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CENTER FOR ADVANCFEN COMPUTATION REPORT SUMMARY

This is a final semi-annual report on ARPA Contract
DAHCW4-72-C=-ANA1, entitled, "ILLIAC IV Appications Research at
the Center tor Advanced Computation, University of Tllinois at

U'rhana-Charoaian."

Purina this period work was performed in the following

areas:

1. Development of numerical technicues suitable tor
paral’el processing,

2. TLLIAC IV multispmectral image processing

3. PResearch in distributed computational systems of
heteroaeneous computers.

4, Research and development of network access

The maior thrust of{ the numerical techniocues work was in the
area of comnutational linear alqgebra. Several noparallel

alaorithms developed during this time period are described.

The Pattern Information Processinag Grour of CAC has expiored
the develooment of ILLIAC IV=-ARPA Network multispectral image
analysis svstem for digital interpretation of large auantities
multisvectral reconnaissance imagery, in collaboration with the
l.aboratorv for Apnlication of Remote Sensing (LARS) of Purdue
'miversitv. The comnlete system has been designed and
irnlemented to take full advantaqge of: The ILLIAC IV, the UNICON
nata Cormputer, timesharina PDP-TENEX processors, the ARPA

Network, and CAC s local PDP-11 computational facilities.

=Tl




ARPA FINAL REPORT

The Nictributed Svctems Croup, formed in 1973, has conducted
recearch in dictributed computation svstems corrosed of
heternaenenits cornuter svsteme, Results are described in the use
of PIL/l as & comratible lanquaae for implementina Aistributed
sveters, in vrocess to nrocess nrotocole; and in the econorics of

dierrituted comrnutina,

The Network Accecscs Svstems Croup, forrmed ir 1973, evonlved
fror surnort activities for the initial staaecs of this contract.
The firal efforte in the Mark 11, ANTS Networkes <Svstem and the

PFFSPOT corriler are Adescrihed,
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1. APPLIFPN MATHEMATHICS GROUP

A, Ceals ard Objectives

The main ohjective of the Applied Mathematics Group was the
Aevelopment of alaorithms that are most svitable for parallel

corputers (namely the TLLIAC 1V) in the following areas:

(1) Computational Methods in Linear
Alaebra

(ii) Linear Programming

(iii) partial Differential Ecuations
(iv) Time Series Analvsis
(v) Graph Algorithms

(vi) Approximation

Our major thrust however, was item (i).

R, Major Accomnlishments

All the alqgorithms developed in the above areas have been
Aehuyaaged on the ILLIAC IV sinulator running on the Rurroughs

f700 computer at the University of California at San Dieqo.
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(Accessed throuah tne ARPAnet). Some of the alaorithms are
writter in ASK, the waloritv, however, are written 1in ALGOL.
Fecenptlv we have run succescfully several alagorithms on the
ILLIAC TV itself (Fast Fourier Transforms, Figenvalue routines,

ar” our linear nreoaramrina packaae).

The tirina comparisons we ohtaired on the TLLIAC IV were not
ac nocod  as those on the simulator. Wwe believe that this ies due
to the termrorarv atcrence of come of the desian features from the

rachine confinuration,

C. Comrirtational Linear Alaehra

In the area onf Comnutational [Linear Alaebra we have

develnred the followina parallel aloorithms:

(a) Colution of Svstemes of Linear Fauations: Dense
1. raussian Flimination for solvina a syster of
linear ecuations (non-core-contained), [1].

7. bouceholder ¢ trianaularization of a ccre-
contained (32¢), [2].

3. Svmrmetric decomnocition of vpositive - definite
hand matrices, [3].

-l4-
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(b) Fiaenvalue Problem:

1. A vpvarallel Jacobi methcd for finding the
eigenvalues of a real symmetcic matrix [4, S
and 6].

2. A narallel algorithm for reducing a real
matrix to the upper-Hessenberga form using
orthoaonal transforwmations, [7, 8].

3. The NR « alaorithm for finding the eigenvalues
of an upper-Hessenherq matrix, [9}.

4, A Jacobi-likz alqorithm for findina the
eigenvalues and vectors of a real nonsymmetric
ratrix, [4 and 6].

