> {AS

AN

RRPAB7032875

TERE RAEE R oA R AR

PHXRAET ff/f’ﬁ 3% 4 - #—4& Stochastic Timed Petri Nets | &%

5] 45 3¢

Parallel programming deS1gn ~ implementation and performance analysis —

An application on Stochastic Timed Petri Nets

?f%ﬂ&%ﬁﬁ
PATHIR
EFFAC BRIGR

—~TXHE

Foster[1]4#2 &1 T --ﬂ.%]—"f’—" AR AR
ByhEw CEAESE - BN - Rofouk
Mo Rt EEEAPMEL
et ik 3R AT AR B AR B
(Parallel Virtual Machine > f§4%% PVM) L
T AR MBIk B @E% (Stochastic Timed
Petri Nets > fi#§ % STPN) * =@ E &4
W REEE  RERF BN - AT
FMHPARR AR AR R ST M X -

Eroth T4 X AR P-R A S EE
SRRV Sk R — X B AR o R
HIR T AR AT a6 1 35
HRAREGFTXETR T EHA
H 4% &, (diffusing computation) > B #5T 4&
[ 4% o 49 0% Mok R4 45 R A 4o
(termination detection) » & & 4F 64 - 47

KA TH] o

Lipton[4]3& ] T T3 MBHME &
RS TR MR o RIERA
RabEepREHEF X (DFS) R
IR LI E RV BMRE - JFE
B-EAIELATENE  BREN
BRHMFLR RO EEBENY XA ELH
—EIEALEFS BN ERAKE
R o hosb iR B B8 A B U A B AT

A

T s L

: NSC 87-2213-E-~032-003 .
86 8 A1 8ZE8747H31A
FEIRETNIREA

ETKREZIRE > WRBRRELHEEL
A FHMUMED & PP -

Ho o FRMFAEBERGRRE
M BETIEXRRKREr#HE > RE
HRPEEBRERALMI RS AMBEY
FA 0 SBLLBRAMBAEEHESFH X
BAFEH > LERMEAETREBETRL
REAR -

e | i AR BEBRBERE
H93s  PRAEA S B A

Abstract

Foster[1] presents a four—step parallel
program design methodology, namely
partition, communication, agglomeration,
and mapping. The main goal of this project is
to study this design approach and apply it to
build three important algorithms in
Stochastic Timed Petri Nets (STPN) on the
Parallel Virtual Machine (PVM). The three
algorithms in STPN are obtaining the
invariants, solving the reachability problem,
and finding a solution for the relative
continuous Markov Chain.

The speedup of the best known parallel
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algorithm for obtaining invatiants [2]is
limited by a sequential com];;onent. We
overcome the sequential component in the
algorithm and find that the resulting parallel
algorithm is conformed to dii’fusihg
computation as [3]'def'1ned. Hence, the
termihation detection algorithm in [3] can be

* applied.

In solving the reachability problem [4],
we adopt depth-first expansion (DFS)
approach to reduce task numbers and
communication costs, i.e. eabh task expands
states into N, level, then transfer those states
to the next task to proceed another N, level
expansion. In doing so, each task proceeds its
own state expansion separately, and soon all
the tasks execute their jobs, then load
balancing is achieved.

On the other hand, in finding the
analytical solution for STPN, we solve its
corresponding Markov model. The page fault
problem due to insufficient computing
resources usually raised. We find out that the
matrix generated by BFS can be solved with

much less memory space.

