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Abstract As the requirements of a software system become large and complex, it causes some
problems such that requirements specification using formal methods becomes larger in its size and less
understandable. In order to solve such problems, the concepts of modularity and object are adopted to

specify the requirements. In addition, top-down

and compositional approach to handle such

requirements are also adopted. In our paper, we suggest an object-oriented Petri net, called HOONet,
to hierarchically specify and verify the complex requirements by incorporating the concepts of
modularity, object, abstraction and refinement into a formal method. Our HOONet method supports
the incremental specification and verification of partially described or not yet fully analyzed
requirements, We also show the applicability of our method by modeling and verifying the

requirements of a reactor safety control system.
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o dAzel 228 w57 S8k ECC Al=He 7t
2N HA0) sl 18 50 2d 3

Fie Edit Nets Align Set Sifuistioln An

ST ER

a3 5 Level 2@ Down A9} ECC A A|7te] 435 =
£ wdg

a2 5olA COT "ECC'e A ECCY wi=s
3&37] 9% ERALAoILh o] EARMH 9 w4
=yl 3259, 54 & Ad EEL ECC AA=Z o
APk ECC AAojA vli=e] F3jo] a3y ES
€ Down A9 353 AFoE Wggch

AES TR AA Y FAS A5 AAS AF
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3

BAE 7Hte g &A(attributes)@ AiHoperations)&
el 9% wAZIdHT]. w39 AA
(superclass)ol Al Zol® EX(properties) S 39 A
(subclass)olAl 2% A48 A& & AUok 28 6
& a3 49 “Down” AAdAN HE EE EAL 4
2o Level 39 "Down2” ZAAE A oo}
o] ARME A& B4 offld Ailo] If-3HA
Aoshs B9 - A A2de e "z AA g
(alarm) 7158 F¥3h= B - & 712 A3z
Atk A9 AAzRE ALl EXL “‘Down” £
olzd] 23 FaA=EH, o] FEL - 28 64X
t3_11 > Down > t3_12 #& - ol3l9] HE %
H #(syntactic sugar)°]7] W&o MFL 4 ik

| y
Lo —

2% 6 Level 3 2] “Down"®] 54& Ad&dol 4
°lg A "Down2”

&S olgaly a9 AAY YPHPE FAHE A,
Overriding "7lHZo] zad & itk ol A&
< 549 dng Ao 39 AAY PHE WA
7) §i8 wHolth Overriding M7MIZg A2 9
&4 Overridden W4=9} Overriding Wl4&E F, o]
Hgd  AJQAE  AAHor Ik
HOONetol & 2@ w7IEE AFsr) st o
<9 23 28 VEIH=F FATH

= Wi=g

(27 2] F549 AFTES A3 FAAAG) 9 3]
AAD), 2la AR HEA (AAAHE wi=
(N)Z¥ell T334 Z2-& 27o] wEE oo} gtk

1. BZ 849 A% 711, =TT U 7Ty

2. Enabled E#x|A9 A%

ET; = {t;1 Vin EOIP,H<o>NU{t; | Vi E(OIPs < b}

3. =Ty teTsO sk,

Edol 2 4 A 27 A A 2 Z0002)

3t t,eET~ ((t; HeY N\ (4, HeY)
A9 AooA v HEE Yo 2% AWgE 9o
3= ASE Enabled ERAR22HE Firingsl7] 9
3 ERAAE FAATH(13].

ol el g} Zol, YAz FX A=K desid &
FAFFS HOONetS o] 8-3te] HAI3kaL, 53] HOONet
o] AARE /AEL oA FHsE bl FIHE F
o A9k

4.4 2Y9| EME 2|8t Unfolding

HAg HOONet =do} g w2rabel(deadlock),
AZEA (liveness), FAA(fairness) 5& 438171 A3liA
= AZE B4 Uy AASAY e J)Ed 98
dutste FHEF WNOE Unfolding Hel#or @k &
AT e FAe WyE Adstd HOONet 248
CPN =Ed=Z Unfoldingshe #Wi€ AXsiych
Unfolding& HOONet9] o2 #4848 CPN# 5%
@ 3oz YoM, CPNolA AFshe £4 Wiy
S atlE o}83r] 9geltt.  HOONet EdojA
Unfolding®) ©™#4& OIP, ABP, ABT 2183 COT ¥
ojty, B EEdAMe Add OIPY ABTO st
Unfolding W@l tisly Awgick. ABPY COTol o
3 Unfolding& OIP$} ABT9 Unfolding® ZFE
=" 5 o, [11]¢ A48 7isEo] ok