5. A modification of the bisection method for
finding few or all of the eiugdenvalues of a
symmetric tridiaaonal matrix, [1@].

6. The inverse iteration method for finding few
or all of the eigenvectors of a syrmetric
tridiaaconal matrix, f10]).

7. A generalization of the simultaneous iteration
method for findino the eiaervalues and vectors

in any aiven interval of =2 sparse svmmetric
matrix, [11].

n, TNLinear Proarammina

In the area of linear proaramming, the program implementing
the revised simrlex alonrithm was largely written; however, it
wae not debuaned with large data hases. This was mainly due to
lazk of comnlete documentation of the ILLIAC IV I/0. Since this
1/0 Aererdence nroved to be a stumblinq_block in the early months

of the TJLLIAC IV availabhility, we decided to consider a new
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alaorithm [12, 13]) due to Gill, Murray and Saunders (see also
(14)). It was this new algorithm, for core-contained problems,
that was dehugaed and tested on the ILLIAC IV. Good results have
been obtained, 1i.e. solutions are the same as those obhtained by

MPS/360.

E. Partial Differential Ecuations

In the area of partial differential ecuations an extensive
study of iterative and direct methods for solving the Poisson
equation oii the ILLIAC IV was completed. Several algorithms were

modified and implemented, [15]:

1. Successive Cverrelaxation method (MSLOR, MSOR)
2. Alte.natina~Direction Imwvlicit method (ADI)

3. Modified Hockney s method (MFACR)

Also a parallel modification of the Block-Jacobi 1iterative
method for solving elliptic partial ditferential ecuations has

been implemented on the (LLIAC IV [16].
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& etudv of the identification of 1linear and nonlinear
~artijal differential eauations g.ven noi-e contaminated
oheervation of their solutions (state vectors) was urdertaken and

cvaral  alaorithms were developed that are suitalle for parallel

T ntine (17, 18],

v, Tyme=Series Analvsis

The mair contribution in the area of time-series analysis is
Pact Fouvrier Transform, (one dimensional), subroutine that has
" oon extensively tested and used en the ILLIAC IV. Several qraph

tanrithre have also been implemented:

1. A modification of Warshall’'s alaorithm for
detectina whether a aiven matrix is irreducible,
was demonstrated to be 29,00d times faster than
its seauential counterrart on the B6700 for
sizes less than 2,000 [19]).

2. Ar 2lonorithr for cliaue detection [20].

“. bAprroxiTation of Functions

Finallv in the area of aonroximation of functions, methods

tor the simultaneous uniform fittina of sets of curves with

certair narameters in cormon have been developed usina linear

roararemina [211.
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I11. PICTORIAL PATTFRN INFORMATION PROCESSING RESEARCH

A, Introduction

In surrort cf the earth resources monitorina objectives of
the FRTS/FROS proarams of NASA and USGS, and in support of the
ITILIAC IV anrlication proagrams of NASA and ARPA at Ames Research
Center, the Pattern Information Processing Croup of CAC has
exnlored the develooment of an ILLIAC IV-ARPA Network
multisrectral imaae analvsis svstem for digital interpretation cof
larae cvantities of multismectral reconnaissance imagery. This
work was undertaken with the collaborative support of the
.aberatorv for Aprlications of Remote Sensing (LARS) of Purdue
"'miversity. Sucplementary support for these efforts was received

fror the Statctical Reportira Service (SRS) of USDA,

The comnlete svetem was desianed and implemented to exploit

the full cavahilities of:

(1) The ILLIAC IV for mage crocessina calculations:

(2) The UNICON Data Computer of the ILTLIAC IV Conplex
for storage and retrieval of numerous
rultispectral imaae files:

(3) The time-sharing PNP-TENEX brocessors of the
ILLIAC IV Complex for small-scale interactive
imane analysis;

(4) The ARPA Network for decentralized user access to
the system:

-11-




ARPA FINAL REPORT

(5) The IBM 360/91 at UCLA for 1larage-~scale 1image
nrocessing and aeogranhic registration
nrocedures;: and

(h) CAC’s PDP-11 computational facilities for in=-
house image processina and display research.

