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ABSTRACT 

*Wttä paper discusses some advantages of resource shar- 

ing through a netwo.'k of computers as compared to resource 

sharing through ether forms of timesharing services.  The 

ARPA network of computers, sponsored by the Defense Advanced 

Research Projects Agency of the Department of Defense, is 

used as an example of large-scale resource sharing in a com- 

puter network.  This paper discusses the technical and eco- 

nomic aspects of computer networks, touching only briefly 

on legal and social implications.  This paper describes some 

difficulties encountered in the use of computer networks and 

possible ways to address these difficulties.  The problem 

areas discussed are those with application to a broad group 

of users, an» with high potential for solution in the near 

future. 
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ASPECTS OF LARGL-SCALL RESOURCE SHARING 

THROUGH NETWORKS OF COMPUTERS 

Eric Hars.len 
John Heafner 

The Rand Corporation, Santa Monica, California 

THE MARKET FOR RESOURCE SHARING 

The predominant trend of the 1960s in the data process- 

ing services industry was the offering of computer timeshar- 

ing services.  A growing user population is indicative of 

the continuation of the trend, in the 1970s, toward resource 

sharing of computer systems on a much larger scale [1,21. 

Resource sharing has expanded from the sharing of computer 

hardware to include (1) sharing of computer hardware and 

software maintenance, (2) software development, and (3) shar- 

ing of communication facilities. 

A closer look at the timesharing clientele reveals a 

rapidly broadening customer base.  The users, no longer pre- 

dominantly from scientific ana engineering companies, are 

now being attractea to timesharing as a solution for business 

data processing and management information and decisionmaking 

problems.  Timesharing services are moving into educational 

areas—with the notion of computer access from the home just 

over the horizon. 

Any views expressed in this paper are those of the 
authors.  They should not be interpreted as reflecting the 
views of The Rand Corporation or the official opinion ot 
policy of any of its governisental or private research spon- 
sors.  Papers are reproduced by The Rand Corporation as a 
courtesv to sMMbers of its staff. 

This paper will be presented at the American Management 
Aascclation's conference on Systems of Computers. Los Angeles, 

^"^^S^^nt'f^P^ET was supported by the Def.n.e 
Advanced Research Projects Agency. 
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The changes in customer base indicate the transition 

from the use of timesharing services for scientific calcula- 

tion to prob-ems requiring that large volumes of data be 

exchanged between the user and his program.  This transition 

has been made possible through the expansion of the relation- 

ship between the computer technologies and the communications 

industry.  The growing acceptance of remote-access computing 

is shown by various market surveys of the growth of the 

communications industry: 

• The computer communications market now stands at $450 

million and will reach $2-6 biUion by 1980 (3J. 

• Growth in peripheral devices must parallel communica- 

tions growth tc provide access to shared resources. UUoom- 

municationa  reports that the $6 billion computer oeripheral 
market of 1970 should grow to $11 billion by 1975 and that 

the $60 million market for graphics terminals in 1971 will 
grow to $450 million in 1980.* 

• Creative Strategies, Inc., anticipates a $2.2 billion 

revenue from cable television by 1976.* The Institute for 

the Future, in a recent market analysis on home consumption 

of information utilities via cable television and picture- 

phone, projected a $15-20 billion market by the close of 
the 1980s. 

Given this growing customer base for remote-access com- 

puting, it in of interest to examine tne motivations for 

this growth from the small isolated timesharing services of 

the early 1960s to the larger, wide-area timesharing service, 

of today, and to extend these motivations to a larger scale 

to demonstrate the need for, and the trem toward, networks 
of computers. 

rtltoommunioatioH»,   February 1971. 

Talaoommunioationt,   February 1972. 

) 
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LIMITATIONS OF THE LOCAL TIMESHARING SERVICE 

The most prominant configuration for a timesharing ser- 

vice in the early 1960s was a single-processor installation 

with many dial-up or hard-wired lines to remote-access ter- 
minals, see Fig. 1. 