OIP Unfolding HOONet¢| Unfolding2 71¥&2o
2 OIP Unfolding #3L MPHoz Aok Fch
OIP Unfolding2 ¥ 70 Jehd AXY = “F”
g AAslz, OIPE BAEI Y9 £33 A3k 3

¥ 7 OIP Unfolding #}3

ABT Unfolding FA58 AXJIE ABTY
Unfolding& 297419 @A olfoix|&d), (1) 438 E



AAAYE AEY L&

ARNAE 5 7o ME Edxdoz Rysiy, 2) F
hel AE EMAA Z42HE Unfolding® AAIS (F
A8t AXAEL] A4 2d)e) A Eyolxst F=
Ego)2o) AZAAIZIG ¥ 82 1F 3o vEhd 4
3 EWAA “down”9 Unfoldingg RodFEt} o] 29
dA Eed T /Re ERXA "i_down"H “o_down”2
Z2t A58 Wl Invocationd ol9) £8E oud
=3

abnormal

FLEL

Cdowr(12]

Unfdding 5

N N

abnormal a7

R

Y — 1 1 S
[Ty
down * P = @

= {odown | =
. L

29 8 ABT Unfolding 73

o]9} & HOONet?] Unfoldinge Al2%e] 39
TZ(global structure)E EHSI7] A8 A€ F+ U
o1, Unfolding®lo}d HOONet 249 71&9] @A
E(reachability analysis) *¥H[13]& o]&3ld a7
Atgfell Aol maEde), FEAQ T FAAR & Ad53
A Fx].

5 Bdy Zd BM 3

=2 E48 HE 9 2o RE =8 U5
A5 W3 2 =(Directed Graph)ol ¢} ®£3

x ol g3kl a A g A4S B4t
g4 agzg ojgstd HEEF dHg EHste A2
Al&Elel] ik P9 E4E £P5r] fF AoE A&
d 2dd =g 715 &v et EA%er), 53
g 899 AYo = sty T2 B9 4o BitE
A He A7 dE), aHn NFZZR @ A
A2 Ao Brtsd Ae 297t dest & A4
3l7] 9% Zojth. B dAFelA AAde g4 49
EdL AA a7ARe] gt HOONet Edo] &5 Al

b

o] 8F ATHA 27 BA R AT 165

A2 gogvtn suEgs =24 Bdo] shgsithe
Zolt}, o] 2z} HOONete] OIPE ¢lE#Ho]2g2 dh=
2E3lg #HEg HQo|n], "ONE-ENTRY ONE-EXIT”
Z273& wEsn 7] WEelvH14]. weAd FREn

WFRe A2 i RPAEe] ¥EHe sjes
A, EE BAH BAHo] o|RiXA Fe Aol

AT HOONet2 o|&3to] A2He] AZHA mdPo]

7bs3h, AAAQ 284 E40] g3tk
5.1 =EM J2izEol MM
HOONet Bdol] thst =24 efze] A4 yPol

2aEE 1] AAIBIAh o] duElFeAE HOONet

o] BEAHQ HAREE o83ld T4 ¥Ho| 7HEd

== 33 ok Al EEiA Zdulef JFAlst =X ek

43 PAXFEV}L EFEY Yoy JEHE =8

aYPZE WYY ¢ JEF HT ¢nEEY

2¥8 olsE &7 8 tid T gE R

o},

o GenNode(MpMy) : ©] &&= 3t == MoE
A3stm, ol T 2E=Zo) EAec =
M# G247tk 1281 M) =5+ "R'E #A
311, Mew "M"SE EA|SIT}E e ZojA "R
=g 458 =2g gulEiy, "ML ofF ¥5
ZH(successor) & 2R Y= ==L 4“]5‘“:]'

. AllGen(Ml, M) : =E M;22XH RE F&3
M:E 23, o] MiE =& MF dZ3A7g 1
g M2 "R"'Z EAElL, ZE M 'M'eE2
FA T

3@k ox rlo

[¢a8]Z 1] GenRGraph(input: set of HOONet
models output: RG)

1. Let the node which has initial marking, be the root node
of a RG and then tags this node with "M";
2. While all nodes tagged with "M"”
2.1 OIP: if (status = "pre”) then AllGen(M;M;);
else if (return = "self”) then Exit();
else GenNode(M;, Mp) for node pointed
by return;
2.2 PIP: AllGen(Mi, Mi);
23 ABP or ABT: if (refine_state =
AllGen(M;, My); :
else GenNode(M;, M) for OIP of the
refined net;
2.4 COT: if (target = "no”) then AllGen(M;, Mi);
else if (c_type = "SYNC”) then GenNode(M,,
M:) for OIP of the called net;
else AllGen(Mi, Mi); I| GenNode(M,, M)
for OIP of the called net;
3. Until (No more "M” exist);
4. End of Algorithm

