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Abstract Object-oriented frameworks need to be systematically tested because they are reused in
developing many applications software. They also need additional testing whenever they are extended
for reuse. Frameworks, however, have properties that make it difficult to control and observe the
testing of the parts that were modified and extended. In this paper, we describe the method of
embedding test components as BIT(Built-In Test) into the framework’s hot spots in order to
efficiently detect the faults through testing that occurred while implementing application programs by
modifying and extending the framework. The test components embedded into a framework make it
easy to control and observe testing the framework, and thereby improve the testability of frameworks.
Test components designed by the method proposed in this paper can be dynamically attached and
detached to/from hot spots of a framework without changes or intervention to the framework code.
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EFol7] 95k, 7HAR-9E AE 7] 2o BHA 44
st JEY WAEE AP SAMUE sEst 3"
A AF}E TestLoggerZFEH Lojdlt). CutOracle
Age 281F AU =(oracle precision)E ¥°]7] 93}
o, Cut®] 7l AFHCAA, AR =271 F)E Akt
CutMonitoroll Al ¢2Fth CutSensitizere A€ W
e BATE FolV] Adte], Cutd] A3 x7] A,
A Z7F Ae 2 Ro|x HZo] FAE private A
B & 5 EFslY CutMonitoroll Al &#]Ft). Test
Logger+ CutMonitor2%E @A%e /\]Eﬂ As &
A, 715, At AE Ao IRl 53] dHfj(faiD=
g g AE A g gas 7(]°J§“3}.

a9 694 TestController?} TestLogger= Cute
RZHE Cutdl ¥2ZH= H2E AXAEESY. U
M| H2E 7452553—0— Cutel WH=E BITEe|th
Tester F&l2=& Cutell WA BIT AEXUEE digh

5

TestController,

A} ﬂEH/\iH Hook Zd2=5 53t Template &
P AR AA Cuted IS AT o] =E AF gt
Cutd BIT HzH HIJEESQA AAE]A(Cut
Sensitizer) 2} A8 7+HA]71(TestMonitor)E Hook a2
o] B FYg22 AW Tester FH2o] HH FPY=
E2 A 9t BITEH Cute Tester Fa29
&' W4l tCuts Bote] 4" dA A +
ZZ A3t Template AA= AHAe] hCut W7}
sk Hook 282 QEH]AE Fatol, ol2gk A

€] 9] Hot Spotell Built-in TestsE W &3 WY 71

tmCut hout

u
Template o> Hook
[

- [rtvemody R
| |+attach(aCut: Hook) fMethody
| [fdetach(acut: Hook)
- [ [ 1
heut>hmethod() cut Cutoracle CutTester
+hMethod() “+hMethod() +hMethod() -f-=--- tCut->hMethod():

TestConuroller | 09981 rogy goqer  |EO99T S cutmonitor
1
Fogbatastore rasseredbata

+logTesi() +hMethod() -]
+getTestLog() -assertinv()

ssssss PreC()
-assertPosiC()

aCut = buildCut();
aBi dBIT(

>tMethod();

tLogger->getTestLog();

219 6 Class Structure of BIT-Embedded Framework
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93}7)(forwarding) €13+ hMethod®] 5% AFo] A}Al
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Cutell ¥24 H|2H HAXJEES] 7H4S wx] dE=th
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7 frAbsteh olFEA WdE Bl&EH HEWEELS Cut
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7z Zo FAE AFRAITIE "HES A Y Cut°ﬂ a
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dZ =9 Cutyl 2&H7] AR S BHsie 3
F AR 203 B 29 HAPE JsEhA gtk
741 7](CutMonitor) & Cut?] 3 #Wl2= 3% A
o] ZZ(pre-, post-condition) ¥ EWH ZAES A
Abete] Aleke] Q¥ QRS AT EFE AE A
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Alg A 710l o8] FFE = cutOracled Cute] 3
3 WA= A3 39 7|t ZHIKexpected result)E
Axbsle 28ge 93-S Fddch a9 69dA AP
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B ¢]&3 2 (state-dependent)
% Cutell 7Iti€ el E"‘E_E’?}(expected state changes)Z
2ejgo] A, FHA FoEN FH JEHA A
S T AR AAE gl 49T + ok
z o] 7h F9o Alge] Jast 7] 219
A7 B2E dlolete] 482 testControllerel] <J3)
AolHAc} testController= AlY A2 A, Cute] 2A)
A12E29} BIT HEJUEES
st AAE BITES Cut J2E2d yWAdt o
Y 5 ztzte] HAE Fo]X EE test suited] AlFol
oF9" Z7] 2702 BIT7F WAE Cutd} testLogger

