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INTRODUCTION

“yarterly

Tris is the second cuarterly prooress report

the fearaia Tech Research Pronram
FProcessing Systems (FNPSY,

ae Proagram Description.

The Zeoraia Tech Research Progra

Frocessing Systexrs is a comprebensive

data processinag systems in which
loaical components are extremely
operatiny with a hiah dearee
the component Llevels The defini
claass of multinle computer ayste
and the opcrational character

those systers is motivated hy the

the state-¢vf-the=-art for that

will deliver a hizgh nropnrtd
currently btedina claimed for

systems., The scopbe of indiv
investiantec under this nroar
modeling  and theoretical st
exaninations ot wrototype sy

models. Also included within th
are areas such as the utiltizatio
interaction with manacement nner

be Praogram Support.
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Titles "Sunsort of ”ILFEQCFM Data Storsae Toncentt

Fundinag fgency:! UeSe Army Institute for FPeasearch in
Manadement Informstion and Computoer
Science (ATRHMICEH)

Contract Murher: DARAK TR =T0=aann iy

ZIT Project Number: NIe=-547
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Administrative Changes

Turing this  quarters additional research  contracts
sunportina the F2ES  nreitrem have heen guardede.
“necificallvs these are the TADDy ITNM, NEFe AR, ard
SIRWMICS rortracts descrined abovers Also durino thig
cuarter  th final report on or:s contract WES
rublisheds comc[ntin: that rrojects

Title: "Interprocess Comrunicatian ir Biahly

Distributed Syste=ns® (4 Yorksnop?

Fundino uxcnry: HeSe Army Pegeagrch Office (LE7)
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The following 1embers of the ICS  Faculty have heon
Ydentified as participants in the FOPS Fegsearch Proarams

Crewse Phillipn=-=8ssistant “rofessor
Nerillone Richard L.-=-Agsociate Prafessgor
Tnglowse Philin He Jre==Prafessor
sriffeths Yancy=-=-Assistant Frofessor
Le“Llancey Richard==-Assistant Prafecsor
Liveseys Jon==2ssistant "rotessor
(effective Septenmberse 1980)
Lynche Narcy=--Associate “rofessor

Yoot of thege individuals are rresently  workinz  on
specific vroiects in  the rrozrame while cthers  are
completing ather work already in prosresse.

Jonsens Alton Fe==Frince 7e5es "N,
MeNonells Sharon==-%r. Secves

Myersy Jeanette==Rege Scicentist
Pinione Marncy=--Part=tire Socy.

Students

There are 70 students workina on varicus projects in the
FO'S Research froarame Of thesce 12 are in the Fha'e
proaram  and % are nreparcin: thedir < Thesgis on terics in
FOTS.

CURRENT RESEARCH PROJECTS

The gpecific resecarch projects have been coraanized into
the major arecas identified in the basic proaram nrornsale

A« Theoretical and Formal Studies

Aal Studies of the Thecry of Asynchronous Frocessors
La2 Decomposition of Paralleol Systers

Ae3 Reliable Systems

Aot Time Perforrance of Distributed Systems

Paoe =-%=



Be

Coe

Do

e

Fo

Ge

He

I.

Je

Ke

FS Resgsearch “ronram fgarterly Proo Report 2

AeT Audit Aleoarithms
Aot Ticket Systems
Ae.7 Synchronous Simulation

R

ei Distributed "esource Alleocztion

Physical Interconnection and Networking

el Heteroarneous Metworkin:-
Re2 Local etworkin~ din Fully Distributed Trocessing

Systems

Distributed Operating Systems

Decentralized and Distributed CTaontrol
f«7 BErgsourca Allocation and dork Dictripution in an
FmES

Cel Fully Tistributed rMperatiny System - injtial
Considerations

o4 TRA (Distributed Orneratinn Systems)

= Process Sunzort din Tistribhutert “ystems

A4 Mon=~Homoazencous Tperatinn Systens

«7 FO0S = Opeliminary Inmplementation “tudies

&
.
e

lep}

7y DYy D
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Distributed Data Bases

Tal Implementation of Distributcecd “atabage “ystems
Ne? Surnort of YILPURLEM Nate Storace {foncegt

Fault=-Tolerance

Special Hardware to Support FDPS

Application of Distributed Processinag

System Design Methodologies
Hel FNRES Reguirements fnoineerinsy Techniqurs
HeZ Coordinatin~ Larnce Procranmin~y Yrojects

System Utitization

] A Lanausae for Ndistributed Tro-ranmmina
e? System Implementation Languance Develaopment

