK 2239
%2 FRMEEEAHLTIDONRE
Table 2 Number of paths to satisfy the testing criteria.
=7 | EBRERAY | BEAF-gavFs XM | AREER & A B ok ox L57I AN A
1 De4Dy+ U= DzDy+ Uz 0 Dz4Dy+U= Dz+Dy+ Uz 1 Pr+Prr
2 Dz+Dy+ U= DeDy+ Uz 2D, 2Dz+Dy+ U= 2Dz+4+Dy+ U= 2 2(Pr+ Prr)
2D 242Dy +2U = 2DzDy+2U< 2D, 2Dz+2Dy+2Uz | 2D2+2Dy+2U = 2 2(Pr+ Prr)
4 Dz+Dy+Usz DaDy+ Uz 2D 2Dz+Dy+Uz 3Dz 42Dy +2U =~ 1 =
5 \ Dz+Dy+ U= DzDy+ U= 2 Dz+Dy+ Uz 2D+ 2Dy +2U- 1 o0

Fe ik 7 U —F A PDFBEENIC
L TR AT TV AT Dy
7. =FNLICHT SeREEHEE
DIRAED0 ST > TN BDS, TR
AKX DEFNVBEARCOBAEHL
HC L EBEDTHY, Tal 54
LEARHEELESTE, Tul T
LDTRTOXB LUHENT A b &
N5, EREFEMEED, 33MTH
NP HIE, BTN 2 BTN
FA P ARBELID. LU CORM
i, if OFEMIIBMEEIED K D783
ZA—DBINT B THRETES D
OTHY, TOEEDERGRITH
% LREZ SN,

LR FA D EF—ATR—T A}
AHETEE, V=T O NETIV
T3, adEEREEUNOTF -2 7
o—F 2 M3, 282 F X EBIERA
LREEDFA b ETLC LT B* —, v—T%
AT FATIE, &2 F A TS AEDERRIC
1 BHs, F-x7u—FRMNTR, HELTOBREE
BRRED CAMTHD, BRICT A PHELSBETDH
LEEZLND.

ordered
data contexts

all-c-uses/
some-p-uses

Fep7u—FA L BEEEO I EELRT
5 &,
AR E <sEHRER

<A R <Ekx

SEAF—2aVFI A b (11)
Dk A HBBSERNLT B, 1275 L, @REEREEH
FERx, BIUERMEEARAF -3 vF7 X +OH
BIRBERL O TR, CORTRAeREHRALE

* (1)RP(3)RDOMEIL, Pr+Prr & A 5 WREHNS
3. Lil, F—2 70— 3 x52MUTEHETSHD
ThHy, BHLF—%70—DHEMNRILE/ CADREH
ZBHCERBVANY. DED, F—FT7a8—-FR I
KRB S AT A AT A P DRRBPLTTH 3.

elementary
data context

-dr interactions

o nteractions

path testing

structured path testing

L T
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Fig. 8 Partial ordering of some structural testing strategies.
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