Secondary 

Storage 
Central 

Processor 

Mr 
Fig. 1—User's terminals 

Within its local sphere« thi« arrangenent provides a 

high degree of resource-sharing for the computing system, 

while offering users computing power at a much lower rate 

than individually owned batch systems. However, with growth 

of the user population and user requirements, this simple 

structure presents the following: 

• The user generally cannot access a large enough set 

of hardware and software resources for his total needs. 

• The local timesharing service has few of the redundan- 

cies to provide back-up when key elements of the system fail, 

• Geographical separation limits the set of users of such 

a local service and limits the number of services available 

to isolated users. Th.s limitation is generally in the form 

of increased communication charges commensurate with the 
greater distances. 

• Attempts by local timesharing services to enhance hard- 

ware and software resources often fell economically because 

the user population they address is not large enough or di- 

verse enough to support special purpose services. 
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FIRST ORDER SOLUTIONS 

In the era of the local timesharing service, the users 

developed solutions to the problems just mentioned.  These 

solutions were, and usually are, aesthetically unacceptable 

and wasteful from an economic standpoint; however, they suf- 

fice as a temporary solution. 

To expand the software and hardware resources at his 

disposal, and to provide a degree of back-up, a user gets 

access to a group of timesharing vendors.  If he is in an 

area dense with these vendors, he has a relatively low com- 

munications expense.  However, in some cases, using a group 

of suppliers requires increased communication cost to reach 

a larger area.  In addition, there is no one terminal device 

that guarantees access to all the services of interest, which 

means the added expense and inconvenience of multiple termi- 

nals. Thus, while increasing the available resources, this 

technique increases communication and terminal costs and 

causes the users to learn many different access methods. 

At this point, a fairly large step was taken to reduce 

the problem of high-cost communications.  Larger timesharing 

services evolved (see Pig. 2) . 

.' 
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TTTTT   777T\ 
Pig. 2—Date concentration 
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,„ thl. mod.l, the vendor expend, hi. u..r popul.tlon 

bv putting det. concentr.tor. in eree. of high u.er den.ity. 
The«, r. ere f.ced oniy with locel co«>unicetion cherge. 

to ecc. the .ervice. vie the d.te concentr.tor «- . eh.red 

line to the computing center. 
Thi. increeee in the u.er co™.unity ot  . ti»e.h.ring 

.ervice provide, the vendorr, .n economic be.e to eolv. ../- 

erel problem, previou.ly mentioned. 
. The lerger revenue .11«. the vendor to Keep -or. hech- 

„p ^Unt - hi. in.t.U.tion. providing the u.er greet« 

"rr^dor i. .hi- to ..p«.d hi. h.rd-.re end .oU-.r. 

reeourc... u.in, hi. incr...«-' «venue, to P'«"« »0^ dl 

ver« «rvicoe for th. u.er end, in turn, to ettr.ct -ore 

users. 
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ThE EMERGENCE OF NETWORKS OF COMPUTERS 

The two solutions to resource acquisition/sharing pro- 

blems, mentioned earlier, are, in fact, primitive instances 

of computer networks.  In the first case, the user at his 

terminaKs), with the capability to access several vendors' 

services, forms a otntraliatd nituork,  with the user at the 

center and the vendors* services being his "slave" processors. 

In the second case, the supplier's computing center is tht 

ctnttr of a netuork of ocputert,  with the data concentra- 
tors (mini-computers) being the "slave" processors. 

With the continued growth of timesharing services us- 

ing the data concentrator/shared line approach to expand 

the market place, the demands for resources easily exceed 

the capabilities of a single-processor. Thus, these cen- 

ters usually expand their processors and peripherals in a 

homogeneous fashion, i.e., they add another of the SSSM 

"model" equipment. The expansion serves to increase back- 

up and reliability. 