"false”) then
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5.2 T dejmo| B
HOONet 29 Ztzte) did =24 2A=Z7t AAH

Aqotd, olEe #AE B3 B =24 2HZE A
g 4 Jdok 224 28z FAS B 2dE EY

e W oiEtd JlEdE 2R d7r AAEHA
t}H2, 15). ol g N1EY AT Al2HE TAskE A
B Az®gg Bio] ojfojx7| Wl HA Alxg]
o g BHolgln ¥ + gtk F RE B A&H
o] i mdglo] o]Foj Holl HA Azl it
4o 7-sdt 2@ & =8dA AAste 3484
A dhge A A2HE Aoz REstd 24
3t7] W2 Fgste Aejolre WA A=l of
EAo] slxait)y &, slgrale AFH R oA
488 M A2dzre] 45 A4S w3 =g
gol 7581, FHHUAY ENHA e B o
e ARz FHd] dB] AA Ajxddd W
Alg#olde) 7hsetn, HAHY mdy e I =84
gzl gado] o]l £ Qith ole WA A=K
udt AT Pzol do] FAHA ¥ FHCAME
V5 e ougch

NEAoz AAdE HOONet R =24 =g
g8k el dauEF 29 AANAN o] duYF
M “SetABC'E BE ABPs, ABTs, 18] COTs9)
Agolm, "Mye T2AH oMol dele] k&
"abe’ 9] A3 A predecessor)©]th

r

roh ot ot A

i

{gxdgE 2]
GRG)
1. Select a component abci € SetABC
2. Using the algorithm 1, generate the reachability graph
corresponding to the refined model of the abc:
3. Inserts the reachability graph at the next location of the M;

MergeGraphs(input: RGs, output:

1Y 9% Level 19 Trip A9} Level 29 Down
AA o] hg =gy 2z g 3 FFE Y
= 2¢) JASG AEHoz HoF Aojrt ojHT
A el wiEe B8 A Alx"e) od =94 2
ATE S4E & Ut

5.3 ZHQ| AF

T2A Jzo) o3 HOONet Rd9) AFL \
o Tdo] 3917 Eio] gFAN} wal FH3) =
FH[QE7), 2P LT ERde ZEAe
7B AN AR AeE ted ge
gEdez AZE & Udh

sAEe] 2R £94 TeEly TalE)E Enabled

%’i

EqNE
‘6=

o rlr

1 28 A 27 ¥ A 2 £(20002)

¢ 241 Downel Tt 2 T
AKISIE Donn ZEBH Tripe) T2 24

Y 9 gl olsf #e =g Tzl A4

EWAR o) EA8A R ul= rlF)(dead marking)ol
ds AR & Utk &7] slFdA dE= wigore
Aolg} o o4ty Aoyt HMAFA F= HEH= Al
of P97t w2} Aefoll A ouiFth

AEQ AA 2E EWAPE Hol= W Firing
slojet 317] W&ol HOONet Rde] A& ZE E
AAAL £94 2= vehder gt a#ze u
Eh}A] o= EdxMol EATThH: Alzdo] O
Aol =28 § g2 vt

ZARAAY A Yoo EARRAEY Firng 57 &
g3t ol Al&de] F3F FZ(infinite loop)7t &
A 3HA et ety =24 THZAME
233 wEHE 2R 1@ E(partial graph)7} 3}
] 01—‘—

) Q’é’ﬂ AA} she) A EEolzdd sty F
o] EWMAH o] Enable Hold o, viZ@AHA dgo]
o]ZojAot &t} o]HF EAE STAEY RAFHL
2Ry 7)Qdds B 4 glor, = ARzt o3
sl A= ojof g},

X,
rio -

oreo. o
TH =

6.4 E

2ZTEHO Aaglel 2TARE FFAY WP
FAshe e 2de AFE T aTARY 2RE
A&7 98 Aotk aTARE VEd] Ad 4B
A WHFoN AAAY AEe A AAXNG F2}

