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CENTER FOR ADVANCED COMPUTATION REPORT SUMMARY 

w* 

This  is a  final  semi-annual  report on ARPA  Contract 

OAHCM-72-C-M01,  entitled,  MLLIAC IV Appications Research at 

the Center tor Advanced Computation, University of  Tiünois  at 

Prbana-CharDainn." 

Duiina this period work was performed  in  the  followinq 

?refts: 

1. Oevelopment of numerical technioues suitable  tor 
parallel processinq, 

2. ILLIAC IV multispectral image processinq 

3. Research in distributed computational systems  of 
heterogeneous computers. 

4. Research and development of network access 

The Taior thrust oi the numerical technioues work was in the 

area of computational linear algebra. Several parallel 

alaorithms developed during this time period are described. 

The Pattern Information Processing Group of CAC has explored 

thp develontrent of ILF.IAC IV-APPA Network multispectral image 

analysis svstem for digital interpretation of large auantities 

multispectral reconnaissance imaqerv, in collaboration with the 

f.abor^torv for Anplication of Remote Sensing (LAPS) of Purdue 

Pniversitv. The complete system has been designed and 

inrple^ented to taxe full advantage of: The ILLIAC IV, the UNICON 

^ata Computer, timesharing PDP-TENEX processors, the ARPA 

Network, and CAC's local PDP-11 computational facilities. 
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The Pi rtr ihutPfl Svrte^s Croup, fortrprl in 1973, har conducted 

rPFearrh in di^trihuted corrputation sv^tews coTPosed of 

het^ron^npocc commuter Fv^te^?. Pesult.F are describpd in the UFP 

of PL/\ a? r» roToatihle lamuaoe for implerrent inn distributed 

svFteirs, in process to nrocesr orotocolr; and in the econoricr of 

Hirrributed co^nutinn. 

Thr> Network ^CC^FF Sv^tem? r-rnup, forired in 1973, evolved 

fror «nipnort pctivitie? for the initial stane? of this contract. 

The fi^al efforts in the ^ark TT, ANT? Network«7- cvsterH and the 

PFpqpor corrriler arp dpscri^ed. 

-2- 
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ARPA FINAL REPORT 

I.  APPl.IFP WATHFI^^THICS GROUP 

A.  Goals and Objectives 

The main obiective of the Applied Mathematics Group was the 

Heveloprppnt of alqorithros that are most suitable for parallel 

comnuters (nam^lv the Tl.LIAC IV) in the following areas: 

(i)   Computational Methods in Linear 
Alaebra 

(ii) Linear Programming 

(iii) Partial Differential Eouations 

(iv) Time Peries Analysis 

(v) Graph Algorithms 

(vi) Approximation 

Our major thrust however, was item (i). 

P.  Valor Accomnlishments 

All the algorithms developed in the above areas have been 

debuaqed on the ILLIAC IV simulator running on the Burroughs 

0f)7M computer at the University of California  at San Dieqo. 
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(Acrrsspd throunh tne APPAn^t) . Sorre of the alaoritnirs are 

written in A^K, thp rraiO'.itv» however, are written in ALGOL, 

^eccntlv we have run ruccesrfullv several alaorithm? on the 

TLLTAC TV itself (Fast Fourier Transforfrs, Fiqenvalue routines, 

an'' our linear nroaraTTinn oackane) . 

Thr» tirrinn comparisons we obtained on the TLLIAC TV were not 

a«- oorH ?c those on the simulator. We hplieve that this is due 

to thp fpr^orr»rv aK-'enrp of som^ of the besinn features from thp 

racMnp conf iourat ion . 

C.  rcnnntational [,inear Aloehra 

In th*> ^rea of Commitat ional Linear Alnehra we have 

-leveloopd the followinn oarollel alaorithmp: 

(a)  Solution of Svstems of Linear Fouations:  Dense 

1.  Gaussian Flimination for solvinn a  system of 
linear eouations (non-core-contained), [1]. 

/.  Uoureholder's  triannulari7ation  of  a  cere- 
contained (320) , (21 . 

