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Abstract: Component-Based software construction is a widely used approach in software development, to reduce the engineering effort
and speed up the development cycle. Component-Based software systems consist of various components such as third-party components
and in-house built components. Due to software changes, a component-based system is usually affected at both the component level and
system level. Thus, a change impact analysis is needed to ensure the software quality and support maintenance. Existing research seldom
addresses the issue of change impact analysis on component-based software, especially at a system level. This paper proposes a systematic
approach to change impact analysis from the components to the system. Firstly, the change impact analysis models are proposed, and the

change types are classified. Then, a change identification and an impact analysis are performed using a firewall approach based on the
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proposed models at both levels. The paper reports the case studies are based on a realistic component-based system. The study results
show that the approach is feasible and effective.

Key words: change and impact analysis; change impact analysis models; component-based software; software maintenance

TEBARHAT R A AN RS R E 52 . DhRe ol MERe oot . &R, BAT IR U S 3 Bk
BPE 2R G0 HAT BRIV AL B8 7, AT ZE SR A DA N D B 88 PR U I 503 sk A A 4 R AR R A A R
PR 49 A A % DR 2R 70 3 A i 90 18], mT DL el B A 1) 4 4 3 30450 3R G0 AN T 1) RS Ak B A R A8 A T 2 )
X ILFEATAE R 0 FR R O R A e b, H IR T A IE R R BB A L 3R O R S e B A P L R A i R
P 2R G 1E N AR AL S5 P55 % (IEEE Standard for Software Maintenance,1993,1998 1&11). AR R AR £ &
1 R EE ] RO R P T A 3 e A 1 T A B = 0 SR I A A (built-in) B E R A R e b, R eI DR T AR
T 2R G810 A BSR4 S0 ) ) A1 25 AT 2 o ) A1 1) A A T8 T e 00 ) A AN 5 3 SR 5 i), 3 W) e %
i) A AP P T () AN A 2R 0 TR 0k, AR A R AT 5 1) 8 5, R ) 75 X A A8 CSCE AT 5% 10 53 B, 3K 7 R AP 41 o
DR UE ) T B A G BRI 23 W T LD B A 4 1 B A RD I 0t B L S 52 A SR R A
D RE B O FR AT I, AN Tt 98020 T 0] U ) A

0 AL SR 368 A ) 3R o 22 ) e el BT B T T 0 A8 5 L, AT T ) A A 2R 8 )22 T 4 e AT 18
S 53 BT RIS 2 00 T S TR B I0  B R LA A ZR e B BT 7 S0 FR) 7R 4 AR 6T T A 1 SR R 4 R 4 T
T, EBAEAEAE LA N A R

o TR P ATATE RN T A TR R A AT A 1) B SO

o RIS SUE BT R T R SRt — MR AN T L

o HUTEEA AN SRR g i o3 A i) LR

o R Z AT RN R TV R A AT G SR W 43T

B TR 70k B2 N AEAB TS 1 3 A AR 0 8 A A 4P s v, SE U W R A A HL T AT
(U4 R R P 22 4 R AT LA P SR 3 A P 10 3 LA B ) P 2 TR PR AR A0 T S 2 56 2 DRI b AT 75 B2
PF 2R GEREAT 5 1 I A LA AT A S R 20 A AN TR £ A B SR, vl LK i 40 P 20 1 ) 3R e S ST AN ) RO AR AR B
W, A IR A B A A 1K) B e 4R A APL, T2 W] LA AT AP B N R G J2 T A (B AE A AS 1L
KRARJECHHA W E S 2P0 BEM 5C 2R, T LU ST AH 1 28 SRR 0 TR bt 3 45 366 TR R R LA R R G e 18 %
Wi 53+ A7 () B 2. 3 A AR Y ) LA B s SCHE WA o R A AR R e, O AR DA R BV ) E B4k,
X T HEA R A LA B B A R AT R L

FI R B R AE B (R AB E R W 23 A A 20— 8 TR IO PR 9 i) AL

(1) Q] PO AS 7] (R AE A48 SIS AR, A B Ao A A A1 2 A 2R G 3 B ) 52 W5

(2) B AFE MBI AT LS R A 1048 SO 437

(3) AnAey 1 FH A SO i 43 A 45 3 2 00 K DL A B G HEAT B A K

(4) QT HEAT R GEAL IR ARG A SR A SO T 43 A

B o) T o R A SCHRE T e R TR ) R GG SR R A3 AT ik I R TR W R

(1) 58 ST — LBt 1 11 0 28 48 (100 A58 B R S B SR A8 g i 0 AT

(2) 2T RGN B HEAS RGBT 3 BT T B

(3) ik SERR A PF R GEREAT SR Bk, 2K 8 W J7 VA R RTAT P A

ASCE 15 W R E SCH QIS B i o AT AR 20028 2 1 42 W — T N AR B R R 1 R G 1E o ma 4 B
59 B M EEEVEAGF B 3 RN A TR M SEIG ST 4 1A 4B A G R A AN A A A A S e 4y
AT IAH G AR5 5 1 4 tH 4518 0 AR ORI AR EAT R 2.
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1 &S m s HiRE

AT BATRE 3 7 A A B SERE R FRATT I 2 o SRR SR 5 20 S5 AR P 2R G A 2 1T
G5 5 58 S B AE W 3 A RS R R B A P T 5 R R P I R BEREAT G S W 0 B
1.1 R

R T LA o — AN G 7 A PR A R 1 254 APT Dhfig(S 80 Ml 1, H b APT S 44 1R 5 A SR ALK
W2 FH S i 10 s A P 1A 0 U8 P 0 2o SEA R 1 D E 0 R 3 P 1 52— PR AR,

API 1 Port 1

API2 Port 2
Component

APl m Port n (

Fig.1 A component model
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1) AERTFIE C 1 APLSHRETT BLAE SN At Fopp 2820 A O FE SR B84 T/ AT APL B, 77 L
& SR
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HH i o fn T APLIRE.
2)  Port 27 e PN FUR F SE At A4 4 Dy B 11 oK B80E 5, R DA SO R AR 1 3 1
Port={p1,ps,..., nts
Fof1 py,pa,..opy 2275 5 1 BR KR

1.2 MHEERE

TR FRATIER S ) A B A 8 R AT 8 ) A A AP PN 508 ) 0y R A4 R ) LA % ) il 50 A4k it 1) ok e 1 20 £ L. T e
#6iE (function dependency graph, faj#x FDG)# 7~ 14 11 P4 8 T fit i 45 LA B e A1) 2 18] PR L4 T FH O %, T 5090 1)
e <Mt €] (data function dependency graph, & #% DFDG) W 38 T 44 44 P 358 Bh G pR B0 1 200 52 S H B B i
HRAIE TR .Gao %5 N CLZH I Sy 1 J2 T RSE L 18 FH 90040 4 1 T 01 3k 2,
1.3 REEEER