With the continued growth of such services, it became 

obvious that there was no need to centralise the processing 

resources and that communication charges could be further 

reduced by distributing the centers of computation geographi- 

cally. This led to the emergence of the more general form 

of networks of computers, shown in Pig. 3. 

There are other benefits in this homogeneous expansion 

of resources.  Data protocol problems are less severe in 

coemiunieating between like systems, and ider.tical software 

can be used in each system. However, with these benefits 

of homogeneity an older problem reappears. The expanding 

community of users nseds access to a greater variety of 

computing resources. Contrary to the claims of computer 

hardware vendors, no one "brsnd" of computing hsrdware can 

solve ths problss« of s large user community in s cost ef- 

fective manner. 
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Pig. 3—Distributed computing 

Thu«, the current •volution and experimentation in 

resource tharinq via network! of computer» involve» the 

interconnection of heteroqeneou» computing reaource». We 

examine the Defe. »e Advanced Research Project» Agency'» 

(ARPA) Network A» »n example of thi» work »nd it» «»»ociated 

problem». 
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THE ARPA 
NE WORK _nriTT^p™^ ^TWQRK METHODOLOGY 

ARPA NETWORK PROPERTIES 

Studies in the early 1960s [4] indicated the desirabil- 

ity of distributed digital communication, .etworks.  The 

Receding sections have indicated the tr.nd of the t.meshar- 
preceuiwy prominant 
in, industry toward this concept. One   the m   P 

exiles of computer networks is the experlmentel ARPA 

work 151, called ARPANET. 
The ARPANET* is a nationwide network, currently m er- 

connectin, 26 ARPA-sponsored research ^*ll**\™' ™ 
network is distributed (rather than centraUzed, in struc 

ture and heterogeneous in content. 
*, shown in Fig. 4, the ARPANET consists of two ma3or 

„„ts. the subnetwork and the host computers  ^J^^ 

Lk consists of a series of 50 kilobit ccmunrcatrons Unes 

and small message processors, called IMPs. at each node. 

The lines provide redundant communications paths between 

The nodes. The IMPS are responsible for handling message 

flow through the subnetwork. The subnetwork operates rn 

store-and-forward mode W  with traffic routing governed 

daptively (according to load, by the XMPs.  The IHPs a s0 
handle error checking and retransmission. The subnetwork 

U  capable of reconfiguring, when possible, to circumvent 

Une "iTt"; part of the ARPANET is .he set of host com- 

puters. At each node, there is one or more host computers. 

Lme of these offer services to the ARPANET users, whrle 

'ARPANET was designed b, ARPA and m.n of Us^contrac-^ 

tors. Most notably, American Teiepno he .plan.; 

J^^^SÄSS ro^rst'if'th/sibnet implementation, 
installation, and checkout. 
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others only provide access to the Network for local termi- 

nals. The magnitude of the host computers varies from the 

ILLIAC IV to the Terminal IMPs* (TIPs) and PDP-ll's. 

ADVANTAGES OF THE ARPANET DESIGN 

One of the greatest advantages lies in the subnet/host 

separation.  Since the communication, error handling and 

routing functions are concentrated in the homogeneous  sub- 

network,  the heterogeneous  collection of host computers can 

be interconnected without implementing communications pro- 

grams in each computer. 
Another advantage is the sharing of high-data-rate lines 

among a large group of users.  In fact, the anticipated 

charge1 for use of the subnetwork is $16,500 per year plus 

free transmission of 4.5 million bits per month.  Above 

this monthly transfer rate, there will be a charge of 30C 

per million bits transferred, independent of distance. 

