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Abstract 

Cable television networks offer peak communication data rates that are orders of magnitude 
greater than the telephone local loop. Although one-way television signal distribution 
continues to be the primary application of cable television systems, the cable television 
network can be used for two-way data communications. 

':'.; ·:Jt·;.i.:',./!~·· 0 },. --. " 

Data communication places severe engineering demands on the pert ormance of a cable 
television network. Therefore, to ensure that data communications capabilities are not 
precluded by poor engineering, local cat>le authorities and the cable industry must identify 
and overcome the technical barriers to the application of cable television networks to data 
communications. We identify the following as the primary technical requirements that remain 
to be addressed by the cable industry: 

· Methods for controlling the accumulation of insertion noise and ingress on 
upstream channels. 

· Reliability and security mechanisms to provide adequate levels of system 
availability, overall quality of service, and privacy of communications. 

· System engineerin~ .. th~t Sf'P..POrts .q~~· p~9ipi'lio~, ~ong many nodes, 
other than on a point:l?·Wi/?t. PEY'j•~. .. 1 ·, , , n 1 ;~ •. , . 

If the cable industry applies ·th~ resoi:Utes ·nee'.~~sa,Y·'to sa'tisty these requirements, cable 
television networks can gain a lucrative share of the growing residential and institutional, data 
communications and information services markets, in competition with telephone company 
and cellular microwave services. 
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In order to make this import~t. ~~·~•we~'J\"idely available to a diversity 
of users and service providers, local cabf~· authorities, in addition to the cable industry, should 
establish structural mechanisms to eliminate the cable operator's potential conflict of interest 
between its carriage nn<l content functions. which might otherwise inhibit this diversity. The 
nature of appropriate regulatory mechanisms has been a source of conflict and confusion 
because of the l;IRClear ~~tu~ of the cal,)le Of?e!'Bt~ as broadcaster or common ca~rier. 
Leased channet·~efJ$;~ul~rs~'·WtitcWehto~c~ ff~'~fttiBI\~ ·tiri: ;i ctfannet t>Y 
channel basis, can allow the operator to serve in both capacities, thereby both encouraging 
investment i•!· ~&it• 4¥.ttHitlriliOQ;.tbe_,~t~W. ••~ttipmcttces~ ·"'™'·rate 
structl!res and lev~l_s,, ad,()Pt~ u~Y- tlJ,e .. ~.rato~ ~! ~e, r!':'r~e .~1 . ~tent Jo -,~hicf:I le~ 
Chanriel ~ee$' sucd8$Sfldfy litnf~ th1$ ~t\cf .· .. '. ·- '" '" ' , .. , ' .. ' ·' . .. . .. . 

More than in t~e past, cable authorities will fi~Jh~~~}'}~~~lg~~.~~ :W'\c~,~~if¥i11Q:q~y~.ils 
of the network infrastructures, both technical and opcr'ationaf, tC> ensure that su1tablc'fac1ht1es 
are constructed and that a diversity of service sources are granted access to the medium. 

· This\.tttesia.t&Zintetd:ld aa•a·~fofl~tlrMttOrili$, • ~bs1~'8$>el'Utof&,1 m'the\'1 

esta~~-11 .th~,. ro~~ ,of ~~~ .,~ev~~, '-~eeM9~ri9tQ", ~1fte¥\,~~m\9~; ~~h1~P.· 
particular, Chapter 6 serves as a gukte for city and state cablo authorities to incorporate the 
technical detail and regulatory structures~tljHf8r! 8a\la 'eomffiuriR:BNbt\. !letvi~s;,1nf8' 
existing cable policy. 

-7".. :.~.J: i 1i'. · .. ·: '; . ' •;'"·.," , ~~')Y ;c·~-···r~~ ii ,· ~r~ . .f> :· t 

Key Words: cabte television, telecommunications policy, computer networks 
- . f· .·. ',.'4 ::.'/, ;-:;·-, _1·· '. !;"l 
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Cha.ptetQfle 

Introduction 
. ' 

Cable television networks 1 were d~lgned to distribute teleVISton signal$ from a ceritral 

location to residential homes throughout a local region. These systems were used originally 

to provide entertainment television to regions where over-the-air ,reception W8S' not 

satisfactory. lnc;:re8$illgly. the~ are U$~tlf:> provide ~ grEtater di~~ty of programs than over· 

the-air spectrum limitations permit, ang as a·""~· of delivering pr'miMm television services2
• . . . -- ,· ,, - , .-· 

Although one-way television slgn'a1 distribution conti~ues to b8 the primary application of 
' '. ., - ', • '- . .' ,,Jr;. ft!' ' - - . ' .,. ,_ - .. · -~ 

cable systems, the technology is· also appropriate for two-way communications. This report 

focu~ on developments In two-way commu~lc~tirins over city' cat:ile systems, ln particular, 

two-way data commu~'ication sf!rvices. 

Data communication places intense technical demands on the performance of a cable 

television network. Therefore; to ~~ure that dat~ · · comm'~nications ·. capabilities &re not 

precluded by poor engineering I Ifie' 'city cable authority ~~d the. C&bte operator must id~ritify 
and , overcom~- the t~hnical barriers t~ the as)plic~tiori of cable leteviSion netWorks to ·data 

communications. More than iri'the past, the cabkt'authority WlUflnct itserf $pe(:itying d~tBils of 

the network infrastructures, both' technical and oP9ratio"81; 'to: ~sui~ that '8uitable facmtles 

are constructed and that a dive~ty of service ·&Ourc~ are grint~:'aeceis to the riiedlum. · 

1 
Also known as cable networtts, or CATV (Community Antenna Television) systems. Throughout this report we will 

·use the term "cable networks" Interchangeably with "cable television networb" and "cable televlalon systems". 

2 
Also referred to 88 pay-television. 
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1.1 Motivations and ctf>PUcaDoU· 

This section sets the stage for ~~r(~!Sf ll~ssi~or) ~i ~,t~~ f mmu~icati~ns via cable tel~vision 
networks. It is not a rigorous survey or'tke market research tn this area, but provides a 

sampling of envisioned markets and applications. In so doing, we hope to communicate to the 

reader why data communications via cable television networks is of interest to cities, 

, .r~ents •. pQmmercial a11q:Q.9.¥~.~nro~nt ""~" ~g, m,,~~1"1fJWU8~L ,, .. 

1.1.1 The mar.kets 

There are two 'distinct markets f6r data conimUnl~ait'toris:::it~trat- rurd fn$tltutl0nat;·; Tiiere 

are a1s0 two categories of 8ervice: intonnatiori W8cittiftidht~atiofi·.1~roithaiit)li 1Sinnd~ refer 

, to.tho~ sei;vices ~h~r~y C1 ~o"!~ Rff~ proy;~,e~~l~fl-~i;i1~~~t ,~-~J,~~9~ 1aef:~· ~~~~~· 
or resp<>nde<j to by the user.. cg~-~~.ni~fit~~~ -~~i~r; %0~~,0~~"J~~ 1 ,t~~f1~~~0fl: and 

switchi~~ ~rvices, all content i~,.~rov~,~i:.~r-,m~Y~~t!~~~"~'rWY ~! .. the .. fomm~.~i~at~~>n 
service provider; users being persons, organizations, computers, <>r other communicating 

_;;:-~-:.:11:~1~~~ ·_,··,--.·~,,-..,~ ;~> r•. ·;·~·~":\ ,:•,_; 1/.;_\[ 

devices. 

