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ABSTRACT

In this paper, we apply NHPP model example to s/w process in order to get to know s/w
reliability. The test is constructed by a test zig of commercial product loaded real embedded
sytstem s/w. It is established to s/w reliability prediction and estimation of real-time
embedded system s/w. It is computed the prediction value of cumulative failures, the failure
intensity, the reliability and the estimation value of MTTF, Failure Rate.

To the more realization of high reliability in the real-time embedded system s/w, if the
embedded system s/w is ensured to the test coverage and constructed to stable s/w process
& operating system, we can improve the performance and the reliability characteristic of the
real-time embedded system s/w.
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Reliability
3 = Hardware phase Software phase
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AXEGo] AZA F3 Xz M2 (Software Reliability Engineering Process)
@A IEEE/ANSI/AIAA W &
Step 3 Determine parameters e 44
Step 4 Validate model 249 Az
Perform the Appropriate Analysis ¥4 (Prediction and Estimation)
Step 5 Safety Software Safety Assurance
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. . _1 _ 1 -
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R(H= e+ - & (7
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nAE9e] BF3 4(Random Variable of Failures) = M(t) - 7k (D
HJF 13 ¥ (Mean Value Function) = u(?) - 713 (2
w(8)= ELM(?)] - A9 (1

Z27] 2ZEH A AXYAEL AT AT 7N Rdo) HI MR FAH oz FA
T A A vdEed B @4 7oA HAY 2EY £YE A% A AR Fold o
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g B =FdME NHPPRHE2 7ute} AZEgo] A4 43 md(Software Reliability
Growth Model : SRGM)& F3 3},

AZEdole nFeolvd Y AEE FAZFOIY AEHARAE JdEe WELe iy
AZEQ NP AAEDL nGFY H2y AEL FHHNAE AEE AL AA
HolAw uifie 2de odle A9 2,38 /AR 249 & + ok 71 1),Q9 A9
(1),(2),(3)2 %8 NHPPE Y 7|4t Exponential 3} Logarithmic ZZEgjo] M)A 2dg 45
nz} g}

Mean value function : #, - 79 Q)
Failure intensity function : A, - A9 (3)

2.6.1 The Exponential Model

W29 £ZESo] AP A% Ede Ay L2 vehe, v-53 ¢A TeAx B
do) 71Ng F BAAH EYEAM, 19753 MUSAE CPU 43 Algd ©& AZEo] A=A 4
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Y 2de s e $£48 2y,

pe= Boll— "] : Mean Value Function - A’
Ar= Bobre “#". Failure Intensity Function -2 (9

( Bo= 27 &ZEg] AA A +)
( By=Z2399 2Y A¥E )

2.6.2 The Logarithmic Model

1984'3 Musa, Okumoto®] 9J&]lA A= o] Logarithmic model exponential model# §A}3}=)
714 & zelde 13 AXx(failure intensity)”l AFHoz Folu Aol 1992 Malaiya,
Karunanithi, and Verma = logarithmic model®] t}2 o]® SRGMs(Software Reliability Growth
Models) 2.t} gutHoln A&scisn Frdcl

#e= Bon(1+ 8,9 - 4 (10)
_ B B _

At— 1+ lglt é] (11)

27 AT EHo] A=Y £ WY
A2ZEd NFPH &=A wyd= A HEstimation)s}t 48 (Prediction)©] th. Hrle A| A=)
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L o o

N

2} NHPP(Non-Homogeneous Poisson Process) Model @ 1979 Amrit Goel and Kazu Okumotool] )34
H&oz AMdHolzon] =YFA Poisson B3 WF+-E AL ool Ay AFEY 42 TAY Aol
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3. 44 49 2 25% 13
31 AXZEgo] oA G

LEZEo Z2HM2(Software Process)& Td37] At B dZeH(Infrastructure)?t
gasio giEo] #EHA SN FAHD HA TY LZEg o] TEAAY FFEL JTAH
o2 Ads4e CMM- % SPICE #¥ II Axe FZola 7|zt Ageld 78} JA-oA
(Safety-Critical) Al2€9] Z$ #4 II - IV AE9 $£F& 23 it
32 AZE g o] H2%(User Interface Testing)
AZE ] HAYE A F FELE UE F it