R, ILLIAC IV Tmrane Intermretation Alaorithms

Followina the LARS methodoloay of wultispectral imaae
internretation, narallel alaorithms were dJdeveloved for both
cluster analvsis ard statistical classification of wultisnectral
imane datea, "oth ASK and GLYPNIR imnlementations of these two
alaorithrs are now onerational on the TILLIAC IV and used

routinelv within CAC imaae nrocessing research,

Fxperience with the ASK versions of these ¢two alaorithms
Au~ina the 1lest vear indicates that the ILLIAC IV could be as
mrrh as two orders of maagnitude more cost-effective tran either
the nFC PPP=-TFENEX or IRM  3A0/A7 for interpretation of

multisoectral iragerv usinag statisticl classification

technioves,. Alaorithms develoned in CLYPNIR, while easily
nroarammed and modified within alaorithm development research
activities, tend to execute abot six times slower than
corresnondina AS¥ alaorithms, Also, the availabilitv of 32-bit

arithretic within ASK contributes substantiallv to the

-]2~
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attractiveness of ASK for image processing applications, despite

the additional proaramming difficulties.

IT7.TAC 1V block=correlation algorithms are also now
onerational for multiole image registration and overlay

nrocedures., These alaorithms were coded onlv in CLYPNIF.

C., TImaae Processing Data Manaagement Systems

ILIL.IAC IV imaae processing systems now operational employ
TIE-TENFX Adata  management subsystems resident on ARPA Network
FPF=-TFNFX corputers at I-4/Ames and BRBRN. The PDP-TENEX data
manacerent systems at BBRN allow interactive tape retrieval of

crecfic multispectral imace files and automatic transfer of
thren files wvia the ARPA Network to NASA/Ames for ILLIAC IV
nrtocessina. The availability of tape wunits on the ILLIAC 1V
TFNFX  for aener2l 1imaae nrrocess arplications would qgreatly
enhance the cnnvenience of the ILLIAC IV Complex for imagqe
nrocessing research, When available to users, the UNICON Data
Comruter chould provide data management services of the scale

recuired for overatioral ILLIAC 1V imaae processing applications.

-13-
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D. Interactive ARPA Network Imaae Processina

Considerable research was conducted at CAC during the last
two vears to assescs t..e potentials of the ARPA Network as a3 means
towarnq decentralization of ILLIAC v imaae processing
capahilities, and to npnrovide oaccess to other image procescsing

ceoftware svstems bheina developed,

Concerred initiallv with the develorment of basic software
for <cimulation of alternative multispectral Iata management &and
nrocessina sveteme that miaht be imnlerented at NASA/Ames usina
the (NICON  Data Comnuter and perinheral PPP-TENFEX processors in
coniunction with ILLIAC IV rrocessina, CAaC develoned an
interactive multisnectral image analvsis svstem that 1is now

onerational on a numher of PDP-TENEX comnuters on the network.

Nfecsianed to be addressed throuah low=cost portable
terminals, the scvatem allows interactive selection of image
analvsics windows from multispectral iwmace data tapes, terminal
rrinter Ajenlav of the 1imsge data within these windows,
interrretation of this data usina statistical ovattern recognition
techriaver, and terrinal printed~character display of
irtercretations, Such interactive data manacement and analysis
cavabilities areatlv facilitate the delineation of imaae

resolution elements corresoonding to areas of ground truth

-14-
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infermation. For the present, the nature of portable terminals
and Ajal-un telephone data transmission rates restricts use of
the svster to small-scale multispectral image analvses. These
svstems are currently heina used however bv NASA, USGS,/C"I, and

SPC/USDA,

F. Other mage Processina Research Activities

Access to the ILLIAC IV and numerous other computational
facilities of the ARPA Network allowed CAC to develop
considerahle exrerimental software feor aravhical display of
multisnectral imaace data. Using remotre processing and terminal
outout devices at CAC, software was develoned for plotter and
line nrrinter disziay of EPTS <catellite imagery aeometrically
corrected to overlay USGS maps at spvecific scales and map
nrojections, A rodest research effort involved interactive image
nrocessipa usina the IMLAC and Computek CRT devices at CAC.
AAdjitionallv, research was conducted toward the develooment of
Tore aponronriate numerical measures of nonattern information
correlation of the type reauired by template-matching pattern
recoanition methodoloaies and klcck=correlation image
reaistration technioues. This research now points toward ouite

aeperal mathematical models of pattern information processina.