3.  ^vmmetric decomnosition of positive - definite 
hand matrices , [31. 
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(h)  Fiaenvalue Problem: 

1. A oarallel Jicobi method for findinq tue 
eiqenvalues of a real symmettic matrix f4r 5 
and fi] , 

2. A parallel algorithm for reducinq a real 
matrix to the uoper-Hessenberg form usinq 
orthoqonal transformations, [7r 8]• 

3. The np - alaorithm for findinq the eiqenvalues 
of an uoper-Hessenberq matrix, [9]. 

4. A Jacobi-likc alqorithm for findinq the 
eiqenvalues and vector?? of a real nonsymmetric 
rratr ix , [4 and 6) . 

5. A modification of the bisection method for 
findinq few or all of the eigenvalues of a 
symmetric tr?diaqonal matrix, [10]. 

6. The inverse iteration method for findinq few 
or all of the eiqenvectors of a symmetric 
tridiaqonal matrix, [101. 

7. A qeneralization of the simultaneous iteration 
method for findino the eioervalues and vectors 
in any aiven interval of 3 sparse symmetric 
matrix, fill. 

n.  Mnear Pronromminn 

In thp area of linear oroaramminq, the proqram imolementinq 

thp revised simplex aloorithm was larqely written; however, it 

war not dehonned with larqe data bases. This was mainly due to 

lack of complete documentation of the ILLIAC IV I/O. Since this 

T/0 dPpppHenre nroved to be a stumblinq block in the early months 

of  the  TTXIAC  IV availability,  we decided to consider a new 
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alqorithrc [12, 13) due to Gill, Murray and Saunders (see also 

(14)). It was this new algorithm, for core-contained problems, 

tinat was dehuqqed and tested on the ILLIAC IV. Good result? have 

been obtained, i.e. solutions are the same as those obtained by 

hPS/360. 

E.  Partial Differential Eouations 

In the area of partial differential eouations an extensive 

study of iterative and direct methods for solvinq the Poisson 

eauation on the ILLIAC IV was completed. Several alqorithms were 

modified and implemented, (151? 

1. Successive Overrelaxation method (MSLOP, MSOR) 

2. Altei.natino-Direction Imulicit method (ADI) 

3. Modified Hockney's method (MFACR) 

Also a parallel modification of the Block-Jacobi iterative 

method for solving elliptic partial differential eouations has 

been implemented on the ILLIAC IV (161. 
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^ cfitriv  of the     identification  of  linear  and  nonlinear 

»rHal   differential   eauations  q.ven   noi'.e   contaminated 

oheprvation of their PoluMons (state vectors) was undertaken and 

fvr»ral  aloorithrrs were developed that are suitaMe for parallel 

-■ vf ir^ 117, IP]. 

f-.  ^i^-P-cpi-jpc Analvsis 

fhe main rontrihution in the area of time-series analysis is 

Fast Fourier Transform, (one dimensional), subroutine that has 

,r.- r-xtrpc i vol v t-p.sted a-«d used on the ILLIAC IV,  Several qraoh 

.inorithms have al^o been implemented: 

1. A modification of Warshall's alaorithm for 
detectinn whether a niven matrix is irreducible, 
was demonstrated to be 29,M0 times faster than 
its senuential counterpart on the P6700 for 
sizes less than 2,000 (191. 

?.  Ap nloonthrr for clioue detection [20]. 