TER G021, FATAKIPF 2 18] 28 HOCZR I AR BESR H — A 4 A8 B IR B A R G 48 4 A BE R — Fh L & D
ERRERLT T B A e SOX AL
1.3.1 WA H K

¥ 4428 1. #l (component interaction graph, i} CIG)FR /R7E— MR G b M2 a7 B A%
PSS T I A8 TR B8 X 2 45 T R 28 T I e X

EX 2MEGRZER). MHELHEZR—NEME CIG=(WN,ER),HH N KR S E=EyscUE Usas
Fon B AR R G R={MSG,USA} R IR M Z T8 ) A8 .26 F8 5 EysacNXNXR R - KA TR I DG R I Wl 4R
B3 EvscNxNxR R R 2 ()Y B3 58 R WA 1A 4R 4

2 B R G SR IR I AE QR L R 71 RO R RGBS A WA, I R OR M A TR AT
HORRIRATHE BP0 A8 ¢ F AH H (usage) TV U8 4% 14 (message). 1 FEL R 28 4t it tH R 2 42 4 ThD AR (floor
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panel). F ¥ HIAR (user panel). FLAS 4= 3 (car). 42 ¥ il (car controller). FEL#H T (door) S5 4 £ BT 41 . kb 2
1E1% R 4 ,user panel ffi 1 T user panel queue, BT LLE AT 2 [0 & 1 FH 9% & 53 41 car 75 22 1 user panel 2 B A 1.
AT R IEH B, A IR R R A I AT, R e A1 2 R e B AR R,

1 1 _|¢ 1 1
Floor
Floor "] panel » Meta ey Car [ Algorithm
panel queue controller | r-—
|
A A ! f [ A
. —
Admin ! 3
console | :
1
1
1
!
1
1 —1 | mk —
User Car Door
Door
panel controller panel
t i - -4
— » Usagerelation = -—-—-———- » Message-Based relation

Fig.2 Component interaction graph
K2 K
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ST CE ) T TC Y A ET CA Lk P AR i R ) B RS TR LG AN [R] T PR AN [R] A T A A
DL AN () P TAC 8 T e DR 7 8 0 0 4 1 2 Ik L K 22 T A7 AE 45 41 (composition) AL (configuration) 55 2
3 TR 0 T A 2 ) A R 0 11— o B B A DG AR T T 1) R e ) B A SR W 3 AT A R A T X — AL
T T A S AT T A 55 PR AR P A o T O R EAT G SR ) 0 T R A SR R T RECAS AN (] R R TR
P B 2, 003 T T ) A S A A 380l 0 ) R T, AT A CR B A IR 45 T i ) O JRATT ) SRS BT 0 A it R
AN E DR IR RS T 4 416 e B I H Ak

EX 3HAMER). 44 E M (composition and configuration tree,ffii#% CCT)H Kk R 45 )2 1H 1K) 444
KA, AT LB E Lo —>=J84H CCT=(N,E,R), I,

o NEIRWITRIES;

o RETTREIE SRR S, X B R HHA R RAMIE KR A R={R ompsReonst 3 11, L OC R 5
{5 EOR(StiE). AND(Hik). Switch(% ik —)Fl Multiplex(% 1% %)% K & R ..,/ = {EOR,AND,Switch,
Multiplex};

o E TR Z WIS E=E omp IE conf Ecomp 2N G R FIE ooy TR IL B IR R

Econ=E snDVEEORVE Switen I EMuttipiex-

BT 3 B R B 5 A L BRI AL, T — L8 B 2 R R Y — S A R A
BT B A car A 41 11 B 9 (1) BE BEALA: jcar 3X AN B A4 AS B B /& HH user panel,door S5 44011 T 4 . I B 2
Itk R E B2 — e n, BB ] (door) m] LA Bt 1 ] (single door)F1XL [ J(double door) ¥y FH L &, F - I AR
AT LA SCAR (text) B4 5 (symbol) P9 R 2 78 i . 41 & T0 B0 A% o 191 0RO (B ) M 4 1 S 2 Il i =R 4
el E O AR AL TS B A AR R TR [ s A R s AR & DG &R = AT s colon) R an
21— IIRLE R R, N BRI T IE (LA display) L G R,
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1
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1V 1y Y 1y Y
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Floor panel Meta Car Algorithm
panel queue controller
v Y
Color Display Algorithm Car number
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Bule, red, i L i i
green, Symbol 1 1 1v 1 1
yellow,... User User Car Door
panel Door
panel queue controller panel

!
—» Composition ’

———» Configuration

¥ 3 4 X
Double ‘ Text

Symbol

‘ Single

Fig.3 Composition and configuration tree

K3 dlancEw
2 RABLMESEmSHAE

2.1 1&BUR A

HI TR PR e 0 SR AT AL AT R R A B PR A O£ SR i LA DAY £ B8 16y 7 oK UL, 7 2 ARl L 1
FAEA 1B SUAR SR E A8 PTG R A8 5ORT DR ZEAE AN R = T DR et S 30 T AR 2 AN R A 9B 2, Lt APT
B MIPFAZ LB T8 LA B 2R G A B 55 AR SR i DR K 8 AN (] FR 46 SR 2R, A2 5 W) 23 ) i B 4 1

ARG 70 L (R R R GG SO TR LR N R AR A o, LA 138 I A Ty B R AR, T
FLER A oy M ) R R PR AE AN T 22 T 0 s o5 B a3 35 L A8 5T PR A A B e AR P DG, 3AT 1T AUl
EH T RS 0 MDA R el 3 A, AT TR R 2B SR A £ 2 T B G R

Table 1 Component and system changes, and corresponding model changes

R MPERURGN B IAE A DURAR Y (K45 7R 48 o

Change type Specific changes Model changes
AID/DID/CID Add/Delete/Change an internal data Add/Delete/Change a node in DFDG
AIF/DIF/CIF Add/Delete/Change an internal function Add/Delete/Change a node in FDG
AAD/DAD/CAD Add/Delete/Change an API data Add/Delete/Change a node in DFDG
AAF/DAF/CAF Add/Delete/Change an API function Add/Delete/Change a node in FDG
AP/DP/CP Add/Delete/Change a port Add/Delete/Change a node in DFDG/FDG
AM/DM/CM Add/Delete/Change a message Add/Delete/Change a node/link in CIG
ACP/DCP/CDP Add/Delete/Change a composition Add/Delete/Change a node/link in CCT
ACF/DCF/CCF Add/Delete/Change a configuration Add/Delete/Change a node/link in CCT

