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Abstract

This project embodies the verification
jobs required in the first two phases of
protocol development process, 1e., static
analysis for the phase of protocol
specification and dynamic analysis for that of
simulation 1mmplementation. In this-year
project, we develop a static analysis method,
a timed model checking method based
path-based approach and the comesponding
tool, and enhance the dynamic analysis
method (accommodate the PNNI into the
simulation model and add several new
functions to the dynamic analysis tool)
proposed last year.

Keywords: ATM, Protocol Vernfication,

Simulation, Static Analysis, Dynamic

Analysis

o EtEEREEER
ORI BE R - R

B SR iE AL BN TR

Bl ch A A3 IR R I P R R S AR

HHTRE > FSEHERE SR ESBRE

= - FIREEEERRS > ATM BEE

B > TEERVERETELESEE ATM [BEg

OEBFHRE LR R - FEE T -

—RME > ERFREP  BERE
RIS r| KB B D BMRE  — B AEER
(logical) £ 8 - B EBZ @A EFIEFE
BI1E® - ATM BERmEEREERYE
o A LIEASS=8E1R2IE = -

1) —fiREEsE =0T E - |IELE - 12
s RS > BefmERinElEES
> BT E®ERE - FreiERE /R
HEBEFRRE(ERES

2) ATM B9 REERAR 15 dh & —=ATM BIXTRE
ERFERES T SEAREMES
RS BrRIAF#ERE R ERLHZE
eEmoEmeE - BRESEE - FERIREE
= RENMERE TR - FIRS R
REER  EIHIREHER AT > 1WA
[B]8%% = THRE TEiE(functional correctness)
DUR & 383 RE(proper performance) [1] -
EARIThRe Al DOE AR B LR RS
MR MAERRE TR THBE
TERE I REEEAR TS S B 2 LTS ARERR

3) EfifsRiERETEIE R0 EE = B
3% ETHETE WA £ B RIEIEF RIS T ThRETE
TEE SRR K - rITERIEE
BRI BE T EEISFRIEIES - a0
15 EARRE Z ERBS T » B RREEE AR TS
B RTIER -

ATM @5 & BiEh) B RITFi R
IR EERETRIERE - IR IR EIE TR
7 o mRERE TR —E[4] -
BRSSP - EREEREES
B - EERRETEE = BRSES -

FHE S fr(Static Analysis)[3] BB TE
1



FR B85 75 1% (Formal Verification)[5] & LI &¢
2 e U o 3SR IR R RRAS TP RN E SR
EITESEE - TFARISERETERE AT HABNARE
MR 2T ME RIS TR ) ET D
Pr o Al B S AR R THRE IEREIF ER L EE
RRE B TETENE - HBE ST ) it ek
R RIEE SR, -

BREST(Dynamic Analysis) [2] - 2
TEME IR B | DB AT 5 =BT mER
% E SELET 2R =T EESEE T -
B WE - iE R LIBBLER ET A\ B R B 33R
1 B TF THREEARTRE AT SEIR - THEHEW
e T EE BEE - AFSREEKREFRE
B EPSER P T RERIRAVHER B HE
JR PR D) B TRATEEER © BRET A BRI LITE
A S IRIEAEEIRE I - BB
BEAR AR R E IS -

T [% = T (Physical Measurement) )5
=R 2 ] F— 38 7 B BhRYEEERS - BUTF
i 7 7 B ERSER TR I B IS 1t
T = B FAETTRITHEE » RIEHBERG EH
{EBRIThREET RN © SR EIEHIPT
BR - (ERERVARKIEHEEDEZE
R > BB E KRS E > FA]
RESEAT -

R HE = AR AV ESEE —FFRe N TrRS
B2 Al DA HRRIG SRR RE RUSEER - B
= D) B Re iR 5 R 1 B B THS A RERY
$EIR > MEEDEISHIBBEHED - KT
{E BRI B R Rl IR E R IEEAZ
AR - K ERFmINEREME -

FEHE B RRIFRE FEERGE
B85 M PRIRTRETE © BIEPRED T ke
ERES I E - BE ATM @R E » #
HERR RSB A RE TH - s
B FEEONAEREEE ATM @B
ER ARG B8 1FRE - ATM @R
5 T B iR REER B REBe 38 7 R EEE AR B EE
THTH -