Approximation of Functions 

Mrallv in tHn area of approximation of functions, methods 

tor the sirru I taneour uniform fittlno of sets of curves with 

certain Parameters in common have been developed usinq linear 

^roqrammino [?1 I. 
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IT,  PICTORIAL PATTFRM INFORMATION PROCESSING RESEARCH 

A.  Introduction 

In ?upPort cf the earth resources monitorina objectives of 

the FPTfVFPO? DfoaraTTs of NASA and USGS, and in support of the 

IT.MAC IV anrlication oroqranns of NASA and ARPA at Ames Research 

Cpnter, the Pattern Information Processinq Grout) of CAC has 

^xnlored the dpvelonrrent of an ILLIAC IV-ARPA Network 

^nlti?rectral iiraae analvsis svstem for digital interpretation cf 

]prnp nuantities of multispectral reconnaissance imaqery. This 

work was undertaken with the collaborative support of the 

r.^horatorv for Applications of Remote Sensinq (LARS) of Purdue 

nniversitv. Supplementary support for these efforts was received 

fro^ the StatFtical Rpportinq Service (SPS) of USDA. 

The complete svstem was desiqned and implemented to  exploit 

the full capabilities o*": 

(1)  The ILLIAC IV for  maqe crocessinq calculations; 

(?) The ÜNICON Data Computer of the ILLIAC IV Conplex 
for storaqe and retrieval of numerous 
multispectral imaqe files; 

(3) The time-sharinq Pnp-TENEX processors of the 
ILLIAC IV Complex for small-scale interactive 
imane analysis; 

(4) The APPA Network for decentrali7ed user access Ko 
t.hp system; 
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(5) The IBM 3^0/91 at UCLA for larae-scale imaqe 
nrocessinq and neoqranhic reqistration 
procedures; and 

(6) CAC's PDP-11 comoutational facilities for in- 
House imaqe processina and display research. 

P.  If.IIAC IV Trrane Interpretation Alnorithrrs 

Followinn the LAP? rcethodoloay of »rultisoectral imaqe 

internretation, narallel aloorithms were developed for both 

cluptpr analvnis and statistical classification of TTUItisnectral 

iTaoe data, noth A5K and nr.YPNiR jmnlempntations of these two 

alnorithTS arp now onerational on the TLt.IAC TV and us^d 

routinelv within CAT i^ane nrocessinq research, 

Fxneri^nce with the A?K versions  of  these  two  aloorithrps 

d;?-inn  the  last  vear  indicates that the ILLIAC IV could be as 

ffivrh  as two orders of maonitude more cost-effective than  either 

the  HFC   PPP-TFNEX  or   IHM  36^/67  for  interpretation  of 

multisoectral   imaoerv   usinq   statisticl    classification 

tecHnioues.   Aloorithms develooed  in CLYPMRr  while easily 

nronranwed and modified within  aloorith^ development  research 

activities,   tend   to execute  abot  six  times slower  than 

corresnondinn ASK alqorithms. Also, the  availabilitv of  3?-bit 

arit-hmetic  within  A?K  contributes  substant iallv  to  the 

-12- 
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attractiveness of ASK for image processinq applications,  despite 

the a^rlitional pronraroirinq difficulties. 

TTiTAC IV block-correlation alqorithms are also now 

operational for multiole image registration and overlay 

^r^rMures.  These algorithms were coded only in CLYPNIF. 

C.  Imane Processing Data Management Systems 

TLMAC IV imaae processing systems  now operational  employ 

Prp-THNFX  ^ata  manaqement  subsystems  resident on MRPA Network 

pnP-TPNFX computers at I-4/Ames  and  PBN.   The  PDP-TENFX  data 

T?naoement  svstems  at  RPN  allow interactive tape retrieval of 

snecfic mnltisnectral image  files  and  automatic  transfer  of 

these  files  via  the  APPA  Network  to NASA/Ames for ILLIAC IV 

^rocessina.  The availability of taoe  units  on  the  ILLIAC  IV 

TPNFX  for  oeneral  imaae  rrocess  arolications  would  greatly 

^nhanco the convenience  of  the  ILLIAC  IV  Complex  for  im^ge 

nrocpssing  research.   When  available to users, the UNICON Data 

Computer should provide data management  services  of  the  scale 

r^nuired for operational ILLIAC IV imaae processing applications. 

