HE LB 2008Vol. 35No. 12

ETREEZN HLR RERGNX A ER

o B

B X ZF T h

o OB 8

(PEBKAHEEL AT TZE 710075)

B E ORET—HATLAFEE % (Immune Genetic Algorithm, # # IGA) 5 HLR %44 AH £ A 2R
(Model of Test Case Generation of HLR Software, & # MTCGHS) , ## @A 2 7 ICA Ak A A SR, Bt H
IGA Kk 545 L F A A 2 £ HLR a3 A6 A& P ey s, 50 T IGA K3 2R R S TH AR
HHEAREAE K, Bl abit — I T A QY S AR T4,

XER LA E HLR 42 A 6 £ A2, 8 %

Method of Generating Test Case for HLR Software Based on Immune Genetic Algorithm

MA Zhen CHEN Tian LI Yuan SUN Miao GUO Rui
(China Unicom Shanxi Branch, Xi’an 710075, China)

Abstract This paper suggested a model of test case generation of HLR software (MTCGHS) based on an immune ge-
netic algorithm (IGA),and introduced the basic thinking of IGA in details. Through Comparison of IGA with both Tra-
ditional Genetic Algorithm and random Algorithm, IGA is further proved to be superior in generating test case for HLR
software, and at the same time, the correctness of MTCGHS is validated.

Keywords IGA,MTCGHS, Vaccine

1 3]

WiE HLIREBFERAE T WIERBRBRER, haEMX
PR HLR B R i € tE Bk B2 DB E 3 T2
URREMR ., HLR R T ERAE , B 3R A4 I3
T2 IR TG B XEERE .

7 HLR 8RB AR A, & 500303 49 28 i 2 1 4k
MR TE, REMRARENVLEFE. hTEE KR
FBIREEA R T BT EANA—Miag i
BT B E R A#H TR, B HRR—ME
AEERMRAZURENEAR, A RIFM2RERES B
Xt F R A (B 4 R A BB A &L MR 018
R, N T FEARLL B8R A, Chun S5 TR 40 fg B30 F1 42 % W)
SERRET —MeZiEERy ., EXNERP BHR
14 B bR BB BURVE R AR BRI Z ) R AU 1R
BENBARE, B THENEEAES . BdEHEE
FEN AT HLR 34 A 41 4 a8 A st vl RAXS 8 A 6 4T
Ak . TR K B ALk 4 it T

AR T — R E T AR £ 1 (Immune Genetic Al-
gorithm, fiFR IGA) &) HLR k{43 3 Fi 5 A i & (Model
of Test Case Generation of HLR Software, fij#g MTCGHS),
HIEEMN AT IGA B EABR BHE5ERREEE
FFEHLE AR HLR S B 6 A6 i b i AT e dg, i — 2
W T IGA B HLR SR-a 5t 4 4 gl b 4R i i, 1R
BIRTE T MTCGHS R E B 471,

il

»EEH . EE 863 BHARPR X BRI HE (2005AA113150) K.

R BT RIEEHE,
o 244 »

LAl S Eop ]
Mt L SR 28
FRADAF A0 T 415

TGARRBS %
[ omme | s

FNEE

N/

TGAREES 2%

U I U a

AR &

P U EOPP PP PPN

R B
-
¥ REBHER
RALE B .
gt REPITEFR

E1 MTCGHS#R

2 ETF IGA phillik BBl 4 B4R 3 (MTCGHS)

7E HLR 84 R G, G T RE#R by — Ak SZ B D REAR
B i, R H A SO . SRR A SO AT
ST 18 BIRASIR IR B A1, AR P BEALE A2 A HLR
B AR BRI AR . X0 5 B R R AT 4R A, B B

O B L EETRE, FEFRNFONEE R B 3E R



IR EE, TR IGA B MR R BTN AL , XA B AT
DA A R R PR .

B 1 Bz R YR AR SR A 24 SRS A SR e U

5, AR IGA BTt AL iy HLR B4R A 61 4 R
AL, AT IR A G R s A A 24 SO 45
BRI AL A BISR B, 3B 0T LAE B IGA Bk 0T Xef 40 46 0
AGIER T AR I B

P45 B KR 61, BB R AR BRI, AT T AT AR A
IGA B R XX IR R Bl Tk R 1 PalRIE S,
IGA Bk R R B8 R BORIB I Bk A 2047 32 L B — A
RAWEFTE R E 4 IGA B ik—A &N R BUE. HE
R » LB R R T R B ROR R . X
BEBRFE SRR HLR R4S MURE O A8 7 ks
BRALR,

