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Summary

Recently, newly being developed nuclear power plants including Ulchin 5/6 accept
digital instrumentation and control (I&C) systems because the limitations such as
correctness, maintainability, enhancement of the operational reliability and complexity of
conventional analog systems arise. In addition, in the case of currently being operated
nuclear power plants, the tendency of adopting digital I&C systems is increasing
because it is difficult to prepare/establish spear parts of installed analog I&C systems.

One of the most significant difference between conventional analog and digital I&C
systems is using computer systems in which various kinds of software were included.
However, in contrast to hardware, it is very difficult to obtain software reliability data
(or software failure rate) that are requisite for the PSA of nuclear power plants because
there are some problems in evaluating software reliability (i.e., no aging, non-linearity
and resource sharing).

Therefore, as the preliminary phase, the following researches are performed to

determine appropriate methodology for evaluating software reliability.

6 Categorizing methodologies that have been proposed for evaluating software
reliability in the software reliability engineering field.
¢ Analyzing strong - weak points of each category to determine the most appropriate

methodologies that can be applied for the digital I&C systems

As the results, methodologies that can be directly applied for the evaluation of the
software reliability for the digital 1&C systems are not exist. Thus additional researches
to combine the most appropriate methodologies/techniques from existing ones would be

needed to evaluate the software reliability.
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Software Requirements

Programmer Software Design...

R

Human Error

lrrefevant Requirements,
desiagn, ...

/Softwar \ /ystem\
Errors Defects AN

\

/ N “
Software System
Faults Failures
1%‘ 3.1 Edo] o7, 2, é*‘ ‘%l s



g 2ZEJolo] @& {7t ZUF Ut siojels, A& 34S WA=
AEo] AridoR Hrpd o] AZELojE: & AMFEE Jixicin Y £ 4
Al Hch whela] ANSI] Aelo) &JFlH, AXEele] AT E FITIE AL &
ZELo7t FoiX BRAAM A3 FHY HE e AHEs AN 2E HE
S e ZAola (17, 18], dF o 2= Fxpo] F9of tf3] £ZELC] IAHE
(B TAL)E AZEo] 28] E(software reliability)® E# 313 ¢ltholg3t &d
oA, Hx|7}A] £ZE L] A=E FIstr] s3] AMALE FIt HHELS
F 3.2 o] Beld 4 stk

3.1 &AZESo] A 7t WY E
Physical size
(based on the number of | Category 1
line of code)
Software size
. Functional size
lmpleme.ntauon (based on the number of | Category 2
quality .
software functions)
- Based on software
Indirect o

estimation Software structure or architecture Category 3

complexity

(predicting Based on psychology Category 4

softlware. Requirement quality | Evaluating software requirement quality Category S
reliability using : - -

development Design process Eval}latmg the. qu.allty of. softwar.e design,
process quality) quality design organization, design environment Category 6

and Implementation
Evaluating test coverage Category 7
Testing process Evaluating test effort Category 8
quality Evaluating availability/capability of
. Category 9
software testing team
Miscellaneous Multivariate approach Category 10
d tware testi
Base o.n 'sofware.estmg Category 11
Concerning end| * statistical techniques
Plrec.t Pr.edlctmg software product only Based on software
estimation failure rate through . Category 12
— . modeling i
(estimating analytical or =
software mathematical Including Based on models which
iabili d t thesize/integ
reliability) methods evelopment |can synthesize/integrate of Category 13
processes + | each development process ’
End Product jand end product (software)

-10-



E 3104 & 4 e it o], £ZEQ oY Mg HlEty] s 227t
A AR WHES A £2ZE ] F(quality)E o8l I H7H
Tl BARE F olES B 2ZESY] =g HHHo= AFste
(category 1 ~ 1003t FE/BA A2 Ee HTEgoje] 2dIg B HPH
A 5shs Wr(category 11 ~ I3)EE F5H = QUth olg &, £ZES] 4l
& AP odSste YHES vlay HIo] pdE WSl wigel ¥
E THEH L= 35t

2 o F3le Wi Eol chsf HA A

o o% l'ﬂ
M W W oE mlm

O
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i

ATEQO]L] AT E HHEFO

3
E % oW

TS F= Y UxKfactor) A& FH 222 Biife ulel o
7}A] v ER pEE 4= ol guld oz AxEe] AT HIYLS R ol
A2 AE AZELo] sde] QlojA HAFHLE ¥ “AaLEIS life cycl

Software ' Software Implementation

Requirement ’ Design > {Coding) — > Testing — User

.\v, \—/ \»-_’/,/ * \\—’/‘ ‘\\- “V—/// s

b N

ATES MZTH SBS FE AR '}

in

a7 32 AZEQo] life cycle

38 310 B £ gl ke gol, £ZE0]Y LS ¢siME A 22E
glol2] MA L A(requirement)S A3, ATE S]] T2 B8 MAZ F, AZE

Aol E T3t 2FHoZ MUY AZEIOIE A|83t: 4AE AXA Hoh
ol ARH AZLEdo] 25 HAIAL £ZELojY AR ¥ T3 22

ALZE wkx317] ¢)8), 2 whAlojAl = wt=A] V&V(Verification & Validation)S 433
SI=E Flo] olr) uwlebd Z Y wrAY] AZE0] A (quality) BIE Ea)
FHoZ U AZE0]Y AT E &Y £ & Folgke Aol HHHA
AZEo] AEE Hrl 7| dolch oluf AZEgoje] FH-2 thggt HUl
Ao (AZEg oo TH A U AZESJele] 2 BiE 5)E 23 =y}
Hch

1. Implementation Quality (=2E9jo] 8 3 H7D

AZEQ0]S] AElxo] A¥E T UAEY FItdl 2olA, 7 wA] A YA
il Hrld el AT EQoje] F¥o HEH H3T H7FE Z(complexity measure)
ojth &, AZES|o}] BRIl I Z4F AZESY] T2 (programmer)
o /Al QY (maintenance personnel)?] F WA JlsAdo]l AZ 4 3, o]

-12-



g3 =2 2F/E A% AZES Y A (failure)S UABAZ + gl of
Sojc}h.

oluf AZEQJole} BAEE Hutsty] )] AdH YHUES IA AZEL0]Y
E2l3 V& Briste WA (category 1), 7153 Z7IE BIsks WY (c
2). T2awmst =7ls Al BUEE Friste Uy (category 3) R A£ZEZ]

= 3)
ol?] F2A BUES 78t WY (category 4) L2 HEH + 3T}

ategory

7}. Category 1 - 2ZE9]0l2] &3 I7|& §3 H7}

AZEOY] Ee]d Zuleke AL U IrlE £ZEgeld XUH AR
(source code)?] 2l Z 2jmlgth &, YARLES] Zo|Jt AA AsF E
of ZEaeuiu} Ba/aAelede] ofsfslop st FZol FUIsHY] iz, olE <l
| Z2oeieiy Remelede] SRS UL 4 Ak £ZEgoly Byes)
Z7td Zolets Tt JHoA &uUstAl "l o] HFo| EE = tiEFHA B
<2 1) bugs per line of code, 2) fault density, 3) design defect density 52 & <

=
=
31, o]E % bugs per line of codeol] ThZt 72kl M- & 3.22} Zt} [20, 21].

o

1k

X 3.2 Bugs per line of codeoll th¥t o]E3 w7 W Hr} A=}

Rough industry estimation (5~30 failures/thousand executable line of code)
< vigo g A whyolth

Si = The number of executable source lines in the ith module
Fi = Estimated number of failures in the ith module
ol &3 F = Estimated number of failures in the whole program

B 23 N = The number of modules contained in a program

3
F,=42+0.0015.53

27
go:; Crude estimation for the number of failures in a program per line of codes

32014 @ 4 Qi upeh gol, £TEgole] Beld 278 B3
o J1Ze AU1000 B T oF 5-307) HEe AZEslo] Fito] L3

AdH Zigel7] wigol BrHE A7 AT # ohlel. FE Cul

_,.
of
N
N

):9
L3
i

i

-13-



FORTRAN T oldlge] o] 53} Zo] Z2Ien7t dUs] ILL 3o 3he low
level languageE T2 3t Zlol7] wfEof =) 2} AMSEE HYAA|F T2 0
(object-oriented program) E+= high level language?] B 7lols AHLE 7] E thaol

altt.
L}, Category 2 - £AXEQ0|2] 7|53 AJE T3 H7}

2ZEOY] AVE L3t YoM E thE JES, T3] AZE ]9
2] Fl ZI|B}p AZESojo] dujvl W 7| (function)E0] THEE=IIE ALE
£ Zelth &, £ZESo|7} ofFe] W2 code lineFE Uzl £ZE]7}
3l 9l JI5EY 47 Frid Iy B4/ e PdEe] uad 44
ZEOY] FRE ollT + & FolJ] wiFolrt

£ZESO|Y] F71E =RH V5 =2 #Is
function point analysis(*E+= feature point analysis)& & 4 Qlt}. o]

K
2t sty &AZE0}] I7E thE3 22 57 JIsEd A+E T FP3cl

rr
=
23!
2
re
o

=

¢ The number of functions that are related to internal logical files (logical groups of
data maintained in an application)

© The number of functions that are related to external interface files (logical groups of
data used by one application but maintained by another application)

O The number of functions that are related to external inputs (maintained by internal
logical files)

© The number of functions that are related to external outputs (reports and data
leaving the application)

O The number of functions that are related to external inquiries (combination of a data

request and data retrieval)

olgA Hehd FsEe Aol tiel, WAkl AW LZEole] AR 42
sejslel HEHow anEe] EUE TR ol BrhstAl k.