-15-
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JIT. PISTRIRNTFN SYSTFMS

A, Irtroduction

The Nictributed Systems Group (DSG) was formed in 1973 to
conduct recearch in distributed corputation systems corposed of
heteroaeneouvs comnuter systems, DNSC has investiqeted the use of
PI./1 as a comrpatible lanauaae for implementirqa distributed
cvetere: it has investiacated orocess-to-prrocess vrotocols:; and

ard it has ipvestiagdated the econormics of distributed computina,

R, PIL/1

The flexibility ard power of PL/1, coupnled with its wide
aveilabhilitv, make it an attractive larnuaage for use 1in a
heteroaeneous enviroprment, The PL/1 compatibility study
completed in Necerher, 1973 indicates that it would be reasonable
to use PI./1 as a comnatible lanauvaae for the implerentation of

dicstributed svstems,

C, PMetwork Protocrols

The etudv of resilient nrocess-to-rrocess protocols was
corrleted in June, 1974. Two major conclusions arcse from this

study, The first 1is that it 1is feasible (and for some

S1le=
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arplications desirable) to develoo a resilient multi-level
nrotocol to surport a network utility. The second conclusion i
that attempts to implement such a resilient process-level
rrotocol would e fruitless without first re-designing all
lower-level protocols so they too are _ither tesilient or so that
iow-level failures can be detected and the protocol reset ¢to an

acpronriate state for hiqgher level recovery.

N. Network Economics

A ceries of benchmarks desianed to ocuantifyv tne cost
effectiveress of wvarious network hosts on a full cost-recovery
hasis was completed. The bhenchmarks tested the capability of
rach host in the areas of number crunchina, bit and charzcter
etrina handling, file manipulation, and console management. The
re:sults of these benchmarks indicate that distributed systems
implemented on dissimilar computers can have hiagher performace,
higher reliabilitv, and 1lower cost than would be possible on a

sinale computation facility.

-17-
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IV VNetwork Access Svstems

A, INTROPUCTION

The Network Access Svstemrs Group, formelly

established

in

the fall of 1973, evolved from support activities initiated at

the heainning of this cntract. The Network Access Systems Groun

cetaff were essociate? with the followina contract activities:

1. ILLLIAC 7TV docurentation, user e
consultation,

2. Stvdv  of the annlicability of

rducation

ILLIAC 'V

and

in

atmosrheric dvnamic calculations in con’junci.on

with NSF surport.

3. Cooreretive develonrent with the

lIniversitv

of

Califorrnia at San TPieado of 2a Network Control

Proaram for the PR7QA,

4, Particirvation in AFRPA Netwo
develorment, nmarticularly in aranhi

S. Arplications support in the area of
the University of Illinois’™ L
Atmosnheric Research.

A. Tevelopment of 2 hardware interface
PNPP-11 and the IMP.

7. DnDevelcortent of the ARPA Network Te

for its Aevelonrent (PEESPOL), an
ANTS  for a numrher of facilitie
Network, 1i.e., National PRureau
l.awrence Livermore Laboratories,
California at T.0s Anageles, and the
Cormand.

-18-
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Develooment of a sotgware interface for the
University of Illinois” PLATO system to the ARPA
Network through ANTS, Mark I.

Development of ANTS, Mark II and its support at a
number of ARPA contractor facilities.

These activities have been reported in previous semi-annual

t 'norts . The

followino reports on the droups’  activities in the

final six month ohese of the ARPA contract,
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R, ANTS Mark 11

Followina the completion of check-out for levels @ and 1 on
the ANTS Mark IT svsten otterpts were made to compile a comrlet:
csvater includina the Netwnrk Control Proaram, (NCP), Telnet, and
the termrinal hardler. The resultant complete system wes found to
he too larae for the 28k of addressahle core on the PDP 11/54.
After repeated efforts to reduce the size of the svstem hy
selective nrunina and elimination of unneccessarv teatures, a
workira wversion of BANTS Mark II was obtained. This rvster

sunported the followine features in the terminal handler:

,ire ard character editina;

Sfimulated hacksnace ard line feed:

v“vltinle network conrections from a terrinal;
CharAacter at » time or line at 2 time mode;