3 IGAE%

BEERR-EXET AR AW ERBRE
B REREE-E&GER 2RSS, BRE BN,
TR R EHRAE—RE R E R T RILHITH  RARLR
UE T R RERBHA SO , B — @ R B RT3 e 3 ok BLGR fb
AL, KREHFERR, UOURE LR ERBE AR LE
BEENAXERCAEESR AT ETEAR, EFEE
BAMIZIEMA AL IR, TR FH LR
Rl R R S B BRSSO R B H R
YERE, IR HE . H AR R oK A (R R P i — LB (S 6
e Sl Aun LB A e S0l iE: R
3.1 IGABZERENX

BRI R R R A —
Y. MASRKEHETHEWRE EFERL, MRZETR
BRI B A A B B N R R . A SCR AR SR
PR —FMBGH FRAS R R R B AR, BIA RS T,
TR SR A SCH S AR B

A A AR (GA B bE LT .

EX 1 IGABERALIE Ch—4~ 11 JTi .

IGA=(C,F,P, s M,®,T",¥,Q, A, 11, T)
Hep, C: MRS Iy B2 5 F: AR 935 LB TP R 80 Po - 18R
FOBE; MEBEAR/N: © B BH 7 T: BENE XA TV HiE
I§Z§9§£E?§§?ﬁ‘; Q: ijfﬂg;1ﬁ£§§3 135 ;[\:5331%;§3[i§i Ns;II: fis%éfiélﬁ‘;
T HE& &G,

RYELLE IGA HHEE AT LI o IGA FEE MR (A
2.
3.2 IGA Eikurauid

IR N, MBI A MASR ALK
I I RS, 38 L HfE % #E Uniform Crossover 5%, H e
B SRR BUR L B BN R B AR Pe RIFIHE, &
SRR EBEALLBE MRS Py AHE T H
HOER BENRSEBHLTAHBILIE A
BB B, BERAER C, i) D, Rt A K
~,Hp A B D, BRRSHBHR - DRBIREE. RTH

WEETRR E M AR A, BT B RS R3],

e iR

[ ammmmn | [ uwasg |- | wEngy |
T Y
< A J
[Bemax. xp1] [ezpxX 28] - | BEERX XN
(] L]
[ memer | [ seme || semen |
L] )
[ wmaw | [ rgawm | oo [ mmam |
eneration! N
Ps=0
Y
[ sRmiantiepsiEs |
[ #zkanossmsmReie |
[ sxEngzart |
(]
| Generation=Generation+l 41
]
B2 IGAB®ERER
3.3 IGA Sk
3.3.1 HEBEY

R W= A BT sR R EY SE R AR R 4R AR R Y, E TR
FRFEEREAERENEENEEESTERNER.

TR R RN

B BT R R AR, AR RHIER B .

Xt T BB A2 B R R R 5L B R TR B S A B
162 P L AT B2 By 3 o P R i BT A P B8 RO R O 1 P B
o IR SR B R B4R BB 4 B R R
TERELAS IR T7 R 2 B, X R AT LA B R S AT RS [
By g R B AR 0 R R R R R IR . B 7
oy 3 7 FE R R, SR X LR B R R O ik AT

ET BRI, RELETHH S BB R T RS THR
PRI R R B AR , 37T LU 4T 3 SR B BB
WG R AR L AT T — REBEHR O k98 R B i Y 3 A 45
ARG . B —E SRy B R B A2 , 150X
BIEE WA BB — A PITZ AR .

B MBI F R E B .

WRE— WK R R T B2 M B - BB R 0y vk 1A P
B IAET — AP AT LUR AR R R AR B , S e i
AT AR SO

ETR
S O CHt i Brft B
x, &

Heb CHFE, v C MR EER (AR v RN
o 245 -



ifi.

BHERUTHMER.

MR 1 FEOAR R ES R XM ENE.

WK 2 ERTIE R GE W B ) R F AR Fh
B EE R .

R CHIMER c1 e yemson , C R THBGT RN #
RATF

(D EERX v WITEEEMIH

(Z)ERI'ZHFPE#‘: C E@Efﬁﬁtﬁ’l‘ﬁi,iﬂﬁ YisY2 e ,yn(N>
n);

(3)i=1;

Wi=1,z=yi;

(5)j=;+1,F 7>n,5(7);

(OIR vi=x,55), FNHER);

(7)1f=x;

®i=i+1,F >L, &R, EME @, Kb L H5E
KE.

3.3.2 BFEY

BAME o, AHEME T RRIERERMIRREN 2 1
SRR bR SO ', [T MA L B K MR R B
AERMENE, X IR RN TR,

WOFEAME y B—FEB EWEBERERN, G
BESEENMEARR, WXHEBEMME 2,2 #5 y BHEER 0;

OFEME B ERGEBLEERY, B > EBBEAN
& LIRER 15650 =,

WA C= (21,22, an) S CEMEYERIEEC
IR ] o BEVLHEL n, =oN MMETT AT HRE. HEE
Mt B RMIR TR RN, EFuSNERR AR
HRENREEEEEEETENER.