2.2 WD

A8 SO, AT AT B T RS SRS RRAS B9 48 5, B AR AR AR T A AR A 5 A R A i R TN
o) H I A8 O f L REAT S W 3 . White 5% AR — Bl Bl K I3k (firewall)™ B A, FT 14 sk i 0] )1 i 1t i
PR Wiy KB 521 ORI ()RR P A 7 B e, B e 5 2 W F AT B L ¥ By K R T LA
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FERPEZ TR R 482 1 (A5 2 4045 FDG,DFDG,CIG LA A CCT. 481X 645 7Y p 77 5 55 45 B i O 2R, 30 i iy 1 5%
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157 DA R BE FRATTHE 6 2 G A A A SR A8 503 M 0 T 2 B DA P 2

1) YL BZ A6 A 1 ¥4 2 R 388 o 500 g e LAt o 5501 5 i

2) RN BZAG AU I A A2 1A S S ot e P S R B S

3) RIS S R £F AP,

4) P2 AE R R R RS HOK R

5) B Az A& o i JC AR F APT i 1

6) THU B2 4G SO W) 1) B O R (AL 45 IBE ).
o 58 1 I~26 3 TR R 12 0 A SR M, 56 4 T0~2F 6 T2 s 2R 45 2 1 1A 56 A4 A J2 THT 18 AN AN 2
SRR AS B T HA 2 B R AE W NE LT, R R )Z 2 52 SR A1E i) 52 :

o A P bR BORR B 148 SO BIRAF APT,

o A P R R ASOR B 1A A8 TS i B R R A8 LG R B T FH DG R R AR X R

o A P R R HSOR B 1) A8 TS T B A 2 T R 2 RS G R

EE AN R £ P 348 BSOS R B T 3L AR A APL T % AP IR JE At b £ 3 25 52 B 560 55 b, t % i
PR RSP B4 56 2R TT AR 2% 52 B 5 i T 52 56 W 1) A2 T 0GR S b A, T B TR 4 R S AR K 52 5 1) A
R FR T EEEAT [0 U UK. TR0 AT TR 40 A 28 7 K R 3R 96 )22 T 116 50 i I K
22.1  KIPEThEeAE B K BG

TER P2 1T, Gao 5 AAE S 52 S Hy 2 B MBI K B CFFW A R S0 4 #i Bl K B CDFWIL.CFFW &
SCIRY AR 6 A2 Ty R 2 1 1 8 FH DG 28, 32 s MR o 58l 5 i 0 K 2 2 e R 50 45 CDF W SR 2 R 4
e T 2 T (B0 e SCRIMEE DG R, B2 08 I IIBR . Sesh s ma i - S e s B & B 4 2 — M e
16 B 7 K 58 B AR e P R R B D1 B 2L DT AERR B L P e X 9T HAE F2 A . ek 8 Fe A F1,
T LA F6 1045 Bl K 3 v 5 A 38t B0 - e SCAE 7 OC 3R, s 80 F2 152 35 e g5 I, BAT 145 215208 S50% Wi 1 B
KGR R B F1,F2,F3,F4,F5 F6, 18 d M KE %R 7.

[ ]

=
()
7]

Fig.4 A sample component function and data graph firewall

SR AEE R S S P e EN ]

T 1 B S B AID/DID/CID, ATF/DIF/CIF, AT A LLFI H CDFW 344, CDF W geteie F1 CDFW g K1
BN T VA SO W A F APL AT LA I APT DU fERT K 5% CAW 5pl L35 F15 2424 AAD/DAD/CAD,AAF/
DAF/CAF LLK AP/DP/CP, i T+& i 19 52 ) 4 P 8 149 1) il bR S8OR 50808 AT AR YA 1 2 e 8 5040 A4k it 7
TS S2AE SUE W R R I D e R AL
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222 KPFACE B K A

TERAE R S8 ,— AR AE I BSORT B8 268 H ARG 138 B e, 3 Fofr 5 ey m DASE I JRL A HH 45 00 A 3k K]
Db, FRATTHE H — B b 4428 T B G BB <K B (component interaction graph firewall, /8% CIGF).CIGF R #5#4 ¢F 48 B
Bl CIG TH M EAS TR & 246 SO M (WA PR AR T T IR 4002 1 B SRAE MR AS T I T vk A 18 B 75 2K
W CIGFAEGE Co Z#E M1, CIG F1 CIG' 43 il 2 A2 By Ja iR 4128 11 A T e gl i A 1, 35 2245 CIG Al
CIG' AT 4R ] E X018 CSOba A e Vsl g T s P o 55 XTTTﬁff\jJDjZﬁﬂﬂl 1B MR TR UG A T CIG! EEAT TR
AR S B s SR floor panel, 3 ik AZ B P57 K 4 (0 VS, BRATT T LA 38 B2 A& 5 m ) LA i £
CRHEZHER IR).

— ] 1] ¢ 1 v 1 v
Floor
Floor > panel » Meta | Car | Algorithm
panel queue controller | -1
Y 4_} [}
— F v
Admin i
console !

1] 1 1y 1
User Car Door
Door
panel controller panel
T i |
—— Usagerelation =~ -——---—-——- » Message-Based relation

Fig.5 A sample component interaction graph firewall

IR AL R ] R N

&% 1. Component Interaction Graph Firewall.
Declare: Cy: Changed component;
CIG: Component interaction graph;
CIG": Modified component interaction graph;
CIGF(Cy,C;,CIG,CIG"): Component interaction graph firewall
CIGF(Cy,C,,CIG,CIG")
{
if C=C, then
add C; in CIGF
end if
return;
add C; in CIGF;
switch (change type of Cy)
{case ‘changed’:
for each (C;,Ci)eRcigN(NXN)N(N'xN') do
C—CIGF;
CIGF(C,,C,,CIG,CIG")
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end for;
break;
case ‘added’:

for each (Ck,Ci) € R, do
C—CIGF;
CIGF(C,,C;,CIG,CIG")

end for;

break;