-13- 
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0,  Interactive ARPA Network Trraoe Procepsinn 

Considerahle research was conducted at CAC durinq the last- 

two year? to assess t.e potentials of the ARPA Network as a means 

toward decentralization of ILLIAC IV itnaae processinq 

caoahi 1 i ti^s, and to nrovide access to other irraqe processinq 

coftware svsteirs heinq developed. 

Concerned initially with the developrrent of basic software 

for sinuilation of alternative Tiultispectral iata rranaqement and 

nrocessinn cvste^s that pioht be imnlen-ented at NASA/Arres usina 

the (^icov nata Connnuter and nerioheral PPP-TFNFX processors in 

coniunction with ILl.IAC TV rrocessino, CAC develoned an 

interactive rrult i snectral irraqe analysis system that is now 

oneraMonal on a number of PDP-TFNFX comnuters on the network. 

Pesianed to be addressed throunh low-cost portable 

terminals, the system allows interactive selection of imaqe 

analysis windows from multispectral imane data tapes, terminal 

printer disolav of the imaqe data within these windows, 

interpretation of this data usinq statistical pattern recoqnition 

techninues, and terminal orinted-character display of 

interpretations, ^uch interactive data manaaetrent and analysis 

capabilities oreatlv facilitate the delineation of imaoe 

resolution  elements  corresoondinq  to  areas of qround  truth 

-14- 
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inforrratior. For the present, the nature of portable teririnals 

an^ Hial-un teleohone data transmission rates restricts use of 

ihe svsteir to s»rall-scale multispectral imaqe analyses. These 

rvstetrs are currently bei no used hov/eyer bv NASA,  USGS/DI,  and 

F.  Othpr Ivrane  Processing Research Actiyities 

ACCPSS to the ILLIAC IV and nuirerous other coiroutationol 

facilities of the ARPA Network allowed CAC to deyeloo 

ropci^or^hlo exnerimental software for qraohical display of 

•^nJ tipnectral iiraae data. Usinq remoi-e processing and terminal 

outnut deyicps at CAC, software was deyeloped for plotter and 

line printer dibpl^v of EPTP satellite imaqery oeometrically 

rnrrec^ed to oyerlay USGS maps at soecific scales and map 

nroiections. A modest research effort inyolyed interactiye imaqe 

nrocessinn usinq the IMLAC and Computek CRT deyices at CAC. 

Additionally, research was conducted toward the deyelopment of 

Tore appropriate numerical measures of pattern information 

mrrplation of the type renuired by temolate-matchinq pattern 

rpconnition trpfhodoloaies and hicck-correlation imaqe 

rroictration technioues. This research now points toward ouite 

opporal rrathematical models of pattern intormation orocessina. 

-15- 
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JIT.  njiTPIPnTFP SYPTFMP 

A.  Introduction 

Tho piptrihut^d Systems Group (DSG) was formed in 1973 to 

conduct research in distributed confutation systems composed of 

heteroopneous computer systems. OSG has investiqated the use of 

PL/1 as a coirnatiblp lanauane for implementing distributed 

systems; it has inyestinated nrocess-to-nrocess protocols? and 

and it h^s investiaated the economics of distributed computina, 

D.  Pf./l 

The flexibility and newer of PL/1, coupled with its wide 

avai lahi 1 itv, T^ke it an attractiye lamuaae for use in a 

heteroneneou.- environment. The PL/1 compatibility study 

completed in necember, 1973 indicates that it would be reasonable 

to use PF./l ^s a comnatible lanauaoe for the implementation of 

distributed systems. 