The greatest advantage, however, is the wide array of 

resources which such a heterogeneous collection of host com- 

puters can offer a user, with a relatively low inielation 

fee. For example, a TIP with communication lines rents for 

about $1700/month.  Via a TIP, 63 terminal devices can be 

interfaced at that node.  Thus, for about $30/month over the 

cost of a terminal, access to the resources of the ARPANET 

is available. 
Previously, we indicated that accessing heterogeneous 

resources often required different terminals because of 

inconsistent input/output requirements of timesharing sys- 

tems.  In the ARPANET, each terminal is given access to all 

terminal applications through a terminal-oriented protocol [7] 

terminal IMPs are slightly expanded IMPs with a mini- 
mal host facility to provide basic terminal access to the 

Network. 

^Datamation ,   April 1972. 
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In summary, the ARPANET solves many problems regarding 

conventional timesharing systems.  It offers at low capital 

(or monthly) investment rates (1) efficient use of communi- 

cation facilities, (2) low daLa transfer charges, (3) a vast 

array of resources shared over a large population, and (4) 

single-terminal access to these resources. 
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ARPANET;  EXPERIENCE AND PROBLEMS 

COMMUNICATIONS SUBNETWORK 

The performance of the subnetwork has exceeded design 

goals.  The average outage of the communication path be- 

tween two sites (using alternate paths when possible) has 

been under 0.5 percent.  The error detection and retransmis- 

sion techniques in the IMPs reduce undetected errors to ] 
12 

in 10 '"  bits transmitted.  At the current network traffic 

level, this amounts to less than 1 bit per year of use. 

Currently, the response time for a message through the sub- 

network averages 0.3 seconds for a maximum length message. 

The capacity of the ARPANET is a function of the topology 

and can be increased by adding higher bandwidth communica- 

tion lines when and where necessary. 

USER/SERVER RESOURCE SHARING 

The ARPANET has been productively used since February 

1971 when UCSB offered network Remote Job Entry (RJE) to 

their host IBM 360/75.  Subsequently, other RJE facilities 

have joined the ARPANET at UCLA and UCSD, with the ILLIAC IV 

complex scheduled to offer services in late 1972. The set 

of timesharing service centers is considerably larger, em- 

bracing several PDP-10s, a Sigma 7, Multics, two 360/67s, 

and a Burroughs 6500. 

Although the ARPANET was first used fcr remote batch 

services (which probably still accounts for a large amount 

of the network data transfer) the predominant use is now 

the terminal-based timesharing systems. 

PROBLEMS 

One major problem in turning the ARPANET into a usable 

entity is the heterogeneity of people associated with the 

^ . a"^'°-' 
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network sites. There are not only different sets of termi- 

nology, but also different sets of operating system techni- 

ques and principles. Many working sessions for developing 

communications protocols were initially hindered by communi- 

cation gaps and divergent technical philosophies. 

User problems are quite similar. As mentioned before, 

a terminal protocol has been developed to allow user access 

to many resources from the same terminal. However« the 

appearance of each installation, in terms of the syntax 

and semantics of commands, remains different. This area is 

one with much greater inertia (i.e., Ute operating system) 

and will not readily yield to standardisation. Studies 

in this area are currently underway. 

■W"-"",-1-. . ■    ■•  ■'■' ■':'- ■ —    . 
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Datamation,  April 1972. 

PROGNOSIS OP NETWORKS OP COMPUTERS 

DIRECTION OF TECHNOLOGICAL ADVANCE 

ARPA plans to relinquish the ARPANET when the develop- 

mental and experinental phases are complete.  The ARPANET 

and other smaller networks serve as examples of latge-scalo 

resource sharing. The advances in technology gairod from 

these network experiments will serve as a basis for larger 

and more sophisticated networks for both government and 

private industry. 

Exploration of networking methodology, however, will 

continue for some time in many areas. Several prospective 

areas for investigation are mentioned belows 

e Nass file technology has brought about feasible, rapid- 

access storage on a large scale 18). Individual ownership 

of such mass-storage syttjms is usually economically pro- 

hibitive! thus, they are ideal candidates for resource shar- 

ing in a network. Access to such systems opens many now 

possibilities for new development in areas such as manage- 

ment information systems and medical data bank systems, 

which have been constrained by their data volume in the 

past. Exploratory work will concentrate on access and organ- 

isation of large, possibly distributed, data bases. 

e encryption techniques 19) that satisfy exacting govern- 

mental requirements for purposes of security will be further 

refined MM! applied to transmitted data. Encryption is also 

of concern to commercial enterprises from the standpoint of 

privacy of corporate data. 