/' ~ '· ,,=. ~ ; '· ' ( ' 'f J ; 

. Th~. ~ntr~ci~ market . for ~~in~. da~a ~o~:~•uni~!~~,fr~~~ 
1 
~~~: .~r?j~ti~~~ !~ff18 

grov.:th a~~ ba~ o~ the ~n~r~asl~ u~ q~.com~~~~~~~!~re~t;~~~'s, 1~~0,~~c~;~~i~h '(':,ii~ In 

turn generate deman(j _!or incre.asi~, .~~~",,% gf !!1~~~~·: ~~m~.~n~fft!~~~· C::~~entt,Y, 
intr~pify_ communi~ti_on ~S. mµst ~·;~~i~Ji~,W 1!n~i ~o~,.1c~~P.~~Y (~ .~~i~~. ~). 
!"~r?titte'1t :ci~m~n<1 f_or.. ,~~t.a, ~o'!'~~ric:~~io~~J~ :~~i-~~~r trx '-~~a~;.~~ it~~l~!t~ 1~t ~~ ul>; ~o 
4800. bau.~: 9~ic~t~.~a.~mt:~-,ar~-~:~ ~y,~!.~.1~~ ~~'1'~ ,~~.~ ~~s. ~~n~~~~·~,nt 
communications facilities are available at higher speeds, but switched services are not. In the 

future, considerable demand is projected for high speed switched networks which wlH 

accommodate intracity communications of both continuous and intermittent natures. An 

institutional market for information services exists and is growing. Services such as Lexus 

and Nexus3 will be spurred by the growth of standardized videotex services for the buaineaa 

sector. These services will provide a common standard, or gateway, whereby users can 

access many information sources. 

'. '~ J~' ; : ',\;; 

3i.eg.1 and medical data baae aervlca 
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Unlike the institutional market, the residential market for information services does not exist . 
.. • - - • '. " ' ' -!''. ' , ,, ·- .• 

Projections for its growth are based primarily on proiectiona of supply, rather than demand. 
. . . .·· .1.5?~>· . . '. ;,q, ~-. , .. _1~;l.,.1! ;, 

Although videotex. is to1-1ted primarily as a home information service, it will grow as a mass 
.. , . ~. ' " .1:lf'i' - ~: '• ~~t~ ,, ' ... ,,' :::··i "'"'"'.' ! . :· ' .. 

media service after it is established in the commercial sector [17). Most existi.ng residential 
. -... " . ,• .. ,· :<':.;:<"_; " ' ~ .1 } '_ , -~!'~-~:,··~ -~' -

data communications demand currently takes the form of professionals working at home 
,.,_--

using terminals and modems to talk to central computers and information services via phone 

lines. In addition, increasing numbers of personal computers, used for both personal and 

small business applications, are equipped with communications dli)abintf8s. · 

An informal random polling of 200 residents in a .suburb of Boston which has a high 

concentration of professionals, resulted in approximatety 3% who reported having terminals 

or personal -computers in their' homes'\ another , lft:,~ .hlWlng video games. ·In 

addition, the tocah:able oparator.atnates .. that 'l>Pf'Oximataly 2"a of the tQnes·passed:will 

subscribe to pay-television. These numbers can be uaed as preliminary indicators.of the size 

of the residential market. The number of residents with terminals indicat~ the minimum 
• " •; r·. •"; 

market size for data communications to the home. Smitarly, the number of residents with 

video games indicates the number of resictEtnb .Ylhb. ~ to i~f in "high technology" 

entertainment devices for the home. Finally. the nurnller ·Of,:pay~tetevision subscribers 

probably indicates a short to medium-term upper bound on the existing residel"!tial market for 
· .. ' . - ' ,, ·,·. -, 

data services. 

Projections for future appHcations of residential data communications ·range. from transaction 
~~·~~:~ _,·~ ·~.·: 

and information services to etectronic mail and multi-person gamea. Services such as Teletext 

and Videotex have received considerable press coverage, but the degree and form of their 

success is still uncertain. To a large extent it hinges .Qr\~.~11lfP 81ld,availability of 

information providers and inexpensive terminal equipment. 

In 1981 there were 4,400 operating cable systems in the ~·~· anq, wi additiona! 2.QO() that 

were approved but not yet built. These systems served approximately 10,400 communities 

and 17,200,000 subscribers, 22% of the T.V. householda. The ~·~en, had 188,880 

4
Survey conducted at M.l.T. Laboratory for Computer Science, January through April, 1982. Superviled by Prof. 

J. "S81tzer. *1d 0. Eatttn. ; .. ' ' 
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subscribers5. Although most systems have 12 channels, systems constructed during th~ past 

10 years have a minimum of 20channels, and newly'~~ed'systems may have so6r: more 

channels [46]. Although there are wide variations,' it ii' fypk:affuath~f 6f.the llcimes Passe(fby 

the cable subscribe to it, and. half of the subscribe.,; s>Ur&f~ ~rrlium se~ices such aS pay­

television6. 

1.1.2 Proposed services 

In 1974 Baer et. al. (8) outlined a menu of possible applications for two-way cable systems, 

see Table 1 ·1. 

Baran also studied· the appHcations of· broadband lnfoonation ·networks . .and .. suggested the 

following categories: of applications, many of wftidt7today"appaar 'farttler' off than, theycdid 

eight years ago, 

1. Work at home 

· Person-to-person -· el~tronic mail. 

· Secretariat assistance. · 

- Access to company flies. 

2. Transaction services 

- Banking servic8s. 

·Shopping. 

-·Price lists andlnfomuitlon. · 

- Consumer advisory service. 

3. General information ac<*ia 

- Newspaper. 

5Cox cable San Diego syetem. 

8
cable t8iev1s1on statiatlcs ri ntpOl'ted weekly ~ each i88ue of cab/9v~lon, Tlt9Ch ~ !pc., c8nver, 

Colorado. · · 
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~··Fares ·and ·tk:ket rneriattons . 

• Legal information. 

• Library access. 

4. Entertainment 

·Games . 

• Multiperson games. 

Table 1!.1: ~pmpoHd'ifttltac~!fif!ClitMt·•JlltrOft 
.. (caM$'8/tw~•mif4i"11JWt•C6*Jddl ... ,,;}t ;"· " 

7 Baer, w. (8) 
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Jones et. al. outlined urban public services which rely ~ tele:C~lli<;a~Ol\$ ,and would 

be well suited to the use of broadband facilities. 

1. Delivery of government services. 

2. Citizen-government interaction. 

3. City administration. 

4. Status monitoring. 

1. 1 .3 Existing applications 

Since the time when these applications were proposed, seven-~JIGO, few of the visions 
..,... ~ ,~, 

have been realized. Why .does the applioatiori of.~ r&wofM,to data· cemmunications 

seem any more viabki·todav? The pri11w1uaas(>n is that t~~~iay'~--:Att'the aenices already 
. ..:.. " . L~:!i' ~~ ·1!, ~ ~- . ~.; -

exist but use different, nanower ~'higher c~ media ·sucn as 1etephone lines: 
·\. 'C }It/. -, 