C.  Network Protocols 

Thp study of resilient orocess-to-nrocess protocols was 

completed in "rune, 1974. Two maior conclusions arose from this 

study.   The  first  is  that  it  is  feasible  (and  for   some 

-16- 
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l 
applications  desirable)  to develop a  resilient multi-level 

protocol to support a network utility.  The second conclusion  io 

that  attempts  to  iirplement  such a  resilient process-level 

9 protocol  would  be  fruitless without  first  re-desiqninq  all 

lower-le^el protocols so they too ar*» _ither resilient or so that 

low-level failures can be detected and the protocol re?et to an 

appropriate statp for hiqher level recovery, 

n.  Network Fconomics 

A  series of  benchmarks desioned  to ouantif\  the  cost 
I 
»*-        effectiveness  of various network hosts on a full cost-recovery 

basis was completed.  The benchmarks  tested  the capability of 

pach  host  in  the  areas of number crunchinq, bit and char?cter 

^trincj hanrUinq, file manipulation, and console manaqement.   The 

results of  these  benchmarks  indicate that distributed systems 

implemented on dissimilar computers can have  hiaher  performace, 

hiqher  reliabilitv,  and  lower cost than would be possible on a 

?inale computation facility. 
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IV  Network Acce?F Sv^t-errF 

T\iTRorncTinN 

Th^ Network Access Svsteirs Grouo,  form^l.^v established  in 

the  fall  of  1973, evolved from support activities initiated at 

thp ^eainninq of this cntract.  The Network Access Svsteirs Croup 

?taff were arsociate^i with the followina contract activities: 

1. IFJIAC IV docurrentation, user education and 
consultation. 

2. Ptudy v-)f the applicability of ILLIAC TV in 
atT'OFrheric dvnamic calculations in coniuncwon 
with N'PF surnort. 

3. Coonerative developrrent with the riniversitv of 
California ?t ?an rieao of a Network Control 
PronraT for the P67P0. 

4. Particiration in ARPA Vetwork protocol 
development, narticularlv in araohics. 

5. Arplications support in the area of oraohics for 
the University of Illinois' Laboratory for 
Atmosoheric Research. 

^. reveloorrent of a hardware interface between the 
PPP-ll and the IVP. 

7. DevelopTent of the APPA Network Terrrinal FvsteiP 
(AK'T^, y'ark I), a hioh level lanaua^e coiroiler 
for its developrrent (PFF.^POL) , and support of 
ANTS for a nurrber of facilities on the APPA 
Network, i.e.. National Bureau of Standards, 
Lawrence Liverrrore Laboratories, finiversity of 
California at Los Anqeles, and the Arrrv Material 
Corrfand. 
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Develooment of a software interface for the 
University of Illinois' PLATO systeir to the ARPA 
Network through ANTS, Mark I. 

Developnpnt of ANTS, M^rk II and its support at a 
nuirher ol ARPA contractor facilities. 

These activities have been reported in previous semi-annual 

i »nortr Thf» followina reports on the aroups' activities in the 

fin?l six rronth ohp^e of the APPA contract. 
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P.  ANTf Mark II 

Followim the comoletion of check-out for levels 0 and 1 on 

the A^TP vark IT svcter.' atterrpt? were made to comoile a comclet :• 

cv^tptr includino the Network Control Proqrair, (NCP) , Telnet, and 

the terrrinal handler. The resultant coirolete system was found to 

he too larno for the 2Bk of addressable core on the PDP 11/5^. 

Aftpr reoeate^ efforts to reduce the size of the svsterr by 

-elective oruninn and elimination of unneccessarv features, a 

workim version of »KTS Mark II was obtained. This svsterr 

sunnorted the following features in the terrrinal handler: 

fjine pnd character editinn? 

Simulated backspace ard line feed; 

Multiple network connections from p   terminal; 

Character at a time or line at a time mode; 

Local or rem„;«r echo. 

"owever, the reliability of the svstem suffered areatlv as a 

result of core constraints when the number of loaned-in terminals 

exceedpd four. 

Whilfl efforts werp underway to solve the memorv constraints 

and reiiaMlitv oroblems, handlers were written for the LV-ll 

rrinter, the  nn-ll  multin. exor  and  OFictaoes.   A  system  was 
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corrnleted for the UCLA-Network ^easurenent Center usino the DH-11 

ri^iver, and saw limited service. Also a system was comoleted 

u~ir.n the Verv ristant Host interface and the RK05 disk system at 

Mrcoln Laboratories. 