• Current technology allows the extension of networks 

via transoceanic cable, microwave systems, and satellite. 

Thus, intercontinental network« with even greater resource 
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•haring and communications facilities aro possible. A pro- 

posed domestic, nationwide, satellite communication system 

could be operational by 1974. 
• The current terminal device is a keyboard and a printer. 

The power of a user's "station" could be enhanced with dig- 

itally encoded audio/video adjuncts. Although such addi- 

tions may be economically infeasible at present, modest 

cost voice encoder/decoders and compression techniques are 

under current exploration. Such "stations" open possibil- 

ities for such fields as remote conferencing, which have 

application to management interaction, and social and policy 

experiments, which require group interaction. 

• Nicroprogranmable subnet components will be employed 

and tailored to real-time applications involving complex 

arrangements of analog and digital equipment, with the 

steady Improvement in the price/performance ratio of the 

minicomputer, such configurations may be attractive to such 

military and defense areas as radar and sonar research, as 

well as to Industrial process control. 

• Fault detecting and self-correcting hardware (101 will 

be further explored and employed In future networks, in 

the current ARPAttGT, for example, line failures are auto- 

matically detected and reported and messages are re-routed 

over other paths. In the event of detected software fall- 

ures. cooperating programs permit a subnetwork computer to 

be reloaded from one of Its neighbors. 

fUTOMI Of KtlWOMl 

tihere do wo go from here? Among those who foresee an 

information utility. Or. George reeney predicts (HI that 

*rsleeemeii*ieel(e*s, June 1971. 
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notwork« of computers will continue to grow as suppleoents 

to conventional timesharing, thus doubling the current time- 

sharing systems' capacities by 1977. He foresees this trend 

leading to a computer utility where computer resources will 

be available and marketed In the same manner that electric 

power and telephone services are marketed now. 

The growth in communications and coaputer technology 

toward a oe»put«r utility  leads to an Interactive computer 
station for the home that will not compete with necessities 

such as home appliances, but will compete with luxury Item 
In the same price range. 

In the final analysis, however. It appears that neither 

technology nor economics are significant impediments in the 

growth of networking. The ARPAKBT and others have shown 

the technical feasibility and the economic desirability r f 
networks of computers. 

A GLAMCE AT SOKE HOII-TgCttKiaU. PROBLIIHS 

The computer utility Is feasible, but is it socially 

desirable? It is feared by some persons that such a utility 

will widen the communications gap between levels of our so- 

ciety. They anticipate that those on the lower economic 

scale will not be offered Information In a usable for» at 

a cost they cen easily bear. That Is to say« it is a utility 

for the rich, not for the poor who are not motivated to make 
us« of the information. 

Privacy of Information is another area of continuing 

concern. The Urge amount of private Information now stored 

in computers is Increasing, existing laws and technical 

■aans for the protection of that Information against unauth- 
orised access are inadequate, rurthermore, there Is little 

or no legal foundation providing penalties for deliberate 
or accidental disclosure of private data. 