T.ocal or rew.ie echo,

However, the reliability of the svstem suftered areatlv as a
recult of core corcstraints when the number of l1naaed-in terrinals

exceeded four.

while efforts were underway to solve the memory constraints
and reliatility wnroblems, handlers were written for the LV-11

nrinter, the DH-11 nrultin.exor and NECtaves. A system was
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completed tor the UCLA~Network Measurement Center usincg the DH-11
driver, and saw limited service. Also a system was compieted
uzirna the Verv Distant Host interface and the RKAS disk system at

rrinrcoln raboratories,

In @ related activity, a system was comoiled for ¢the Army
vaterial Commard, which provides a limited RJE cavability from
the Rallistics Research Laboratory at Aherdeen, Marvlari to the
¥nhility Research and Development Center at Fort Relvoir, via the

ARPAnet, Alsc TEUNFT access is available to the network from

IN

A zimnlified file svetem was devised which would use a
naring convention compatihle with DEC’'s disk operatina system. A
major rortion of the code for the file svstem was completed in
the wanina months of the contract, but was not r~ompleted and
checked out. Similarly, desians for FTP, NETRJE, and magnecic

toanes were completed only throuagh the initial stages.

An effort was undertaken to provide the PEESPOL compiler
with the ceanability of binding separately compiled modules
tonether to form a comnlete code file. This version of the
corniler was succescful to the point that the nredecessor, Mark I
ArTCe, was comniled and working with this compiler. However, the
nature of the ANTS Mark II svstem has imnosed several problems

for this version of the compniler. After considerable effort to
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compile a version of Mark II with the new compiler it became
clear that the benefits to be derived from this effort would not
outweigh 1its cost. The files wcre archived and this portion or

the PEESPCL effort was terminated.

C. 1IMP Interface

During the months of June and July, the reference manual for
the PDP~11 to IMP Interface was revised. A set of diagnostic
pregrams got a thorough break-in as a result of a successful
attempt to identify and correct a hardware problem with our IMP
Interface. A manual describing the nature and operation of these

diaanostic procedures was produced.

D. Conclusions and Implications for the Future

Over the span of some three and one-half vyears under the
ILLIAC IV Applications contract, the group which came to be known
as the Network Terminal Systems Group, has been working on the
subtask of providing a reliable and economic means of accessing
the ARPAnet. These efforts, combined with interaction amongst
various similar working groups at other network nodes, hav: lead

to the following conclusions:
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The PDP-11 to IMP interface which was designed and
constructed as a part of this subtask, has served
it s purpose well. Several of these units are still
in Adaily cperation, including two units at Illinois
and units a2t RBRL, Ft. Belvoir, UCLA, Utah, New York
University, and NASA Ames. The uni.s operate well,
in spite of the fact that they were Jesigned with th

oroven technoloay of five years aqo, Today's
technoloav mak>s it possible to design and construct
the s=same functional wunit at a lower <cost. The
arovndswell of network support for the PDP-11 as a
mini-host has even made it cost-effective for the
Diaqital Ecuipment Cornoration to include a PDP-11 to
IMP interface in their line of peripherals.

The ARPA Network Terminal Svystean (ANTS Mark 1I) has
been in use at the University of Illinois since
Septemher 1971. 1In spite of the conditions under
which it was developed (a deadline to get on the net,
no manufacturers software bevond paper tape software,
reneated difficulties with the B6708 at that time,
etc.) 1t has been a hiaghlv efficient and reliable
means of access to the network for Telnet, CCNRJS,
and limited maanetic tave and oprinter retrieval of
files from the network. Network throuahput
cstatistics for June of 1975 <chow this system to
handle more network trafiic than any of the more
recentlv developed PDP-11 svstems, Perhaps because
of its limited desian aoals, it supports more Telnet
connections than any of the more recent PDP-11
systems, and supoorts features that are recently
heina added or asked for in the TIP (user 1loagin,
password, accounting; local or remote echo; to name
two).