case ‘deleted’:
for each (Ck,Ci) € R,; do

C—CIGF;
CIGF(C,,C,,CIG,CIG")
end for;
}
}

1 HHESEA AM/DM/CM SEBR AR S2 A 1 A BB I bR . APT 83 s 1 B2 5o i, ) LA o 5703k
1 75 25248 SO Wi ) ARG A1 FR AT S0 38 0 A A TP A RO s QA TR I ok e, A AT S N R ) i A £
APT B BRI WA LA RS 28 G0 H At G A1 1K) APT B3 i 11 10 5% ), X1 0k, e 1D 5 S o L T8 £ 75 Kl R AT RS e Ak 250 A8
P30 SRR 5208 SO W ) APTOR S 113K L AT T8 L — oS 4 F A 1R 5 EL IR B KB SR (505 2). B oE Th
1E SO WA IR A APT 7 8 SR Jim 56 T A4 11 A HL TRT 75 K Ak, v S50 vh 32 S e R R 1 APT RT3 11 bR 250, AT A5 210KS
ailipe: s
&% 2. Refined Component Interaction Graph Firewall.
Declare: Cy: Changed component;
CIG: Component interaction graph;
CIG': Modified component interaction graph;
CIGF 4p(Cy,C;,CIG,CIG"): Refined component interaction graph firewall
CIGF 4p(C,,C;,CIG,CIG")
{
switch (change type of Cp)
{case ‘changed’:
CFF Wchange[ci:fi];
CDFW changel Ciofi];
C.F=ECAWI[C.f];
break;
case ‘added’:
CFFW il Cifil;
CDFW 444l C:fi];
C.F=ECAWI[C.f];
break;
case ‘deleted’:
CFFW gl Cif s
CDFW il Cf);
C.F=ECAWI[C.f];
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}

mark each function in C.F visited;

put C.F in CIGF;

C=CIG[C,].rlink; 1/C,CyeRcic

while (C..f; in C.F) do

{

if (C.F,

then

CIGF 4p(Co,C;,CIG,CIG");

}

}

il 6 s, BT CU I RR S FLAR K EObR RS SR I 5032 2, AT LS 8] C1 ekt F2,F3 Al F4
ZAG W, o F3 ORI F4 & S25% W APL T2, J AT T LU A4 2R 38 L B ok il DA R B 9, TR 1AS 8 T 52
16 B 5 WA RS A 48 3 AR RS S AN TR 32 S APT DL S 3 11 BT DA RS A A R 2 48 T Pl A6 5 97 <K 33 o 4 25
T RE$:F1,API_F3,API FAF5,API F6,F9,API F11(3kKhr ). IR 52 520 pR 0 F2 F1 FS(W 2 b5 1) AN 7E R
b 1Bl kB .

Ci.fyeP(C)AC;.F; not visited  //%i H P(C))

Il Refined component firewall

T =~ WU Call relation_
e |
B

[Cc1

777}

Fig.6 A sample refined component interaction graph firewall

6 KSR AT T 1 5 K S s 41

223 AL EAE B ok

TERGZT b, — AR BB B A A 00 RIS ST 58 0 28 28 4400 38 BRE 3 ol 5% e 3 ok 40 4 T
BOCFR AL, T B8 R A B AR A AR T LT TR PR O R SR U, SR A OC B MG LEURE A 40 BT R 2R 4 (1 ARl R
T 00 AR T DA PR AIT 5 v Y2 At A S5 A A A 8 SR 55 T 23 A 3K R FRAT T — A R 4 A P
4 7 4k 1% (composition and configuration tree firewall, & #X CCTF).CCTF H2 4/ fiy 1 32 H (K #4441 & TE &4 CCT,
THEH 7R 1152 A8 0 e R R AR R A0 7 FiBR RSN I — > R A4 indicator J5, 2B T RALEM
TR RE I, a0 P 7 7R, 52 5 (AL AR TR R G B FRH AR AR 1R

R C; RABSL,CCT=(N,E,R)F CCT=(N',E',R") 73 1l 27316 AT J5 AL G L B M 2 AL T
3 AN TR A 0 I S A8 JE TH sl S 0 R R R 5 K R

CCTF,,, [C]={C; [(C;,.C, e C) A((C,.C)) € R )} (D

Horp G R IR B IR, C RN AR & JL TP Reer %o CCT W #F 2 T 414 i B AR G R,

CCTF,,[C]={C;|3C)3C,)(C,.C)) € E'— E) A(C, € NYA((C;,C,) € Rier))} 2)
Jerp, C S B IR, Rier 7R CCT HIMALA L E KR, Rir RN I%K R K i 1.
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CCTF,,[C]1={C;|(3C))AC)(C,.C;y e E-E)A(C, e N)A((C},C,) € Rier))} (3)
Hor R IRMIBR IR, RLpp Feon CCT I AR E R R, Ropy RN R ARIEH M.
%1 1B A ACP/DCP/CDP Al ACF/DCF/CCF ] LLE Jl & ¥ 1 (116 e 41 A B ok & LI i, [/

U, B AT AT AR AT 22 31~ 30(3) 20 S v S5 AR G0 A 2 T S5 I I R e sl g 1 P 2 Wi () 3% e LAt kg 11

Elevator
system
\
i v Y ¥ y
Floor
Floor panel Meta Car Algorithm
panel queue controller
; by \—v
v ; o
. Algorithm rotocol
Color Display g P
v y 1
Bule, red, Text {Symbol
green, . i ¥ i 1y
yellow,... User
User Car Door
panel Door
panel controller panel
queue
Indicator Y i
A 4
Indicat
ndicator i Display :
——» Composition ""/ ‘ y 3
-~ Configuration Single | Double | | Text |Symbol

Fig.7 A sample composition and configuration tree firewall
T AT E A T K R 4]
2.3 B IEE 2T

T TR FR A4t T Pl B X A A SR (R A SR 3RS W0 43 BT 8 3500 T % AR D VR I A 8 Ik R AT & VR Al
BATNG 2 tH B B HR bR, 23 50l FE A8 SR R S i 3 A, 9 B8 S THT (1 S 46: whoim LLRZH.

T 18 SO IS 20 BT RS AR ) B vy AR 48 8, T AR ZE Y0 45 AR EAT B X B IR AT ER L P
FRAR: LA 2 (true_ratio) F14 1% 2 (false_ratio). IE i K (true_ratio) 7 7 A% 77 VA R HE 1 51 s & e50RD B 1 S BR A& 2
PR B 8 1% 22 (false _ratio) ¢ 75 PR3 H 1 =l S B 8 5ORH AR 70 1348 50D B 30 B4R B JB e b 8 LT

True _ratio = QX 100%, Faulse ratio = (if x100%.
' st
Horh €, 7R PR I TE A8 B, Cp 227 R0 H I AR A 28, €, 2R SEBR IR B 2.