In a related activity, a system was comoiled for the Army 

^'at^rial Corrmand, which provides a limited Pv7E caoability from 

the ballistics Research Laboratory at Aberdeen, Maryland to the 

ynbiiity Research and Development Center at Fort Pelvoir, via the 

A^pAnet.  Also TELNET access is available  to  the  network  from 

PI?L . 

A :-i^nlified file svstem was deviled which would use a 

naminn convention compatible with DEC's disk operatina system. A 

n^aior portion of the code for the file system was completed in 

the w^i.inn months of the contract, but was not completed and 

checked out. Similarly, desinns for FTP, NETRJE, and maqnetic 

tpoes were completed only throuqh the initial staqes. 

An effort was undertaken to provide the PEESPOL compiler 

with the canability of bindinq separately compiled nodules 

toqethpr to form a complete code file. This version of the 

romniler was succpsrful to the point that the predecessor, Mark I 

h*"tS, was comniied and workinq with this compiler. However, the 

nature of the ANT? Mark II svstem has imposed several problems 

for this version of the compiler.  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 its cost. The files wore archived and this portion or 

the PEESPCL effort was terminated. 

C. IMP Interface 

During the months of June and July, the reference manual for 

the PDP-11 to IMP Interface was revised, A set of diagnostic 

programs 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 

diagnostic procedures was produced. 

D. Conclusions and Implications for the Future 

Over the span of some three and one-half years 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 AP.PAnet. These efforts, combined with interaction amongst 

various similar working groups at other network nodes, ha\3 lead 

to the followino conclusions: 
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1. The PDP-11 to IMP interface which was designed and 
constructed as a part of this suhtask, has served 
it's ouroose well. Several of these units are still 
in dailv operation, including two units at Illinois 
and units at BPL, Ft. Belvoir, UCLA, Utah, New York 
University, and NASA Ames. The unKs operate well, 
in spite of the fact that they were Jesiqned with th 
oroven technoloqy of five years aqo. Today's 
technology ir.ak?s it possible to design and construct 
the same functional unit at a lower cost. The 
oroündswell of network support for the PDP-11 as a 
mini-host has even made it cost-effective for the 
Dinital Eouinment Corporation to include a PDP-11 to 
IMP interface in their line of peripherals. 

2. The APPA Network Terminal Svste.n (ANTS Mark I) has 
been in use at the University of Illinois since 
September 1971. In spite of tne conditions under 
which it was developed (a deadline to get on the net, 
no manufacturers software bevond paper tape software, 
reneated difficulties with the B6700 at that time, 
etc.) it has been a hiohlv efficient and reliable 
means of access to the network for Telnet, CCNPJS, 
and limited maanetic taoe and printer retrieval of 
files from the network. Network throuohput 
statistics for Tune of 1975 show this system to 
handle more network traffic than any of the more 
recently developed PDP-11 svstems. Perhaps because 
of its limited desian aoals, it supports more Telnet 
connections than anv of the more recent PDP-11 
systems, and supports features that are recently 
beinn added or asked for in the TIP (user looin, 
password, accounting; local or remote echo; to name 
two) . 

3. The notion of a proaramming language u:>ed on one 
machine to produce code for another, such as the 
PFFSPOL effort, is commonly accepted as the most 
effective way of oroducina code for PDP-11 network 
systems in the ARPAnet community. Althouah the 
lanauaqe was intended primarily for operating systems 
code, and unfortunatel. depended largely upon the 
machine structure of the Burroughs B6700, it did 
establish that a higher level language can be 
effectively used for the development of codes for a 
mini-computer, and its use can he geographically 
indenordent because of the access via the APPAnet. 
Th«* meta-proqramminn capabilities of  this compiler 
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represent a siqnificant departure from traditional 
lanquaqes available for codinq in a rnini-computer. 

The AMTS Mark II effort, was not hiqhlv successful as 
a completed and reliably functioninq system. In 
retrospect, several thinqs are apparent that perhaps 
should have been earlier, and it is a matter of 
copjecture as to which of t lern was most responsible 
for the failure of the system to meet its earlv 
promise. 