connection of automated teller- machines-to bank branch offtcest•comectlen of terminals in 
. ' i«':.cJ:-,ri ',,; 

urban and suburban•scttools to Sf1Bl'ed"c~u..- faciUties, connection of·aft1i_ne reservation 
~ • '. " ;_> ~ ;: '~ :. - 'i .. ,.,· J. ' ' , 

terminals to centralized data base facifittes; 
r -' . , ' ' "-' 

In fact, cable television technC>logy is already-.in use as-a data conunUnicaticwunedium. 
·- ·'· 

1.1n the summer·ot 1961 N$Y_Vork Qly'sComputer Se~~Cfnter,$#~hedJrom 
phone lines to Manhattan Cable Televlston (MCTV) faelltt89 ter-eommunteatlons 
with the Manhattan m1.,1,r'lf<;iJjaf .. raiM Tff8 <J~ 'retfu~' "1e ~ ~lJY~• ·data 
transmission cost~ CJne;third,.._.'8Ctj()OG;to .. ooe' 

,_, ~. 

2. Financial institutions in Manhattan have been uaing MCTV facllilies aklc9-1875 to 
connect Watt Street and ,~-\O~:~ "' 

-,,.,\_;>'r 

3. Brown University in Rhode• lsfand: ~ a broadband cabJ~ •vi$it:>t1 .~ork to 
interconnect terminalsandcomputeia.-throughout theC1818PU_.- '" . ·· '" . 

4. In addition, information services are being used, .If primarlay·b~' bUStn81188t 

a. In the Uftilec:bf'tngdona. ltwe ~;§l,~IMY._~ '8fVP• Prestel, 
which uses tetephone;ffoea.tp seQ<f1iflf~•'~ "Qfltiusers. Contrary 

8 Annual municipal data transmission costs for the City cf New York are estimated to be $10,000,000. 

9 Sytek Inc., LocalNet 20 system, aee Appendix A. 
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to initial expectations of the British Telet~iwhich;~~~ and offer~ 
the service, it is used primarily by the business community . 

. ,, . 
b.111 .cQ~t~~ ~<;~) vkieo.te~ ,e~~·~',6'J'~~~~; ~"~.~~Ill fl9W 

offered in the U.K. appears quite successful among residents 10. This Is 
''·attributabtlHO:IOW9f'l«tletd·accessi~ ... NaNN1~''1 ' 
n~rfi Q,f the il}IGrQ,l#l'i~ prA>~r,~~~·jQot. rwnre:,; 
the enhanced acc4!SS featur~ offered by videotex. 

,~ . '' t" ' . i :' J • .:,'J./19t~t) '~fq 1 ,~"' ~ ... , 

.. ~·, 

~ \~· );{' - ; - . . - <>' : . ·:,t' ,'-.: l ,1·1 •: ;; ~;·;\' , .' '"'" -,,.~,t. ,·1·1-· ,'>' ;".I .~,'·.. :, rn the snort ter'rri cable operators will realtze profits from institutional communication services, 
, .~ • ._· ~·-:·, ~H ( i~- ,;-ftfh,•V ~'. ~_::r;',·.·i~ :<.": .,,,; ·.-~J: '. 

in competition with the local telephone company. In the longer term, as information services 

and inexpensive tttrMtnMs~ ·tJeeormt avattatl~;'·N'~ttai ·~et ·W.11 ·1lfso become 

importa~t r~~.~u~ $pHt:ce~ ,.;~.was, m~ -~ wi~-~· ~lf!~,}~d,e~t~ ~riber 
services will be spurred by the desires of commercial users to reach consumers. Many of the 

first generation of information se~lt~tffuay only ali6~;;,~' i&··~JhWntiriicate Ylith the 

headeog ~ aiw SfitrN~""t ~fPe{ec:J<>,™fther,ltW!lfOMh, •ii~• aublcriber 

penetration, cable operators will find it worthwhile to provide for multiple s8fi,ijfl~Wibrks (see 

Section 3.2.2). As a result of these developments, informatitpfiJ~~i19ct;~~ation 

services would be effectively merged. The cable operator would then offer communication 
'"·• . .'' ~, , . . ~ :< . .;rJ..-. < :·.: '"'. ;._ .. 1 ·>• e ,- ·l):·· jr..;.,-. •",. ~·i~ '· .~'··~~-. t';i.> ., ;: · .. 

services to both information and entertai'ninents' service pioviderS and oomniun~~P.~psers. 
and would itself act as one of the service providers on the network . 

.:.-

' t· 

1·J~.~ . . '' i ~ 
10

1n a teletext system pages of information are "grabbed" from a constantly cycling data baae of pages to simulate 
interactivity. 

17 



1.3 Overview,of,this report 

If the cable television networks fulfill their potential as important, and unique, municipal 

resources, they should be made widety available tb a diverSity of• u~ arid service providers. 
: ' ' ~ ,'; ~ ; . ; . . . 1 

Therefore, local cable authorities. in,adQiltoo to .the ~Je ~t:Jatry,; 90~ establish structural 

mechanisms to eliminate the cabfe- operator'1> eonftiot ·Of infi!reSt betweetflb carriage and 

content functions, which might othe~ise lnhibit this 'diversity. In addition, data 

communication places intense ·tecllmcal demanda OA the .,.,,ormanee df a cable television 

network. Therefore, to ensure that data communications capabiliti.es are. not precluded by 
_,-> : ' - ·• ··1 .. ' t~ , ..... ·; ·;:J{ ~-";, ."~:;·.,.. ~--- ..,_. 

poor engineering, local cable authorities and the cable industry must identify and overcome 

the technical barriers to the application of cable television networks to data communications. 

The application of cable television facilities to data communiCattonS raise9 matty: questions 

regarding the proper implementation and pperation of the. facilities. In this report we ~dre&$ 
. ' - . '. -;: . . . . .. : - . ~ t: i' ~. "_: . ' 

these questions, some of which are listed below: 

· Can data tr.ansmissi.Qn be, accommodated on eldsting·oable networks? 

- What engineering provistons must be made to handle'tw-6:-way data·transmission? 

- How much will it cost to implem~nt such provisions? 
' . >" : -

· What higher leYel communication protocols, 80ch as addFeSSing·, 'Should be 
implementecj? 

· Who should offer services? 

·Who should decide what services are to be offered, and how should it be 
decided? 

· Is the cable operator acting as a broadcaster or a common carrier? 

· What regulatory or policy mechanisms are needed to achieve societal goals such 
as protection of first amendment right to hear and speak? 

· How will access to the cable network be charged for? 

· What role should the local cable authority play in specifying technical and 
operational details of the network? 

· What must the cable industry do to prepare itself for offering these new services? 

18 



The first half of this report concent.-rOO. t~ ~.)hat are not yet widely understood 

or appreciated in the cable television community. In particular, the cable industry must 

develop the expertise nec~tt~ ~ i~ of network facilities and 

services; the city cable authorities must understand the technology welt enough to evaluate 

and monitor network planning and operati~; ~the users and information providers, need 

to plan their applications according to the existing, as well as potential, data communications 

In Chapter 2 we present a tutorial on data communications over cable televlalon networks, 

and In Chapter 3 we analyze the aasoclated coats, Impedimenta, and service structure 

options. These chapters should help the cable community better understand the technical 