S

tH

= st=o0| = -1
E90] =& OC[?EIHD}II%*?E% 22 o¢i|
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T2U ol WS, vlE £ZEgeo] 2HH 75Ed e g4 AME +
ARk, AR ‘%2-1_51 £ZEo] A3 ol whel £ZESoe] F3 o] WA
drch wpetd £ZEdojo] ZH 7152 5 #7 ohel thol H¥E AZES
] testing quality(£=ZEfojol] ZHA APYSES dobt & ZAAY = Aderind=
o] 97| wjBol, AZEo] F-of tidt ofd AAS AL uf olof thgt 3

Mo] BT Ze= Y¥H 4 Qlrh
t}. Category 3 - £&XEQJo|e] 723 HIeg 5T 71

o] categoryol EIHFE Hrp wHEL] J|E @2 category 1| T 28} §-A}3}Tt
gke] W Eo] AZELOY VL XA J5EY & B AZTE0]Y

H=E Brlsted REE, o] categoryel] EZUH WHE

(architecture TE= structure)S F3 AT ELo]e] B E HylstA Hrcl.
azf, AxELe]Y] 23 XL FHIE g8 AMSEE= o8 s YHES

T3] AZE Y EE F43AL aZEo]e] FRE T2 FHI F 9

=

A |

JefZ o] S(graph theow)é H -LB-:—'IU}“ W& 33tz vt [22). =&
AP&Sle] A= WHE & o230 A2 cyclomatic complexityZA] o]l AZE

2Jjo] 2] %x]iz(source code) -rasg EX3le] 2 BEXEE st whdolt). o
g 50, ¥ 334 4L dAEZE U HAZEY FYIRE JHBE KAt

I 33 Yol AR U dAREY £YPFR
Textual Program (HA|Z= SR EASEI PR, Bt

NTOT = (NCHARS + 7)*NWORDS )
KX A FFTRRwhRR BLOCK NO. 2 %k vk e % ok N e

1
A~
| 2/
IF(-~+) GOTO 900 : /\
- AN

sxrrkirxih B OCK NO. 3 **%xkssexix a0 5
ELSE \/\/u\ >
wxnininrii B OCK NO. 4 #%wwissss S
900 PRINT NTOT The number of edges = e = 5
| owewxisskxk BLOCK NO. 5 *#xwxswsis The number of nodes = n = 3
990 STOP Cyclomatic complexity
END =e-n+2=

-15-



oA7lell A HAZE=e SYFxete HL dFd EEF=(flow chart Ex: flow

3
o T
graph) 24, UAZET} 8= J&e 2=

g E3] ok (abstractive) 2 E X3
gk Zlojt}.

o] gt F=xof thsl, cyclomatic complexity= TtEd] QA|FE2] $HFLRA &
2 edge 52} node $vhe MBI O Z Zivhs] AirHC) o] o= W Wyl wWE
o] AXESeY FxA BXA=E HUustr] gls) A= Q. & 34& ozl
Bt WHEY FFE BAFI, ol WS izt A dEE R5o s&F
o] alch

E 34 AZES0]] F2H Bx H7} 9y
B7F W H] 5L
BYA model £ZEYoo] TUH ARTEE B}

Data structure metrics

Operational or functional complexity
(Interface/Micro/Operator)
Number of entries & exits per module

Design structure ATEN L] 7|5 T R—E2]
Data flow complexity ABHAE H7L

Cohesion/Coupling
Functional complexity
Data structure metrics

System design complexity

£ZEFolY] 724 B

Ent . =
ntropy measure AZEoole] T3 2IETEE W)

2}. Category 4 - X2 g7} =7]&= A d BI=E 53 H7}

Halsteadol] ]3] Aet® o] H7iupHe] ZH-9(Halstead's E measure), BI7IS ¢|3}
712 MEE gollA dE3E category 1~30] EHE = WHHER} FA3ith &, £=ZE
Aozt B34 Fe £ZEgeo] ofdt T2IHmu} Bel/Egs 249 °]3HE.7]-
Golz]7] ufFoll °] EE 3t FI AZESe]d] X sHeAde] FIsla, o]
2 MEE AXEYe A=} AR ol AZECL] B3x HILE
Tl aXEee] AHEE HPH O R oFeche Feltt

2y} category 1~37FX] 9] It U ES BF AZESS AR 2t o w
3 category 48] R F Al 2| 3H(engineering psychology) & Az]F

engineering) & HIBIO 2 3lo] T Z o] 2 Fo gt Jo]R(lEE T2 i) o]

@t(cognitive

-16-



Zlo] & zlojHolth. E 3.5+ U8 A =0 tis Halstead
Hrtste dE RojErh

F 3.5 gole A= it deld BEFE FIt 4

Ny(N, + N
g = DN+ Ny) 2)10g2(m+772)
21,
Ny = the number of unique operators
Ny = the number of unique operands

N; = total frequency of operators
N2 = total frequency of operands

E = Average efforts for programming

AATE Operator | Frequency | Operand | Frequency
; 2 A 3
IF (A=0) = 3 B 1
THEN () 1 C 1
A = B;
ELSE THEN ! m=6 N =9
A=C ELSE i =3 N =35
IF ) E = 22190

ol A AlAtH E Ztoll thsl, Halstead: Tl 2+ Brpalg A etstaich

FADZ0 EEE Z2El

1>
in

3000

2] Aoj 2stH YA =0 EFE operatort} operand®] 7t FIlHEFE T2
deint Bel/ms 290] olsfslol st FRel ool 7S] wiEel WyEs}
7bstaL, ol 2 Qs A= Age] £7F Srkithke e ®2YEa gith

of¥

2 Category 5 - Requirement Quality (A2 FHJAH H7D

2 A E 4 e uis} Zol, AZEde] el QoM J1F HA 48
tHAlE X Ee]2] M A R A(requirement)S B3t FEolth uietd =3
N =z

BEEHE Fiol AL R, o dAL wtet dA,

-17-



T8 W AHY AZEgels HAAoRE 977 ZUE S QS Aol wfe &

7] wfEo] AXEQo] A EE uf$ Yolx]A Hrh I AZEQo] At

A

T
Tl whetd & 360 HeldH A3 Zo] £ZELo] dAeY AN E Hrpste
chddt WSl AALE L olE WHE o AARE B F-F V&

Eo] glrt.

3.6 £2ZEo] MALAL] APy B WY

27h v

id
=
1

o
Cause & effect graphing U 2RE ;._71%:%- R

Requirements traceability
Completeness

Completeness

Number of conflicting
requirements

HALNE Fold HE 38 E: 4T 2
A5 73

Requirements compliance

Requirements specification [AXEQJo] ¥ =F izl HAQLAEY <
change requests (requirement stability)E 7}

3. Category 6 - Design Quality (A Eo] MA 4 H7}

oju] ME¥ HALA HI} (category 5)2 HPRIIA R, £ZEgo] B R 4

EgolE duht & dASt=Lke] whel W2 XolE B 4 Q7] wigel, £

ol AL FHE HY = s V7 WPEl "ol /WAL= A ol
é% T

B7t WHES AZEYe] AAR 2t Zo] o et £ZELo] MAE &

I

[e] [o] O -
%] e(eam capability), £ZEGI7t A8Y B B AZEGS FHBA Fof
that "Hrle EEstn ot E 3.7 AZE] HAY £ HILE 9 Aetd

ol
PHES Azt o, o] Eol thdt AR A2 FFoll 7IeF ] Urh

-]18-



X 37 AZELo] dA - HI vy

37t W Hl 5

Software process capability
determination (SPICE) AZE0 A 8L H}

Cost/Schedule

Reliability prediction as a function of
development environment

Reliability prediction for the operational| 22X E9oj 7t A}-8-H TAL 183ty
environment AZEL0] AEEE HIL

Reliability prediction as a function of
SW characteristics

4. Testing Quality (A3XE Qo] A|HP2] HAM HIY

AXZE0] Az 4L u[X = E OE FRY A HUdFolAU A
U Az Eojo ths] +qE= AP FAdoltt F "374]-9— 3oLt &
ZE4 101 TE AYEE SE3] ok sidetx, APl FAAA 335 Ak
H AZEY AR & dVE € 7= 9,1% SAZ AYE Fold 4 gl7]
u-Zolth

olg|gt A£ZESJo] AR HEEE HIISH sl A" WHEL 2A

“category 7 - &ZELOj7l £8Y £ Qe Zle id] S Ado] 3=l
Y712 (test coverage),” “category 8 - AZEIOIE A3y ¢l8l, 2T a8 o
Lol R =717 (test effort)” T “category 9 - £AZEQJo] A|HE 433t 7)
T E= Bl =82 AAIIJP? (test team availability or capability)” &} M7[RE £
4 4 ottt

7}. Category 7 - Test Coverage B 7}

Test coverage B71e] FAHL 7fUF o|AL NUH LAZEQq EHUH 7%
(function)o] Lt RE(module)Eo] Wi ¢lo] HA3] ABHAEAE BI/8IAL B
EEE 3te AEE WEHEAFI] 218 F¥slol sl= AH H4E Pl Aoz
2" 4 QI E 3.8 test coverage H7IE 23] AbWAUHE whHE

HojF3, olg WSl thdt ApAt A2 F-Foll 7l==of glrt

-19-



L1}. Category 8 - Test Effort 87}

o] categoryoll T == FIF PHEL £ZEo]o] APES 9|3
Bolste], 33 & ol kYol .
3l ol 2 BFo] alth E 3.9% test effort B7FE 95 AQtH

2, oSl thet AjeAQ AHe REol Fele] k.