X T 5 W 43 7, B AT SR FH RS 0 1k (precision) A4S 75 P (inclusiveness) >k & & A X L RS B P 36 7 A J7 v 1)
E PR TE A TSR ) RS2 s 2 A T3 W) 2 1) PR B R 0 555 M 3 2 A P AR D VR R0 L ) TE 8 5058 i R A T VR R
I S Y B A A AR R 22 ) ) LR T B AT 4 AN PR B TR AU T

Precision = L x100%, Inclusiveness = L x100%.

t a

BN L RIS AT B RO R BT A A8 SO S W1, 27 A T R T U3 H R PR E 80 5248 DU S LT, R
7SI o TE T 16D 52 A8 C5C UKD 5 6. L 358, 25 ) 1 v 5246 SO i 1R S B S M i 10 > APT R 33 TT RATT K Tk R0 i T
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124N 8 AN TEF R, I8 4 1% 5 V6 B A0, 5 P S S=8/10=80%, Iftj k& i It P=8/12=66.7%.1F Sz 5 P TR AT 14 5 b
PRI CSCYE A9 I A )6 530 Wi Ay 41
3 e

9T BAE BT H O VR B AT AT PR RN RO, AT — AN AR B B B B R SRR AT T SE R ST AT
3.1 LXK

BAVEIT — AT ENTF R BRI RS 1% RS B W, 428k, R8sml. meh].
FHPHAR . B2 AR SR 205 T AL 3R 2 TN T R as TR AR R A A A

R 2 HHIEBER RGN 1, H 2 05 02 37 I RAS 75 S50 A AR — 8 2R SR A 2R AR 2:95 0
— /T 1) 5 7R T B indicator, (5745428 1 THTAR RN 4= 28 HL 1T P THD AR, BT DA 5 EEUBR A i 210 K 1S 2 1] 8(a) AT 8(b)
FEAE CHT G BRSBTS, BT T LA B, AR B AR A P 8(b)H M JE I T AR floor panel (234 ) Al HL f:
EgK car (A )/ VR I T indicator T fg.

FloorNumber 10

Floorhumber 9

Floorliumber 1

Car Status STOPPED Car Status MOVING_UP

Double Door Single Door

Fl

g

g
)
El

<l

g
2

Coror | aos | || [or |[aow] || [owr Jlaos] || [owr]Caoe] || [oms ] aiow |

g
F

g

Car car

FloorNumber 2

ndicator ERNIN

Car Status STOFFED

FloorNumber 2

indicator RN

Car Status STOFFED

FloorNumber 3

indicator SRR

Car Status STOFFED

Double Door Double Door Double Door

‘ OPEN H CLOSE ‘ ‘ OPEN H CLOSE ‘ ‘ OPEN H CLOSE ‘ ‘ OPEN H CLOSE

mdicator 1[Il
1

Fi

(b)

Fig.8 Screenshots of GUI from Version 1 and Version 2 of the elevator system

8 HUBERGRA 1 MRA 2 (9B F i 7 i
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Table 2 Summary of elevator simulation system
R2 UL RS

Component name  No. of classes  No. of functions  Size (Loc)  No. of source code files

Admin console 7 32 912 4
Algorithm 6 7 190 6
Car 12 86 579 11

Car controller 4 8 111 4
Door 9 35 309 7

Door panel 7 36 224 8
Floor panel 7 28 376 7
Floor panel queue 5 16 197 4
Meta controller 5 13 970 5
User panel 11 61 647 11
User panel queue 8 26 238 8

FRATTX L1 08 5O 3T A R AT 5 | A 8, 0 35 0 R 0 TR S R I el T R B D e R M AR N indiicator [
7R Tl A ) 1T 5 B0 I e by 1 S T i R A48 oL TR Bk, FUBE R e P 1 2 AN F I AR R T 2 R AR B OAR R f
Fr R, BAVTH B E R RS2 TS SO W 447
3.2 LWMARMER

PATTE ST S50 0 GAE AT S BIRR AR IEAT SRS, AR AR 1 FARAS 2 1 D) B ARR ] s A0t B 1S Y L APT
RS A8 TP AR RN 20 5 0 S 2R 8K S TR R AR G 2 b TRt A R PR A s 3 R A S b 4 e &
SURE W) 3 AT J7 V06018 S0 HEAT 7 K i 20 W R B 3R B S2 A8 oo i (R A 1 Y S D RE RN ESc i . APTL R HIOGR.
BRI ZR 55 TN RRAS (A8 S0 R SR RN EL T 3 AN S /N AL 23 i EAT T 27 A8 0 R TR AT I R0 IR i S
g A

F 3 O SIS /NS A A 2 TG BUE R FRATT A e 3 T G SO R AN R A DL AT TN R R 1
BN E] A OB R Gerh AL 7 AR AR R RECAS TP A A8 O, U WAE s T BB IR A 3L 3 A sz
20 AR SL 1A /) 15 20k 44 admin console,car,floor panel,user panel. 5% I 2 #b A& —ZH B4 T AN [ A48 24, 56 1 211804
T ¥4 metacontroller Fl car controller; 2§ 2 ZH1E 4 T car controller A1 algorithm; 2 3 4115 T metacontroller
algorithm. \MESCRALKE 2 2 LI T 8 A~ API BELIE T 4 A~ APT s ELAH LLBUH AL DT 20, X X AP fF
THORESNS 1 AB T 8 ANWHEIE, BT 23 MR EGER 3 AT 13 AW ERELC BT 19 1A
BB AR S 56 2 AUAE LG, ZE 1 41RNEE 3 2000 PN R AR AN R 200 T B s ek

Table 3 Component change report

®3 MFHESERE

Component API funtion Port Internal data Internal function
A D C A D C A D C A D C
Admin console | (-,-,-) - - -2 - —-]1@1- - (L) | (1345 - (1,1,2)
Car 432) -  (-1,0) - - -1 G2 - (=) | (6L - (=—,6)
Floor panel “42-) -  (--D - - -1 @@Ly - (1,2 (4,4,1) - 3,-.3)
Meta controller | (—,—,1) - (=—,-) - - - |- - (1501 (L,-,1) (I—-—-) (1,-2)
User panel =22 - (=20 - - - | =2 - - (2.3,2) - (1,-,5)
Car controller | (-,1,-) - - - e — - - - - _
Algorithm - - (=10) - = — - - — -1,1) _ (--1)
Floor indicator | (-,—,3) — — — - = =2 - - (-,-,3) - _

VE G B oy ) IR UORYE T2 1 4. 28 2 4028 3 41.A.D,C /R Ii(add). MM F%(delete) F1i 3l (change).