For svstems reauirinq onlv Telnet access, the 
simplesr ^esion is the most desirable. This is 
necessary in order to maximize throuqhput and 
is achieved at the expense of elaborate file 
handlinq, local user procn ses, and user aids 
such as command completion and in-line "help" 
functions. Generality in the operating system 
turned out to be prohibitivelv expensive in 
terms of core soace and repeated handlinq of 
sinnle chrracters. The qoal of a Generalized 
svstem in r 24k core-contained version was not 
attainable, and the svstem desiqn was so 
pointed at the Generalized system that it could 
not be convenientlv reduced to a small special 
purpose (Telnet) hiqh throuqhput system. 

When the noal in a qeneralized svstem for a 
mini-comouter such as the PPP-11 , it must be 
recoonized thct both disk-swappinn and memory 
mananement (as well as Plenty of memory) will 
be necessary. The compiler and the ooeratinq 
system must both be desioned from the outset to 
expect and take advantaq^? of these elements. A 
simple overlav tecri. 'nn« aq used in ANT? ^ark 
II :s no adenuate substitute for a full 
swaopinn scheme. 

It seems unwise, based on the experience with 
A?N!T^ and recent experiences with similarly 
directed efforts, to expect a sinnle system 
desinn to be expandable from a 24k sinole- 
puroose svstem to a 4ftk or larqer qeneralized 
svstem which will support FTP, PJE, user files, 
editors, etc.  Similarly,  allowinq  an  effort 
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directed at the forrrer to simply qrow by 
addition of personnel into the latter, has 
aqain proven ^o be unproductive. 

What was lacking in the beqinning was an 
acceptable time-sharing system for the PDP-ll 
class of mini-computer. The ANTS Mark II and 
the ELF system both seem to try to correct that 

T lack by evolving  a  terminal  handling  system 
| into  a  time-sharing  system.   On the other 

bond, the large systems on  the ARPAnet were 
-r alreadv  time-sharinq  systems  (Tenex is the 

most notable example) that have had the network 
caoability added. Such a system is 
complemented by the network rather than 
existinq for the network. 

A recent addition to the exoandino collection of available 

PDP-ll time-sharinn pvstems is the Unix svstem developed at Bell 

fiPhoratories. This system is a stand-alone sharing time- 

Fharina cvste^ in its own rinht and in its orioinal design. 

Fortunately its ornanization, file structure, lanquage, etc., 

rrake it a very viable system for local prooramminq, as well as 

for connectinq to the APPAnet, The experience of working on NCR's 

for two AVT5 svstems and a Burroughs R6700 made it possible for 

still another NCR and Telnet to be added to Unix in an extremely 

short neriod of time. (Althouoh this work was completed after 

the ARPA contract had expired, and not under ARRA funding, the 

results are available to all licensed Unix installations as a 

courtesy. The advantaqe to Unix in this instance was the same 

as the advantaqe to Tenex: the system alreadv worked, memory 

manaae^ent was an  inteoral  part,  the  file system was well 
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e<=tahli shed r and the annrorriate lanauaae was in existence at the 

outset of the network rfevelonrpent work. 

For network aoplicationr where local files and lanauaqes are 

needed and the network is a connplement to the local facilities 

provided, Unix seems to be the irost viable choice at the present 

tire. It also has sufficient can^hilitv to be used in future 

development of PDF-11 based svstems for special ourposes on 

similar or smaller PDP-11 's for oraohics supoort, inter- 

m^chine connection, intellioent terminals, and other dedicated 

rini-comnuter anolications. 
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AD^INTPTPATION AND FISCAL STATUS 

Fxpenditures for the period October 1, 1974 through December 

31 , 1974: 

October $  80,479.46 

November 61,161.27 

December 14,406.60 

Pemainino Obliqations:  (S194 , 554 . 53) 

Total  Actual  Fxoenditures  throuah  December   31,   1974 

C4,044,6R2.53. 
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