The notion of a proaramming language used on one
machine to produce code for another, such as the
PFFSPOL effort, is commronly accepted as the most
effective wav of oroducina code for PDP-11 network
cystems in the ARPAnet community. Although the
languaqge was intended orimarily for onerating systems
code, and unfortunatel  depended 1largely upon the
machine structure of the Burroughs B6708, it Adid
establish that a higher 1level 1language can be
effectivelv used for the development of codes for a
mini-computer, and its use can be geoqraphically
inderendent because of the access via the ARPAnet.
The meta-oroarammina capabilities of this compiler

~ 5T
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renresent a sianificant devarture from traditional
lanquages available for coding in a mini-computer.

The ANTS Mark II effort, was not highly successful as
a comnleted and reliablv functioning systemr. In
retrosrect, several thinas are arparent that verhaps
should have bheen earlier, and it 1is a matter of
conjecture as to which of tiem was most responsible
for the failure of the system to meet its early
rromice,

For systems recuvirina onlv Telnet access, the
cimnlesc Aesian is the most decirable. Thies is
necessary in order to maximize throuahrnut and
is achieved at the exoense of elahorate file
handlina, local user rroc- ses, and user aids
such as command comrrletion and in-line "helo"
functions, Generality in the operating system
turned out to be rrohibitivelv expensive in
terrs of core snace and reveated handling of
sinale cheracters. The aoal of a2 aeneralized
svstem in 2 24k core~contained version was not
attainable, and the syster desian was so
rointed at thte aeneralized system that it could
not be convenientlv reduced to a small snecieal
nurrose (Telnet) hiah throuahput system,

when the aonal is a aeneralized svstem for a
mini-computer such as the PDPP=11 , it must be
recoanized thet hoth dick-swappina anéd memory
manacement (as well as plenty of memorv) will
be necessary. The comnpiler and the onerating
sveter must both be desianed fromr the outset to
exvect and take advantaa: of these elements. A
simple overlav tecu:icne as uced in AMTS Mark
IT is no adecuate substitute for a full
swaonrina schemre,

It seemrs unwise, haced nn the exverience with
ANTS and recent experiences with siwilarly
directed efforts, to exvect a <cinale syster
desion to be expardable from a 24k cinale-
purnose svstem to a 48k or larger aeneralized
svstem which will support FTP, RJE, user files,
editors, etc. Similarly, allowing an effort
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directed at the former to simply qrow by
addition of personnel into the 1latter, has
again proven ‘o be unproductive.

Wwhat was lacking in the beginning was an
acceptabie time-sharing system for the PDP-11
class of mini-computer. The ANTS Mark II and
the ELF system both secem to try to correct that
lack by evolving a terminal handling system
into a time-sharing system. On the other
hand, the large systems on the ARPAnet were
already time-sharing systems (Tenex is the
most notable example) that have had the network
camability added. Such a system is
complemented by the network rather than
existing for the network.

A recent addition to the expandina collection of availat.ie
PNP-11 time-sharina svsters is the Unix system develoned at Bell
l,aboratories. This system 1is a stand-alone sharing time-
csharina svstem in 1its own rioht and 1in its oriocinal desian.
Fortunately its oraanization, file structure, 1language, etc.,
make it a very viable svstem for local proarammina, as well as
for connectina to the ARPAnet. The experience of working on NCP’'s
for two ANTS svstems and a Rurroughs R6788 made it possible for
still another MCP and Telnet to be added to Unix in an extremely
short operiod of time. (ARlthouah this work was completed after
the ARPA contract had expired, and not under ARPA funding, the

recsults are available to all licensed Unix installations as a

courtesy. The advantaae to Unix in this inrstance was the same

as the advantage to Tenex: the system already worked, memory

mananement was an intearal wpart, the file system was well
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estahlished, and the avrrorriate lanauage was in existence 2t the

outset of the network develonment work.

For network anplications where local files and lanauages are
needed ond the network is a comrplement to the local facilities
rrovided, Inix cseems to be the most viable choice at the present
tire, Jt @2lro has sufficient canahilitv to be used in future
Aevelonment of PRE=11 bhased systems for special n»urposes on
cirmilar or swraller PDP-11 "s for ararhice supoort, inter-

machine connection, inrtelliaent terminals, and other dedicated

Tini=cornuter Apolicationns,
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ADMINTSTRATION AND FISCAL STATOS

Fxpenditures for the period October 1, 1974 through Decembher

1974:

October S BR0,479.46
November 61,161.27
Decerber 14,406.60

Remainina Obligations: ($194,554.53)

Total Actual Fxvenditures throuah December 31, 1974

€4,044,682.53.
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APPENDIX A: REPORTS AND PUBLICATIONS

C. Abel, "Analysis of Simultaneous Operations and Memory

Conflict in a Multimemory Computer System," CAC Document No.
5: Center for Advanced Computation, University of 1Illinois
at Urbana-Champaian, Illinois, March 15, 1971.