&R F = EEIBIRES - 7FA)
MEE RS BRFPEE/R FRITHZE
TiE=

1) ATM BJTRMHFES OEstelle: FAMLL
ElfS ey E MR B EFE S Estelle[6]
BER - 5% ATM BB E RS 14EN
MEMAERR NIESESaDHEEE
(Object-Oriented) BT8R 2 » B8 2 S &
BE ATM @M ERARISERS -

2) FIBYHMEE 5o EREt iR &R
—imE ATM 1BR&EUHRs P e M EE
TERAZ IR R - TE (> - LIS
DIt 15 5 E R BV B8 s R (BN E e P
FE)

3) HFEEERATM WA EPIERERE
BI1E% » B8 LA Temporal Logic BERERY
Bt 1E = HFRE (ATM Property
Description Language — APDL)[]] -

4) e BRrR B LB AR E RS
FEEERES AR - EHERBIEE
TEERRIEER -

5) B2 ETEESY{E ATME R DR S
BRERESEEIRET -

TE5 =S EHEEP  RMOITIERE
BETFRY DIREHEES RS a i S M E TR
5855 F R LI eSS % - E21ERAES
EMEAVEC TR )R EREE
R HiE - FIERBEHENHRE
EoH&MEABEEEEmBBE HiEE
Z="State Space Explosion Problem”[9] » B8 H
iz nnze EEF E L 0] B RS E LR
Temporal Logic ByE&EFFE[11][12] -

S5t AR —SEERERT ATM &
ol > AR IR F R E AR (R
7% PNNI[13] 4980 M hnZe 15 Y &6 ) - B8E:
JR A ERR TR E (T BT hO58R TAE -

PUF M B EHERATE T/EEm—/Y
FEA=
B8 - ATM & 15 B RIRR e 5 B ik =%

BME AR S

FRRE S P REEEERE —EREER - BIF
HI RS RE 53D Al LUIR B 35 3R 177 8 AR A B B
I8 - R BRI IR EEERIETEIRE - #2
mE 1R Y B BN LATESRE o (ETRAY (RS

2



ME > REEZREIRG g AT sy
8 - 4% r] BErEHG ERRGEIT TR EE
5 BRREEEEESE - BENERRES
R EEE - AFHEERL &S
ATM @R 1% E RIRRE T % LIS
ATM fHEE R — AR L B RIS SR ST AT
EENER > RXTREEERS M EENES
HoA

ATM @R E RIEFRE S PTRIE 4L
ERELDTARBAREER T ATM &Rk
TR AR EREE) LT R
1 H R E R ORI E R T B R AR
(I Erhee FEERTRE RO SR BIEL ¥ Bl
T ERERESHEIEERREERNE
W o 1 TTRE AR E R BRFERSE
—EHIFRE - R B ERER A AR
e &2 A 5B M 2 A R RIRE - RIRSthnEEs
S5 LB B LET - FEHERHERRE
12 Estelle[6] S H ATM 57 EFRIEHEY
FiE > Estelle & ISO {gfR+E 2 FDT(Formal
Description Technique) » FAZR Il B 5 EdhE
TR RIAFIE LT - HIERERES EFSM
(Extended Finite State Machine) [6] > RELL
Pascal-like language ## 177 & KA RAED
BIEE > FN L EFEEPHRE  BE
Estelle ;&5 {2 OS] {BEg 17 E & EHIBRTS
EHE > \KRERMEXTREAN
B-ISDN/ATM BJ1TEiRISHE -

P14 = RIS RTIE E 5T 0 BV
THEARIFFFEETE - a0([1I[14][15]$E3R! &
NE[2IBRE - ) > #HE A Temporal
Logic[11][12] & 4= A 58T > Temporal
Logic | B AJE1EE - —B Safety -
5—# Liveness s/ AR IEE Al LU E W
TP E I ZHIE% - B E IR R s
HARE A SEEHE SHREEATM &
A ERIIER - KRR R RS R H
HBE AR - At FHEREUESE
B > 0 FEREREAEL > BR &
ATM ($EEEFRE > AL AEEEEN =
KEREE -

FEEEBARSOES BEEE

B HRE T - BEIRIEEESERT - =
ELUNEER] Temporal Logic — CTL £FE
B2 > RRZRE R R At RIER - FIE &
Probabilistic Real Time CTL I EHEEE B
APDL (ATM  Property  Description
Language ) > [RIEFt DL FSM (Finte State
Machine) £ B 5 - Z BhZeSEEEERAIE
W > §EH APDL A93EsRiER -