'l- i·,-~, .. ,lrJ'"t:~. -,.·.·. \ • ':·'::·:_~ ·:·,_~; .~i,_,~?:·;-·L ~~~· ('.:1-:.::~! ~:ii) n(: ~f~'<0!(5J G Jn~)?SVl ,;_)l/'.i ~··'.f~~ .. ,il ~~!.~ -d 

issues and trade-offs encountered in the design of data communications facilities and 
_; -~ \. -:·~n·:: .... ~.____.. !J : 1f~.-./,1:_ ,~: :~:i\ir ··f'-l'.J~v .>~ oV.t .anc:.~:.u~>'~°'~)znr10'.J .ctr::b -,n:.' ;"o. -·~ ·._i~ L .~i[:~ . 

services. We find that the communications protocols adapted largely determine the 
i ·:, -;~.!>:-.~. _ ·,/··-.· Y. 1 ·.,ct .-,_.-. :.;·:i :r, <i-/ ~-'~.t~ ~:.•ht,,vvt~.i1 fJh11J-~) \';t,;:)i:t;'4 i•,,., ~:'··b ;-. \i·~it.~;.' 

capabilities and performance of the system. In particular, the abitity to communicate with 
,. -· .' ... ;:.",;'. · ··.- ';,-~~:, ~ 1; ~·~r ~· ~,: /.; :Jv-.·; or~(i:~qf\'"~fJ~tlnt! i~ft1i\A..: ~b.:"'·" ~~,~ :.,;!;,)·v~ •,.,(~ rit," 

many other points on the network, i.e., not only the headend, will be essential to future 
···>Y;.:f .~ ',,~ .. -·'.t j·~ .·'.',-·Jn;-,·, •. :1 !,:;:'> : .• ; ;1. ·t~1,: __;.~ •. iJ 'i. ~~·::~1(J -:;:dt lo PC1<:r~U~J ... ,;1:_ :~~. ri!.\:.: ·.:b~J:.J~h.-.·.~; 

services. Performance is constrained by upstream noise ahd low reliability which may result 

t~om "~~~,~~t~m · ~~~i~~;i'i;g' ~dr'ih8';818ii~~'?~i~!~0J,~i ~~1~du~~,~ifh> ci&t~ 
5.::.: '· · in.·; .. _:·" >!CU ~~. ~~n:.: riJ:r ·::\ 1 t i lu . .J;.~ t':.: '(L ·}./ o·.r/~ ·.:.i~ L ~U .~,:::~·;t;·:.qriU: ;;) ... ~ t «if' \)didr ~--1 ·:, .-. 

communications. In Chapter 4 we Identify the unique properties of cable television 
.. 1Jc- .. ·.~:~~>.J: \itJ!:·1 n·{L~ 

technology (e.g., an economical, high-bandwidth medium that accommodates broadcast 

<f9'f1.ff14il~~~R~ ;by ,<4q~~luitiW'~ 9'8~. ~~-~~~N(,~;~~~P 
~PhPf'').. ,;.,• 1 "• ·C''l" -<-« ':~J.,;·: l111b nr i> .<»· · : '; ~ : ,, · 

~·" :·• ·.:.t;·» ~; . ,~.;.L' _, . .., .. ,_; ;,o._-i,, : , ·:.:;.:~:bnl .n',·!r~: t !f _..-, .L~:,:;· ~·;-:~~,,; ~:~ . .-· 
The second half of this report addresses· the national regulatory and local· policy issues 

"'·:.~ ... -:.·~r.. Jr~~~ 1:-::: ?.J~\:). .··_.,' ·1~~· :··}1 :H; ~r·~ !!(; ·:)L::Jf~,rv ?fH'::, .i' 01 nr.::~::.-},/':;''l'~-'t ~.:c1n11··1.~ .. ·:._.~1.-; 
&Ssociated with the operation of data communications services via cable television networks. 

cWa~tei's o~tf'~~ 'i~~t ~fie~- c~~t~~t ~mf~~o~ ~~~~i"8''i~~G.~o;;r1r~wo~~f ~' 
television might be most suitably ad~pt~~~fioxa~&;·~~~:~~~~~,~~J~~or;~. ~rri;6~~er 6 

w.e 'W.~f~.m~,,t~tm~c~~~,~~,,w:~~~~!i~1'f' .Jffis.~.,~~­
~Pfes ~a .~"4~!ttq~l~-,~~~~~m~~i~~~ ~~1~~~J~'~ 
SJ1;Uf~f8~:c:~~ ,fo~ .• ~elfl.1~H~ ~i~!h~t~nl3~N~~' ~12*- !t 
emphasizes that noi aJLtwH::~~~'~e~c9~~1wr~ ttf=~1~ ~~ 
for the full range of data communications applications and therefore, in addition to dictating 

operatianepotiot88, ,._t.UllMeiauaiodtY·1nu.JSt1;,1dlsu:th9i~rdlllgrfftproPOHCt- .­

CIJl8'1if0r, t(J'i .... thal'llliilble facltltles. .. ln-Pfill*'\. ' .: .__j 'I\ " 
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Chapter·Two 

Cable Televlston 

as a 

Data Transmission Medium: TOtoria·1 

In this chapter we present a tutorial on the technical aspects of cable television networks as 
, . _, - \ :· • c ~ ' ' ' . ' .- • 

applied to two-way data communications. We review the hardware co~ponents of both 
i - .. ' ~ " - , ' } ; i j ~- t :, • " l . ~ ~ 

traditional and enhanced cable networks and describe the communications protocols that 
. : ; - ' ; ~ --, ' '' ;-; . ' - ' ' ' 

can be brought to bear when implef','enting twc:>·way data co~munication services. We 

conclude with a discussion of the primary technical limitations to implementation of two-way 
, , '. ,. -·' -. r".: • , 

data communications. It is found that the communications protocol largely determines the 
• ' > ' "~ ·: .- ' - • ~ ! ' \ -· 

capability and performance of the two-way system, given the !'imitations of upstream noise 
- ,. . ' - ·. ' '. '_,~ ' 

and low reliability. 

Cable Television systems, atso referred to 'as Cabfe (Cdfomunity Antenna Television, CAtv) 

systems, were designed to distribute television signals from a central location to restdef'itial 

homes throughout a local region. These systems were used originally to provide 
- 1-. • - '.'" -;~- '' . ..;_t : . ' . ~ : 1.) - : ~ !~ ' ' . 

entertainment television to regions where off the air ~eception was not satisfactory. 
~ - . ' ' ' ·- ... ., -.. ;-_,::~·· :0' ,; '·'1- t!:~- ;_;~~-,: ' -· ~. 

Increasingly, they are used to provide a greater diversity of programs than spectrur)"I 
. .,. - :: -11';' . .. 

limitations permit, and as a means of delivering pay-television. 
- . : ~, :-) ., -,• - ,: ,; . ' 

Although one-way television signal distribution continlJes to be thEi primary BpplicatlOn of 

cable sYstems, the teehnotog'y is also appropriate fbr two-way cl:J'~unttations. Two-way 

systems are thoSe which carry ·Signal$' from 9Ubsc~i$ 'Hilck tC> 'the tiead'~nd (upstream); in 

addition to distributing stgnitfs from th&· heddend to' '$UbsCi'lbers (dowdstream ). 

The two-way data · communicaiioR· capabilities. of cable. tecbnology have been moat 

extensively exploited in private Local Area -commumcation :Netw..U (bACN's); ··These 



networks transmit two-way video and data througt10ut tw'ge bui~ngs. industrial plants, and 

campuses. This report focU88Soo development~ irt' two-way data c:Ommunications over city­

wide cable systems, as.Q~posed to campus-wide systems. 

Cable networks are of twf:)-types: 1•idential and institutional. 8~4®Ual ruatworks distribute 

video entertainment pr0gramrning to. residential subacribers m ·rwa1. ·auhu~. and urban 
• ;:, ~{. '.1 f - ·1 • 

· · •· ·· • ·•· · · '1'~11(. .. ,~ "-" •. ;· rn , " 1 

areas. In COJ\ti'lst, i~tional networks are loca-1 tn city cen..,. and,lerMe .business needs 
. . . 't . . •. -

of commercial and- gov•mmental subscribers.11
· t=4e1i~n•18i ~~most· of their 

traffic downstream iri ~rt,~' theirprimary aerv~.J ~~~nt. ~""· newer 
·- . ·-- ·- - - . . >· .. ~ . - • . 

services, suctt as· ho,_ ·Hc:urlty, _ lnter~ctfve ~;( andl..tr1inae,Jon ,~MC8',' require an 

upstream capability. lnalitUtiOnal netWo~ · given their ·bu.tn~- clil!ntele, wm typically 
' - . ; ' . 

. I . .. ,. , ! 

experience a more ~f distribotion Of-~~-n~ ~"1d,~o1 subs,cribers. Proposed 

institutional se~igh speed tWo-way data ~k)ns. in addition to closed· 
. '··' ·~ I< -

