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Abstract A tool for analyzing and testing software in real-time is required for the efficient
development of highly reliable real-time mobile embedded software. This tool requires various
technologies, such as source code based white-box test and real-time system monitoring and control.
The tool also should be designed to improve reusability and portability by considering the interaction
with other kinds of real-time system. This paper identifies and analyzes the functional requirements
for the test tool on real-time mobile embedded software and suggests an adequate tool architecture
based on the collected requirements. It also suggests the specific implementation technology and

architecture design pattern to support the tool's expandability and portability.
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lyzer) 522 FAHT

dolAE A3 AFL 1¥ 694 A
g WR AZEMAY 45§ &3z FA]
3] B Azl BF 54 oleldEdyE Hi(task)
< FYPAA i’\Eoﬂ’\i I}E ol B 4 Qe F

OJIE-AMHY Fx A3t} e EA olo|HEE &
2E¢ g ’\}°]«] TCP/IP 2% §41& T3 A3
Aramzst Ay ARE AL Ee H2E" HA
B F2EZY Jo|HE BEd) o3 #ejHm, AGE
(Repository)dll A5+ dHeolel dejz WEstr] A3
dglo]EHE A7) (Data Analyzer) ol Al XJ“‘E]D]- E}A ofo]
AEE Agtiddrzso] s ddgse H4 =2
d BEEL TEAIV AT HF A éﬁiﬁ (stub)&
7AW, A2d TEY oltdfle &I a¥ste AR
(Breakpoint) @], #A2E 9} Wl Z3)/4%4, £~
zgol 23] oWlE e, <JdAE=(Exception
handler) &g S9) Wgt M & sl T2EZ S35}
= 713% etk ZaEdoldES B0l

olWlES MAXE AgdFe Id8g = UEH
ol2E HAl= H¥l(Facade Pattern)& AM&3ch HAL
e @3 AHH02E ATt Z2Edold
o} elAdlo]lAE Aejol]l 9EX(dependency)E &4
9, AF7te] 2= (coupling)E ‘%‘-"‘r‘ﬂ FoH16].
AAZE 0158* WAg Alz=Ele] Ay S2Edo|HES
B CHE Afoldle FH2 E%ﬂlﬂ’qo AyEA g
th EWNAH0) AT et} vAEE ZESA HH
Al=wlo] Ralrl o] ZelA ®Eo). v HAlE ™
< AMgste) @ guz FEstd QlEHel~E Al

FaA H7 mAR 5E2H £A4F shie EdAA o

A7 O)E

e 7
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Host Agertt Target Agent
Evert K— (— Bvent (= DD
Packet Java |A Nl velos Packet
Encoder/ K==~ Network {Tcp/ip) Network k== Encoder/ ! 11
Decoder Stack H Stack Decoder
§ K— " F—
File [~ N1 File L] Dynamic
Transfer —x —y Transfer | Loader
¥ 6 JolHE HA FRE
AZ HolM #HE 4 YA Hoh ZBEE TAE0)
HES} Ao HE Alole] vAx] 5& %1 = Refined Test

Aoy WE YHL FdETh
A8 A2 (Repository) AEL I8 744 HE ¢
HHs 2ZE] A 3 FAHM HAH 4xF

EAYARE ARt 715 ek Algdole A%
2 (Testdata Repository)$t E2EZE A3 A& E35)

EHE ZF3E ARl 2Agdolg 11 Z4(Raw
Testdata Repository), T ZA|Fd|olel =Aie
AZE  dolets  HolelRAre g3 AFEA

(Testing Feature)ol w2} #ei¥ FRE Agstn 2
&I AL 98 FAERIL(Reference File)& A3
Al g A}d o1E} A F4(Refined Test Result Data Repo-
sitory) & A"

HoleHE A 7)(Data Analyzer)e 1% 7914 A& &
Ao AP 22z Ui A1F ZAAE EHsz
Ao AgEE velgt e Z2AE WAsy| o
g EEo|tt doleltAr)e ohes 2o] il 1(Flag),

18 d g o]l (InputResultData),  Ho]ElH E7](Data
Converter), 1§E417l(Data Lexical Analyzer), H o]
ElE2]7](Data Separator) S22 FAHET ZTdae

Algdztdeletst 47k49] Z2 3 (profile) Foll o=
Z2atd Ax AAE oAFHEANI A YEFE JRE
vepdch g dadolele A4 AYZEAE ¢o] EY
Al g0l B4 HoletE oFHEMNA A2t Hlo]
Edsr|e Z2udd wel E&(tokenizing)® AIE
AZaol A7) 9—]5} dleolel Felz wHgc}h oF

7= dolete ol o ZFao] uwel Mg
zZ29d FRE *45“0}1 Bics 4Uloﬂ %= BE2e 7
da HeleHtElrle JEHANEERE Zyzd we
EEZS 759 o3 B zgf&dr.