Keywords: parallel program design
methodology, Stochastic Timed Petri Nets,
diffusing computation ’

4 hEAY

BREMAKEK - TREMSOLE
R AR > BAGMBTE 78
BECEBMARYEEN - THEBREAE
B PAREM - TRALY > FHRXEAS
BMAMSEBERAAESRESE (Multi-
processors) Eih L Z LA A G ERE

BRBLEGEME - Fik LPFFABBR
B AL ERY -

T BB KA BB T 5 A
JE X, % 6 (reactive systems) #9# K, - BR
BAAGSBZAREG ARG KAHE
HRLEBLBRESHERE > LR
ABBRBEBITEEA AT
B ERERAMAARRRAEA K
RAFEBRBEE S GHER -

AR BEEFFAA P- KR EHMR
BB LM (safety) BAEM (liveness)
%17 A4 (behavior property) - # B
A P-AKREHEH MM E > Martinez[5]
& Bl iR Bk T AT R B 5 5 Dan
[2] R]4 Hypercube L uAFiTR B F ik
AoiR P-AR A SRS B X B&IE (5]
PR W R Bk sl 4740 > RHRER P
E B 48 AR 53 R A o

TEREMEAE G — Choth bk
# 3%k R (expand) #2144 & (search) H A4Z
WER T TR R P abed AUk & &
a5t (State Space Tree) > A7 & E4ay
BERAERAN  LAMREHEAKE
%2 MM X 49 188 (state space explosion
problem)

EHRTMEELHHE—EHGKE > @F
RAA—BERATREERY RIEL
W AERAELAGHRAMFETRARAEL
MMM RREHFLERE —BRAM
e P E -k H @ (Petri Nets)[6] #
PR BATIT A H) A 4t — AR SF e # fa L
oL A - STPN R EAHERE
¥ k44 & (continuous-time Markov Chain)
2t TREFEZ M AMIEIT ASK
&1 #[7][8] - RE ST ABALE 48
BEFFTHHRSN  LAERKELTRK
B AT BA AR

Ian Foster 324 T P47 A2 X253




807 ik TR BB AR 5 R B H -
A SUR SRS TR B PSR o APV BB
WhAFBMES > A|H PVM &3t BB
BRI BN R ERSTPN ¥ =B E R
HAT Tk o

Z R iERBRE

154 STPN P =B E £ 548
T EEER AL T

EAAREARERFE ) P-RAEH
PR 8 T 47 KK ok 0 5 B[] -

BENAEA—EERAESL > A n@B0E
EmEgseit AL.ANSBEER -

HEE |~ A kAL[TPl4ER  P=1 (&
fag i) > T=A(HELER) -

B2 EAPERE AR R
/S RER -

T3 B EEE AHBFARE
BEENT - LAMB/AERELE LK
) 4 38 S B %6 TAE -

FTRA- EE AR IHE—FEY
BAHACTHS SHR S-HFERHELE
EHF > BMEAR S BAMI Bl
UEF—BEEHAMANTRELHE
MEREARAML/SERAERER -

TS ERE A TOE—F
BEOHEWERNHELY S-F X H £ S+
7] > itdm B TAAE B BB 48 $H ey S+
RS-EEREE > Hle A AN PAEME
HRE SR INEREE  UE P Mk
EHMAMATEELHBROFEE B
AM/IGRERER -

O bHB/EREHLE TS
4 F R4e (termination defection) ' 43 o
EREFRE Mg ok e P-KRE
HH o - SRR UFI RS R L

#P-KABHME -

H T R BATIEA T B E R MY T 7K
WAk @AY HBRREBREREL R
PEEETHEABMBIET S RBIRKAS
FEEHR EmBAURLAEIHERS
ARG RAFEHEHIEA T2 ER— A&
BAOREES - EROETHEAE
B 55 MEFE[10] o sy Taskl 12 DFS &
BRETARTHENBRAKRE 3 TH
N & iAF oo B K 8B a5 42 48 i oh Task2 2
ZRATH T MA S EUDHAHE > £
WRYERE—E S RFRETHER
B Task2 & B FHRANBORE >
FETEHE NERBILE SR EL
&) Task3 1% > dw pLAR He o818 T AF B 7045
HETHEFTREZIER > HRBEHET
EAREFEMMED & H T4 -

Bk KRR STPN Aa ey 4
B RKEA[T][8] - B RERTREZH
HEEEBRBETAEAZH L 24
EREBI TR aehf > AEEEMA
REEKEZ BN GRABERE
AR TN o fE R B P RAIT
S A A2 X ey A A R E R
REFLEHCHEER > mLERLIERE
BASTAEKZARER - REMH
BEAARRNBIFEXNE  RBFTHG
BRAGHFXNTFRETEMEMEEB K -