7)8}ghet.

T+Z(object structure)

il
B

-
1 Embed BIT components

Built-In Tester components

tMethod()

hcut | cut | tCut cut
cutMonitor

e

— —
hMethod() hMethod()

oCut|
cutOracle
—
hMethod()

tLogger

tLogger,
testController [ — testLogger
initTestLog()

getTestLog()

—
hMethod() ‘

tmCut

TlMethud() |ogTeSl()i

% 7 An Object Structure of BIT-Embedded Frame-—
work Hot spot
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WAS A FZE(object structure)E HoFEth 19 8
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19 8 A Sequence Diagram of BIT-Embedded Frame-
work Hot Spot
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2] Hot Spotel] Built-in TestsE W3l W 73
E Aqge o3 AdE AR A Z g9 (alarm
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13 9 Alarm Monitoring System

aAl Zeldg e FUase) 34
T2 9FE vEhd Fgi2 thelojaolrt
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23 10 Partial Class
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74 FHANH=RA L TE

chartel]l BAE 53 P& zterh. 28 11949 2
o] AlarmMonitore A}A19] update() LH# oo &
2 o gereE Bd ASge] 438 deeAE
H3HA =W ©o]F high alarm == low alarmoZ
BE AN 283 AlSgke] dskst AAl Alel

g o A REEZAQ AERE F3] A

deadband& Zr=th
Active
reset()
Abnormal
< Hilim Hidbnd ]

=2 oy l“N' e

=
=
A E8

o
Delaul(
restart() | setlim ().

update(x)[:

ssmmt) reset() update(x)

[LoLim <x<HiLim H
ReConfigured [LoLim [<valHiLim ]
updiate(x)
updatef HiL
setlim()

/ val=ki updatp(x)
[x<=LpLim ]

Ival>=HiLim|]

alarm

update(x)
bo=HiLim 1|

i
Ready N

reset()

restart()

Lol

update(x)
[LoLim +LoDbnd <x:

nE
—
=
o
g.
@
(@}
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D
=
Q
<
=
@]
=
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=N
=
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&=
Q
=
%
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)
=
o
=
@)
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Q
w
w
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a3y 12¢ 74]—’%‘%%94 HEol] wE el wsket A

gt
A8} "431 7HA ohekg A
At o E B9, ¥
132 270e] M= be 99 i"\(input source) Z5-E]
dHE ASHAE st MEAHA FE AAE FY3)
= AzEE BRoEt ag 14e 3
(input source)ZHE J#H] A=FEo] £x17o2 ¢
HE u ol FgE HE A A=E AAE ARo]9
FoAeE HojFEh

cos

cos
value  high alarm cos low alarm cos
high
limit high deadband
~
low low deadband
limit
b | time
normal ~ @bnormal normal abnormal
too high too low

13 12 State Changes as the measured value

flol 2 & A 209 W A 2 3(20022)

changed
input ﬂi cos (crﬂs of status)
input alarm
Point-1 | odate | Monitor-1 update() alam
alarm —
Logger
changed
input ] value cos (change of st%tus)
input — alarm —
Point-2 update() | Monitor-2 | pgate()