F 3.8 £ZEg] o] 2] Test Coverage H7} vy

B7F W H| 31
Functional test MBS Jis9o £
S2ZER EEE IS (Jfunction Y2 ==

coverage

Minimal unit test case AMEZ MEE test cased 2=

determination

Test AMEE Js9 £
est coverage ADEFOH ZSE JIs(function )2l =
Testing suffici ASOZ olg) 2AE 2at &
{ C pase — ~
esting sutheieney | Xoegoiol Z250] U2 H0jetd HSg==a=
Zzte] Aol oisl, A®A +AEE AR S
PIE (Propagation, | 913, 43 QAZE=e] s) W e 2= WiEe

Infection and = @ H3ME W o o) Y& W2 Z I output)?]
Execution) technique | = H& BF 3183led, FoJ A AMBEE HBES7] 913
qazt Ay FH4E Tt

E 39 £AZES|o]8] Test Effort B7} 4

37t U B] a1
Fault number days | WdH ZA¥o ths) ol& 3 wjztx] 23l A& Hot
Man-hours per major A% WA T B A7+ B}

defect detected

t}. Category 9 - Test Team Availability/Capability 8 7}

=]
AUE ATES duhd ol ey

[e}
7t B 3-EA S Brtete dl I FAo] gltt. o]

20-



3 5L 2 F A(error seeding) 7| Er LF FZS(sampling) 7|Ho|zlz
= (=]
= -

olg|gt FUIE I3 AtH WHES HoErh

P

X 3.10 Test Team Availability/Capability & 7} =3

37t Hl 2

Number of faults remaining

Test accuracy a1

Mutation testing

5. Category 10 - Multivariate approach

A7 ABH olf shx] WHEL RE AZEde] U To] PG It o
§ 7k AAE F ool oA Brlsts Wy Solglct 2yt ojn] amE

FHE F= IS 0“131 I ks A& o3 e el

o] A= ) , B
B3] 3E7ER] AApoll chsfA Rt H 7hste] /‘3“5°1101-4 AZEE d&E3te AR o
gl 712 JAEE FYS LZEL Y =g oS53t o] Hr} BHsicin
713 % 4 Qlc). ulgbA multivariate approachi= category 1 ~ 9of E3FH clokst o
7b HEES BF 2UstY oS3 22 FEE £ZEQe] MEEE oSsA H

t}.

A2EEQYN MBS ~ Y (Weighting ), x (Measure ),

olaf, z} HIlH ol thgt 71FX|(weightingy= JAE7} hglo]L} factor analysis ©E
+ principal component analysis& F3] &A Hrl.

Multivariate approach®] thEAQl o= software release readiness@}= BHH O 2 4,
ol 7ol AE7}L ziwto] 2]8t J}EX[2} functional test coverage (category 2),
software document source listings X software capability maturity model (category 6) %
o Hrt whollN €2 AEEE AYSte] 2ZE AEEE dFsis PHS

A A8 gt

21-



AAH AZEQo]e] AHE dE W] J[& J1E2  “Pareto Principle” o] 2}
2 R Ao 23], 2 YRS “AZTEIC] Y J7 St #AH aHEL
AmEO 7t 2HsIL e AUELY F3] LFo] o] EHof WY Fojrh
uata] 7hg sHAlOA opFe] xIAMIRE BIHE FEsltete iR AEEe
AL AZE0] u J17F Fetell UEEA] ¢47] wiEel, o] BEH AZE
sojoll tigt Al2le Hrprt 7Hs3ict” ghe Zojth umheltr] AZES]e] life cycle
AN B of, AP LZEYo]] s Frhe 27 333 22 AlFAN

435 Zo] BEo|th

o 1) S

o} & ctiokst o g nualgt F olE £UFHOE FAste o] rth o
glo] AZLEQS] B oft]et AZEo]L] JNUTIAZIAE EHStY E43H= WY
T HZ Eo AgE drt

ST SN / N Ve - \ TN

i T ~ Impl i . :
Sot‘t\\are Sott\fare mpl eme.ntauon Testing User
Requirement Design ) . (Coding) >

B ” . A . N, <

e e e e

22-



1. Category 11 - HE/EAY HelE B3 2T =90 AHx AFHaA o3

£ZEJo]e] AEE oFe glojA R wA UEFHUoW HalE 2F Al
Ho AAEI de P2 BE/SAF HIE B3 MR oF wyrloln, 18l
34 BE/EAY HIE BY ATEgo] AT oF2 UutE XS RS
c}.

71014, A8 71 H =4 BETIY FF 5ol wet oiydst A s o
5 PHEol AAIPEE U3, olF F EX7IA] tjRF = AREI gl by
22 FF % 532 = 3.113F o] F2d 5 ot} [19, 24-30].

LA
(operational profile)
ai
i test periodet &

=
H = =
! gdsg =24

h 4
ATEYO S5 -
' T
B N2l 2T
][ oL
|
[ failure & ==
ol
;
=&E =20l CHaY
NEE BB
EEEAE EE
K Al 2t
h 4
SHE X2IE S8t AZ2HOI 2 AZE AN L
MEIE OIS failure rate, MTTF S 2 WIS




E 311 SAA A E AT £XEL0] AEgs oS WHE (12)

53

Jelinski &
Moranda model

7H% 2" Bw(1972d) F ShE A, McDonaldAt®] Navy project&
Qs Ause] Bxj7tA] AHEE AL Qlct

£ZEdlols] MTTFE oA&s1] ST 23

AT ESojol= NS /8t Ajto] Z{tE o] gty 713

Constant 323} rateE 713

MTTF = exponential distributiong wE&cia 713

Non-homogeneo
us Poisson
process {NHPP)
model

197930} Amrit Goelz} Kazu Okumotooﬂ 2]8}] A o8 ot
A2k ol A 'ERlAIZEE g = £ di&sty] 3 2
aXEg o= N7j2 #3tgt @ﬁcﬂ 553;}&401 olckz 7h8
Constant 313} rateE& 713

che] A|ztwl whAlel= A¥ 4= Poisson processS whETla 713

Schneidewind's
model

1975 ol Schneidewindol] &]3] A& =|¢t=] g5l space shuttle o] & 9]
gt 1BM2] H|3zjjo] softwareo]] ths] Haf7tA] HEHI 9l&
AlAA(American Institute of Aeronautic and Aeronautics)oll A, software
reliability modeling& 2|8} A3t 47] model & JpL}d

X7 toll A wheA| Zte WA= 3% £& S % 2y
ABRF(IE data)B A FUEE 7HA Q] test interval ti L ti HoF wlAd
312 count fiz} @ 3}cl. (test interval 7F2 o] 5%}_3}2} otom &
ch

Constant 2.3 rateE 7}%

amEgolol NS futet Aol TR Utkn 713

che] Aj7twl wlhAdsle A% 4= Poisson processE uwlEria 7HA

nlde]

24.-




E 3.11 BAF HelE AR £ZE4o] AR dF YHE (2/2)

[

A td by 57

19754 of] John Musao] &]3] A& =t

iz}, software reliability RS £ 713 3B 231 AHEHE Y
Musa's basic | - & ‘73 APl ZZFAIZE xof chRt reliabiliy & oA

execution model | - JExIFT 2 A 1 Abo] WAAFE X7t tiEo] UL

- Constant 313 rateS 713

- §he] Altwd wAlsl= A¥ 4= Poisson processE mlErlil 714

- 1984\ of] Ohbacl 2] Ao ¢t

- Non-homogeneous Poisson process(NHPP) model?] a3 3e)

- 2ZEQo]7t K9] class® g o] gltia 71y (o8 =2 e
7} coding kAU T} ZE2IH o] T2 FAE Qg AL,
7} class®] F1& rate= A8 EdU 4 °'E]'\_ RE 31337 ¢l

Hyper-exponentiall o1 o1 o (28 data)2d ST 7+49] test interval ti B 6 b 9}

model A8k 22 count fizt E @ 3lr}. (test interval 1P o] S 3d}A] ot
H & 5 gch
- AZEdojos N R¥gt Ajde] Eis o] gltia bE
- Constant 313} rated 7173
- &kl Aj2te dAste AY 4= Poisson processE uwlETiaL 713
o83t BE/EAZ AelE BT AZEY 0] AEE =2 3A 1) time domain

approach, 2) error seeding & tagging approach 2 3) input domain approach® 2-F-H
4= olth. gL} error seeding H-2  category 9ollA] olm] AJNE  test team
availability/capability H7}e} F-A1817] uwfEo] € KA oA += time domain approach
2 input domain approach¥tS A3t}

o 7]oll A, time domain approach ! input domain approach?] X}o]E o|3sls}7] ¢
Sas AZEgdole] AzlEe] oIS Th T AWE WAy} ok ol AR
uiel zho], ANSI®] Holof olshd “AZE9 ol AT AT EoO]7} Fo]l
RN A3 A HE” 2 FofA ok I o|T FofI HAolzt=
AL AZESe] At 2 ARgAte] ol & wf oA F IR 2 £ o
th & AZEQ0] ARERLY] dA o QlojiE wES] “AZES o] Al&Fo] 1A
of WAESIAl WE7 o] FH AU oA AZES] AU YFolME 4=
9ozt A AARAL BEAL 4 9le” o] £ WA} He} [17]. uwizt
A AR dRolM e AZESLE AMEAA AFEI] HIA] B2 testE B3
AZEJolo] XUH AT ES AAstks Zo] ZREAIRE AREAL Yo &2

Edezt 1% glol S2"chks ol ZAx™rh of2d YFAtolo] ulet A= E

i
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of AWE B AT FrPPRL AUxte] Yatel LAHE time domain approach
2} ApgApe] ¢iAto] #E|= input domain approach®] & ZIAZE FTEI 4 Qit}