4 HE EFERIT

Wi A RL S RN N\
4 4
SST i
——[ memans
ol Iouu):lt!ﬂe fe—f--—5 s
> ot e[ wsmmmn | wecooms
! i
L [(omr Jo---p-!
| oxc sexver b 3 ~
I D8 engind5k ,-;] wioss oo zaean |
== =1 ] i1
L L ofmoman - |t je=t L|mmumwe]
At =5
(e 4] 1 T
— |l
< ¥
B
L IR A N DB10H% B J
L N
PCS DBIOER
[ == i, 2
ousptems  fe—b—] rs wok | [Comspmems ] [ pos mmmse |
PR Susay |
v
[ )
wos REms ]
U LI J/ PCIO DB B J

== BEWA > B  —HREENEE
3 HLR R4 E

MTCGHS A1 IGA Bk M RIE 2B X HLR 34
AT FA ROk R, HLR 4w EmE 3 5
o RS HirRARCHEENNK AR RE S

< 246

10020 B SR Ty VA . PR 4 JR =038 B 7 A 1L 3R A 81 3
BB, B 5 2 =R TTE A b .

Z R R A G BOR AR E
3000000
< 2500000 f-os o — -
< /1 -
| gg 2000000 |- ’ W] ok
! & 1500000 - 7 # 4 Eﬁﬁmﬁﬁé
! 3 1000000 7 2 7 OIGAHE |
B 500000 |- -- M-
g A D |
+100 £200 +£300 +400 +500
foEE 2 &l

B4 =FhE RN A IR

SRR R
100
80

O {EER s

oEnEE |
QO IGAKH:

60
10

" Lo [l 1A

+100 +200 +300 +400 500
BRS R

BATH M (B

K5 ZMERETTIE L&

ME AT LR B, IGA Bk AL e 8 12 5 B IBEL
BN AR B E D, st R IGA Bk LU
FARZ 30 5 B 3 T LGS 3 10020 A Sk i A A %
#,XIER IGABEFGERK BAR. X0 IGA B IE45%
fREYET R R, B E R IGA BR5IA T IH TR R,
IGA B3 BB FTE T RIBT A B, B IGA Bk E ¢
AL A . A HGEFT RS RN & B Il A Bl R A &
AEXH.

BRIE AL T MET IGA BikA HLR 540
A A R, oK R B T T HLR 844 19 302 43
AR, ML T IGA BB FERE SR AL B B i 5 2 B
MR B R TR ERIEMEEYEE, Rt — 5%
IE TR IESRYE AT Y, BRI B B EIT T T
LML 3TN

5% X #

(1] Ex&. FeRess R AIM]. H4KR¥ R, 2003

[2] Sthamer H-H. The Automatic Generation of Software Test Data
Using Genetic Algorithms. A thesis submitted in partial fulfil-
ment of the requirements of the University of Glamorgan /
Prifvsgol Morgannwg for the degree of a Doctor of Philosophy,
November 1995

(3] E&H.EZFH. RE#HEEEANAD]. AR . BEHTFR
HK#,2001

(4] B2, B, &6 BTRE A SRS BEH N aERER
O RN 5 K8, 2005,42(5) : 740-745

(5] FEAF . E8. BEEE - MASRALRIM]. BER
R H R, 2004

[6] Srinivas M, Patnaik . M. Adaptive Probabilities of Crossover
and Mutation in GA[]]. IEEE Trans on Systems, Man and Cy-
bernetics,1994,24(4) ;656-667

[7] Beydeda S,Gruhn V. An integrated testing technique for compo-

(T35 272 7O



o A AR AR R | AR B AR (3R T 45 R, ke
AR 85 B AR DR M S Z R B X R,
AR NE,

R PR B AR R Z ARG 55 R FE AR
PR B AR AR B SR Ry s R, — MR TE TOAR R )
HEATRLS .
5.3.3 MAEHBJUER

3B L3R4 0T, RSB A IR AR E B AR T 6
GME BRI R AL R TR, 2648 it 12 P B 4k 5 sk
HRER 42 HPHE I TEANRERMERE. BB
StateFlow E A 9 AR, RE Matlab HIFEP— E2MiEE
A T B R TR B, T ES R HEER
RERITIKEE.