% 13 An Object Structure of BIT-Embedded
Alarm Monitoring System

[oompmer | [ opam

‘ alarmMonitor alarmLogger
begin setSubject(&inPoint)
setlim(0,100,10,10) peer
mode = Inactive
tart()
mode = Ready
w’[’% mode = Operational
| eom=z o P
inPoint = 30 update(30]
[ e 5] cos = faise
inPoint = 110 update(110) state = High
inPoint = 95 Update() —
L[ ] cos = raise
getStatus()
Return HiAlarm ‘ ‘
s10p()
D‘M mode = Inactive
return

a3 14 A Sequence Diagram of Alarm Monitoring
System

6.2 BITS| &ALt LHE ol

AF7HA e AR A =8 99 (alarm monitor—
ing framework)®] InPoint & 229 DerivedPoint2] <1
Huo]~E Fale] T3 FYx=2 FAH= Alarm
Monitor F#2~E CutZ 3t HAH HAIJESS
sl 23 155 ©]9} o] AlarmMonitorel] H2~H
AXAEES BITZ AAEIY Cutol WS A 7=
2 HolEoh a9 1594 BITE 789 Bl&H #HEJ
E£-& CutMonitor, CutSensitizer, 12]3.  CutOracle
o]t} CutMonitoré} CutSensitizere= ©|59] A9 2
Ql CutTesterd] U282~ WS tCutE T3t A=
AZAE o] AlarmMonitorell WAE T CutSensitizer=
tCut®] update() ¥ &F H3Fo] AlarmMonitore] W
B AHE Al B#et) CutOracled 1% 119
HAlE A F$(state  behavior)E  AlEd o)A

TF3sHT. CutMonitore  Cut
dojxl= Cute] AAl A9 (actual
behavior)®} CutOracleZ%EH dojxle 7Itf F¢
(expected behavior)Z ARE-3}e] cute] AFA, A% B
Z79 9k ARE AREEE FASIATE 28 Al
A o ZEdYed AE 7] 20S A HEE
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(simulation) 3} =%
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AAAG el

golElE JgslE BAE =alo]H(test driver)9 A8
A3RE 3, 7153k Al¥71E7](test logger)”} BIT
7 R AR o ZEdgel 722 Qe FEHE
T Ak

-status: Status
+attach(DerivedPoint’)
+detach(DerivedPoint?)
+getStatus()

+ public

[ mnPoint k> [ perivedPoint | tCut # protected
dependent - private
+operator=(val) "
#notify() “+update(Point*)
! tCi
AlarmMonitor CutOracle CutTester
~loLim, loDbnd: Val -loLim, loDbnd: Val !
-hiLim, hiDbnd: Val -hiLim, hiDbnd: Val +update(Point*) j------------------------- !
p ) P +setLim(...)
[+setLim(val,val valval) | | +setLim(...) preSensitize();
utTester

2] Hot Spotel] Built-in TestsE W3l W (6

2E =glo]H(test driver)oll 23] Alg A3
o]FojAt} Cute]l WAE BIT HAEXIEELS &
2 @3 (detach/attach)® 4 Ut InPoint 2}A| ol
BIT7} " AlarmMonitor7} 22wl Alarm
Monitorel W&® BITEX 374 FHT ol9} e
H2E AXVEESY FaY AF td ZE Yoz
532 A1E o ZEdde 2=

0;

CutSensitizer

- N oCut
dependent->update(this);

CutMonitor

asrtinv();

#assertedData
asrtPre_update(); DA
Cu

+setlim(..)