WAIFER 3 AL B A (A8 50l S 2 T AT (KR 1 J2 T A8 SR, B35 ) S Ml A R £, AP i .
Srb A B A o R R B SR X SR SR R K I 48 Ty 3K R AR N (add) A1 4 Bl (change), X 2
PR AERRAS 2 FR AT T 8T B s k.

R4 I T ARG M EME S DL AE R GE)R L, B EAAAEAR . A BOCESRAKESL T HE APL A
i 1SR PE T A AS T IR H 28 1L, R B AT E A T B et AN BIAS R AR v 2R APT A Port £ (R 804l 7
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PrARIE R S BB RS 1 AURER 3 LRI T 4 DMLE SRR SN AT T 14 545 1L 2 U500
T 1IANAEKRERM L AAE SRR 0T LU LA 2 4UE5 TR 2 1 APLIEE I T B Il & KL E XK &.

Table 4 System change report
x4 AGBEERS

Interaction Composition | Configuration
Group No. API Message Port
A D C|A D C|A D C|A D C|A D C
Gl 8§ - - |14 - |- - -4 - -3 - -
G2 7 - 4|\ - - |1 - -1 - —-1]1 - -
G3 3 - -/ - - -]12 - -4 - —-]2 - -

H:G1,G2 FI G3 4r Sl 7R 58 1 41, 56 2 41R056 3 4.

Sk T AR Z TR R AR S FRAT A S A2 ) APT BRI, i 1 PO LA R PN S R L3 AN S
56 40 #R/E#4)2F AdminConsole,car,metacontroller F user panel F13 % T 25 50 AL 52 W0 . 55 1,28 2 Al AE Mk
floorpanel. i 3 ATEMI 1 algorithm BRI T 12 s m.3 N HARSE T2 I API R4 | AiEH 4 4
52 W 1) 3 11565 3 2R A 1100 52 58 Wi 1) A0S B3040 e 22 T 515 2 432 58 W 1K) A 408 iR B0 0 22
Table 5 Component impact report

R5 MEEmRE

Component name Affected API functions Affected ports Affected internal data Affected internal functions
(G1,G2,G3) (G1,G2,G3) (G1,G2,G3) (G1,G2,G3)

AdminConsole (=—=) (1,—— (5,2,6) (1,5,-)
Car (4,1,2) (=) (2,1,3) (—2,-)
FloorPanel (-1,-) (=—=-) (==2) (==)
MetaController (=11 (=—-) (1,-,3) (1,-,-)
UserPanel (-1,-) 1,—— -—1) (=1,-)
CarController (=1,-) (1,--) (=—-) (==)
Algorithm (———) (=—=-) (—=-1) (=—=)
UserPanelQueue (=—) (1,—,— (=—— (-—-)

R 6 LRGSR, 3 1 AR K A HoR R B 2 36 4 A APL 3 20 BT 4 A
P25 000,56 2 2132 5 i) APT e % 36 5 M50 3 AL NISEAT 5 AN S22 M [ 4L /0 3 AN 32 52 I 2 3 ML
HH 52 W B 2 1Y) XA R WYL B 3 4 R REAE RS0 T 52 R LLROK.

Table 6 System impact report
&6 ARGUEMRL

Affected interactions

Group No. AP Messages Ports Affected compositions Affected configurations
Gl 4 3 4 1 1
G2 5 4 — 2 1
G3 2 3 — 5 3

33 XRE=E

3.3.1 Bl R

PV S B G SO AR £ 2.3 1B H PR B BE R FR AR 1E A 2 (true_ratio) I 1% 2 (false_ratio), 15 21 &
9(@) 7R 3 AN/NAL(GL,G2,G3) 3 B 45 3 NI n] Ut AR TR0 T LT I A 48 B B A8 SR IR A
AL o S S 3 A SE0 2 DR P 0 S A5 O 1 A 2 LU AR X 10 B R ATT 0T ) A T R G I AR (1 22
A LG v, B % U HE S BR H B O G B TR 5 A% V2 R R R AR LU, L 9(b) T KM AR JE T
API function,port DL & 240 2 1 i message I configuration MY 17 AR 0, Ud B FAT 18 S0 531 ARG P2 HL A .
AT BRI 2,3 A LI AR T U0 A 50 50 16 o5 P 1 2, U B AT ) RS 2R S0 T A A2 P 0 i 1 2R TR it
UGRS3 A0, 56 3 2B IR4E T composition 15 BUH A K K.
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| (] O ] ] 0
100 G1O0G20G3 100 G10G20G3
98 i — -
96 - 80 o
2 94 - 2 60— -
) - g 60
g 9% " 2 40
£ 88 5 =
86 I 20 I
: ~ W 1
i
8252 s S g0 s g 0 - s 92 o £ ¢
g 8 = g2 2 8 g 3o = g8 ¥ 2 £
s &~ Z 8sg% F & g & Z 33 2 7 ¢
2 E 222 2 & = g 28 2 & B
- E 2 £ & = ES N § &
=3} = o a =3} ‘a’ o =
< = S 3 < g ST
Change type Change type
(2) (®)

Fig.9 Measurement results of change identification

Ko Bl ERL R

3.3.2 Mo HT R

FeATT R FH RS B PE (precision) A 75 1 (inclusiveness) >k BE 1 5 W 40 A7 MR H5 31X P AN FE 46 b, AT RS RRA
2 TR B A8 O w23 AT A SR AT BE S WL 10 P FRATT 23l FE T R AR R ZR ) 1R % R 2K B (impact
type) (RS A PEFNAL 5 M N 10(a) R A HEG W BRATT Y 77 72 BE A% AR A1) ) 5218 A0sE T 1) 5 P g ) 2 0 R R 1 2
T,56 1 4UFN%E 3 4017 API function A1 port A5 EEARAE 100%,55 2 20 API FORS 22 80%.7E A 4821, AT
B SIS ARG T 100% 00K B2, BT LATRATT B 75 VRS BEAR . o AN BRATT AR B, A% 7 vk 0 P 3 04t )46 o805 1 43 AT 11
A R R TG 3 PT i 5 4 A P 3 A % TR RO G 2R DA B TR (R i M7 OC 1B 10(b) P R B B M I B B A R AE
A ST, APT (A5 P e v, P90 5B ) 60,5 PR A BT 75 AR L A A5 AR 50 3 AR R0 )= 1 1 A 5 M A
HABPTLAH AR T A FRATT 0BT, 38 T 28 3 4L T — S 4 floor indicator, 5| N T 8T BRI 4 FI R 48
ARG ZR, T 45 15 SO 5% i 43 BT 7 S8 5K 1) 52 24 . 3L v message 1 composition #B45 154 I (14 5% 1 3 47 S A4Sk
Ui, S0 BE 1 45 B B8 2R B BAT 10 J7 V2 B 49 21 LU B UL AR 2R 502 100 ) IR0 58 0 43 R iff e AR 5 12k