circuit television, for ~uo8tien 8nd teleconferencing. :: ' ' · 
- --, 1 

2. 1 Cable sys't~ co.ntpo~e:nts ~·· · , · 
) ~ ~ ·J .. ll:';..;1 ... ~~!~l~~·· ... ~ 

This section describes the elements which comprise a cable system. The first part describes 

those hardware components common to all cable systems. Wfh·-~·~,.sdit;Q"tll 

hardware necessary for the provision of two-way data communiqat'°"8. . 
'.:.; :·:,.: - ; ~· r. . '· "· ~~-·---! i';.;\:{,-;~-q ('d c~ tr·:~~~ ·.:{j 1! :~r"·rJ i.·:-·1·."I .. ~~~-

··: ··:· •• __ 1 
.p· 

2.1"'1,B.-sic c~••.•i•~ , , .... :"~ ·, . ,\ :i:::< , 0
; "'· i ,.,,.; 

Mt cablesys1emtu1re eotnpo&ed of a: hfllHJ.rnd( •~titiutlo'*1 pftfftt,' ~, Jntfillar:e equl(imerlt. · 

In a traditional video distribution catalnefiilo..rt}tfti>rNMM'1ltCit~ iriffltfti··lilt~: 

and translates them to frequency bands that are appropriate for transmission onto the cable. 

plaht. ·Pi~r~nimingri1a1~ri~ithdi1s; prep&;~ ·~~j~"(J~1~1~ b.6~~~f~' ~t'th~,~~l 
&M·· IS' 81$0 trail~hlitt~ dhtb ·thttvciltile 'Piifuf ~8~1~; ~or{r~1atit"IS :1i;;;~11k;·· 
cohftguratiott;orbr~batfli'&>axi~cal>1~.~,~.riP\if~1~~-t~1~~r"~i~:-'¥t~~eSi~~~ 
travel; vla1 tt$ di'Stnl>ilt10W7

Pfant, to ~tt:8' ~sc~·i; ~. '~ 'ih~· i~t~~~:.~~l~~t 
transili\is flil'~ &gn~s into:•t6fm ~~i~&ife by~,~~~~;s =~~'(ft9~~ 22:1):~ · i • 
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C•mora 

Figure 2· 1: Cable Network Co~~~ (Sc;~tific ~4ao•Cab,le 
Communications Products 198112) 

2~1 . 1. 1 Head end eqtlfpment 

Cable systems were first built in the 1950's to provide improved reception of television signals 

to geographically obstructed or isolated areas. In this capacity, the system headend referred 

to the location of the large receiving antenna from which the sig'hllt$' ware: Wiiisrttttted : onto 
the cable. Tod~ Jn at;ldifk>n to. tradttionaJ ~er1ttbe•air "broadcaat :signals. ,act increasi"l­

amQU~t Qf programming material is r~ fr,q•ea'811i• "< - '.. . ,, . . . . . -

Over-the-air signals are often translated from their origiryal frequ~n~y to a part of .Ul~ s~tru'Yl 
... d:,· · '· --~) ' ~;--·~.h-'~,-,. o:.:r : '.~bi , -· : :. ' , , · 

compatible with the rest, .,of th~ .• :~a~lie s~s~~g' J?fogr,'nmi,?,~. ~~.,:me .tr~IJ~m~Q(l 

charact;.ristics. of the cable. In addjti9~ !~ Jransl,~i.~n and ~~r~~~~~ ttie hefd.•nd 
equali~es the p0wer levels of the incomi,ng,~gnals to minim~e .int•rf~r~c;:'° ~ng, ihe~ign,als 

:;-'., '• ,~_ . ';.~ :>~.:~::~'\lJ· ,• '; -~~At, ·'t • ~ ' i;; 11i• _1·:, ,:, ' •' -•'' 

on the cable,. and compen~t~ for vuctu~~ion~ in ~f,~,,~~ ~SJl'J8:'S;tQ iO,~r~. that.a noise-

12
Scientific AUanta C&ble Communicatoins Products 1981; Scientific ~U&nta, AU~, Cleof'gia 

.' ' " ·; '··' . ':i' ~·:l . .· '. . 
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free, steady signal is transmitted onto the network. some··h9aaends ~5~· phase lock the 
:· ·. ;\-'i· : ._. '.··---~~ ;,.·_r~.,i;·~." ·;:i :~_1, ·;_;,.if i~ 

frequency offsets of incoming signals fo reduce visual interference ainong them . 
. 1 ,·; • .;,!_ · r~t , 1 ,.-,t·):·:_, '.; -:.r-~ 

2.1.1.a Cable ~istribuU9n plant ··cab~~' amPiJjJi.,Jii.:bf.~4'A~i~Al;~f~,r~, , 

The -cable plant is . comprised' .ot· t>J'oadlullnd' waial able; 1eigRat• :amplifiers, wJd · bridfing; 

ampHfiers. "Alt transmissioftrowmcabl9lnetwotksis~y,Dilfisron t«lltipllexsditFOAlj, :te.,1 

the totat trequencr:y specUialt'ief the cabte' s·IUbdiWldllddntoJ;dNmMtfs. , .. Eaoh .chBfmel. 

aUecation iatyp;cally 8quat!w·a ~tjle*ion ct•M•k~<1°ttte.tJah~ *-'.-rt' 
be transmitted over cOiOOat cable is·hlrgety cteteimimd ffJ-the~M> uaect» rThtfieabte *81i 

has a bandwidth in d* giga~Mz range ... .tHe<.attiV.;CUJfttl'Giilltnts. c'AafRety. _,,,1'ffttrs, •ft 

limited in the bandwidth that they can transmit without causing excessive cross-talk 13. 
. ~ ; ) ~ ,-

Ttte amplifiers osed·on older ·cable syStefris :tran~ -.an1130&1Mhz·Wh1Ch 4hnlts 1heif. 

carrying1capacity: to beWteen· 12- an<t 20 cbaanwlB;<aleaJ ... msifake•lijJ: moi'e~than:s>'.'ti: of! 

the cable· ~ms in use today14: Witlf: a~roptate::engi~f418We, ~s. wMS& 

components transmit 300 Mhz, will carry up to 30, 6 Mhz (TV) channels; systems whose 

components tran~rrilti 46o'Mhz y;ill carrfup' to 'tii tVl dh~Hl?els':' 6n~ 1pfotir0ft:··~~~Wefi(;E!c:f' .,i,=rt~ 
400 Mhz, and higher, a.ripTIJ\ers. is that dueitd ihe·~~tr~cli"ani\~116a&i\9'ihete1iS ti'JeQ¥8da\1tm 
in the composlte t~ip.~'~at rating

1

fof the arriplifieli~j;'(5( +lafi~1p\~;~fit pi{~nonI~nbn"is' 
caused by .different 'fr6<tuencies' itltertering; J/ith 'ori~'·afi6tfiei''antf ~ett~ralin~f;·;m~r in' 
particular, the sum ~nd difference 'treqJeri~les (produced; ti'bW.'qrii~ :.:~r6dl?cf· o+"tlir~: 
frequencies 15. Three different ty's)es 6f co;~~(af ~/i,le '~e ~ 'iti;irl~f~~illrlil~~ t?tiriKf~g 

c~ble; narrower ary~ more fl~x,i~le .distri9~~W\?ffflle '8~i~~~£~\~~'1i~~'fri::.~~ :t~~:f ~~I~. 
which carries tll~. si,gr;ial to ea'?h individu~I hoy~-11~~ ftqQ·pfi~ ~~r\~~~P,~:f'$1~:; }h,~, l~t!,r. 

two cable typ~~ haye greater 1~tte'1uation tha~ th~~. of ifHi"kj:~~~·~''·i~i.W.!f ~,,e~~n,~:vf!;i 

Optimal netwprk ~s_ign attelJlp~ to miJ1imize their.~ w'~hi~,Wl't..~o~i~~~!n~. 

13
Cross-talk refers to.the undesired transfer of ~l'QY fr~-'?"?:·~~~·, 

14
NCTA statistic, 1981, ~-a.iley ::·j ; .. 

. 
15

The triple beat t:nenonieaon, allO tmown a lhiicl ordlr.~tatidnr• *8.&leatil'la'ilt oneSlgMhllnie,r with 
the second harmonic of another signal carrier (2f 1..±,f~ or the beating of three signal carriers together with or without 
modulation ({(f

1
-f

2
)..±,f

3
} =f

3 
+6 Mhz). 
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Amplifiers are placed tt,roughout the cable plant to compensat.e for attenuation which occurs 
' ,. : ,· • ~ - ''. • , • ' .. , ' ; :· • ~ ; J~ c;. ) - ' . ' . . • • ·, 

when a signal is transmitted over long distances. The number of amplifiers needed per mile of 
'>.·· , ·~~ t _. ~-''•~;t:·-H (' 1 ;._~::JH1,_'i.> «': ·:~·-~--.~~;- ;._: ": . ~I" .: 

distribution plant depends on the attenuation characteristics of the cable. An amplifier 

cascade refers to the number of amplifiers which a signal passes through between its source 

and destinatioti point~ 1Jecilu9e 'Mt amt>11t~:rs1ebntfbittl S<>Hfe thfardhh 'id ttie Signm, there ta 
a, shict upper Hmit tckthe. ;fentth of :a caacade willclr.aan. bet._..,.ted be~ the signal 

becomes di&toned · beyOftd · acceptable. MwJi&:' tn-,,additiiln~.>ttte; YtlilWlr2atw 1 SandWidthi1 mt m 