+setLim(...)

oCut->update(this);
asrtinv();
asrtPost_update();

P
-asrtinv()
-asrtPre_update()
-asrtPost_update()

p
-preSens_update()
-postSens_update()

2% 15 Class Structure of BIT-Embedded Alarm

Monitor
o] 9Jol% AlamrmMonitore] HZE Ao]|2AES Q
LIl (off-line) & AAst= AFAE A7 17 74

HAth @Y AV ASEE FEvEHE gte
updateO g T2 A|EAE HEE Ao|AERZ A
gty o] W HAE SjEe I3 119 statechartse)
Operational 2 E(mode) WollA o)Az} 53 A=
A" W7tA & 7Hes Adudst ANEsE FEE
2 zte= A do] 41 Eg(state transition spanning
tree)®] Z AZEo|th APIAYE AA7Ie AN AF
gk vk} o] Cutell BITZ W= ojof AT o714
QxR (off-line) HIZE =12 Fd3FATH

InP t N
i InPoin dependent am: AlarmMonitor
notify() update()
1 Embed tester components

Built-in Tester components

cutMonitor am: AlarmMonitor

tcut tcut
ip:InPoint]  gependent update() 4 Lpdateq

notify() update()

ocut| cutOracle
update()

1% 16 Embedding BIT in an AlarmMonitor

??ﬂ% | "\Ei AEXIEE] A AA(instantiation)

ht (&52608 NlrivédiaCo.,

=
3 o] oignh
changed h f st
t
nput value cos (change of status)
— input BIT alarm
Point-1 update() Monitor-1 update()
| 1ogTest) alarm
. > —
test initTestLog() test alarm | —*>
Driver ~— Logger Logger
getTestLog() 99
logTest
changed T 9 0
value cos (change of status)
input — s alarm —
me’ Point-2 | ypdate() Monitor-2 | ypdate()

19 17 A Possible Object Structure of BIT-Embedded

Alarm Monitoring System

a9 159 o] AAE =HZE
InPoint Al %=z Fgi~ AAEZ FAHHE Alarm
Monitor A 29 167} o] WAtk 19 172 1
g 1339 o] A" AR Al Al2=H(alarm monitor-
ing system)9] Z+ AlarmMonitor Z§*|o| BIT HEXJIE
Eo] 919 22 o E YAAE Al2gE HoFEr o
o} Zo] H2E HEXUEEC] W & Fad ZH 7
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6.3 BIT7} LHEE =yA=o AIE o
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AZXTIE AAEL

PN

ﬂﬂ OvEOH Shol A 7R
S A o] 7hssaT
I'td.



76 HRAEI=FA aZE o] B S8 A 29 A Al 2 5(20022)

BIT-embedded

‘ testLogger
alarmMonitor

‘ testDriver ‘ ‘ inPoint ‘ ‘

— initTestLog(textContext)
setLim(0,100,10,10) mode = Inactive
loLim = 0, hiLim = 100, deadbnd = 10

mode = Ready

start()

mode = Operational
state = Normal
cos = true

inPoint = 20 update(20)

logged
logTest(testMsg) asggassea

state = Normal, cos = false
logTest(testMsg) logged

as passed

inPoint = 30 update(30)

inPoint = 110 update(110) state = High

cos = true

logged

inPoint = 95 logTest(testMsg) as passed

state = High, cos = true
1 logged
stop() logTest(testMsg) as failed

mode = Inactive

0

L] getTestLog(testLog)

1

I3 18 A Test Scenario of BIT-Embedded Alarm

Monitor
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yZE H2H HIFEES 93 & + =
o] AWt ASgke] Aegs A3t €Al AJH

v A A2 ZRskal I+ AlarmMonitorel] A
12 M th= ZFA|9F deadband Woll &3 Al=3ko] 4H

A5 Aurzl o] A9 AlarmMonitors A 4
2 AL HAZY deElz AHEstedor gk ™)
AlarmMonitorel] 257} $Jo]A] deadbandZS i118]3}A
Z3tal ol B HE R EAR FEdtta 7H3
shal 29 182 olgAl 7IAE J3lA testDriver,
InPoint 2}, BIT7} WA® AlarmMonitor, 18]l
testLogger Ato]e] & 28-S BoFErh (LH 1894
update() &9 & Al HAAZE o]E 3Z3 InPoint
MA o] FZ(reference)”} TE}uE|E GAR AW o7
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