Time domain approacht AXEQo]o] AT dFo ol 713 A wE= gl
32 EZ HAARE AREL e WRHOEA, £ZELoo] Z¥H HAHA F
P s AW 4 Yk £ZEgJolY 1 BES T 915 JYAREA
Al 7] ZH(test period) F¢t WA AZEQo]e] % FHEE 7|ESte] A7 mpE
LZELe] 2 Bpo] FolF 3L, oo thy A} HE EX ¥+E MY
3t A zbe] wtE 2 AEE E= MTTF(Mean Time beTween Failure) 5-& o|&3}]
uhiolt), mlelA time domain approachs 2 -£3}7] I3 E AT ELojo] th3t &
g o4 (input range)S YAT LHO T Bl Zb Foof tht A|HELS $3st=
Zo] BFoltt

olo]] ®tall input domain approachgt AZEQJOIE H7I3l7] 98] A& 433t}

+ Hdold & time domain approach®} FATILE, £ZEgJojo] thdt ¥ Jd&
TYSHA BHSA Qi AHEATE F2 AMEIE Tle BE ST Yol o ¢
3&‘% njd = g AZTEo]e] BRI ¥ P& AAHI5L (operational profile),
o] F

ol thsla 53] ARAZE AE-E 3t WHE 33t och ety &=
Edlo] AMERIE] thsl] AZEolo] AT AYPFoE It Zo] #zie] Hr}
[29, 30].
olgjgt £ 7iA] HIT W Aol & Rl FAU3] ofsfslr] ¢lEl vt 2 o
Aztsl B 4 Qth & B, “7hs¥ T @2 AREA7} o] AlARS ALeE
glojof gitt” 2l AA ezl whel BEX ARITI] AARL] AT E o]
23] BA}
A AR AUxIES olB’t @S TEHAF7] S8 AR W& A <Ay
A A AAE E  “AHERZE 1000 °]’b}?—-l B g 102 olufe] A A
7t g FEgcl” of Z2)E -8 o rh ol ¥ Z -9 time domain approach
AFol M AHEAES] 71 dF g o] HI] uwel, olof thal 43 4 (HAE
o 1009 xteholl oigt AJEE 3 7 ofof miet &AZES]olY MEE HI}
& 4 qltt. 22} operational profileS 312j3ll 2Tl 999H =] A&} 7}x|= Hr}
FA7F ¢lA g 100087 AREAFREE 102 RS dAAT Ado] WY +
931, oj2¥t HelE AZFAZo] A AT A&AL YA M= “AlARlo] ZAEF]
gk’ gtz B £ Qo whebA] AARY oA E wie ATo] ohzt ¥

2 2tE AMEAF A M= Aol U Ho' wntd 4 Q7] wiFol YA ¢
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By

-26-



deiel Bue ofulvt QA Aok

w}2}lA] time domain approach®} input domain approache= A£ZEQJolE AP F
o) Bhuichs EdoldE BUslsl B SUY A9E AdsinE X 110
APY WHES TGS AR +E AN, AZEsjole) il ofmA F

gorpol weh I Aol 2 Holt 2 4 ek

I

mlo

2. Category 12 - AXEJo] RYals B3} A% o

o] categoryol] EFH uIHES] Exle AxEoIE rladt uhHe B mwdy
H, oA d £4& B3 olE A3t £ g 93

Tl E 3.12& @27k PWAIGE ciEAHA WY

oA, F 3.120] AAIH o] 7kA] W

21700 2 Ael=e] Al

e

i o

X312 2ZEQo] B8l S B3t AE I WYH (172)
B} by | eyl by 3]l

o of Relg AP RO AT Fk Ala”o] Fo|W taskE

System QNM VY HES FeiETh

Performance (I?I‘:\;'Z‘r‘l’(g System Reliability = p(R<R0)
Reliability Model) R = System Response Time

RO = Design Goal or Requirement

i)

Independent O LoopZ} ¢lAL} local dependency(Z, hardwaree} HAZAE =] ¢F
epende Markov 2)7F Qe AZEgjojo] it 4l ;] T= T3t

p )
Relr;zeiiisty Modeling | 0 4£ZEgJo] AgEl L£ZEL0]7} 3‘_7] ArEfoll A glsls
FElE SutEA Jol¥ HEEZ FoHcth
o 2AA ] WE AZESo}e] A EE TIITh
Opseyrztt?:;al o AZEgels] UHEE A eld A 277 Y
) [es BN o o
Availability H9g o, £ZEeist o1& AT BEoIT)

0 Dependency’l ¢l& AZTEojox ALE 4 Qlth
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B} wpy | 2de by .
Reliability o AXEg]Y BE Ee IS ST EFLE Ha,
Block RBD oY dBBAE RHY
Diagrams e o 7t BEo) tjsl, AlZ oo AEEE exponential £ 7}
(RBD) (Reliability 3,
Block
Diagram)
k-out-of-n © RBD =mdoj tfsl], n7] & k7] RE Tx 7]&o] A
mode! Zojol B Ae 2w ¢ o 489 + Ack
Fault tree Fault Tree 0 AXZEL0] BRE L JSES AZTHLE By
Modeling | 0 &2ZEgjo]2] J5/REA it A EE 28 + r}

frl

3. Category 13 - &XEd]o] 7UgtAE X3 FFPF U 4=x FH71

o] categoryo]l EFE|E= whHE w3 2ol LLNL(Lawrence Livermore National
Laboratory) % u] Z7 d374¢l ROMESA HH ZEZA, category 11 WU 127}
22 MUH AZErE tideg AMEEE FIisted W, AZEo] B
oitjel axELe] spurtAelqe] EZ(quality)olLt =H(efforts)ysE EF X}
of £2ZEJe]e] A= E Hriste Zo] uigkad Folels Aol &Ustal gl
th olnf, AT Egoje] MUTAE ojH PR AEE FIlo ZHAF|=Lpo]
utal RADC % BBN(Bayesian Belief Network) BRI ZE FPEE[, 713 3.5% o]g ¥t
s Eo] AZEQo] HILE 5] e 2ZEH ] life cycle?] HIE RAE

T}

o . ’ / \ o N / \ e N
Software ' Software Implementation .
A Requirement N Design ; (Coding) Testing A User

— s ~_ 7 N~ \/ N

|
; JI RADC & B8N 7[

2% 3.5 RADC W BBN RuofA e EE AZEY] life cycle
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7. RADC Y

ROME®| A A A&t o] ¥hH 2, AT ELo]e] A2 =& B713ts] I3H, category 10
of Al olu} A7J3F multivariate approach®} -FAEt A A[E3l5 Qltl &, AZE
gllel life cycleoll ZXH dA A, AA, T8, A¥ U category 1~90]l4 ofu] 27}
H AZESo|Y HIlo AMREE ciofgt HrE b oM dojd AE BF
X33t HFHA AZEQO] MEE oF3A "ok o7]olA  multivariate
approacholl M= £ZEgQo] 7ie] T—E whAlE 18stA] 9= utd RADCOAM =
2E wiAZE AT 2ozt glch

O% 3.6 RADC 2Hlo] Z3H AT EQo] B/AHEE W o5& A&3le] &

ZEge] AHES At HPE AWHOE RejErh

- Base reliabiliry for software itself

: I - Failure rate A (Base reliability)
‘ - Reliability prediction for operating
| environment
i - Run reliability

E Design quality

é - Cause & eftect graphing .
- Fault number days L] =
| - Faultn Y S, =T](0.5-97.997f, +99.5/%)

- Design defect density
} - Man-hour per major defect
| - Function point analysis
- Requirements traceability

— Overall Reliability
—»  R=4-D-5,-5,

. ‘ Implementation quality

- Bugs per line of code

( - Code defect density

| - Man-hour per major defect
- |- Function point analysis

| - Cyclometric complexity

i - Graph theoretic architecture

3 1
S, =] [(0.5-97.997f, +99.5 ;)6

i=1

Failure rate
R, =10.6-R

Test quality

- Cumulative failure profile

- Code defect density

- Design defect density

- Man-hour per major defect

- Modular test coverage

- Reviews, inspections and workthroughs
- Capability maturity model |
- Requirements change requests g

3 L
D=[](05~97991f;, +9955)F ——

i=]

72l 3.6 RADC 2dlg B3 AT EQo] AT Hyt
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¥ A1 AZEo] life cycled] Z3HH
gtk AL EUsiA|gl, RADCSE= @2 BBN (Bayesian Belief
)

Network)E AF-8-3t¢ causal networkE F78% F, o] HIlsts Feld] FZL 3
St glch BBN2 dE-2] UEY Rd(network mode)Z A, Zito] d3& F+= ¢
AHEo] o w@i I AAEZRe] A HA(causality)7} v B uwf AxPEzEe
ANHAE 483 ¢ H3hH(Bayesian Theory)E HA 71 eldd AES U 5
A=F T 5

gEo g1 wiFoll, Mxh(diagnosis) B 2J A1 % (decision-making) -of
H

BBN male e E(node)ot 22k} =g
BERe) 4%

BBNoj Tigt ols1E 571 93l Then 22 1Y AAES 44 B 4 v}
AIRE A2t ofF A4de s Bah oln) ABURE 295 AL
Aol mEd, AR HEAAU 2RF 67t ool AZY AY BL
AzhbRel ol Wl ROE YA Qith EX HE Aot A=Y A9}
ARRe] Qo] Wolxe Zo] dnht F%E FrAE FEL B E 1.337 2

o] Y < glrtal 7SRl

FE 313 7ol o3 24F FHE Y, p(Loses | Sick & Dry)