amplifier, the more diftiault.iMato omtrolaienal diidoftion, Ttt~.l11e.mut1TMJm teletatale 

eas£1de for 4'00·Mhz •tmrai1a0smaltar than·tM11ie1t3'D~1.f~}. .~Ulluncllino.fa 

acbieWd::withifle use of biidfling ampliliet& whidt-fe9f:t,1PpHlied ••:trom. theitf'unk,Cllble 

onto a diatributi~.eable while keeping ·the truAkaaflle~icafly iaolm.d• , 

The geographical coverage of a cable network is limited by the signal loss over the cable, and 

by ttle distortlon•eharacterlaticad tbe!BfnPlifienkJMlu•WBtema ~ie)this cepe>rtqierate 

over ar.euM>f,z.to,50.milea.tndiameter{·:for.ttteicsw ot40QMhZ"iGC1111111:anenta.-kmpimum 

aHo~able amplifier e8'C8Qe:imita.thed~oliaingt.,1lub' syatema.to aboutilemilea •. 

The cable d.i!?t~ibutioo P!ant is typjfa~lyiar~an~ ilJ..:~rl.e,ct~r~~~~J<mJ~,~! referr,~ to as 

lopf?!: !ree,. and ~~}LI\ ~oq~, ~iHn r~mbl,es fl ~~'-~ fflQM!f~c;Wi~ f~~~~ of ampf(fi,r&, 

b~t. f:lrlt,~ls th~ l~~W~sJ ~~ifier. ~~~::, Jh~ P.~~',,R') ~ 9tgo.p.,~ig~. netwo~ is 

prop,opi~nal to ~tl.~. :~O~ 1 ,dist~r1C~ w.tli~h Jtl~. ~~l~i ~a~· .. r?:r ... 1lf1~1,fe~n,, the .. ~~ . . 
topp!pg~ i~ <>rJly,~prqpri~~e; for sy~~~~s .wittl.Jim~~~ ~f!fflf?:;ic•r.,Fv~ra,ge and the low 

di~qrt~Qn cha~!l~eristics 91;~iq~ily ~oc~!~!1,~f~l .~"1"~~"'~i~. 

A tree s~sterii is:composed of a windirlg central t~unk anc:f btancliing' dfSt~lbution cables that 
ciirt-y tt1e signals ct(;~f'to.'ffle su~ri&ns· P,.emiS'.es 'cflgtire· 2~2t;~ fh~;\6Pt>r<>Qy RKiut:es the 

total number:ht ampr.¥1Etr$irleed9d; and allo~ the,systerii bi'~ 'a'.'iar~er·~~a ttufu a lo<>P 

topology. It also"atrriwrr'iSora:t1rin 'bf pbrtio~ of 'lhe'·aa,,~:~t'°in;"~'~of'disrupUVe 
component or interface unit mattunction, i.e., individual network branches, without halting 

total system operation. 

The inferior characteristics of 400 Mhiamptifie'rs 'fe8tr1Ct the topology of 40b MHz systems to 
; 

a hub design whose branches are shorter than those of tra.t"~N* '(Figute 2•3). This 

configuratiorHeeerNMa aatar Witb·tfte bemdend·at 4'8·c.nteri, •d<multipler...aially distributed 
' " •,, . '·" . ; .: ... 
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trunks. The maximum distance between the farthest subscriber an(fthe headend Is thereby 

minimized. This reduces the length of the amplifier cascades necessary to cover a given 

geographical area. Systems can be configur~:witlHlMUPltttitW:lfcton~ted. l\Ubs '°'cover 

larger geographical regions. Enhanced transmission methods that are more resisitant to 

noise and inter-modulation are used to connect the hubs (e.g., digital transmission, freq,uency 
' '' c 

modulation, wider guard bands). Wideband, low-attenuation media, such as microwave or 

t1bet1 bptld~ mi~(yp'ftaffV~'tor ttteciniet-fitib'Hn~:~~ rtletrrodS iihd met11a· ~e cufrently 

econorrirca1iy ptol\1bttWe:for~ 1rhntter'seg~tidt'tM~~~ 1st*nt: ' 
X'. 

r. . 

2.1.1 :3 lnt~~fe1ce ~ttquipment 
' , .. • } • f _\ ; , ·'' - .· '"'~' ,_ : - - _:l" l; 

The feed"'·C~.iJ8P&.- of.1he dilllribut.k>P.! ~··· .~i:lhft MrW ~ ~ _subsQribief:. 

The -ilJfMl#a<:~·~nit, wbictl • ·aleQ r~~J \Or:•·· #lei O#fll"-"""-:Rf•~ .eqyi11fR8!Jh{CPf~. 

~ ~f~ ~•iW th• ~··;JV-a.. dT:-~fifRilitr.,..,._tes \t\e;Mlf'ats 
taken off of the cable to a frequency band that can be received ~:J>~:etaftdard.t~. ,lhl8 

converter is the simplest form of cable interface unit. In addition, subscribers to pay-
.. 

television programs, which are sometimes scrambled before transmission, have converters 

16 Dlneaon, M., Picazzo, J. (22) 



:-, ' ,·• ..... ,.,. 

equipped with descramblers 18• 

2.1.2 Two-way cable system components 

2.1.2.1 Headend 

Two-way communication$ on a. ca~le system.r~r•Jtu¢ tt\El.l'l~~end r:ecejve.upstream 
• • • ' . ' ' '; : • ' ' ' • • .. ">.,# 'i . ;.·~·' _. . .. \ c , '. ' ' • 

signals from the cable distri~ti~J-!8.0liO adp.iUQf}J9 tr~tt~q\l;Af~q,~,Q,q,w":str4;1a-n. Some 

of the control structures for data communications require only that the headend translate 

specified upstream signals onto select downstream channels. Others depend upon the 
i ; . :~:·;. ~} ';3 :.~ ~:~ ~~ ,} i; t ~ .. ·' . ~ 

headend for additional addressing and switching capabilities. some of the upstream signals 

maybe forwarded by the headttHCl1o ottter°peinl'S'Oi\t;i"bff'ofW.e1catite~t'Whttec0th9rs 

may be destined forth& headenct Itself. Exactly Whafc~uip'rffent iH'9'~ded ·~ <;n :.the 

application. To ensure compatibility with Yid'eo trammti8910ns~·aometleadeftdtatsd frame the 

data signets to look like video~ · ·, '· 

17 
Dineson, M., Picazzo, J. (22) 

18 
Alternatively, the pay-television signals are trapped out at the trunk connection to each subilcribel''s feecter 

cable who does not pay for the premium aervice. 
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Most'large systems today, bOth one-way and two-way, empioy a rntnttomputer at the headend 

for system control, maintenance, and billing. Once the headend is so equipped, numeraus 

network management functions can be implemented at tile headend. 
>~ ' > ' ' ' • ~ ' • ' •• • ,•· • • 

.2.1.2.2 Ca~ dist1ib¥tionplant 

Two.way capability knPHes that the cable dfstribUtlon ·plant· ~tratt$1ntts sr"gnalS in bdth 

dtrectiOns. 'rtte coaxial; iC&b1~ '1t$8tt t\1$' thts ~Mty·b6f;'fi··~ one-way cable 
arripliff'ers must· be rriOdlfied tCi aeeonn11odate' .WO-.way 'transmf8afoit:11' f\lio~way amplifier's 

amplify a-·'pbrtton ·t;f the cable' •frequency 'sp&ctt'utn'ln··.ftte:,•~rlt dtrecttort;··ancf·the 

balance iri ttte downstrearit dfrectlon. Ttte upstream 8rid' dd.mtftrellri't t>ottlbns ~ n'dt tie of 

eq\Jal · bahdwk:tth, and 111· · mdst ·aises ate 'not. · Ttte tt~yl'vbam:twrdtfis :anocated · for 

tit>stream and downstrearlr tra.nsWnSsion n'~PfetelY 'determined l:Jy the ~ useij, 

Any one-way ststem' ban, in princiJ)te, be ctth~ into 1i'\Woiway syStetn ifthe ampttflenhue 
replaced with two-way arft~:· · 

Two-way cable BY'tems vary in the number of cftannels'·: docilfe<'F'to t'.lpStream 

communieation&; · Residentia~ SyStems typiC:ilty altoeate ·• rft&t 'df lthijw 'c:atiti1 cltarinetit' :tb 

dt>wnstream transmiSSfon· •· Sit'Mftt to 300'Mftt 'fbr~emn;'ahd~-att t8129.75'MKE2' 
for upstre8Yft, transtniS'Stofts Cln'3t» Mr.% ~'"8.- meae ~re r'eftifrtttflo ·iii sub'-Spt1t ~. 

Most institutional cable systenil/W..tf:ilr·ai,.p'i'f;fafe UGH·s~ 'd'iftldsplff syst~~·\J'Y11ti88 