A. Alsberg, "Accounting System Primer," CAC Document No. 89:

Center for Advanced Computation, University of Illinois at
Urbana-Chairpaign, Illinois, November 1973.

A. Alsberq, "Distributed Data Management in the WWMCCS

Environment," CAC Document No5. 115: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, April 1974.

A. Alsberg, "The Extensible Features of the Operating System

Langquage OSL/2," PROCEEDINGS OF THE THIRD SYMPOSIUM ON
OPERATING SYSTEM PRINCIFLES, Palo Alto, October 1971.

P. A. Alsberg, "OSL/2, An Operating System Lanquage," (DCS Report

No. 469) , CAC Document No. 6: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, June 10, 1971.

G. Belford, "Absolute Stability of Euler’s Method for
Integro-Differential Eaquations," submitted to NUMER. MATH,
Center for Advanced Computation, University of 1TIllinois at
Urbana-Champaign, Illinois.

Belford, "An Algorithm for Fitting Related Sets of
Straight-Line Data," CAC Document No. 54: Center for
Advanced Computation, University of 1Illinois at Urbana-
Champaign, Illinois, December 13, 1972.

G. G. Belford, "An Application of the Theory of Approximation by

Families with a Fixed Point," CAC Technical Memorandum No.
11: Center for Advanced Computation, University of Illinois
at Urbana-Champaign, Illinois, May 1973.
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G. Belford, R. J. Lermit, G. B. Puzdy and A. H. Sameh,
“Computational Mathematics Abstracts," CAC Document No. 64:
Center for Advanced Computation, University of 1Illinois at
Urbana-Champaign, Illinois, February 1973.

G. Belford, R. Jonathan Lermit, George Purdy and Ahmed K.
Sameh, "Computational Mathematics Abstracts," CAC Document
No. 96: Center for Advanced Computation, University of
Illinois at Urbana-Champaign, Illinois, November 1973.

G. Belford and John F. Burkhalter, "A Differential Correction
Algorithm for Exponenti.l Curve Fitting," CAC Document No.
92: Center for Advanced Computation, University of Illinois
at Urbana-Champaign, Illinois, November 1973.

G. Belford and R. L. Belford, "Eigenfield Expansion Techniaue
for Efficient Computation of Field-Swept Fixed-Frequency
Spectra from Master Equations," THE JOURNAL OF CHEMICAL
PHYSICS, 59, 2 (July 1973): 853-4,

G. Belford, R. L. Belford, and J. F. Burkhalter, "Eigenfields:
A Practical Direct Calculation of Resonance Fields and
Intensities for Field-Swept Fixed-Fieauency Spectrometers,”
JOURNAL OF MAGNETIC RESCNANCE, 11 (1973): 251-265.

G. Belford, "Fitting Related Sets of Straight-Line Data,"
JOURNAL OF CYBERNETICS, 2, 3 (1972;: 35-38.

G. Belford, "A Generalization of the Varisolvency and
Unisolvency Properties," JOURNAL OF APPROXIMATION THEORY,
7:1 (1973), with E. H. Kaufman, Jr.

G. Belford and Surender Kumar Kenue, "Investigation of One-
Step Methods for Integro-Differential Egquacions," CAC
Document No. 75: Center for Advanced Computation,
University of 1Illinois at Urbana-Champaign, Illinois, May
1973.

G. Belford, "Simultaneous Fitting of Exponential Decay
Curves," CAC Document No. 61: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, April 1, 1973,

G. Belford, "Some Experiments in LaPlace Transform Inversion"
CAC Technical Memorandum No. 22: center for Advanced
Computation, University of 1Illinois at Urbana-Champaian,
Illinois, April 1974.
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G. Beltord, "Vector-vValued Approximation and 1Its Application
to Fitting Exponential Decay Curves,"” MATH. COMP., to
Appear, Center tor Advanced Computation, University of
Il1linois at Urbana-Champaign, Illinois.