L] =] O | | O O
100 Gi1e8G2o0G3 100 w1 Gl G2 0G3 -
80 - » 80 L
| 3 |
2 60 - 5 60 -
.2 - 2 L
8 40 - 2 40 i
=™ [ E [
20 B 20 I
0 = = e U = = = -
£ 5 £FE8 & & 8 £ 5 £E8 & & 8
5 A~ © 85 2 T = S A~ ©° 8% 2 7 =
= =8¢ &8 & E £ S Es & & &
2 E=E = ST fis g =& S = B
g 2 5 g = s
- o) - O
Impact type Impact type
(a) (b)

Fig.10 Measurement results of impact analysis

K10 SEmarbT R gt R
3.4 SLIRLEE
B H S Z 5 R AR 1 R S A SOE M 2 AT AT, JC L RS2 I O A 1 T AR R AR R SRR B
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MR JE T R, AT K 5 A R TT LA R TR AL 1 PSS B B R VR A B AR B AT 3 I B A R SR A
White! ' Fl Zheng!®!. White 75 Blj 5% o 2% & 1 B8 ORI 3t Zheng (1 75 125 )& 56 T 2h A R Y Pl s 56 SR BB T
IR JE (precision) FA 5 75 (inclusiveness) P9 AN 5 & 38 b5 K ELEEAS [R) 1 5 v AE R 2R J2 T, TR ATTH R RAS 2
HP T AR B G O R A3 BT 45 ST X L ) R ORI R . BB E. APT R Port. 3 7 J& AT
FIH 3 FhO7vEAR B S i 45 2

Table 7 Comparison results of different change impact analysis approaches
F T ARMESGEW 3BT 7R R HLE A R

White’s approach (%) Zheng’s approach (%) Our approach (%)

Metrics

(G1,G2,G3) (G1,G2,G3) (G1,G2,G3)
Internal data precision (90,76.3,89.5) (83,68,86.2) (87.5,66.7,87.5)
Internal function precision (100,100,—-) (100,100,-) (100,100,-)
Api precision (95,72,100) (98.4,80,99.5) (100,80,100)
Port precision (100,—,-) (100,—,-) (100,—,-)
Internal data inclusiveness (100,100,100) (76,91,87) (87.5,100,93.3)
Internal function inclusiveness (100,100,-) (100,100,-) (100,100,-)
Api inclusiveness (97,99.5,100) (97,100,96) (100,100,100)
Port inclusiveness (100,—,-) (100,—,-) (100,—,-)

T8, IRATLLER 3 7 vk B R w23 A RS BE AR R aT DLt FRATT 0 D7 V70 APT B IRDRS B2 LU=, 3 AN 3258 /N
Y ABHR 5 T b At Uy 2 B R TR 4 L White 85 N TR U7 V2RG FSE AH G BUASEARG, BRT A At AT SR B PR 2 0040 A 1 23 A
T3 9, ] B MK — S8 57 VT 5 0 1) P I 6 5 BB K Zheng S5 N IR U7 1k S UAE T TR A4 1 D e A R
P, IR g At AT s T P 3 8000 6 52 1) 0 BT RS S ARG R ARG 3 P v o P 508 bR B S IR T RS JEFRIE B T 100%,
YU AR T I G 7 VAT P e O AL ARG S LA T AR S 1 Port R AR L 3L — AN R 2R ERLE th
TS 45 R ZAE MG A ) Port LLEUD.

RIF AT 3 FlOTVER A S R P Al LLE Y, White 258 AR 77 V54T P8 34 B s 100 S i o0 A 1 40 2 ik
E1T 100%, 1t B T A AT 14 J5 VL AE P S ECR R e o3 BT b 1) 2 A M 8 v T BRATT 1A J VA AE P BB (At T A
IR B T X PR 5k TR] XA 0 B T FRATT A A8 5 ¥ 55 T P 0 80 1 3R 7 DA R AH L PR B K 8k v 85 s 3
A AFCHE.3 i 5 VAR P BRI S M 43 BT LS R AR B T 100%. H 6 T APT AL o, AT I T TR B g b
PR 7 3250 vy XA AR T T JRATTHR H PRS0 B 7 K B A T IR0 5248 5 (R 3B A4 APT (4 Rk
3.5 LWEHRME

AL ATFAE A — 6 JRy B 1 1 5, ol TS 20 ) S B 2 T B K 58 A 50 T 7 YA e ORATE SE B T A 18 s
i (1) 440 1 B8 2R 8 0 R AR AT 97 K 33 P 0. TR skt 7 977 K 334 A 350t P B A7 70 A5 18 50 SR 10 5% T B2 )3 5 155 ) o, 3k
T8 2% IS BT R S (GUL) A0 H A 3R RO ERBE B8 o R AT R SE 3o R BB R R LB N T 4R
AFFTT BT, T LA T~ 55 2% (1 TR BB e i, 52 36 5 52 (1 AU AR mT BE AT SR A5 K.

3.6 XWITRFIBRA

A S, B AT W R LSS R A A A

Fe 2 T PR A SOAN D 2 i SRAA) A DAY 8 FRD 532 0 0 HL 2 52 0 8 45 o 1 SLAR AR A1 3 A7 R P ) IO AZ TR AR T 422
2K D] b, R GEAL RS ORI 20 W T BORE T 56 TR B P R e M i ORAIE 2 AR AT 00 2211

FERE P J2E T G SO 22 T AN — g i SRS 22 (KR L LU A, 28 1 2 ERS 2 4008 50 2 10 P 0 5040 M R KL (EL 2 2
AILEH 1 AR 2 KRN 2 MBS TR Z K APL R IF HIE 8 B0 T i 1, AT T 5 2 52 .
A6 U TR0 %o 5 W A A5 S 0 A P L T R e APT R iy 10 £ 465 CSO08 5 4 56 MR P 2 ) PR A8 B G 3R AT it ok B 22
(K 28 0 V2 T (1 52 W AN [R) A4 P PR 4 50 28 F AN [ 3 52 W, LE W 3R 7 floor panel 45 2o SR AR 22 HoAb A
52 B R WA DAL 0k, A T R AR B R G AR 2 IR Do W I DU S SRR PR IR B D A A & 1 1 2 I E e R B8R
TATFE .