allocate the same number of channels to both upstream and downstream transmission; for 

example, 5.75 Mhz to 108 Mhz for upstream (reverse), and 1~;,~;iP• ~ ,.,Utz fqr 

dQwnstream, trans~.issio.~,,o:;' aqc> ~~~:systems. ~h~;~u:~i ~~~'~ m,-~.~~~~~ 
.arbitra':Y,•,usi~g over~,~1he-air T.V. ~~ns"1~-~ f.r89:~~~Y. ~"1'!~1&,~,~ ~,9,.~e ~van~~ 
of wi~e~y ~v~i~able _(and thefe.fq~e,ine~pen~i~~~. ~Pt'~-~~ r~~. ~~i~ment; .~.c~le 
systems, referred to as dual cable, use two CIJbles. The cables c;an be 9j>Etrated as two 

: ;-.:t ~ "~· f1' , 1· •. :1~~ · .. , .?: ,~._{ · .. f:: ~,,: ;,.:, •.. · '::; ' .. '~ "" .. ~ 9:':'•F,';!1f-<t ··: • -: . t) >~. ~- ':· · 
subsplit or midsplit systems, or one of eac:;h. ~ fourth ,option U&eS art entire cable for 

~,;. .. -... ·)~· .. ! f~ ,.~.f.',,,>Jr·· ·· r-~np~~ ~,-:00 1 < ,_ .,.,., · 

19.rhe ampllfiers on twO·W.,. feady jystems ht\/9 st0t1i reidY1df''lrilierfton' at~ 8IT.Pltrer boaids. Thia 
technique was prescribed by the FCC in the mid-seventies for all large cable ayetems. It waa an attempt to ml~ze 
1he c01t etMllrtt Rtiroffnlho.'WKl!e'~!fiafll hk>-w.J'~atft\Hf-WSit''Cf:w\tan-t:t.2.2 . 

:H'..\· :V>!~"i-n.Xt":~,tC1,...._, i~,.· ~,)··' 

20See Section 2.3 for other practical Hmitations to two-way tranemllllon. 
I •;°'11" "'.· < 



downstream, and operates the second c8Ple ~ eiU,ter midspjit,, or subsPli~. or ~tirely 

upstream22• 

The data transmission rate achieved on each channel is determined by the number of bits per 

hertz (bits/hz)23 transmitted. This in turn is affected by the noise limitations (see Section 2.3), 

and the sophistication (and cost) of the modem. The dat&fMe<eM~erica.1 ·t:IJ each user• 

also determined by the,ac;:ce$&scheme used (8" SecJiOn~).;;*'~11 ~,~geogr~~ 

coverage. ~xisting cable.t>asE!Q data ~ni~tioll. nat.wprks~i~ agQ(.egate data r• 

up to 5 MQµs ove,. each 6 Milz cbanqel (0~ ~.~ 9P~dioQ,~on Ula accesaacbeme 

and geographical cove,rage24
• Aggr~ data r..- ac;tliEtv~over ~ luff ~ctrum of. a "; -. " ' ' , . +. ' ,, " ' . . _, 

midsplit c;able system .range up~ds of 3QO (300 Mbps i~.-. at.,l;\i&/~ •ample of#le data ra,te 

achieved assuming 0.5 Mbp:t.,per S ~ chaRn~. JD,-<:0~9n,.MyltiPois;it Qistribution 

Systems tMQS), which use miqpwaye ~~ fA~-,.offer,~~ . .oQe or two a~ 

channels due . to limited over-the-air spe,dl'Uffl . avai.,.litx;. Q.Od . JJ(lpl(>difiec:f, telephone 

company, local loop facilities (twisted wire pairs) offer up t0:·~~ 

Two-way bridge.amplifiers:are used toamAti«y §ignajaomo, ~off.~{. ~ment.s of t~e c@fe 

plant which branch oU of the ceqtral tr:'.J'l~· tn;~J1l&, tw'>~W~.:SX§l~ttfw priQge,amplifi~rs are 

eq1.4;pped with ~ electronk;s wh~h :8'~W ~~)kt, b!e-~~~!tf;h~ OJ1;~ .. off 

via signati from tbe ~eaclend. In mpr,, ~ca ... ,1~~~,ay~. bdp~.might be 

equipped to perform diagnQ4itic Check$ on tht ~ ~: c: 

2.1.2.3 tnterface units 
, I ; ~t ; •' , 

The interface unit for a two-Way system must convert signalsfrom the terminal into a form that 

can be transmitted over the designated Cable chann~1::8nd i~i~ed by the he&dend. The 
, . · , ,., , . ~i .:;;·~1:·, '•·•·=' ··.~ • •· . 'r ~:~ '· 

function and complexity of the interface unit' depends upon the tYPe of 'terminai &net access 

scheme uSed. The interface· u.nit consists of two 'J>arta, oo~'' the ;., illodem, and the oth~ is 
" ., '·~. .· • .... 41" ~ ;-~~'.b::: ~Q 'f:'-' ',-!'!· · . ._, c .• :.· '' 

the control logic (both digital hardware and software) 

22
wang ll&esa d~ ~ fo,r HI W81l9Mt ~ cla!IM to IC.h"lhree ..... "11.~ •~additional cleat. 

23
Bits i*. her1z i..the inverse 0( the 8'flcienQy -·'Qr ~~\r-,.,,,. to-)l--~ul.~re In thll 

instance and will be used throughout the report. · · 

24
eox Cable's lndax system runs at 28 K~ ~ 125 Khz subch~ (.m bb/hz). Wang's broadbllnd system 

runs over shorter distances at speeds up to 12 Mbps over "R· ·~~;~~ ~~a.-FUN 
at 5 Mbps per 6 Miu channel (0.833 bits/hz), over dilllances up to 10 miles. 



Radio Heqifency modfrlator-demodulators (rt-modems} convert digitaf stdnats from digibll 

-devices into analog Signals which can be carried . by me~ 'iri~twork ·much. like video 

signals. Af~mofdeim technology has ·proveri ftl'Y \:)C>pdlar'f0flndustrf8t use, 8nd mhfe recently 

for communications in business environments; however, it re.mains a relatively costly 

techn~logy for resid'e~ti~I use:· ~f .'.nociem c~st~ range· upward$'~(~. 3
This high cost ~ 

• , • "· f. :_::.J _' ~' ;c:, · .,_ , 1 {: t: ,_:. · : . ·~": , J,_ ·, .. · • 

partially due to the limited quantities currently manufactured. In addition, the analog 
' •• • ~. ·1 " , • , • - ' •• '- ~ ': i > ', -

complexity of radi~ . f~equency cor11ponents. mak~ Lar9e ·S?~"'l~~egr~tion (LSI). difficult; 

therefore, the costs are not expected to deCreaae as ~apidly ···~y-digihlt components. 
~', , • J ., '.. ~ ·.~ • 1; ':.""?!)~_ 'c,)f .. , ,;._' ',,_, '. 

In'• tetephdne·systefti'Mry cuatomer has tta Own'~tcatecr•t.W:-jafr; on ·a cable'te1evlai0n 

network nodes share a common trunk-YJhrctY~t'n*"V~ottfa. An access'SCheme or 

protocol controfs how the cable capacity is shared. Each unit must also be given an unique 
· -_-.:- • _ { ._ _,· ·., - -,, -· ··• '., 1-· {! • ?..~):;: ":·r·---~~~' -i .:· • 

digital address to identify it for reception of downstream signals. Thus, in addition to the rf. 
,,. :: r_ .,: ··".,: • __ ,,,. .:· .:.:,fti'-.'.fH;-=.i., ~i·:·~>i.,\<.~:"•.>:-· .1···,_.,. '-')' ·• 

modem a two-way interface unit contains control l09ic which implements the communication 
• • ~ _~ 1 •• _, ~·:.: - ••• •r -~ ·r ,,,. ~~LH)~.Ji-~:-~tL,r· 1}(~ </J 1·-;._~.-: .. ~ ,.. . .·, '.". , ,~ 

protocol. The interface unit design and cost is largely determined by the access scheme lJsed 
. · - ·r-, --~ ,,_1· )J!~ ,, (....,-1~ :)1• .. ·:· ~ · · 

on the network. Finally, the interface may implement additional capabilities such as anti· 
- l, ' _' ' • <',• N~· . .. ' " ·' . ;.-·- ... :}~ ;~ ,:lj :"< 'H' 1!! <. -~),_·~ .,; • '·. ' 

jamming techniques, encryption, or other enhanced features. 
·•.· r 

.2i2 Acce•s .. sahemes..and communieation1)rc>toeotsfor two­
way·data~mmuniGations .·, )1 

·:.:: . t". i ' ~ . ' '-. ~ . 

A number of alternative protocols for data communications ov~r broa~band cable have.beef' 
. :: .... 1 ·";::'(;; - ::··. .. -~:<i );· ·:~.- .'··.#··1·.4,· ·-.• ··1 ;.'._i i·· ~~c :::·', - , '') 
implemented. Each of the protocols has a system structure and user environment for which it 