H. Bernhard, "Godes/Godes: A General Crdinary Differential
Eaquation Solver," CAC Document No. 501: Center for Advanced
Computation, University of 1Illinois at Urbana-Champeaign,
Illinois, December 1, 1971.

H. Bernhard, "ILLIAC IV Codes for Jacobi and Jacobi-like
Algorithms," CAC Docurent No., 19: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaian,
Illinois, November 5, 1971.

J. Bouknight, "ANTS - A New Apbproach to Accessing the ARPA
Network," CAaC Document No. 47: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, July 1, 1972.

J. Bouknight, "ANTS Mark I Support System". Center for
Advanced Computation, University of 1Illinois at Urbana-
Champaian, Illinois, 1974.

J. Bouknight, "ILLIAC IV and the ARPA Network," PROCEEDINGS OF
THE NINTH ANNUAL CONFERENCE ON CIRCUIT AND SYSTEM THEORY,
Department of Electrical Engineering and the Coordinated
Science Laboratory, Center for Advanced Computation,
University of 1Illinois at Urbana-Champaign, Illinois,
December 1971.

J. Eouknight, S. A. Denznberg, D. E. McIntyre, J. M. Randal,
A. H. Sameh, D. L. Slotnick, “The ILLIAC 1V Systenm,"
PROCEEDINGS OF THE I1EEE, Vol. 68, No. 4, April 1972, The
Institute of Electrical and Electronics Enagineers, 1Inc.,
Information Services Department, 345 E. 47th Street, New
York, New York.

J. Bouknight, "IMF Incerface Manual," NTS Document No. 2.
Center for Advanced Computation, University of Illinois at
Urbana-Champaian, Illinois, 1973.

J. Bouknight, Gary Grossman and Dave Grothe, "A New Approach
to Network Access," NTS Document No. 1. Paper presented at
the Data Communication 1Interface ‘73 Symposium, St.
Petersburgqg, Florida. Center for Advanced Computation,
University of Illinois at Urbana-Champaign, Illinois, 1973.
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C. W. Bullard and D. E. Ptnam, "A Linear Mod«l for Optimal Fuel
Allocation,"” CAC Document No. 153: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, March 1975.

C. W. Bullard, "Necessary Elements of a State Land Use Planning
Process"” CAC Document No. 70: Center for Advanced
Computation, University of 1Illinois at Urbana-Champaign,
Illinois, August 1972.

Center for Advanced Computation, "Semi-Annual Technical Report,
July 12, 1971 - March 31, 1972," CAC Document No. 32:
Center for Advanced Computation, University of 1Illinois at
Urbana-Champaign, Illinois, April 1972.

Center for Advanced Computation, "Semi-Annual Technical Report,
April 1, 1972 - September 386, 1972," CAC Document No. 48:
Center for Advanced Computation, University of Illinois at
Urbana=Champaign, Illinois, October 1972.

Center for Advanced Computation, "Semi~Annual Technical Report,
October 1, 1972 - March 31, 1973," CAC Document No. 74:
Center for Advanced Computation, University of 1Illinois at
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Center for Advanced Computation, "Semi-Annual Technical Report,
April 1, 1973 =~ September 30, 1973," CAC Document No. 93:
Center for Advanced Computation, University of 1Illinois at
Urbana-Champaign, Illinois, October 1973.

Center for Advanced Computation, "Semi~Annual Technical Report,
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Center for Advanced Computation, University of 1Illinois at
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C. C. Chang, "An Algorithm for the Symmetric Generalized
Eigenvalue Problem for Ax = ABx," CAC Document No. 110:
Center for Advanced Computation, University of 1Illinois at
Urbana-Champaiagn, Illinois, February 1974.

J. T. Chen, "Quadratic Programming for Least-Cost Feed
Formulation Under Probabilistic Prctein Constraint,"
AMERICAN JOURNAL OF AGRICULTURAL ECONOMICS, May 1973.

J. T. Chen, "Separable Programmina for Considering Risk in Farm

Planning: Comment," AMERICAN JOURNAL OF AGRICULTURAL
ECONOMICS, February 1973.
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