Al @A 0] 27 (Test Case Generator)‘:— 13 84
A AE AgACl=AG = MY A de fAla
25 A%t AlE 48 2o Agsle d 4=
HE Aoz A% T2 ANE AN g

ResultData
Repository

Data Analyzer

Data

Data
< Lexicalyzer

Converter|

,/

Data
Separator

2% 7 AEAZ2(Repository)

RawlestResuttData Repository

GDE Debug
ResuttData

= File
tansger

stemat Patormencs ||
Tisce CodaCoveage | |
Profile
Result

2 glo]eHEA 7] (Data

Analyzer)
TestCase Generator
Instrumented
Code Analyzer Source Cade TestData
Repository
Raw
Source Codg
Test Generator
Pre Cross TestHarness Generator
rocessol [Compiler TestSuite
Generator ||| TestStub || TestDriver
Generator | [Generator
a9 8 AlgAclx A4
Z8% AL EHHY APAlAF HASE AT
APl A Ahe] Fad olfE BRE g F
£ 2"l Brb5ay] WEd £zEgolE AY @
e ERdT H2ue & 5 5ol gtk webd Al
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o AgAelzg4r)E
SFARY B s
A58 Tkl A

olel= cgafs o, AE 011’2}%}44

Azglo]l dXFeXE AT AFACI2N7=
AT 2 2W([UT), Z=wY 7] (Code Analyzer), Al
HAJ 37 (Test Generator) & Aok AdA ol

= AgAe)2 <)E, ]tgs}_;_x]- o]-

(function, processes, services),

g ¥

S0l 489 Y

£ o]E3} o) F2E, JI5Ee -ragsl ARz ol

4 gYgkse PiE $ov FHE

A A4 EA A7) (Test Suite Generator)= 13 89
A Ay AFgAel 28] AAHE AlgA o) 2(Test Case)

o HAY AY FEE A4HE BEo

I Akl

A PEEAREA FAs] A BT YR
g B BT APAolzst Aguclerg 44
Fok ALgAL ojaf ztztel geol tiE APACISE
Z7bste] Shte AW #ES XML BHYAR a2z

=2 A3
AW FZ2IJAUT)E ¢l 29,

3
98 Au = B4REY FEAY, B D P

dAR, ZEIY AoEE AR

ot

a8 9438 AFYHES A g8 ANERE o E
AAsta, WA AR, AFAx 7@1;3_-—

B3l XML FA82e82 ANYGES AAste 3

of ReErh

A2 C A 7} (Instrumentor)= AlE 3 A2A3
= e Az #4545 % 47};‘] H 28 EA(Tes-

ting Feature)oll |33l 53 AEts 71l

54 wme A AL B

7é’°ﬂ"1 %’ﬁﬁwﬂ 4 7}%?'& ﬁéEH é"]ﬂ 24 7]

,g_

3l e K

B o e
i
Ao
e

m{m

rary) *}%—E— ‘r7]"‘]7]7‘11/]' 7]%4 QA golHE
(Native Library) Z=& A|g goluge] 22 o
A A1z,

g xzadsy 249 7] (Memory Profiling
Code Instmmentor)l‘— RHog mxg 33 A
Wege AAske B2EE FA #E3H, 71E9] Wi
a3, AATFEE TESy] Ao H2EY T A W
9 Fzsle] BEAZ S8 & Je HES Fopdth
2% 108 drdzadaddrlel st F58 9

vz ey Assiwol.

f 3% TESTER version .1
| DUE  FBQ Window(W) Helo(h)

EEEE [F=]

B

B8 Test

LB Hohatdioon. save;

<Test Caser
«property name =
<inputs>

<finputs>
<expacted>
Kinm

-9 add(KChatHandler h) : void (public)

I—@ gecNane() : String (publie)
L9 getUserCount() : int {public)

£~# remove(HMChatHandler h} : void {public)