BPECERMAEENT R h R
ERE L= Aot b AT EARE N
UREHTHRAKRBERL L= A48
MIEEEH EHNBMAEERRAER
Wy BAMERBGREEE Y -BA
E AP RE R B A2 B R R IR PR 4T B 89 B)
HBRETHRI S —EREREB T —E%
B RYb A ORI ERTIkEa £
BPEREICERBOKEFM% - A
RAEZRTZAERHFELRILE=A
EREFELERS[11] -




ENT

W~ ERAaWS

HKAAIER F(_)ster' éﬁ%‘f’—%’%iﬁﬁiﬁ%&i#i
e PVM BRI KRG P-KR 4
PR Bk AT REL  TRT
B S ok AT AL S8 B 30 0 L3 R
P AR A AR T ERR
#4097 AR 4§ Dijkstra 7 1980 A7 5 & 89
PRAH S R AR E A R0 UER -

EFTCHRERRY > HEEET
B el & P4 WHRER S DFS R4
KEGRBERNELBBREHERT
B A ERE DS @ fBM T 48 4 4R R 8k
BESAAMHIFREL whRBE—1E
TARBARE L 4 A %M ESH R
Do MO e AT 8 ik B o

AT 4746 STPN o#rstey K@ ¥
AR OBEF L ANHARERE
o KT BAT e e o RN By A I B8
WO ETATIL > AR RIR A R A P
e S

E 55K

[1] Ian T. Foster. “Designing and Building
Parallel Programs. Concepts and Tools
for Parallel Software Engineering”.
Addison-Wesley Publishing Company,
1995. :

[2] Dan C Marinescu, Mike Beaven Ryan
Stansifer. “A Parallel Algorithm for
Computing Invariants of Petri Net
Models”, in proc.4th International
Workshop On  Petri- “Nets and
Performance Models, pp. 137-143,1991.

[3] EW. Dikstra and C.S. scholten,
“Termination detection for diffusing

computations”, Information Processing

Letters, 11(1): 1-4,1980.

- [4] R.J Lipton,”The reachability problem

requires exponential space "New Haven,
CT, Yale University, Department of
Computer Science, Res.Rep.62,Jan.1976.

[5] J. Martinez and M. Silva. “A Simple and
Fast Algorithm To Obtain All Invariants
of a Generalized Petri Nets”, Informatik-
Fachberichte 52, Claude Girault and
Wolfgang Reisig Ed, pp. 301-310,
Springer-Verlag, 1981.

[6] Petri, C. A. ”Communication with
Automata”, Final Report, Volume 1,
Supplement 1, RADC TR-65-377-vol-1-
suppl 1, Applied Data Research,
Princeton, NJ, Contract AF 20(602)-3324,
[English Translation], Jan. 1966.

[7] Ajmone Marsan, M., Conte, G and
Balbo, G “A Class of Generalized
Stochastic Petri Nets for the Performance
Evaluation of Multiprocessor Systems”,
ACM Transactions on Computer Systems
Vol. 2, No. 2, pp. 93-122 May 1984,

[8] RO - EXH -BEE -ty “F
/8RR SRR R R R R
HMAGELS”, F—-EEHMEBERMN
BHét o, B L B £ IR, pp. 89-94
Oct. 1995, &

[9) Rfa % ~ it - 2848~ T4,
A RRAR - KA RIAEA A —
BERLEABEAXTEHMLT
707 > 1997 48X % S84 ZE B AR
& 0 pp. 513-521,May 1997

[10] £ ¥ 48, “ P X2 X% ~ A%
RE AT — ARSI R s F ey 7T 23§
HRRBAETH”, RILETIRBERLT
FLRR P P AR 3 X,1997.6.

[11]1£ &4, “F47 KB X% - Kl
SE M — IR - KM RBEKER
BOSHBERE”, BILFIRER
AR B AT AR 3, 1997,6.

3