Temporal Logic B)E85E 7 EEERIM
% EEE(Model Checking) & s RH
E.M. Clarke & E.A. Emerson 7F 1981 f£3&HH
[17] - ERTE#FERFE SR - Ep
DiigegmF R iikesE - MEBALRME
i5 - VLS mEgEssEBhE A - 12 AHES
% BEETEEELSRTEERIRNEE
ti(state-graph model) - BE /K AN BB EE B 15 L)
Temporal Logic FIEREHZ » Z1RMERX
BRRENRLGIREZAFEXEENE
o AlRSRAMRSIRETZIER - R
W& B RIERARRE EAKBESEE
1T (concurent) R 4% - AR BIRIRE R
(finte-state system) ByER I+ 512 —[18] A
HAHER ATM @R ERE R
BigEHE -

FARAT IR AIEL D) Temporal
Logic AE=UE ARV £ 8 /BEREDHAEl-—1E
R ) REETERNE - MAWERITE
FRIERTEA Estelle i H > HEAIEHER
& ECFSM[6] - Ml RigaIERERE S
APDL iRl - FZRE VAR - HLE
EHR -FERBEER - B{TEARERE
PR B L BSRE R e RS thREE A
EHLEe A -

CTL MR M EEHE M7 ER
%= M APDL 22 CTL SE# Hitt APDL
I RIME R D2 B HEmME > {H APDL
P T B REER AR R 1E R - CTL Ay/EmE
R R ISR - RV AR RATRIE
HigpEEmE - lyMERME S EME
M= ETREREERES > RESTE
B A M EIERERER > mESE "R
HEMRLE | (state explosion)fHIRE[O][19] - ATM

3



IR E F— B SR CELE R
E 0 REREIER % - EEIRRE R ERIRE
HINEE - AAEEAT BEMEERR
EBE T ERN - LIRS R TR R AR
&0 BRERPITRRESETE > 1B
BRRBRGREAERD > AIFRTARR
AREE R VERRE - RIb SRRl S
PR R E R E iR ATM 5@
I EBERE  HEETRERERE
&2 R ERBED - (B ERER
KeRR%e - SZRILISERERIEEEE ATM iR
ERBIER = JORIER -

At WAt ER AL M E— AR EE
B THH(ANE =620 - sZ ffl TH e LA RE A
F0LL Oestelle 2 &M E RIFRTE > LIR LA
APDL #R{ERERENERE > MEET
Hi B B i A RIS R R RO B (S M e R
WA STk o ETRIEA TE - BERSEE
BHBSEEER - SERRSE 4 (R SAVRR (AN
TF 57 7388 3P 7E FRAG HR B RS AR Rk S
1) HYGERREREREARER -

5 - ATM @R 17 2 R B RE - F 75 £ -5
FEE B8 ATM B E
RPRE 73 P iR R T A E EE R,
A e AT - (Bt E A S eRRAIE
o J R AR BRE L o W
BEAGERENHRED TG E
(Dynamic Analysis Method for Protocol
Verification) » /P FARRESZ A - BEARHHFRED
B - BT R RFEEPRE | DEEsE
B H 5 BTG B R E LT R
BRI A) T1F - iR EPRITIR S = TAThAE
(NSRRI > &
(1) Dirker=UEeEs ATM Bps [iERse
BB RIINRE - ISR RERRERER
T LR IR E G E TR ATM
EL {1 & [ B9 ThRe (B2 WRefE -~ ATM
f& - AAL @iz R BEaRITHRE) ©
(2) R EEEBIEXRINE @ EREA
12 =0 al DUTF IR DRy /=
BT - BBIER ATM fERRATIE=E

2 (Traffic Source) -

W EEERE NPT ERAGE
o = TR R IER S ER o 2809
THRE °

2 EF A\ BT Rl SRR B RS T
ThRESE R HV B E(SUREESE - Simulated
Implementation » FH#fH7F WIS BRE LT
BB ET B X IE B {E - Physical
Implementation) - F L Al 7 FHIRN T XIS B
BE RO B PRI EPTOUR T7E > S EIE
E[E AT IRTBEIROBITER - BIMEN
B9 T{E = ARs Rt [ DR Ry A =0E
1T & 18 = ERARIBLThRE th ] LATE %
T E BTN EERR >
HiBR B EOBTIT AR TH
875 5 LR EE - ARy e
BB NPT -