gl 78 A o183 BFstn iR Al

1>

92 zAPRAo|n AAHozr rdyd &£ JYEE I
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B =PdAMe AAAFY &3 NEES 383
ALE & de AF 7329 AAAF HEF 4A
HOONet& Agteti, o] o]&3ld YRE UFAH A&
H9) Shutdown Trip System& 298 3ok
HOONet 24939 AHLe EZAF 871 3134
2&e ez Al2de AZF mdyo| shedH,
E3] a7Agke] REHoZ AAFHJAAY, BA 8FAL
o] EMEHA gty Fuigts A2 2diya
=24 H4o] ool £ JYxF & Boltk o= A
A Az"er FAJE BE UisiHy mdys &
AqE FYF 5 3eS ofvdith. @A), HOONet 7|vt
o mdy 9 B4g AYsr] 98 =77 Visual
Cafe™& o143t 7 o sich AAIgE HOONet
7t} Al2" A g2 A4F PEe ookg FopelA
FAEHL Y= Aldge 7 Al2" 2d™e 44
AL & glon, HEZ g9 AEHIHAE o]&3y
On-the—fly ¥Hadl 9% WA B4 5& 438 4 3l
< Aoltk E3FF HOONetd] AL 9 ARAS FA)
7171 siMs AL AAERe =2dddr] 9%
Timed HOONeto.29] &34o] a7 ojo} g},

Zoa2s

[1] E. Battiston, et al, “An Incremental Specification of
a Hydroelectric Power Plant Control Systems using
a Class of Modular Algebraic Nets,” Proc. of the
16th Int’'l Conf. on ATPN'95, Also in LNCS 935,

pp.834-102
[2] S. Cheung and ]. Kramer, "Context Constraints for
Compositional Reachability Analysis, ACM

TOSEM, Vol5, No.4, Oct., 1996, pp.334-377

[3] O. Biberstein, D. Buchs, and N. Guelfi, "Modeling of
Cooperative Editors Using COOPN/2,” Proc. of Int’'l
Workshop on OOP&MC, Osaka Japan, June, 1996

[4] C. Lakos and C. Keen, "LOOPN++: A New Langu-
age for Object-Oriented Petri NEts,” Technical
Report R94-4, Networking Research Group,
University of Tasmania, Australia, April, 1994

[5] YK. Lee and S.J. Park, "OPNets: An Object-
Oriented High-Level Petri Nets for Real-Time
System Modeling,” Journal of Systems and
Software, Vol(20), 1993, pp.69-89

[6] A. Perkusich and J.C.A Figueiredo, "G-Nets: A Petri
Net Based Approach for Logical and Timing
Analysis of Complex Software Systems,” Journal of
Systems and Software, Vol(39), 1997, pp.39-59

[7] J. Rumbaugh, et al, Object-Oriented Modeling and
Design, Prentice Hall, 1991

[8] AECL CANDU, Software Requirement Specification
- Wolsong NPP 2,34, 86-68350- SRS-001, Canada,
June 1993

[9] R. Bastide, "Approaches in Unifying Petri Nets and
the Object-Oriented Approach,” Proc. of the Int’l
Workshop on OOP&MC, Turin Italy, June, 1995,
http://wrem.dsi.unimi.it/PetriLab/ws95/home.htmi

[10] C. Lakos, "The Object Orientation of Object Petri
Nets,” Proc. of Int’l Workshop on OOP&MC, Turin
Italy, June, 1995

[11] J.E. Hong and D.H. Bae, HOONets: Hierarchical
Object-Oriented Petri Nets for System Modeling
and Analysis, CR-TR-98-132, Dept. of Computer
Science, KAIST, Nov., 1998,
http://cs.kaistac.kr/library/tr/

{12} JD. Ullman, Elements of ML Programming,
Prentice Hali, 1998

[13] K. Jensen, Colored Petri Nets Vol. I and Vol. II,
Springer-Verlag, 1992

[14] 1. Suzuki and T. Murata, "A Method for Stepwise
Refinement and Abstraction of Petri Nets,” Journal
of Computer and System Sciences, Vol.27, 1983,
pp.51-76

(15] W.J.  Yeh

and M. Young, “Compositional

Reachability Analysis Using Process Algebra,”
Proc. of the Int'l Symposium on TAV, 1991,
pp.49-59

B

19883 ZFEUIEa HAFAEH AL
| 19909 FJdistm AAAAE T AAL
1990 ~ 1998 o IwATA(EW
ARAADTA) AdA7Y 19998 ~
A TR ATE AYdTY. 19959
: ~ @A FFFsrIed AN
AgetAF HAlRA, ARk AT EY T, AA X
2y A¥s 71y

&9 3

1999 Mgt AAA I AL
19999 ~ @R AFAErIEd AAA
etnt st EE A, BAEeke
AZENFE, FAXUE e ALTE
deol A PHE, B EFAN A,
- 3¥s 7Y

w5 &
HEAGH=ER]  ATEY O] B $-§
A2AALE R