Dry = uyesu

3 »

Dry = “no

! Sick = “yes” | Sick = “no” | Sick = “yes” | Sick = “no”

‘;Loses = “yes” 0.95 0.85 0.90 0.02

. Loses = “no” 0.05 0.15 0.10 0.98

ol #$, AlmUTel elo] Wolxk Alzle] th¥ BBN Re 13 373 2
Helz 2YY 4 ook

rlo
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2% 3.7 BBN 22| o

olgA EEH BBN RRlojd= A 379 <l=k(Sick, Dry & Loses)7t 13 2
Ze] Qlate] sl WIS AEl(state)ys BT “yes” EE “no” & F JhA #
th EZ “Loses” =X AelE= “Sick” & “Dry” 22| RZd ula} o3k
S WA EH7 dEANERAF FE), dF 7] HElSick e DiyZt yesmod &)
gk oitid HIFH o2 ALt oof "ol HES 7 4 oA Hrh

o]2]gt BBN EE-& uvleto g, LLNLoA £=ES] A= HIE 28] =)
igZ¢l BBN RHe] dF= 13 383 Zth I3 3.8, Ztzhe 3t ==

= 535N d8E T dAEE Yujsta Az dFdA
(arc)y&L =25 71 JdRTAE Uehia ot dlE &, £2ZELo] 7y §3
(development process quality)oll= L£ZEo] HA L AITEQo] Lo cfgt 3
o] &g Frin Rual o] g3, AXEQo] HA @ FTH ==%r tir] cherdt
FA2hE EFSA "ok EI A7) dHAMELS s

BIER duhtt F¥E FEAE
of, Zt stPle=ge WS AT Y9 ==Y £ZE]

d
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l:w}zl AR AZES] A2E It WHELS 1960dtiFEH AZ712] &2

AZEo] ot AMEE &=

Ex 3 = | 7IX|3L ol AAEQ OA £

EAHFER s H zWHL *}—%EIZI 2% LTL olth Th2 XF7HA] AH AZEY)
2

E2 7jtaos Aelgr ZAojrh

ror
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grollq olm] ATt uiel o], AHH AZES ] AT Pt YHUEL 4T

Edlel dAA, 47, 7¥ 54 A gt FAFIIE F LT Esole] 4l

=5 7Jﬁ%1°i oAl % }% Bjolth ofuf ol P 72 ML 4A=E

glol A= zZh AUctAlel g3 §YE wertie Aolth Iy 7iEd /A

AdH YHESS BF _/I:EE—?J]O] AUTHA AAE 7] Rris &ZEL o]
} A

2 =

AXEC] 7H] AYL & Bk YHEE(category 1~4)2 2] FTETHAIY F
32 BrIste W ES(category 5)& 2
] axEely] dAleAR F7IH 4 odon, £AXEe] HA FHE Hulsle
B E(category 6)2 22 A wHAREE
uletr] ]S FrHE 8T F2EAA F2 A2AE At  AekE, o] s
7HAAL AZEQje] AT Frietke A& BAlsde F3E3ch 28 olygt
b8 2E3}7] 218 multivariate approach(category 10)7} == 7| 3Fadx]qt, o]

s

Al ©Ag 7ix]3 glt). &, multivariate approachs A EQjo] A8y =7}

WHEO] AZEL0] AT F3}E F= ZhzZRe] Axto] s Hrld £ 9l
7] w&ol, AZEZQe] Aglxo] 3FE F= BE QXI5 factor analysist}

(]

=
principal component analysis 5& AM&s] 73t 7}FX|(weighting factor)E =3 Tl
I Z2E Fej= FutstA Hcl

ATEYN MZAE =Y a,RM,
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- M) AZEQY AIE BIHEE
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utziA o] W2 AZEQS 1o ¥ F= E I AAES TSI
TUALE AHEE HIR 4 AW, £2] AL FIF AU UskE ol 3 o)
Zo] of® AAHAEA, T8 U requirement F)E s oA H ZAXE FHI
d g g7l "o, o] Bt AAE AZESS HA W FE Tl LS
A E7bsdltke Zeo] d8A Qch

o] #lof, AZEL]E] APE T It WP ES(category 7 ~ Nl izt I
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F 314 ZAFHA AZEO] Hrt o Yzt o FAA

BIME 2%t =
71& 7+3
AZESojo] XFH AL  WoT AXEJe] AEw
£ &Y 5 ¢tk 2 ol fEE
o AL AYS vitoZ zivts] B uf, W o A
& A A} sidets o]Z o] iEETJM A= A
AE tEA] guisiris et &, Fol3 APIzHE
AT Ee] E= Qo] JHH ALZTE oo S’_Zo‘%% AZEQJo}7} 23
= =EH A% E SHa gl AREL I3 dFwo] dgle] FHof UAdH
o} 7t FMdSE Zlolth. mhetA ciF-Ee A¥Eo &3 12 test 7]
ZrA gk HEtoll= UERhER] o=t
o Tl AHEI AF 5 Uolxs, AZES O AAZE
oA B2 2| & £ glth 2 olf+= EUH AEE
2] Azt (seriousness)E ZAASH] VEI, AZLE o=
CHG3 A}82}Eo] ARE37] wiEol ojE ZAjo] AAZ
IRE deF=A o 4 9] wiEelth
o ALY HYPoM AZELY AU BEREE A U
Aol W 43E Frhe Aol YUHA|7IE A, ol &
ALEgJolof =3 < AZEQ] Az TS T WA AxiY #
H A3 AT EY) o]7] wjRoll, olE7te] FAMS Faf LAZTEgo] A
olg} Ay me Bl  EE ASY = gloh olEdt AdE BAFLE A%
Az of A H 3} 1Q7} wlgttia A, AALE IQF oS3 RS
Hol 2lth Edelsitie 23 5dg SAEE et
o AZTE]Y] MAKA EXUH APEY H$, o] W}
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1. AZEe] 23S F2A IA(random failure) 2 B 5 gtis Fato] |
715 olth.
2. Data quality &4
e 3 H31 operational profile A%
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A4 AR AA d FH2 A F)
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A erElo] elrt [31].
. In(1-C)
In(1 - p)
A71A, u = BAZLE FHI] 8 A= ABRy
C = A= (confidence level)

(target reliability)

>

p =543

AE Sof, 90%2] HA=Z 107 Az AlHAEE AZI] sy
23,000,000 2] A|Ho] =3 x]ojof 3}, uwtyd 3t 3
ojzla 7}BE A F £ 9A17HE oF 44do] Hrh

AZEgo]] RAES B3 AlEle HyWA] ngEs V2 M W EAEES
cl3z Zch
712 714 N
AZELOE £ og nu3lst ¥ ndo 3t 48 53
ATEo]2] AZTE &Y 4 Qr}

=
449 BYY W9l AZEg o] RAYsH] fish AL WHUES 2 7
=
=

u
Ahg 2Ya g 2RlEE aZsdolel A7l e BES U b
4 QES sfo} shalw, hRRe] A9 AZEs] A Fao] 12X
oh HER £ZEdel A WS 9sh AFA AL dx by
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oM HEH BAZFES siAsty] s dx) MEA AgsE e
category 13¢]] Z3E:= RADC I BBN ubHo|m, o] ol 1317 wartificial
neural network)S AF&3F AT EQo] Algle 7P uhHo] AerE it g} oz
E

Qo] Alge Hyte Byl vk XA} ofr] FAlx] okm

MBS AT &2 )
W £ZEole] Al A3t desitte FollM AV EAZE o HAsA
R YH R givio] W Eol oidt AARE A2 A Z gt

Category 130 X¥E = RADC @ BBN W2 w2 ZAES 71X gt o &
Eo] RADC 2 BF AZEQ] life cycle AAE Hrtfges Adeches Fat A}
23517171 Fid o2 o=

BE tegory 10014 27}
¥ multivariate approach?} A3t
3

awug Hoka 9 EH-E—OH HEER I
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o] Bl £ ola, 3 AZEo|Y T3S ReE THed HBA(F, Re =

10.6XR)S AHg3ted T3tz 9Lzl wEo| 3paql wige] ARA ehThe T
2g 7z gtk

oloil Wksl BEN “hdS MR S34Fel wAEAY HB) & AL Uk A
ol itk AU UEY Rule] By 4ZEdole) U0 FBE FE AXE
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A 2T ESO) T2 B x Prt Y
A.1 Operational or Functional Complexity

EZE (complexity)o 2ZE o} AFTE HHHo=Z 5 9l
Ndolx, oled HHEAEE F2 JdEZT (entropy)E B3 AF3d & Yot ol
2T EY0] BFE HBrlo] Agse JEZFHE Shannonol ALF HRo|E
(information theory)oll A& & A 22, b33 o] Hojd}

n
HZ_ZP;‘ log, (p;)
i=1
pi=Alz=5o] i A FeEl(state)oll A& &
e dEzse AE wwem AN 478 aTEge] Hym
3 7}2 &= (functional complexity, interface complexity, micro complexity Z operator

complexity) 7} Al ¢tE o] QL1 [34, 35], o] 59 FolE= ¥ A1 3 T}

FAIJQEZIE LT EL

H
ol
X
ol
o®

k o) .
Functional complexity = = p, log, (p;) k=2TE9o}o] £33 function &
- p; =1 ¥4 function ©] +3g &

o= A

I £ ) = AT 5
Interface complexity —_ _ ZLlog2 (L) n= _{\—EE'?’H 0‘1 Oﬂ Eg% B = A
| n f,=AZ coupling & B&

-
Micro complexity = — 3.