FESZE T AT T 3 NS0 /INL 43 0SS R GERRASAE i SR A T AN (] B LA A8 e s B )
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X 3 ANSEIG B S AT S5 I A LU I B R 25 B U TR B 3 AN T — AN B A4 44: floor indicator,
XA P T B2 R R O, R T 22 AR O ) R A T RRAS (B e FRATT N 2% RS R 3 R S R R A
e, BRAR B2 A8 205 i) 1 52 2, DT 920 SR PR 4 4 1 AR

4 MEEXIE

A6 SO W0 20 A 2 B A v 1) TR Bt 2 [ VA Ik i PR e B B AR A TR A 2 T T I
FL BT AR DG BIE SR8 7 4 v A0 AR e i L 4R T AN A B SR W 20 A AR, 1T 68 P SR R A8 SR i
BT FURL A T FRATI ] 25 2 AT ST R R A (K48 L M 20 B i TR L.
4.1 FRGEREMIERF IS T

1 B0 5 W) 3 BT 0 A 258 1) T i 3ok R R T [ ) S R 7 TR 49 31 T B R e I e 2 i s R T AR ik
FHO AT 200 A D sl AT O R R RSV A T e G (M 3 BT A L R e T B AR R 24 e i gk
FERE o, — M 5 TR A 5% 2R 8 ST A 50 W) 0 W R, s ) PRIE A, sl o Y PRI g g 125280
TR BeH AR LAy Ky # A R BN A (1. B A BT 20 W F2 5 1 8 S5 B SR HEAT AH DG 1948 5020 BT, A0 42 A S5 48
282, T _FLAR S 1] P A T 35, 2 D120, 30y 206 T Wi 40 T A0 8 2 P S B8 A T I PR 75 S R 3 Al o 3R 8%
J 0 33X AR A DG R HEAT S W 40 BT, 5 T 114D 85 SRR AR BV A% G T S 0 W BN SRR AT DA R R e 4 N
(1 U OIS 2 2 00 b T B R I8 AT I 1 — SR A S I B A5 R, IX A S W AT BN T B K I B4 A

Kung FH Gao 55 A6 I 1) 5 A% )7 (2 ZEJE Co) B L0 i 23 B B AR DG (B A T B3R R R RN (BT
Y0203 AAT] 32 B AR I T A N R AR R R ST T G O R R A SR GO A TR A 43 5 2 T T )
WM — LB IR R gk k. RE . 2805 W XS R AT 5 . vk RSB SOR ML R S
e R B KB 5 VLR AT 5 M o3 AT AT B 5 VL CR TR SE B0 43 310 T N A, I HLAEE S8 & mTAT A R0,

4.2 HHREESRE ST

H A I8 B T 1R X R A R A P A S0 Wi 3 AT 1) R GEIF 9T — b 40 2 A 1) 1 U5 R i 9 i % 31 T 48
B 43 AT, L U, Zheng &5 A4 HE T EF X R 02 48 7= S COTS(commercial-off-the-shel f) (1) #4412 il ) i 42 ik
£ 7% I-BACCI(integrated- black-box approach for component change identification)®™* % T~ 45 = 77 K ¥4 £ 5k
i, BENF LT . H P 2 R0 S 2% T 0 b SRAG 5 N BB AE SR ARATT BRI 00 52 45 1 2 A A ) — 3t AR A
SCRY AT WL A COTS M2 ) 8 FH 2 AR IS —— K & 4R 05 (glue code) A 5 e 2 At FH IRk 6 1 #8 /E ARAL A AT 1)
T3 FE TR R D RE I H &l (call graph).Orso %5 ARE TR PR B §2 H 1 PR [l U3 0t 0 e 60705, —
ol S 3 TS (1, 59— Bl 56 T AP i B v S B 58 = 4R A (0 R 1 G U (metadata) H 2 1%
YRR T BERAR 2 L ARE B, LW RS B 8 SO s RE 55 0 H 55 .Gao &8 ATFIU T &% APL K441 [ )= 3000
T e 8 7 v S0 A TR 0 AT T T APT (KB 16 SR Th REAS R AR 5 T KBRS H T
1 LI RE 7 K 5 AP Ll B8 17 K 5% A H0 s A0 8t 977 K B (V0 Mk 2, 2 BT R A AR 2 T APT 48 S5CEAT s i 43 B (HL i 7 7%
B S ZR 58 J2 10 HOAS . S ARG B Mao 25 A\ D351t 1 — b+ 32 R0 T 0 oAy e o 2 2 e 0
AR 7 ¥ AR B9 5 RS R A (A TS e 3 B ) R DA b 5 = 2 0 ) 44 P9 350 2 T

Wu S5 AT —FPEET UML FIH4 £ (B 03T B ABATT 048 S i 23 B 7 722585 T UML 251 A R0
ARSI A 2 )2 454 (A8 e g i, Bl 4R PR b oA B3 B8 BORN A B B 10 46 50 i PO ABAT S IR S AT
A (behavior) /7 T 5 FE A& 250 s M 6 R U 0032 e 32 il

AT TAERAE — SO0 T 3T A 2R 4540 118 SO A 43 BT 9. Feng 55 RS 203 1 23 B 9 FH 38058 T 44 4 1)
BAFAR ZR G BT P AR 2 TR B A8 oG R b ST — BB 50 43 M B DU SR S5 LB R 16 S TR0 5 v R
A U1 B W AE BO% 0 Hassan 25 A3 H T — Rl o 41 3R 20 10 4 3 45 W48 S50 i 40 A 7 02 fAn1 38 1
TE AR ASCM, 25 JE 7E R 11 14 7 45 18 F0 AR 05 2 8] 1) 5% i 23 BT Kotonya 55 A5 F 44 2R &5 /) 1 i 8
ADL™E U7 COTS M PEIf 44 3 45 MU HEBE, 9 FLAAE B3O B A FE 4R T — P RIAG £ T R SCRSAR DT i 1 165 i
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Wiy 73 B AR IR FTBEA B 50 B (0 AL A 21 28 Ge ARS8 W0 70 W B T HLBEH 5 18 APT 2 00 R 48 0 44
AU R0 100 B AT 5 R A0 i vk T3 1) 80 AN SO P 2 T BEA T8 S i 20 A i HLBR 7 IE S AL
O B S BN 2 T AR S 23 A T B, O HOE I SE 3R B0 T U7 VA A R
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