Black Box Testing White Box Testing
waly v Ew) Ll eens |07
Non-Intrusive Testing Intrusive Testing
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Box Testing@} AZEsgjole] =83 ¥E74 ¥4 A s=dolyg Ao vims FE& A&
£ White Box Testing®® EF¥ & dov & =8dMds 24 #Fd A2719 Black Box
Testing€ Y& User Interface Zig& FAso] A7t Air On AHo]l ¢ Menu Screen H AE
2 7% HA”o] U@ Non-Intrusive Hl2®& F83Qo}

a9 [4). &4 FBE) Black Box Testing Zig(User Interface)
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Hg = 2 MIPS = 2000000 2% o}/2
Frp=42x10""
Fp = To% x 20,000 = 120faults

0, = 20000 * 45 = 90,000 & Ho]
2, = -2.000.000 ’;‘(‘)-%5(0 10" x120 00112 failures/CPU Second

- A = I .
B= B F, - 0955 X 120

A(40,000) = 0.00112 ¢ ~[®9#107040.00] = o 0g284re/CPU second

=8.91x 10 thilures/second

28 71v 7% FE F7) oAy Alxg AZEFold g MNFA A GAE Y9} Zo
veld 4= 9lth. 9 Prediction dA & ul% 2 E Estimationd 318 ©$] 48 o& 428 AA
Estimation &}7] €18 =9 Ze]7} 20,000 KSLOC (5 Unit)ellA 100,000 KSLOC7} gten Z
Z}e] Estimation =/W8s %L E [6l9 2
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§ @)
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/’ : i = /10 = 1'0 .
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R 1ogarittemic = 1 = ALogaritwmic = 1 — 0.002916 = 0.997084

0.002016 %/day
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(release)® wWe] 1A 2% (Failure Intensity)E bl

/,ii“

i i

-}

A ‘\\*

23 [13]. Testmg & Operatlon Reliability =37

YA 7% UBY AW AZEgolel UYL B 42 (Estimation valuo)lq & F UK
o £ZEACE ATl Wl A 24 2A ADo) S B3 AAY FA Ee £IAA
FEHOIM urh e YN A% Y ALY ATEdols QHYE T AdNE &
Y 2ZEdo] TaAss NG THHD 1o £ 927 ANDAE Fasol wrie
Ag &+ AN

AREY
[1} "Softwarc Safety and Recliability” written by Decbra S. Hermann IEEE Computer Socicty
ISBN : 0-7695-0299-7

[2] "Standard for Softwarc Reliability Engincering” written by Dr. Norman F. Schncidewind of
- 357 -



Naval Postgraduate School Monterey, CA 93943.

f3] "Thesis : Accurate Software Reliability Estimation” submitted by Jason Allen Denton of
Computer Science. Dept. Colorado State University 1999.

[4] "Introduction of Computer Software Reliability Estimation Tool{CASRE)” DACS of DoD.
written by Raymond Wong SENG 609.11 Dept. Computer Science, Dept. Electrical and
Computer Engineering University of Calgary Alberta, CANADA T2N 1N4 April 5th, 1999

[5] "Metrics for Evaluation of Software Reliability Growth Models” written by Francis C.L.
Chan, Paul P. Dasiewicz and Rudolph E. Seviora Dept. Electrical and Computer Eng.
University of Waterloo, Waterloo, Ontario, Canada N2L 3Gl.

[6] "A Study of Operational and Testing reliability in Software reliability analysis” written by
B. Yang, M. Xie edited by reliability eng. and system safety 70 (2000) 323-329 Dept.
Industrial and system eng. National University of Singapore, Kent Ridge, Singapore 119
260. Received 9 August 1999: accepted 10 June 2000

[71 "Software Safety and Reliability” written by Debra S. Hermann IEEE Computer Society
ISBN : 0-7695-0299-7

[8] "Software Test Coverage and Reliability” written by Yashwant K. Malaya, Naixin Li
James M. Bieman, Rick Karcich, Bob Skibbe. Colorado State & Storage Tek 2270 South
88th Street Louisville, CO 80028-2286

[9]1 "HandBook of Software Reliability Engineering” Written by Michael, Lyu. Edited by
McGraw Hill 1995. ISBN 0-07-039400-8, IEEE Computer Society Press.

- 358 -