i=1

S 1o (i s;= %] 2 cohesion & & F
—log,(—)
n m = AL&-E A2 T-& operator
N =4I EfJojo] AL8-H & operator 5

g, =1 7| operator 7} = E

Operator complexity = — Z& lo

&i
2y gz(N

A2BVA EY



A2 BVA Edoj AL &5 = gt

il ZzaH Ao} | BVA R
integer C, Ada 5
float C, Ada 5
double C, Ada 5
long (integer) C, Ada 5
Boolean C, Ada 2
Natural Ada 3
character C, Ada 2
unsigned integer C 3

A.3 Number of Entries and Exits per Module

o] UL AT EY Y architecture & EFEE AASHI| Y3, 2 ZE 9 ojo) T3ty

EE 9 entry/exit point & 123t Wgolt)h &, iR EE| A3 entry point 2]
T7F e, 70 0] L exit point 2] F7F x, /o] H i HA RE] B E m=
m; =€ T X;

2 AR} o] S Bgo T H o] 3 point E2 EF function 53} A7} Q1L
X gd function 59 71 F71ESFE TR EIAET F7E AolEtsE 1ddt
713 & vy e stn Aok EF ZF ZEol W3 £ = e AW function =
s A7 A Asiohm Qs gl Th |

A.4 Design Structure

o
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B
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.(_ol
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X
o
fin)
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)
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ofl

B7hst7] e, T 2 AN WE g

=
P3 =X 2 o] 93] =3 H prior processing ol FAIEH = EE o & 5

P4 = o] B} o] 2of L& H element 2] T

P5 = o] o] B} H]] o] 2= element £ F unique 33 % element £ F°

P6 = tl| o] E} ¥ o] 2~ 9] segment 5~

P7=Z2 0% TgH ZF T 1 719 entry/exit point & 7t X = 25 S| &
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Dl = Z2 0] top-down FEIE Z FASJE7F (2FEod 1|, 2¥8x ¢god ¢ &
girt)

D2 = Module dependence = P2/P1

D3 = Module dependent on prior process = P3/P1

D4 = Database size = P5/P4

D35 = Database compartmentalization = P6/P4

D6 = Module single entry/exit = P7/P1]

o] 218k 58 B3l design structure measure (DSM) < Th2- 3 Zro] @ o},

6 6
DSM =3 w,D;, S w, =10

i=1 i=1

7)ol A w3 7459 K (weighting factor) 24 AH&217F 2 el Z 2 Eol W Goai)
A,

A.5 Data Flow Complexity

o] Hrt AEv d7E £2ZEY Y AeTxY Eg 19 AFIZE 2 RET

HEA4EE A AT 5 AT, AT Fohpde gt

Ifi= =82 £°7}= local data flow

datain = ZEA A AL = A& (TF)9 F
ifo = & A Y7} local data flow

dataout = ZE N A vlH = A5 ()Y

length = ZE o] TE ] glE Z=29] 2kl (FHEL A 9))
o] g5 & A}-&3t information flow complexity (fFC)T Th&3} 22 Wb o 2 A AR )

IFC = {fanin X fanout }2 = {(lﬁ + datain )2 x ({fo + dataout )z
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A.6 Cohesion/Coupling

o] 3 7} ¥l -2 Mayers[36]°1 ]38} A<t
HAAddE ZFHHFog HJrrsted &
kil TPt

“coupling”<

o)

2.

R Eo0] function <

A AW oA B 2

LR s i

d o) 1
\__

Fuths AZEo] Al

oxt

T3 Atk 7]l A “cohesion” &}L}2]
vt
REFY A5 AL guste &ojolth melx] o]Eo] AT EYY
¢ AT EY o]

Z19st=AE oulEtE  gololx

A= oA % gloke FolA

AT ESole] 27 AAGAN HEE F de WHoly, olE2 F A3H ZL
FEES LSt A ETH
E A.3 Cohesion ¥ Coupling 24 7%
Cohesion Coupling

s Difficult to describe the moduie function
» Module performs more than one function

* Only one function performed

invocation

per

+ Each function has an entry point

* Module performs related class of functions

* Direct reference between modules

* Modules packed together

* Some interface data external or global

* Some interface data control information

+ Some interface data in data structure

* Functions are related to problem procedure

« All of the functions use the same data

A.7 Functional Complexity

o] ¥ & Bohem[37]°] At AL EA, AFZHQ] HIlHTOE LZTE9o] AA 9
HEAPAS AREo 2 Hristod 588 T3 Ut & Ad = 2ZE9 9 functional
complexity &] AE=E AA3ted A& 7l&S RAdEt
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3t A.4 Functional Complexity 24 7] (1/2)

Data Management

Rating Control Operations Computational Operations Device-dependent Opcrations Operations
Straight-line code with a few | Eyaluation of simple ‘ ' . '
Very nonnested SP  operators: Dos, : Simple read, write statements | Simple arrays in main
. expressions, such as pi¢
low CASEs, IFTHENELSEs. Simple with simple formats. memory.
predicates. a=b+c(d-e)
. No cognizance needed of | . .
Straightforward nesting of SP Evaluat'lon of I:n oderate-level particular processor or 1/O Sl}:ﬁlenoﬁcitas‘;?rsfg::]ri
Low operators. Mostly simple EXpressions, such as device characteristics. 1/0 done | "\ .
predicates 2 at GET / PUT level. No | changes, no_edits, no
. d=vb*-4ac ! ) intermediate files.
cognizance of overlap.
Mostly simple nesting. Some | Use of standard math and | I/O processing includes device ls\?nul;t:;ﬁleﬁl;nputomagii
Nominal | inter-module control. Decision | statistical ~ routines.  Basic | selection, status checking and ng put.
Simple structural

tables.

matrix / vector operations.

error processing,

changes, simple edits.
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3L A4 Functional Complexity 20 4 713 (2/2)

Data Management

Rating Control Operation Computational Operation evice-dependent Operations .
& P s P pe s D P P Operations
. . . . Special purpose
Highly nest si i : . . . .
ghly nested SP operators with | Ba ¢ ‘numenca.l anaIy'SIS Operations at physical /O | subroutines activated by
many compound . predicates. | multivariate interpolation, .
. . . . . level (physical storage address | data stream contents.
High | Queue and stack control. | ordinary differential equations. .
. . . . translations; seeks, reads, etc.). | Complex data
Considerable intermodule | Basic truncation, round off . .
Optimized /O overlap. restructuring at record
control. concerns.
level.
A generalized,
Difficult ~ but structured . . parameter-driven  file
. . . . Routines for interrupt . . .
Very Reentrant and recursive coding. | numerical  analysis: near- | .. . .. . structuring routine. File
. : Lo . . : . diagnosis, servicing, masking. Sy
high Fixed-priority interrupt handling. | singular matrix  equations, S . building, command
L . . Communication line handling. ;
partial differential equations. processing, search
optimization.
. . . Highty coupled,
Multiple resource scheduling | Difficult and  unstructured . - . :
] . . . . . . Device timing-dependent | dynamic relational
Extra | with  dynamically  changing | numerical analysis:  highly . .
. S ; h . coding, micro-programmed | structures. Natural
high priorities. Microcode-level | accurate analysis of noisy, operations lanouage data
control. stochastic data. P ' guag
management.
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A.8 Data Structure Metrics [38]

ol IPL BE EFXEE FUhste AR, Y EEo| Basittd Ao 2 Q3
ol ARG of ojAL HA AAEY F fvie B A AT PPe=
AGHATH L8 B8] H3liA AltdE Hot Zii-t— % 37001 o] 5L t}e3)

HA line & T3 49 ZEUolA F&S T= B4 (live variable) 52

= AR A7t ALR-A line Alo]oll £8E code line 4= (the number of lines of code
between the first and last reference of the variable)

=j A M7t G &S v A= code line 5 (the number of lines of code between the k,,

and (k+1), references to the variable)

ol % e A8t Th I Z L B E BUF H =8 AXbstA "ok

1
LV:ﬁZi LI/, LoC =Code—o——l line ‘J‘l&_

A.9 System Design Complexity [39]

B50) T4o| Bxstid 134 ¢ ol vs) AniHos Be 2RSS Tew
A5adol goldua Az 4 otk Mekd o Wb HEE axEgold] TaY

BEEe] 2RSS Brs) e kY BB o=, tha ) 2ol BAHT

-

n=system o] £ EEEY T
f(i)=th2 gl o8] i v A ZEo| A E I (call AL F3H)

viD=iH7 28] A /0 VFE9] &

S(i): structural complexity of the i, =& 2> S(i) = [f(i)]2
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v(©)

D(i): data complexity of the iy, =& > D(i)=——
f@+1

St = program structural complexity 2> St = Z [r@F

i=]

Dt: program data complexity = Dt = ! v(i)

néf@+1

C: program design complexity = C = St + Dr

Fr: expected failure rate (1000 line @) > Fr=04-C—-52

A.10 Entropy Measure [40, 41, 42]

2 dEZIE o oA EFEE FUAEEA AHEHo gm
o] FEEofAAME T2 Aol TR (program control graphyt} L= 73
8 & 22 Z(data structure graph)®] 5= B7HH =2 ALEE o} g
gl Aoy agZy A8 &R 2WHEV YUFE B33 ol TR
871 $istd TEagoiy A/Ras 290 BYsior = A 2 AA A
Z7kst7] ool rh.

of g dEZT = 37 T2 FE|Z Mowshowitzo] &3l F2FH%x, o=
W Z Y} A A (regularity) £ A (symmetry)S B7Hd = AT Y Z(first-
order) JEZ3"9} TejZof XH AR %4S HId 5= Q&= "o] & (second-order)
NEZI"2 FEE

