-A191 688 EFFECTIVENESS EVALUATION OF FAULT-TOLERAN 171
NULTIPROCESSOR SVSYENS(U) DUKE UNIV DURNNI NC DEPT OF
CONPUTER S TRIVEDI 27 JAN 88
UNCLASSIFIED DARARG29-84- K— F/G 12/5 NL




o

"m 10 e
| il <

11 E g
I <= R
22 e s

3

=
lllll S
%)

e

LSRN

~N
AR WAL A ..'
.

l."_nf'_\,}‘ C

hy
e

X
v.\

e O

T
ey

o
J'l..",- )

P4
L8

":-"‘.k W

‘.u
R o ooy n.‘ )
' ':‘":.‘l“.q.l.' . ‘| t.' |.‘:.. U“ u




o W T e T T e e o S - 9 & @

™ cL . .
:‘_ﬂ UNCLASSIFIED ?ﬁAthR COPY - FOR REPROIUCTION PURPOSES 9-
$  LD-4191 6L
W - P > C <& REPORY DOCUMENTATION PAGE
E-‘I‘: - b RESTRICTIVE MARK NGS
> Unolassificd N/A
- |22 SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION / AVAILAB'LITY OF REPORT
J N/A
25 DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for public release;
N/A distribution unlimited.
& PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGAN.ZATION REPGRT NUMBER(S)
ARO L1658 30-&(
68 NAME OF PERFORMING ORGANIZATION b OFFICE SYMBOL | 7a. NAME OF MON TORING ORGAN.ZATION
Duke University (" applicable)
Department of Computer Science U. S. Army Research Office
6 ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and 2IP Code)

P. 0. Box 12211

Durham, North Carolina 27706 Research Triangle Park, NC 27709-221!

- 8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL [ 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION 0f applicable)
= § U. S. Army Research Office DaHAre9- ¥4-k-0045
<+ T8 ADDRESS (City, State, and Z2iP Code) 10. SOURCE OF FUNDING NUMBERS
-, PROGRAM | PROJECT TASK WORK UNIT
| P- 0. Box 12211 ELEMENT N0 | NO NO. ACCESSION NO
) Research Triangle Park, NC 27709-2211
- JTTTIILE (nciode Securrty Gassifcation)
" |"Effectiveness Evaluation of Fault-Tolerant Multiprocessor Systems"
12 PERSONAL AUTHOR(S)
Kishor S. Trivedi
‘3a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year Month Day) IS PAGE COUNT
Final FROM 10 7 1/27/88 <
16 SUPPLEMENTARY NOTATION . L ]
The view, opinions and/or findings contained in this report are those
of,ﬂ_\e authg};(s) .and should not be,consts:gd as_an afficial Degartment of the Army position,
Do ¢ 3’ Or £1510n Hnless  ©n =1 5 db Palel -
17 COSAT! CODES 18 SUBJECT TERMS (Continue on reverse if necessary and xdentify by block number)
FIELD GROUP SUB-GROUP availability, fault-tolerant systems, markov models,
multiprocessor systems, performability, reliability
=, 19 ABSTRACT (Continue on reverse if necessary and dentify by block number)
.
e
§ DTIC
Ny See attached sheets
¥ ELECTE
N .
X . FEB2 31388

H

‘!' »'J,. ,1 ,s “L’l ’l "L{l .

20 OISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
1 Buncuassipeomnumited [ same as reT [Jomc UseRs Unclassified
v [ 128 NAME OF RESPONSIBLE INDIVIDUAL 220 TELEPHONE (include Ares Code) | 22¢ OFFICE SYMBOL
'Y Kishor S. Trived{ (919) 684-3048 ext.256
OD FORM 1473, 34 Mar 83 APR ed/tion May be used until exhausted

SECURITY CLASSIFICATION Of THIS PAGE

Al other editions are obsolete

UNCLASSIFIED




BIANANTERT VIR YT TV T LT UL U

i e ;

S s

(i
L ]
£ .
Y
A S

Y YT

1 I Major Accomplishments Under DAAG29-84-K-0045

Kishor S. Trivedi, P.L
Department of Computer Science
Duke University

Under the auspicies of this grant, we have developed a hierarchical , combinatorial-Markov
method for solving large reliability / availability / performance models of systems. The approach
allows the modeler to combine good aspects of both combinatorial models and Markov models
to obtain a cost-effective solution to large models. This research was instrumental in the design
and implementation of a software package called SHARPE (Symbolic Hierarchical Automated
Reliability and Performance Evaluator). This package is currently being installed at several
Universities for educational purposes and several companies have expressed interest in using
the package. Availability modeling of a VAX cluster system has been carried out jointly with
Digital Equipment Corporation using SHARPE. SHARPE has also been used for the reliability
analysis of large interconnection networks in the context of the Ph.D. thesis of LTCL Jim Blake.

Much of our research deals with the transient solution of large and stiff Markov and Markov
reward models. We have developed a decomposition technique for the transient analysis of stiff
Markov chains jointly with Dr. A. Bobbio of Institute Ferraris, Torino, Italy. A description
of the technique was published in the IEEE Transactions on Computers (September 1986)
and 1s receiving wide attention. We have carried out a thorough comparision of the transient
analysis methods of Markov models within the scope of the Ph.D. thesis by Andrew Reibman.

This work has received attention in Applied Probability and Operations Research community.
Andrew has accepted a position at AT&T Bell Laboratories in order to further utilise this
research in solving reliability models of communication systems.

Our work on Markov reward models is important not only because we have developed an
efficient algorithm for numerical solution but also because of a large variety of applications
we are exploring. The research on Markov reward models consists of interdisciplinary (with
Dr. Kulkarni of Operational Research Curriculum at the University of North Carolina) and
International (Dr. Francois Baccelli of INRIA, France and Dr. Raymond Marie of IRISA,
Rennes, France) collaborations. The applications have addressed the effectiveness evaluation of
16 x 16 multiprocessor systems with various interconnection schemes, response-time distribution
in an M/M/1 queue with processor sharing discipline, distribution of time-averages in queueing - 7
systems, and response time distributions of tasks in a system subject to failure and repair. |

Another important area of research is in the analysis of the coverage of a fault tolerant sys-
tem, that is, the probablity that the system can recover from a fault. We have studied a variety
of models, from simple phase-type models to very complex stochastic Petri net models, and
-have investigated solution techniques for each model type. Our methodology allows considera-
tion of external events that can interfere with recovery, such as a hard limit on recovery time, / . |
or the occurrence of a second near-coincident fault. We discovered that a policy of attempting 1\
transient recovery upon detection of an error (as opposed to automatically reconfiguring the
affected component out of the system) may actually sncrease the unreliability of the system.
This result holds if the error detectability is not nearly perfect, so that the risk of producing
an undetectable error (if the transient error is present) is greater than the benefit gained by
not discarding the component. S, A4

A list of all papers and thesis aupported in part of by t.hls grant is attached alongwith.
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