Technically, much work has been done to protect against 

erroneous computer program« and malfunctioning hardware. The 
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weakest Unk appear« in the cowaunlcatlon« *acilltle«f where 

little vork on «ocurity ha» been done In area« outalde gov- 

ernaent use. 
There 1« a need for a ba«l« fro« -hlch to con«truct pro- 

tection «echanl«*«. Profe««lon«l llcenalng standard, have 

been «ugge.ted as a foundation around which to build adequate 

safeguards and develop penalties for violation. Other regu- 

latory needs are being examined by the FCC. The large body 

of current regulations are based on telephone and telegraph 

co»unlcatlon. Data transmission has different requirements, 

a variable bandwidth and high reliability. Users wish to 

pay for data transferred rather than a connect charge, be- 

cause the data are typically sent In bursts, leaving the lines 

Idle most of the time. Current regulations hinder small time- 

sharing companies from concentrating their traffic and thus 

forming consortia to achieve acceptable unit costs. 
Tariff» are not based on the kind of equipment used with 

the phone lines. There are also constraints on the kind of 

equipment that can be connected. The FCC Is not insensitive 

to those problems, as evidenced by the Carterphone Decision 

a few years ago. which permitted the attachment of foreign 

devices. Cosputer manufacturers believe that they can offer 

terminals at lower cost if they are allowed to provide the 

circuitry to interface with the phone lines. However, there 

is still the need for pricing structure to charge for line 

use at a different rate depending upon the equipment Involved. 

Another bottleneck In the evolving coiwunications tech- 

nology U the lack of viable rules governing the use of micro- 

wave for data transmission. 
The FCC appears to be taking steps in the right direc- 

tion. The problems, however, are enorsously cosplex and there 

is no question but that the social, political, and legal pro- 

blema (rather than the technical onesl will delay the coming 

of the computer utility. 

"■■ 



^f^WWWfSJW^I^.      ■ ~ ^ —^ ^..^ lT^^_c       ^^r: -r'q~ ^-rr^-,  „.-—-,,_-,:  .    ^ : i r   ^ -     T^M^B^JHW^WI . jjprr .—---.^ 

-17- 

REFEREN'CES 

1. Kolkor, R. J., "Tine-Sharing Services—Region I#* Modern 
Data,  January 1971, pp. 42-48. 

2. Kolker, R. J.# and J. A. Murphy« "Tiae-Sharina Services- 
Region II,■ Modern Data»  Ju.ly 1971, pp. 46-57. 

3. Poliskl. Iris, "Data CoMsuni cat ions," ansineas 4bCo».:. 
tion,  October 1971, pp. 22-24. 

4. Baran, Paul, "On Distributed Conminlcation Network," 
ISSE Tramaetiont on Communicntion Sy§to*§.  Vol. CS-12. 
March 1964. 

5. Roberts, L. C, and B. D. Messier, "Computer Network 
Dovelopeent to Achieve Resource Sharing," 4f/PS Confir- 
tne« Proeacdingo,  Vol. 36, 1970, pp. S43-549. 

6. Heart, F. E., R. E. Kahn, 8. M. Omstein, W. R. Crowther, 
and D, C. Maiden, "The Interface Message Processor for 
the ARPA Costputer Network," 4riPS Conftranct Proocodinat, 
Vol. 36, 1970, pp. S51-567. ¥ 

7. Crocker, 8. D., J. P. beafner, R. Metcalfe, and J. Postal, 
"Punction-Oriented Protocols for the ARPA Computer Net- 
work," 4P/P5 Confaronea Prooitding§,  Vol. 40, 1972. 

B. McFarland, K., M. Bashiguchi, "Laser Recording Unit for 
high Density Permanent Digital Data Storage," AF1PS Con- 
ftrmnoo Proot«ding§t  Vol. 33, Part 2, 1968, pp. 1369- 
13tt0. 

9. Peterson, U. E., and R. Turn, "Systen iMplications of 
inforaation Privacy," AFIPS Confaroneo Prooatding»,  Vol. 
30, 1967, pp. 291-300. * 

10. Levitt, K. N., M. M. Creen, and J. Goldberg, "A Study 
of the Data CoMiunication Problevs in a Self-Repairable 
Miltiprocessor," APIPS Confarane* Proeoadingt,  Vol. 32, 
1968, pp. S15-527. * 

11. Peeney, C, "A Three-Stage Theory of Evolution for the 
Sharing of Computer Power," ConpuUr Doe{§ion§0  November 
1971, pp. 42-45. 