AU o O | R PR S 124
& s’L 2 d
0w
fid,

(d

lu
é

h
== p(4;) - log[p(4,)]

i=1
A; =identified classes in a graph

h = the number of identified classes

the numberof nodesincludedin A;

A;) = estimated probability of A; =
p(A;) = estimated probability of A, the total number of nodesin a graph

driH oz gzt JERIAE T2 Ao 2YZE Fristed AMEHZ, ozt
NEZIE A5 F& 2WPZE FJristed T2 AHSHETE ¢4 43 dEZ9E
A7) A e, FoIF 2T xTEE xEE EojlE SAERY urls
st e Fo E TR (class)BE FESIE FAdol sttt ol Eof, 2Y AT



Ze Z2aY Ao 2WZ o dA AERAE ALFE] fsl, ZhFe] gz gig
T FHES X ALY Zo) FET 5 I

TN TN

\2'/ N

\b(' >_c/ ,,// \c(

/ /N
Y b, .4, e
N '\.,\( S \_/

N Ny
S W \ 4
¢ _f. _f
L SL WL
; /
¥ ¥
g, -y
NS g
G G

I8 Al LA AEZRIE ALY 9 Ao T2 o Ao gz

FA6ZZR Ao] 2PZT G LGl Uizt YA AEZ 9] = 78 vy

E =50 s 22 7] FHEE VA E =

EWgl FF(class)Z TEHTH ¥E == b, c,e 2 o] A

a3t 242 1R 5 Eshr] Wi, o2
2315 o) 2AZ G R Gl i dA AERSE B

2 A6° 2

) =
25

EEENE EEZH THE G
L E in | out | {(node class) = in out
{a} 0 2 1 {a} 0 2
{b, c, e, f} 1 1 I1 {b, d, e} 1 1
{d} 2 2 111 {c} 1 2
{g} 2 0 v {f} 2 1
\Y {g} 2 0
A Eole s FAEE (e ¢ Wie s E e 27101, 2= Go

T o] g7] W&, = ax s}
$ EojoE AR 2 Yits

bl K=

FFE E8T ge,
AT o) A &

FATEZZOW Ao 2T GL G da dEZ Y

h = the number of identified classes = 4
p(A)) = estimated probability of A, = 1/7
p(A,) = estimated probability of A, = 4/7
p(A,,) = estimated probability of Ay, = 1/7
p(Ay) = estimated probability of A,, = 1/7

JPRE G
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4
Hg ==Y p(4;)-log[p(4,)] = 1.664
i=1

h = the number of identified classes = 5
p(A)) = estimated probability of A, = 1/7
p(Ap) = estimated probability of A, =3/7
p(An) = estimated probability of Ay, = 1/7
p(A) = estimated probability of Ay = 1/7
p(Ay) = estimated probability of Ay = 1/7

aPE G

Hg ==Y, p(4,)-loglp(4,)] = 2.218

i=l

AloNA, 2HZT G AL bc,e D7 2L 28 v T8 =X g9 AL =, d
Her=rlo] 22 FRE FEE Ut ol & 2 a Z
fZo] B BT 2MZLE Aulsta, ol & K 79 YA JERH AFE JH=
G o] ¢ A Ait=E AT
ol2jgt da AERF 9 oJn & ofgs}r] A3, 2= G} 2RZ G'o] T2 Ao
TZ2E /M 209 dA ZROPS g7 BAh whd FUS Aol 2719 94
ZTEORS YUY o), TR YRS FAAQ FKo] 18A ¥ F Hr A G
A olsid & J& Aolth & FEHA T2 Ao F2E HAAHA EAS 21
X7 &l WEHE FEUS ogttd Ur A REE A olFHE U7
Zoltt. 22y Aol AL T2 Ao Fx] HApodle HEEHA G BE
2 tholasty] A8l o B2 k8ol YasiA Ak wetA A dEZ T &= A
T2 o AojFxrt deiv A o ¢ devbel] did HUMHER AL EH T

+

rr

AR d4d" F9 =Z(neighborhood node)E9] 9 /7 54 Wizt e ==

B
R TR} S T, olA AEBIo] AgSHE == TE PEE 1% A29]
T G Y T Gol sl A3 Rohd, E A 2L ARr} RojATh

FTASZTZOR Alo] YT GEU GO B ol AEZY = P vk

Graph G Graph G’
L= F9 = = Z9 x=

{a} {b, c} I {a} {b. c}
{b, ¢} {a, d} 11 {b} {a, g}
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{d} {b,c, e, f} 111 {c} {a,d, e}
{e, f} {d, g} IV | {d e} {e, f}

{g} {e, f} A {f} {d, e, g}
VI {g} {b, f}

olg]g o]z AERZIE JUITE =L FTHE] 8 Zed AW ol
WL F7(size)E 9UIEHA Bk, & =

o]
=ESE JHAAY a2z 23d =289 7 de g

B FRe s ragze] 7] e FIIHER AMEH T 9,

E3] Z2a3 Yo 28H Hy4Ee AR5 7 I8 Z(data structure graph)E 3 715}7]

Al Algd S T2 a3 Uof] I3 HegEY A8 72 2T, o]at AEZ N
=

TZE ol #lis}7] H 8] Atgo] FE s ot sk A H o] Fol
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B. Requirement Quality 5§ 7} %'
B.1 Cause and Effect Graphing
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e 2T E T3] (cause and effect graph) F718HA Hoh Hoh Bals B A9}

3 A.9 Cause and Effect Graphing ¥ 7} A2}
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B.2 Requirement Traceability
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B.4 Requirements Compliance
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O

| X2 system verification diagram (SVD)E Al&3te] AAlQ A g8 EUx,

B2gde 2 2rE 78 TS AAS] 98 At ol

B.5 Completeness

o] H

o=

=]
]

Tlo

AALAS FHA (completeness)E H7F3H7] Y8l CM  (completeness
measure)S A 3L Tk A 7|4 CM & A4S Y3 Aake o3 2o $A4 ®
A10 3 22 ES A

A.10 Completeness 3 715 913+ 7] 231 3t

T

wlt

B, | number of functions not satisfactorily defined

B, | number of functions

B; | number of data references not having an origin

B, | number of data references

B; | number of defined functions not used

B, | number of defined functions

B, | number of referenced functions not defined

B; | number of referenced functions

B, | number of decision points not using all conditions or options or both

B, | number of decision points

By, | number of condition options without processing

B,, | number of condition options

B number of calling routines with parameters not agreeing with defined
1> | parameters

B,, | number of calling routines

B,; | number of condition options not set

B, | number of set condition options having no processing

B, | number of set condition options

Bs | number of data references having no destination

olg 24" S A}L3] T AL H Z& 10709 AF Fo AEE 2 CMES

e,

EALLAEH}

P

L
fis ol

44 oo
D, (B, - B,)/ B, | Functions satisfactorily defined

D, | (B;-B;)/ B, | datareferences having an origin
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D; | (Bs-B;)/ B¢ | Defined functions used
D, | (Bs-B,;)/B; | referenced functions defined

Ds | (By-Bo)/ By, | all condition options at decision points

all condition options with processing at decision

Ds | (B;z-By)/ By points are used

calling routine parameters agree with the called

D; | (Bua-Bys)/ By routine’s defined parameters

D; | (Bi2-B,s) /By, | all condition options that are set

Dy | (B\7-Bys)/ B,y | processing follows set condition options

D, | (B,-B,;)/B, | datareferences have a destination

10 10

CM =Y wD;, > w; =10
i=1 i=

w; = 7}% X (weighting factor) 241 B7Fx}7F 2+ AR H7E A g9

F o430 me} g dFshA Bt

B.6 Requirements Specification Change Requests

o] W2 AZEY o MLE Y3l A2 AR dALAS A3 AT EY o] st
T3 o7 71X o] f 2 A3 vtd AALAEY FE Ho], AgD BALAEY HAA

(ZF Ag A AALAS0] AAHTA B AT 9 Aol7] MBS bl
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C.ATE A4 F4 H71 iy
C.1 Software Process Capability Determination

ISO/IEC Draft International Standard (DIS) 15504 oA} A|<H3li QY= o] HPHL
AT E S N "] L HA (process) D /N 53 (capability)E AE 79} o
o) RHrisl== st gt ol A AR L L FHE FHolelr] 98] nEEE

FJEEL T ALY BT

EARAZEAEH S LAY FyigsE Fot 5
A 33 F7 = NE 8 Jr &

¢ Acquire software * Process performance attribute
* Manage customer needs * Performance management attribute
* Supply software * Work product management attribute
* Operate software * Process definition attribute
¢ Provide customer service ¢ Process resource attribute
¢ Develop system requirements and design * Process measurement attribute
* Develop software requirements * Process control attribute
* Develop software design * Process change attribute
* Implement software design * Continuous improvement attribute

* Integrate and test software

* Integrate and test system

* Maintain system and software

* Develop documentation

¢ Perform configuration management
* Perform quality assurance

» Perform work product verification
* Perform work product validation

* Perform joint reviews

* Perform audits

* Perform problem resolution

* Manage the project

¢ Manage quality

* Manage risks

* Manage subcontractors

¢ Engineer the business

* Define the process

¢ Improve the process

* Provide skilled human resources

* Provide software engineering infrastructure

olg3t FEEL AE7IE 93 N (not achieved), P (partially achieved), L (largely

achieved) 2 F (fully achieved)® 3 7} € T},
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C.2 Cost and Schedule

o] WHE AT E o] FpEge] diF] o] "ol FAX 7 L ez BQg
AT EANE MNEY F YA E 7187 8 AL AT ol & A F CI (cost index) 2
SI (schedule index)?} ZE F7H9 H7F HEE Agstxn =, o529 Adde B
A13 T & ghEo] AFRE T