39 gnnmm-x(sumq nase) : HChacHandlex

HChat R
E—D’B e Roon N </Test Casa>
- P
Lg. Cran s
}—-‘ (mlc)(Str:\nq nuo) 1 {public)

<?¥ml version="1.0" encoding="UTF-8"1>

“gecHandler_L*/>

<input nemes“type* valus="String"/>

<input name=*nane” valf¥ oy

«input names"dsca‘ val B U

€3 Suice Name

{smpse

Case
Er@ ICASHI gatHandler 1 : Kinm
L5 name : Park
1»xxpccv,-a Data : Kim

[¥] &

Selacted Case

ig s
&8 tcasxi wnu-unaxu 1: Rim x ~Eh nane : Park
—® getAllNames{} : Stringl] (public) ~Expected Data : Kim
}~¥ getAllNamesString() : String (public) .
2-9 brosdcast(String msg) : void (public)
o |
& S o
uus.ge;

E}@ (CASE] gevHandler 1 : Kig)

loaded tile : HChatRoom.java

a8 9 AMlde

E 44 34



Az 29dgh =497l (Performance Profiling
Code Instrumentor)v A4 23 < g9 AA2
YAZHE AAsty Yoyl Z2ade] 23w wdw
Az Zteth o fduvis A
(Target)A | 2Hlol A 2B (Host) 2 A|&32Q oWEES
Agsfol 3t7] Wil LT FFAIL e A2
FE UEY ¢ Yagy a9 11 Aszaaiay
Ad7lel oste &9 ez asidel Agsidol

FEANAAZ2GARF I =N 7] (Code Coverage
Profiling Code Instrumentor)e ZE3Azy A
we} 2} Fael B2 AT Tl Ay owE
£ 7153 E IETe Z=E AU

» function entry & exit point

HY o

-0
715& T

logger AP d
function % / AA function & <= 1
scall logger @ A¥H & call & / AA 5 call

G <=1

Ramory Profile

1, Memary Graph

Memory Blocks

olFE WH £xE

Aol N8 =79 7= 24

25

20

Blocks

30 i/
|
|
|
L

Allocated Unfreed Maximum

2, Sumary

# R totsl of 30 blocks has been allocated,
» A total of 30 bocks has been freed,
e A total of O biocks has not been freed,

o R maximum ot 10 blocks was in use st the same time,

e R toat of 270 bytes has bzen allocated,
e A torat of 270 bytes has been freed,

o A total of D bytes bas not been freed,

e R manimum of 95 bytes was in use at the same time,

# Mo Memery Allocation Failure detected,
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*block entry & exit point logger : 238 % block 4
/ AA block 4= <= 1
I8 12+ ZEAWIRZ23YHA] )6
F2d Z=AWYAZRN Y dgsidolr)
Ego]Ax 2 a8 51 =49]7|(Trace Profiling Code
Instrumentor)e 2t 39 AYA(entry point)=t 28
Hlexit point)ll HBALPA S 7158 58 3%
e REE 4FAeY O9 132 Edoazanyeq)
71l 2lEte F&E Ego|azzaldy AgspHol|n),
AP = 29A3(Runtime Profiler)s I3 594 =
H 223E A9 A8 ARz A9E F718
FESERE ZEIYW YRoA ofm RBREo) AzHE B
o] Abg-3teA], AH 45 Bol FE8leA|, I Aol
o 4% &AL} oA g AR F zt =g
A(Profile) BRI/} FEH 3 AZH2 £Ad) g} oiE
7 2 g ZeMe o3 AsE: nany A

st

Memory Bytes

N
SRR

o
Untread

Allocated Maximum

a9 10 viRez2sds Hggd

Function Calls

Function Time (%)

Vi
10 - -a
cale_paren |/ <. N,

cale_step =8
N\

Y,
pop_stack =
28

i

get_value =
2.56
cale_rparen
= 2.059
cale_step =
4,118
pop_stack=
10.384
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Functions