  

-18- 

ÜlbLIOCRAPHY 

1. Gourley, 0., "Digital Net Prowitet Pastor and Cheaper 
Date CoMwni cat ions," Tht Communieations Uier,  Hov- 
Dec 1970, pp. 35-37. 

2. Frank, Howard, "Spin Your Data Unkt into an Optimal 
Network,*' Cmputir Veoition»,  Decenber 1971, pp. 6-11. 

3. iiobgood, M. s., "Evaluation of an Interactive-Batch 
Syrtea Network," IBM Syatema Journal,  Vol. 11, No. 1, 
1972, pp. 2-15. 

4. Narill, thorus, and L. C. Roberta, "Toward a Coopera- 
tive Network of Tine-Shared Coeputera," AFIPS Confer' 
«no« Proettdingt,  Vol. 29, 1966, pp. 425-431. 

5. Kleinrock, Leonard, "Analysis and Siaulation Methods 
in Computer Network Desiqn," AFIPS Confortnoo Prooood- 
ingB,  Vol. 36, 1970, pp. 569-579. 

6. Prank, U., X. T. Frisch, and W. Chou, "Topoloqical 
Considerations in the Design of the ARPA Coaputer Net- 
work," AFIPS Confmronoo Proewdinga,  Vol. 36, 1970, 
pp. 5S1-5D7. 

7. Ornstein, 8. N., F. E. Heart, N. R. Crowther, H. K. 
Rising, 8. B. Russell, and A. Michel, "the Teminal IMP 
for the ARPA Computer Network," AFIPS Conftrtne* Pro- 
0€oding§,  Vol. 40, 1972. 

8. Frank, H., R. E. Kahn, and L. Kleinrock, "Computer 
Coswunication Network Design—Experience with Theory 
and Practice," AFIPS Conforeno* Pnettdinga,  Vol. 40, 
1972. 

9. TtioMs, R. H., and D. A. Henderson, Jr., "McROSS—A 
Nulti-Coeputer Prograening Systen," IFIPS Conforonei 
Proeotding»»  Vol. 40, 1972. 

10. Roberts, L. C, "Extension of Packet Coivunication 
Technology to a Hand-Held Personal Terminal," AFIPS 
Conf«ranee Proeeedinge,  Vol. 40, 1972. 

11. Menkhaus, E. J., "Tls» Sharing—More Glitter Than Cold,' 
Bueineee Autonation,  Nov. 1970, pp. 36-42. 

12. Galnes, E. C, and J. M. Taplin, "The Bpergence of 
National Networks," Teleeonnunieaiione, Dec. 1971, 
pp. 27-29. 



^~"-^"'^r:-■■'-- - ^^mw^ 

-19- 

13. Hirsch, Phil, "Multi-Access Cooputsr Networks," Data- 
mation,  June 1970, pp. 153-154. 

14. 

IS. 

Cerf, V. C, E. P. Harslen, J. P. Heafner, R. N. 
Hetcalfe, and J. E. White, "An Experimental Service 
for Adaptable Data Reconfiguration," tEEE Tran§aetioH§ 
on Cotmuntoation Teohnology, Spooial  /••»• on Conputor 
CommunioationB,  June 1972. 

Tynes, L. R., "TYHNCT—A Terminal Oriented Coomunication 
Jtotwork," AF1PS Conforonoo Proooodingo,  Vol. 38, 1971, 
pp. 211-216. 

16. Irvin, N. R., "The Telecommunications Equipment Market- 
Public Policy and the 1970s,* 4f/PS Conforonoo Proeotd- 
ingi.  Vol. 37, 1970, pp. 269-274. 

17. borko. P., "National and International Information 
Networks in Science and Technology,* API PS Conforoneo 
Proooodingt,  Vol. 33, Part 2, 1968, pp. 1469-1472. 