¥ A.13 Cost 2 Schedule Al4HS 93 7] & 3t

E; | Estimated costs for life cycle phase /

C; | actual cost of life cycle phase /

7, | Estimated elapsed time to be spent on life cycle phase #
S; | actual elapsed time for life cycle phase /

10
w; | Weighting factor for life cycle i costs, > w, =1.0

i=1

v; | Weighting factor for life cycle i elapsed time

CI=Yw, L, SI=Fv, 2
Z:w, 7 zi:v 7

C.3 Reliability Prediction as a function of Development Environment [43, 44]

o] & AT Eojo MY BAF R AR BAFE LA AZTEolo MFAEE
d]Z3}7) 98] RADC (Rome air development center)oll 4] A ¢HSIATEH & AT E g0 9]
AFE A& R)S R,=4-D FElE FHETE o] AL AT E o)) ALGH A
&) 2= golZDE AZE ol MLEA o et AA == gholth AL D g
RADC 9| 3o Wt E A4 R A5 2S Pl 2 Foj KTt

FAI4AZTIE

g Zok A
Airborne 0.0128
Strategic 0.0092
Tactical 0.0078
Process Control 0.0018
Production Center 0.0085
Developmental 0.0123
Total/Average 0.0094

ZTAISDAHEIGE
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M 37 D

i

Software that is being developed by a group
that is responsible for the overall application
Organic (for example, reactor protection system 0.76
software that is being developed by a nuclear
reactor vendor)

The software developer has specialized
knowledge of the application area, but is not
part of the sponsoring organization (e.g.,
network control software that is being
developed by a communications company that
does not operate the target network)

Semi-detached 1.0

Software that frequently has very tight
performance constraints being developed by a
specialist software organization that is directly
connected with the application (e.g,
surveillance radar software being developed by
a group within the radar manufacturer, but not
organizationally tied to the user of the
surveillance information).

Embedded

o] Wk 2]of, “Reliability prediction for the Operational Environment” 2 “Reliability
Prediction as a Function of Software Characteristics” " H % oA A3k W 3 A3

REg BH £2ZEACI) A TS IS8T goh
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D. AZ E 9o} Alg )3 Coverage B 71 HH

D.1 Functional Test Coverage

Functional Test Coverage Index = T

D.2 Minimal Unit Case Determination

of We Fold ATEM ol LY RE REE ta, HarBow Pad 59

Aol HEHQENE B7h5] s ALY Wgolth & AT Egold] Xgy BE

REED 259 dBBAE 29ZE T3 T (0] W Z = cyclomatic complexity S
ALt 8 FAEHE 2HZe FYE 4EE HAL Uth, 2ZES 7 TR
F3E = A= 4L EHYHE (minimal independent path)E& 2o} o] Eo] 2%

o

HAEAE Frtsts Woltt. oldf A Z-A R & cyclomatic complexity
2 ZAH3, oA ZAAE AA SHAEREY Fo d&] HAAA AlF H
BREL Fo H| &S AAtetd AT EY o] AJE o HEAHS AASHA At

D.3 Test Coverage

o] B AT EYo] st D ALERte] FHoA B AT E0 Algo A

(completeness)& F71317] el AGE WP o2 A 2 GEL T2 = Fr).
Requirement Capabilities (RC) - 2 ZE gllojol]| st A2 E9] &
AbEE = AIRES TR

Program Primitives Tested (PPT) - 2 Al 2 Al g o] =3 H primitive S 9| &=
263 -



1C ) = < PPT 100
RC ™ TPP

D.4 Test Sufficiency

o] MM FolW AT Eojd i3] dEH AEAE9 59 AT Eo] B3 Al
(integrated test) &3 24" ATEY F9 1 dled 2T E ol B Aol

A4
AR FAYYEAE AR AR PRo2A, TSI 2L HEL B9 AR

nﬂo
mlo

m

NF = Eoid TFHATI L ASEH = 2EE]
F,=A2ZEol AN =5 A" 259 5
Fo.=2ZEYo] A3 Aol LAH AFE
M, = 2T Edolo] T34
M

REEQ F
w=ATEold AFH o BERHEEEEY 5
NF,, = A8 & AT Eo]o] Goll& Ao dFEH = AgE9

D.5 Testability Analysis [45]

PIE (Propagation, Infection and Execution) ZAolgtik Egle o WP FoA
AZEo dis) AFgEo] TEH A& 75 2 FES H LS FolEL B
59 1

Agsty] s Lo A g 7] A8 A

Zro] Folx AT E oo 3| propagation, infection ¥ execution ®43o] I Q3lr}
ol Eo gt T AL E Ale T} 2T
¥ A.16 PIE B4 vy
Execution |n¥ AZEY]E Aalst F AT EJojo] 1HA line O]j
24 Aoy FYSH =X & Alo] ¢, gtz ULE]"‘LE]'
. ntH ATEYE A3t & AZEYojQ [ HA] |ine o)
Infection T E o] o u " . = o
o AT EYo]o YF X8 AE] (internal data state)S Z
= o} A3A 71 54 Ao ¢, dte 2 &3}
Propagation |n®¥ AZEojE APT F AT E o]l [ HA line 0]
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4 AT Eo]o] 9 R AR FE (S 2ZEH )Y F8 E=
23 zhe F Woly RIAIIEA Mo o, @eR
g3t

ol#A BojR FES AIRIY Lo AY dg (T B3 Zol Aiddch

C
-l ml .
? A‘ml b lI]1'I -
n n

m

ﬂl =& I: {mln(lml) mln(‘{,ll)}:la O'(a,b)=max(0,a—(1 —‘b))

_ In(l-c¢)
In(t - rnlin 5
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E. & X E 9] 0] 9 Test Effort 3 7} 4HH

E.1 Fault Number Days

e
(&
)
lo
il

zZEYo] Ago] FAH =7 (effort)o] FEFF AT E0] A=}
obd Aolgte AZE = gtk whEkA] o] BhE-E oW A o) WM RE A7
S EF YT @S AZE AES A3 FUE =¥ o= AUtz ok
FD,E “ifA Ao 2N $A37R - Azbrolgtn & A9 AT EY 0]
=2 FD (fault days number)= tF3-3} 2o},

A a o offd
i
>
oL
it

FD=Y FD,

E.2 Man-hours per Major Defect Detected

o] W& gkol A A3t B H|3) AT ESojo] FdE =L HES A o=

FAd Ade) AL Aliam A3, B3 TS FEL T £ZEdolo] £

= AT EY 0] E A} (inspection)d}7] A A F © (team)2] FA ol 299 Azt
= AT EYo] AAL oA AZEYAE B/ H35l7] Y8l 22" AT

=% AT EY) HAL 35
S, =i ¥ AA A BA R 23 AT (non-trival fault) 9

Man-hours per major Faults =M = =
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F. 22 E ¢]01 9] Test Team Availability/Capability 3 71 % 3

F.1 Number of Faults Remaining

o] Ml ou AT EAE A|F3y] Y8 A B $HEL AU T o] E9)
530 wet AgE AT EGo]d Folde AFEY & dFde F D (sampling

technique)& FH 3t AT A& &0, AR kA = AZEY ol N7j &3

iiN)
ot
fuin
fllo
N,
2
diL
rlo
o
>
=3
w
a
0.
5
&
_>:4
nd
o
=2,
X
ol
Hl
Jh
(oL
£
o,
=2
_>v‘
Ugi',
it
o,
ot
2
>

oA noiel ZEES ’;‘iﬁkﬂ FAol 2ZEg o] AR (HAA A &S

ne/HE FAT 7 G H 9, 2T EGofdl Foldthn e AT E9]

4ol
oot ok
M
o ofn

d
ey
rlr
v}
o
i)
My
o
)
o
)
a

R

n.S'

LERES A E L

oL
_‘_4
;9{
rr
(i)
ugt

£ 9] % NF,, & h&3 Zo] Fol7leh

NF,..,=NF —ng

rem

o] 2]ol|, mutation testing % test accuracy HH HA| number of faults remaining 3} & 4 3k

BEE B AZE A 23] S Aol JFEH = AFEL F FE d55n
A7) W&o, B B A oA Mg AF- At
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FRAZRINAAT | HE/NBRIMHE XEERIMHS INIS FA2=

KAER/AR-565/00

A3
~

A=/ FA A2ZEYS Az FFH Fob 7Y g nH B

M

AFAYA 2 24
(FAA)

AT A E MY RS (FREARIE), A (FEEA

37}
R84 @EVEe9d), #A3 FReARs),
AEF (FHIARAY), o9 (FFIE
uEF (FER7)E4E)

& % A =1 uh) ) 2 KAERI ‘ wsgd | 2000. 4.
#H o] A 67 p. = = A O), S ) =2 7] [21X29.7cm
FaArgt
gqun | SACO) HAHEIC ), WINEE | JSRVEAEIA
_ 9y4g

A8 At W3
EX

gAY AlZFA o] ASd XHO A 2ZEHO9 AIATE HuEr] Hg &
HES 7ME37] 93 JN2BAZA, AZA AL AZTE S AIE FrrY
& AL o599 A - T3S B4

2A

2z, @A7A ANE A A PUEE FAA UAY AZAS AS
TPsle 2zEdoY AASE FWH FAL + A A oY e ez B
gslog, @4 ALY o X PEES F A AW 28T 2P azE
dol9 NASE BAY & AEF S A7 YRk T Aoz A

FABEIIA= HA" AFAe A%, FEEH ¢ Hrh LT ESC, AF

(10%koj ) o) X, A% Bt
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