Security

Jal Process Structures

System Management

op =4-
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Le

M.

r

Evaluation and Comparison

FOPS Testbed

Mel Fgtablishmant of F25S Tecthed “aseibity
M, Reente Load “mylator .
My% Fulbly digtributed  DOperatinn Syston “imulation

Testher

4e SUMMARY OF PROGRESS

A.1

Ae2

As3d

Studies of the Theory of Asynchronous Processors
(Lynche Fischer, Lamport, Lazowskays Sch8nhagea
Arjomandi)

sork continues in the development ~t modelce
decompaosition technicuess and complexity analys
technigues for distributed systemse Visitors th
auarter hawvr included Fischer, Lamnoerts Lazowskas
Sch¥&nhaoee and frjomandi. Recent work hze irsoircd
nroiects Aele Rale Aogly AeTe Aoty AaTw and I
described belowe

—in e
oW

Decomposition of Parallel Systems (Lynchsy Fischer)

Synchranizatioen aloorithme are decomposed usinu two
stane radelse with simulaticn wused to elirinate
inftial sirplificationss suchk as centralized controt
and multiple shared variables.

Reliable Systems (Lynche Fischersy Lamport)

Fedundancy s used to alleviate the etfects of
"ohutdawn, "death", and "nalicious failurs"  of
Processes. Aarecement with faulty inputs ds difficult
and  slows requirine K+l "rounds® cf irformation
exchange te protect a2aainst un to K faultos “precial
cases are heinn considered,

Time Performance of Distributed Systems (Lynchye
Fischers Lazowskas Sch8nhage)

toplication of complexity theory in develorine tgols
to measure .orst-~case and expected performance of
distributed systems under srocified operating
conditionse Anatysis of arbiter problems iric Ludes
work on Lower (time) kRoundses with restricicd occess
to communication variables.,.
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Audit Algorithms (Griffeths Fischersy Lynch)

Nevelosment of alaorithms tor auditinas adetributed
s

assets Aithout delayinn transact™onse or
contradicting information provagated throuoh the
syster bhy nhtaininea a balance that could not have
existed at any coint in time.

Ticket Systems (Lynche Fischery Griffeth)

“esiagn  and analysis of al=orithns for ticket
distributior, including carcful statepent of

correctness and performance reculromentse.

Synchronous Simulation (Lynche Fischerse Arjomandi)

Develonment and analysis of technicues for converting

synchreonousse parallel alogorithnme  dnto ccuivalent
asynchronous alzorithmse by devising nrotncoles whbich
insure proaress of each oproces Wwithout actually

stapping comnutation to achieve syrnchronizations

Distributed Resource Allocation (Lynch)

Neveleoprment of a simole but realistic moacel ot the
resource allocation problem, a fast solutiors and
time analysis of the solutione.

Heterogeneous Networking (Crews, Z2rays Greenes

Tuberville)

The T8"™ Seriss/l1 has reen connected to the FOEE
test=bod (R 1vT e-400"g) throwask  a unidirectional
cormmunicatinn pathe Thig path has facilitateas file
transfer from the testhed tn the Series/la and

conseayently has provided necescary software to
initiate work on the common cormand Lansuane facility
and software tools. nt the sare times & Llink has
heen eactablished Dnetuween the Sorjes/l and  (YRER
systoms andd Work i  underway to estaplish  an
interface at the physical codes arcratine syctems and

praoasramming Lantuaae level.

Ltocal Networking in FDPSs (Enslow)

& survey of the state~af=the-urt in loca:l netuork
techneoleay  and  eguipment  has  been initicteda [

anosears that the primarv weaknoesses of csystoeeg
currently available or rroposcd sre in tre areas of
host interaction with the Locel network and

host=to-heost interazction.

Faae =f=-
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Decentralized and Distributed Control (Fnslows
LeBlancs Crewsy Saponase Wice)

The first agaal of this croiect s 1o chosracterire and

analyze moels of distributed ond deceptralized
control ap~licable to hiohly distributed gystengs A
maior probhlem facine the research  tear  ic tie
develonrtent of a technicue or fromework by which
variosus cartrol medels can b e describer and
catalonued, Tee nrinciple effort thus for in this

project hae heen focused on ddentifyine various
possible medels and comparinag  and analyzing thege
models with the ao02l of develooin® a basis for =&

’h

complete ftaxonomye. “aior proaress has beer rmade in
this first <tens and a rapecr is  beinas prevereoc  for
presentation at the IFFD Commgoutor Society COMPCON in
Septembery 1996,

Resource Allocation and Work Distribution in an FDPS
(Enslows Sharp)

Activity durine this period has focusen on developing
a descriptive framework suitable for pregarine a
taxonaomy of allocation and distritvution nmodels. The
approachk taken has heen to preuvare descrinticns of as
many models a3s nossible and then tn work backwards to
develon the frameworke. dn inditial framework hag heen
rreprared and is beina refined,

FDOS =~ Initial Considerations (Enslowe LeBlancy
Crewsy Akine Flinne Forsyths Fukuockas Myerse Pitts,
Saponass Skowbos Spaffords Wice)

The ormanizatiosn  and  outline frr the cerplete
snecificaticn nf an FN3S ds5 heoline rrenared.