Functions

Code Coversge Profile Beport

Functions & Exits Blacks

Functions and Exits

Show Al

t Charts

Blocks

{1 push_stack 1l po
calculate

calec_rparen

{0 get_value

p_stack

cale_error
,cale_paren [Jcalc_step
T maln

push_stack Bl pop_stack
calculate cale_error
{3 calc_step

T main

cale_paren
cale_rparen

{3 get_value

calculate

calc_paren [}calc_step

; ‘main

cale_rparen

] get_value

push_stack [l pop_stack

calc_error

push_stack
Funcrion Path
Functions
Functions and exits

Blocks

3

CiftH SHySL St grestéistack.c

100,00

100,00

23,33

a8 12 ZEANAZERYe A

gmns ase

Field 43 =27

TIGE) By APKR) EINE) Z%H

G ielRes

= {9 Praject

- [J) stache
. @ estc2,c
- calc2le

teger SEIng and raturn 8 UEiE

Toet_vAR0 | res

*

int ger.vaiuatchar )

t

int val = 0

HOCD <o (405) B8 (22m) <= "I {
return 0;

}

whileCl’ <5 (2re) BA (225) (= 8% {

SRR |

gain
Lol

\zabeZe

Res

cateulate

4ira
4rs
a2 rs
s

45y

19 13 Edolazzsdy AR5



AAZE 0]1FH WA AZE o] AY B T2 A 399

HES #3313, 34E 202 A4sty] Ads e
2 Wgste eAolo)HE(Target Agent)2 Hith,

YukAR] WEA izl AP Hlsjx Ha Az
o] wEhA HAEE oWES F7t N Zorg Ho

£ JFsd e gFor g ALY "Weart 9
o AL AN AFE vk F, EFSANY 2
2 27 % APz eadee ¥ 17 2ok

Agzzgdddrie M2 e HARNSS A3
sl OlHNEE 53l9 ZTAEAZA gEvEHE dASE
F AEE = AWE e (Command Pattern)S A}
8T AAIZE ol8 8 WA AlaEe) AL gAdE
9 dgzzadeds] AdMe AL AEsA 3
ZXEE RE BEoev ME & vAXNES ANz
3o oo|AEES Fild TAEHA AUz ¥AS
F A Bk AHE gAZeAM d¥gd Zzay
(profile) X gt 21& FA T3 Alxglel u%
@& W QA2 Bt sbedith 3 Ads QEH
o|&E st wzYs 228 FPojsid Ty
H 2o ARE 28 XFA(repository)ol] A3 =
& A "ok AlzEd Aozl SAHLS w ehAA 2
o AFE 22E ¢jolA AARE 5 sitHisl

5 3 7}

£ =RdMe HAzE olFd U 2ZE] A
=78 278 AYsls 25 ANt B =8
A AAG FRE Ve 43"HoA CHo] ArzIE
g td2E & o5 UF AZEY] AP H8s
. ALS Fxe AT, HEA, FARLA, A
4 F9 F29 FHE54S UL E£F EAT
A AARE Z=HQd 7|ty B 71HE Abgste]
Z& AA 3157 W Ed AE Te9de) 9F AjaEo]
AR R, 2o & Al2gle] A FolEL]

Aetg Tz mde ov AZY MVC Rdg &
Fotden, ztzte] AlxdHe] d8g
48N ARG AAZE olFYH W AZE S A
A F2o oo uiste Agd ok = A F1&d
g BEE WEA77] de) 4 AZel dig ZRk 7
=% 748 7|HES AFSHA

Ard F29 mdz 7EHE AY Al2ge Alxd

49 2 T5EEHY] st 32E9 Bl 7re] A3y
, AYBE AlS ARE A2EE A

(Runtime Tracing) ¥, F4E Foles R
2, 715 % g qZA Y HEXYS o}

WE R, me) Saol Ug HeusE Base 3

At TR A e 28 7HE A
7] W&o A7 AFEE @DFolFa, e A9
715l HAHAY MAHUHE 1 FFE FoFy,
FARFE LolstA slFH ZNEF EYHog A4
o] 7Fssirh

=EAA ASG AAT olFE WHF £ZEY]
A" F=g el Astd FALAH N px 2
d(Attribute-Based Architectural Styles), Architecture
Tradeoff Analysis Method(ATAM) Z1¥[17] S°l4]
FE2T HEEL g, O2 =R AAE 47)
o] Fx[7-101¢} ¥in Hrig Axte X 29 2
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=EME Ady £ 7= AF®y olyzl
Aerd F2E FAHoZ AN Sl&, Z Az FH
SHE HAZ YHidE Az Ede] AFE FRNYES
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¥ FRE AA3h

Z1EY s AE E7 2 B A =FE5dA4
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Tol Hs FAAQA 2o AA) giKen, BA™
&7 o)Ed g A Aol itk
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O]FH T AZEd AY EFEF XQde T2
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