SHS SRl ¢ HR sk REAO R

j Mjc«l
\[W‘z.;'_“ .....pm W
T ;mrw

L2

L
ke e "1
rmw,u.y_n] [MN_DWM T L
.. | —
w
| f ? .

e ey

B9 K 6XfhMEE#GH StateFlow BB

HFRIFE AXBLETHRARBIERGET R I EHEMA
R BEFA TR H SR R SR R YR B FF R 7 iRk
SERRAEGEI & FBUP R RN 7t B3R IR AR
BRAGHERAERIFER, SIELR T T BB UE R SRR
BEEEETRHBRIHNFRTOEERA. HETRET State-
Flow ¥ RG02 BTN ERAESL ), #5d THEIZER T RO
RUEF MR R B BOR I BAR SCBF B, 48 ST
RISk A AR BAE R IT R R I T AR IR 2
W BHE T A FF R LR SR, W e bR A
B RGERAAH . B H A% ke A R S EB S K
7 » oAU FR T & b A T BB A 1 A T PR AL T R e
BRER ABAHEIE CRESR A ERERER. 5
5h, B BT SE AR R B R ORIy SN E e , R 7]
DASRe PR T I SCIER B 2K o DA T 342 o AR AR e 4 ) B AR 5 X
B RET - SHRNELNA.

s % x &
(1] E&RH KT R AR K B W E. heep: //www. gov. cn/

jrzg/2006-02/09/content_183787. htm
(2] EFERTHREMNERFBEIHETER
gov. cn/jrzg/2006-06/29/content_322286. htm
(3] I RS T =l SRR L 7 R BITHD
[4] Rastofer U, Bellosa F. Component - based software engineering
for distributed embedded real-time systems // Software, IEEE
Proceedings-[ see also Software Engineering, IEEE Proceedings.
2001,148(3):99-103
[5] Karsai G,Gray J. Component generation technology for semantic

. http: //www.

tool integration // Aerospace Conference Proceedings. 2000
1IEEE, 2000,4:491-499

(6] #kWF. % BT Leta ] EHEUE R EWR. PEBERHSH
PLERSE,2004,25(7):1151-1154

(7] B3k, MR, BRehTE, &, W E A X R8s A1 &
WEBFT. I T R%34R, 1999,2(3) . 19-21

[8] Wang Shige,Shin Kang G. Architecture for Embedded Software
Integration with Reusable Components

[9] Wang Shige , Shin Kang G . Constructing Reconfigurable Soft -
ware for Machine Control Systems. IEEE Transactions on Ro-
botics and Automation, 2002,18(4)

{107 MDA Guide, Version 1. 1. 1. Document Number; OMG/2112-16-
11. OMG

(11] BFAL. TR HZ IEN TR SEHRITENSIERSE
BB S (D], 2030 FBE T A%

[12] #E#l, 2Rl BMRIRSERRE RE R K P M ARED]L §
BKSFFER (OB ARRD ,2005,20 (3):53-59 ,

[137 Selic B,Leo M. Using Models in Real-time Software Design [J].
IEEE Control Systems Magazine, 2003,23(3) :31-42

[14] Martin G, Lavagno L, Louis-Guerin J. Embedded UML; a merg-
er of real-time UML and co-design[ C] // Proceedings of the 9th
International Symposium on Hardware/software Codesign
(CODES01). Copenhagen, 2001 ; 23-28

[15] Domain-Specific Modeling, 10 times faster than UML., http://
www. metacase. com/[ EB/OL]

[16] MAMA.BAR,BKE. LAKGETRIM] HHEREN R,
1997

(17] BER . ZEBE BARREHR S RIEFEHEIRI] HHH
WS EE 4R, 2004,16(1) . 109-115

[18] UPPAAL. http://www. uppaal. com/[ EB/OL]

[19] Sztipanovits J,Karsai G. Model-integrated Computing[J]. IEEE
Computer,1997,30(4):110-112

[20] Sendall S, et al . Model transformation : The heart and soul of
Model-driven Software Development. IEEE Software, 2003 42-
45

[21] Karsai G , Gray J . Component Generation Technology for Se -
mantic Tool Integration[ C]. IEEE Aerospace Conference Pro-
ceedings, 2000,4:491-499

(E#F 246 W)
nent-based software (accepted) // AICCSA ACS/IEEE Interna-
tional Conference on Computer Systems and Applications. Bei-
rut, Lebanon, June 2001

[8] Wu Ye, Chen Mei-Hwa, Offutt J. UMI-based Integration Tes-
ting for Component-based Software // Proceedings of 2nd Inter-
national Conference on COTS-Based Software Systems. Ottawa,

e 272 .

Canada, Feb. 2003

[9] Jorgensen PC. k{4 WiK [ M. 4T, &%, JbaT: HLH Tk AR
#,2003

(10] EH#, %8230 —FE/MURAFIEER D] HENLE
##,2003,26(12):12

(11] B, &K, s HLR 84 FREM I 55Dl B
IR R A, 2008