TBA - Distributed Operating Systems (Livesey)

Mo activity this cuarter.

Process Support 1in Distributed Systems <(Enslows
Skowbo)

2 eurvey arnd analysis of communication nroteocols has
bheen initioted to dscolate essential feztures for
sunpert of distributed processes,. Tmolications of
transport protecols for the I9C dinterface are beina
studied.

rave =-7=-
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Non-Homogeneous Operating Systems (Ratzel)
No gsignificant activity +thig nuartera. Project ig

still in preliminary stanes.

FDOS =~ Preliminary Implementation Studies (Myers,
EnslLows Gaithersy Le Newelly Se Newelly Wice)

The desinn ond dianlermentation of the F0OOS hkas  Heen
initiated. The aoproach beine taken is te firet
address those areas on  uhich  there s cenaral

agreerent =as to the functionality reauired/desired.
The first area peiny desianed ds  that of "ressage
transport”.

Implementation of Distributed Database Systems
(Griffeth)

This project 1s planned to commonce in Jdunece 19+0.

Support of MILPERCEN Data Storage Concept (Jensens
Doyley Gehls Binaham)

Anplicable Literature and reference documentatian hasg
heen c¢collected. A site wvisit to the UeSe Apwy
Military Personnel Centery &lexandrias Vi

heen mades Adurins which hriefinas were presented and
interviews nheld.

roinics has

FDPS Reauirements FEngineering Techniques (Underwoody
Corley)

Vo atgnificant activity this ouarter,

Coordinating Large Programming Projects (Enslows
Smith)
# auestionnaire to be utilized to ~ather historicat

information and manaaecrt*s perception of the problenss
and possible soalutions bhes heen orecareds Thic draft
auestionnaire has been circulated te & rnumber of
individuals for comment and recommendations  on &
widor nopulation to surveya.

A Language for Distributed Proaramming (LeBlancy
Maccabes Forsyth)
Fxictinng Lanquaages with features related tn cur soals

are currently heing  studiede. Tkigs  dncludes the
imglementation of multi-nrocess prosrams i YUY,

Tane ==
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in order to acain exrerience  with  interorocecs
communicatisn  oroblers, Tn osrecaration tor aur
Lan~uaae degian work. “desinn joals  heve been
jdentified and 3 eamputational wmedel on  which  trne
lanauaase will bhe based has neen establishe. Lonanor
entitled "3  Languane Model for Fully Tistrinuted

1.2

Mol

Me2

Me3

Systemg®™ hasg heen submitterd b OOMPBPCAON T80 Falle.

Annther paper is beina =repared for subrmissicn 1o the
sCM Pacific ¢ o Confarence, which has <igstriouted
rocessing as its theme.

System Implementation Language Development (LeBlancy
Akins Strickland)

U=Pascal s bheina trareparted to the PRIV =407 yith
extensions tn surport the Foee developrente. "Q
siantficant prosress this cusrters.

Process Structures (DeMilloe Liptone Millery Davida)

anest1*at1,n »f  several ascectse of parallel and

istributed system desian, includin: rultilevel
seturity, models of synchronizotions and efficiency
cf interprocess communicaticne.

Establishment of FDPS Testbed Facility (Myersy
Elshoffe Gaithers Howes Flinne Le Newelly Se Newelly,
Wice)

The subroutines comprising the Cprirenet internrocess
communicatinn facility are hsing used and tested by
student proarammerssy and W&ill be used in the near
future tn imnlement ressace transcort and messaace
handlina.

Remote Load Emulator (Myerss Enslowse Forsyths Howe)

Praogrammable "scripls® have been devised to describe
a variety of Loadsa “tudent proarammere hiave
completed o Llexical analyzer and parser to translate
scrints for fast internretation.