TERIFREER LIEP - RFIEETRK
ATM @i EFREFRINRE(E Physical
Layer, ATM Layer, AAL5S E& Traffic and
Congestion Control &) S EER] - i H L)
B EET BRI TH > RIDIT
iE FHRD F IR A RO R i 2= ERR BB
Eery MR B L s 28 - BETFRL L
MEBRPITE AR - R EE XIS
ATM ;@R AE B PRTRIAIR B R TUIE R

H AR EREEREN L FEEE M
PRz g DATM @R # E R R
HSmE PNNI g9E0 M - R R
FAE=C RIS BhATARIT - 2) R A B T 15 SR e
2R AR ENEER SR
—RCERIETR) o IR LI P RS I i
BoiRR > AUAREREHE A AR
TE#8% 11t PNNI e Signalling 82 Routingd
1580 M hn 2= s s R ch(an i kT - St
A1l & 7F R B RIBRe -t T Ze3s Tl
BribevsEe > miE ATM Epg R E
AT SAE PIFEET 38 4 U FREL - SPiEEE
& MEEAIThRE > Rl EFRE FREY BATIETL
2 B UG R AT ENZF I ANEDD -

(3



— - i

ATM @R ER—ETHRAER
FeRBFAIRE - RFRRAEEFRE
i i By T H > BIAMEE R RATEE - i
EBEERVEMRREENME - &
BT B {E IR AR REEEEIRE /5P 7 R B AERR
HIBREE T HINE T R TEFRIRIMEE
BEREER - rPGEIARERET A BRI/
PEER( BIRTE R BRI FTHIRRET 7
HETT & th R EIR W ESERE R LilyE
TEdR A - LA ERREHATEERR BT
R T {F  B#RERBAHER - RS

REIE/ERERE AR -
BAIFE BIERHBETEET
RNRZRBELGE=

1) MR ETRIE REEEEFRE P 5% > B
il R 5 T 75 1% 21l R iR B ARG RO T
=K AVEE > B BRiE BiEE 8
RS R A E  UH R &8RS
ko BREERRE  ETERE TR
ZRMEFHRIRERERENRE
THE  BIFE—M— (BT 9dEE
FiE o B aBRGENERT LR
EREET B BENEEZRSNER
DR EH #E(Seamless)

2) HFERFRESIT AL BRIDUABUASE
M ey ATM s® R % & @ 20 D
Leaky-bucket £ ZF # f9 Congestion
Control » (B 5k LR K RIRTIRASETTE
B e KM E R AT R R AT
K EA & E@BIR R EN A NEEA
RO > {EESEERSMAIRE —ARIRE - 3]
B THRFEREREIRE T > 2058
FAARREETREETE  EHSER -
TEE K MEm =P FEHEERTF
TTIERIEERS > AINEERSEERYSIE - it
FARBEIREH LHYUERRIESR
RS TRIIES ) DR K ELEER
BRI ERLET R RITTIE -

3) FEMRESIAE - HRIERS ATM &
NP EAERER > - ER R ERE
RSB RIS RETUERE ATM &

5 E#IFZR(Framework) - {E BRI HAE
N RS 8 S a ko i s S
28 g F &N IR RERIH
TEEERIR) 5 iEeREE T H SRR
FIERITR KR - FREEEEIRTRY
58 ER 1% B AE & 2= F AR R RAT
g EEEENEN B S EAGE
TR ERTE S -
T~ Z2ETR

[1]I. Schueferdecker, Performance-Oriented
Specification of Communication Protocols
and Verification of Deterministic Bounds
of their QoS Characteristics, Ph.D Thesis,
Technical University Berlin, 1994

[2] 4ot 8, FIFER = 8E ATM 77,
ZANVA S NS HIR Y R (SRR
5, 1997

(31 AAE#E, ATM @iz EbesE, Bl i
REWA T2/ ERE TR 758, 1998

[4J. F. Kuose and H. T. Mouftah,
“Computer-Aided Modeling, Analysis,
And Design Of Communication
Networks,” IEEE J Selected Areas in
Communications, Vol. 6, No. 1, Date: Jan.
1988, p.130-45

[S]E. M. Clarke, Jr and R. P. Kwshan,
“Computer-Aided Venfication,” IEEE
Spectrum, Vol. 33, No. 6, June 1996,
pp.61-7

[6] ISOMEC 9074, Information technology —
Open Systems Interconnection — Estelle: A
Formal Description Technique based on
an Extended State Transition Model, 2nd
Edition, 1997.