FDOS Simulation Testbed (LeBlance Gaithers Maccabey
Myerss Se Newells Wice)

The F00S sizulation testoed will nrovioce an
environment for the ihlfwjt testing and analyvsis of
ocerating system atrorithms currently Lpin

develoned. The overall cdeginan is completel & more

5 beint  writteons gtilizinrng SI~JLA

detailed desian
and ¢ in its final stanese.

constructss n
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TRAVEL RELATED IQ THE FDPS PROGRAM
Cates of Trip! 1 Tepruarys 1350
Individuals Travellinot Jares “kouxboae Stove MNowell
lilzgg*gv. Ltlsntas feorcia
“urios Attend  ACY gponsored Profescsional “evelopment

-

Seninar - Tigtrihuted Trocessint Systensg

tes o0f Trip: 14 Fehruarve 1370
tividuyals JTravellinat Fhi{ip fnslowu

Itinerary: Atlantas Gecroia

urpose: “"resert briefins on FOUS croram and other 101

research onrojectsa

Jates gj ITrip: c:~°c Fehruarys 19780

Individuals JTravelling “hitliﬁ Crews
San Francwscoa California
Ettens COYPCOMN 57 Smrinns

Dates »f Irip: 27-28 Fehruarys 1290

Individuals Travelling: feFe Jersens  John  Cebls Jim
Noyle
Itinerary: Alexandriae Virocinia
Furpose:  Site survey of MILPERCON Data Facilities.
VISITORS

1 Jdanuary = 31 Marche 1980

Figcher

”ncoarch Tollabeoration
1t “ancy Lynch

11 Janusarye l9sn
doton
o e

ion
Contscteda? Dicbard metil Lo
14-16 Januarys 172720
Coonkae !ia '1s5cee Yadicon
Furpose? To  digcuss wmroarammine lansuace desgion and
operatine svyster sisulation work neims cone at visconsin,

ITndividual Caontacted: ®ichard Le%lance Fhi1lip “neslows

it 21-25% Janruarye i)
ie Lamports Stanfo d Pegearch Tnatitu
arch collaboration on problems nnovanﬂ
praocrammina in an environnent includine faulty

orocessorssy and choice of primitive ocoerations for snodels
of zsynchronous systems
Intdividual Zontacted:

’

“arncy Lynchy Michael Fizcher

Tane -10-
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Dates of Y¥isit:t 4-4 Februarys 1780

¥Visitor: Cduard Lazowsrae linive of dioghinston

Purposet Faesearch collaboration on srotlems inuvcluino
perfornance eialuations of distributed systopes s

desiagn of arbitraticn nreotocolse
Individual Contacted: ‘ancy Lynchs

"

“iehael Tischer

Dates of ¥isiti: 13-21 Februarys 1%°2

Eiéiiﬂﬂ: Fehrat Ariomandie York !Indives Tonront-e Cerada
Furpgsas:  Research collaboraticon on nroblems  dnvolvin:
relationshinps hetween =ynchronous and asyncbrornocus rodels
for paratlel cormputsaftions and desi=n of distributec iraph
alcorithmse.

Individual Zontacted: Pancy Lynche

Michaol Tiacher

Cates of Visit? 21 Fehruarys 1750

Yisitor: Tadazki ‘fandaohse Hitachi Pazearch Lahoratory.
JAD AN

Furpasce: Piscuss Bandohts work in datafleow machines anno

our work in FOPS,
Individual Contacted: Pe Tnslaws Je Yyorses ‘e Fuxuokss

De Pittse Ta Saronace Na Sharras Je Skoyhios Pe 2itee

Dates of ¥isitt 25 February - 14 Yarche 1980

Visitor! Arnolc Schinhaoes Unive of Tubidnaens Sermany
Purposel Hesearch collaboration on oroblems dnvelving
morels for perallel cormoutatisne stochastic analysis of
distributed systerse desion of arbiter systemse and
tecknicues for provins  bLawer hounds  for  arbitration
problems.

Individual Contactert Mancy Lynchse Michael Fizcher

u ) I Palle Enslows Re Goraon
i 1RC worksboi Report

Nunhe GIT=-1C5=-79/711

Dater Necembers 1579

tons PeFe #iller

r"—UtbGr-"_S_): Rel gxfygiLL" Rede 1.

. o
stic Synckreonization

risyr:  Fate Detillos Cels Tavidos Rede Lirton
Tecure Key iistr1 utwon

Tonference
ﬁ“th. 1906
To bhe oresented at 1950 ICEE  Syrmposium  on

3

,urwty and Privacye

Author(sd): P.He Tnoslow

Titletr “uarterly "roaress Feport - Mumber 2

T

Iyoc: WuarterLy Procress Report
Date: Aorile 198
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