[71 WC. Liwy, Y.S. Hung, and C.G. Chung, “A
New OOA/D Method to Develop an
ATM LAN Simulator,” m Proc.
Modelling Simulation and Optimization
(MSO'97), August 11-13, 1997, Singapore

[8] WC. Liu, YL Wy, and C.G Chung, “A
Property Description Language for ATM
Protocol,” 1998 Workshop on Distributed



System  Technology and Applications,
National Cheng Kung University, Tainan,
Taiwan, 1998, May 14-15, 1998

[O] A. Valmari, “The State Explosion
Problem,” To appear in a book based on
an advanced course on Petrl nets, edited
by G. Rozenberg and W. Reisig, 1998,
100 p

[10] R.  Alur, “Timed Automata,” In
NATO-AST Summer School on Verification
of Digital and Hybrid Systems, 1998

[11] Z. Manna and A. Pnueli, The Temporal
Logic of Reactive and Concurrent
Systems - Specification, NY:
Springer-Verlag, 1992

[12] Z. Manna and A. Pnueli, Temporal
Verification of Reactive Systems: Safety,
Berlin/Heidelberg: Springer-Verlag, 1995

[13] ATM Forum, Private Network-Network
Interface Specification Version 1.0 (PNNI
1.0), March 1995

[14] E. Papachristou and J. Burmeister,
“Methods for QoS Vernfication and
Protocol Vemnfication m IBC - SoA
Report,” RACE R2088 Deliverables DIv3,
Sep 1992

[15] R. De Nicola, Fantechi, Gnesi and G.
Ristor,” An Action-based Framework for
Venfying Logical and Behavioral
Properties of Concurrent Systems,”
Computer Networks and ISDN Systems
25, p161-713, 1993

[16] R. Alur, C. Courcoubetis, D.L. Dill
“Model-checking in dense real-time,”
Information and Computation, Vol. 104,
No. 1, pp.2-34, 1993

[17] EM. Clarke and E.A. Emerson, “Design
and synthesis of synchronization
skeletons using branching time temporal
logic,” In Proc. the Workshop on Logic of
Programs, Yorktown Heights, N.Y,
1981.

[18] R. Alur, C. Courcoubetis andD. L. Dill,

“Model-checking  for  Probabilistic
Real-time Systems,” In proc. 18th
International Colloquium on Automata,
Languages and Programming (ICALP91),

Madrid, Spain, July 8-12, 1991,
pp.115-126

[199 JR. Burch, EM. Clatke and
K.LMcMillan,  “Symbolic ~ Model

Checking: 10%° and Beyond,” In Proc.
Fifth Annual IEEE Symposium on Logic in
Computer Science, p. 428-39, 1992

[20] W.C. Liu and C.G. Chung, “Path-Based
Protocol =~ Venfication =~ Approach”
submutted to Journal of System and
Software, 1993

Prolocol
Speciicalon
A

Simulaled
Impleme lallon
N
Physlcal
Impleme lalon

W— WG ERR IR

Slalc Analysls

Dynamic Analysls

Measuremenl

Application

Interface to application

ATM network function simulation &
ATM properity monitoring

YR ATM R TR IR

i ATM Property Verifier

uuuuu
celbuf: Cell_Buffer:

matcher Matcher,
modvar timer01: Timer:

e atmtrafiic: ATM_TRAFFIC_SOURCE: Itis the comment}

W= B AR



PNNI

Topologyy Setup Port Timer Routing Tent Node

| [

1 | 1

it ATM PNNI1.0 B8

Simulat
Topology  Simulator

lconnection-0

link-endi1-sw1:3 54

linkesw1-5w3:25.0.

K777

WMonitored

end2

Tk

Setup connection [3. Setup Monitor Parameter |

[SFaiarl] | agasna | [ Asaswnen | | Adauink |

()RR AR E

[F=5 A TM Simulator [-[o]x]

Topology _ Simulator

KI77 i

Ti  Connections

(S (- [B]|zannecton-a
Unittime: 2274088 Second: 61959664 Scale(sec): 10.0

pa-acr-at-swi-from-end2 max:7090.0386

B8 Monstor Panel M=
Unittime: 2310777 Second: 6299966 Scale(sec): 10.0 |
pa-acreat-switrom-s 7

Scale Up. Scale Down

L) =HSBLER
Yt BIRES I TH