",!.:' ._ ~-· ·"., · ~,,._· -. . _, .. r __ , , ,; \ -.; ;::· :;· :. '.~L ._.:·~~:):i0~_;:~~~-~ ~,~~j;~:- :-~. -~;·.:·· 

is most appropriate. Residential and institutional networks may require different schemes, 
-t--n«; . ~f l ·:, <.1'_"<: • '.~ . .-.. ' :.,,.;~; • i)!'i: ~·-·~:"' : ) l,.~_•.!fi1d p:·,~~i -~.:;.~.bi· ,71)~_.' . 

based on the differences in their applications. E\lentually, agreed-upon standards will be 
•'. (.::-.1 . . I ;~3d :.· '"· - . . .: .· -: ';re. ·.:, ;'~ ;:;~·'l:'··lr)~).:.~:.:.;2"~ :;Lr_";.~/.:,· .~~·) 

needed to support interconnection of networks with dissimilar higher level protocols. 
' . } . : ' ' --: 

1 
' : 'i. •. ' ' ' 1 .. ; . t ,_.~ ' , '· ... : :··~ i ':. t.. . . . . . ; ,' ' :. ... 

2.2.1 Description of access schemes 

2.2.1.1 Polling 

T~~ m~t ,c;:ommon access scheme currently.~' for, ~ozw,.,,co~"lu.ni~'ti':l~~ on cable 

systems is polling. The headend continually cycles through the system, addr9aalng a 
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message to each ,interface unit to. see if it. has data to send. It can take as long ~ 6 seconds 

to poll every user in a large system, on the order oJ 100.000 ~i>er~~ ,. Unjque digiwl 

addresses are hard-wired or programmed into each of the $Wscrit?ef iQterface unite. 

The performance of a polling scheme is characterized by the ress,>onse time realized by the 
:1!' 

subscriber and the amount of data sent per response. Some polling schemes allow the polled 
" device to reply to the headend only with one of a set of predefined responses; others allow 

:::::.• ··~·· - ' 

more flexibility in the allowed length of the response. Polling is ~~t often used for pay-per-

view billing, as well as for security and energy monitoring applications. Polling methods are 

appropriate for transaction services iiRP other ~.aui ~mni.vn~"8 ~iQes only "'4len 
traffic is very light, and when r~nse time is not criticaJ. 

A modified version of polling uses intelligent bridger-swi~ches. Th~ headend polls one branch 

of the network at a time by addressing the appropriate intelligent bridge amplifier and allowing 
.. ·~L- ' Ll • ' 

all nodes on that branch to simultaneously transmit (using separate, preassigned frequencies) 

their upstream signals onto the entire upstream portion of 'the trunk cable. Si~ce only one 
' 

branch is allowed to transmit at a time, the entire upstream channel spectrum can be used by 
. - ,'~ ' ·~ : ' , 

the nodes on a single branch. This method achieves higher data rates than most simple 

polling schemes but may still suffer from long response times due to the polling cycle. 

Binary polling is used to decrease the detay which results.freM~ ~ polling cyctes. ·The 

headend sends out polling messages to all points.onithe.netwonu· 1ttbeJlel!lc:ftrfd receives a 

response it locates the responding device (or one of them) using a binary search technique. 
~ ~ ~-f· ~~ ;T":._~.,_;1 

The headend turns off half of the network branches and polls the other half. If there is no 

re5ponse, the originally responding device is known to be on the other half of the tree. The 
' • • >" · .. 

network is configured as a long branching tree and this dlvide-in-halfproces5 continuesyntil 

the headend has isolated one responding node on the network. The customer is serviced and 

the process begins again. This m~thod is only ·effective i~· reduci~g d~I~~ if there ar~ few 

simultaneous users with messages to send, e.g., security monitoring. 

25
The Minneapolis cable system being built by Rogers C&blesystems Engineering of Ciinada, specifies a 6 second 

polling cycle. 
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2.2.1.2 FDM 

Frequency Division Multiplexing (FDM) can be used to divide each 'of-th~'\fMhz channels Into 

smaller subChannehi 'for dedicated lise t>y 9ubscribJr$S: ~hif:tjlift1tiifiice Ufflt ta a Standri­
rf-modem t~ri~ to dedicated fteqoencles; one for trS:A~WaltttnO''\<f·oflu'-for'rec$Mng. ,,,,__ 

recei\/fng frequency '!ierves as ttuf ~h1r~{dfglt8J ~eu: rtre &ffifl·ate is: a· functlan of the 
channel baridwktth and the nurrib&r'of bt~ ~-hertz ~:~kir ·· 

Switched FDM schemes Nl8mbte tlia8 cunatt ma.ilacu.t of 1he>t818Pbone.ayetem. Eadl' 

user is 818tgned a d8dicated-aubchannet• - Thia·ireq1•nt)Nl8llQ·nnamar.-:818: tbtMnserl8 

address. The: headend- reada actm.sing .. infonaatk>nvon.6~ iXMtmUnlc-'6ona-aad 

routes the lnforrnatton to -the proper dowtilatlea~•:'-"81'f~milligi tllta:<~priate 

frequency transfatkln. Tbta>access method;la apptl'C>pfiaf8' lor.ay•1 •1s .Vfith.:&1ffmited1~mt>er:• 

U88f&Vlhose comntUnicaliol'18' are reletlvety unifornuwer4bfte.:.'lhe'oum•·•f use•who:CM 

be served by such a scheme is limited to the number of available subchannels, which-:in tum. ii 

limited by the minimum acceptable bandwidth of a subchannel. This is far fewer than the 

number of residential subscribers on even a small two-way ·n~ (~ol~i 1'?': more). but 1t$ 

possibly adequate for an institutional system. 
l ' -

Dynamfc as~m FDM makes use:of ~1-ne ~··which alloWt".usetSctO 

tnmsmtt· Via 'one of a wet 'Gl ffequ~- subctWtr1*i··· lte'-'~ufat'frequency · used II, 

cteter+hiftH'by·the user or t'f a centhll <cCllftr.OtltWi'lJM,,:.u..:"eadfJftdr -Tl'ttteantnd contrullal' 

dyftamicaly dssigrts. the calffhg' and 'callect :ftOli:tel w·fr•~Jfdr:ttMt·duratton-of-lh*lr 

communtcattoNt, pottlng;caniJe Usec1·t04dentlty~h0de ~m 9et • iaamnecttan. 
Wl't11e···lillowfnt: service to' many flt0At1.-sens;-tt11t~•·•l._ .. .,lecf) tf>J.-nty:tndftc 

types suci\ aa'tOfftjjutW·cemmu*tiatioi\s,Whlchf~la ~ &W•llbOrt, hllh'•--y, 
intermftteifllt cornmunictitioAs-. tlaing<fDM :..,... ati ttMJ;.actea111~1rwt'Mln lttdlaRMll.ila­

~ecfto-&'deYice, 9'9'4 it ~Hy llilill9Mid~lih.ill!tay1flllltlrcftitlitl1h08IJ._wben the 

26Manhatta~ cable Televlalon (MC1V) In New Y~ city uw ~.: -.;..~h. MCTV has operated a data 
transmi881on service between uptown and downtown Manhattan lince 1875. The 98l'Vice la primarily ueed by 
banking and other financial Institutions with brenchea In both location8. 

ZT Note that all cable television uaes FDM to divide the 300 or 400 Mhz of bandwidth on the cable. 
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2.2.1.3 TOM 

Time divi~ion multiplpxing (TOM) ~Hows multiple devices to share a single FDM channel or 
··' -:')' .?..,.. ,. ' '.. ' - "-'. -

su~channel by assigning,:e,actu.1iaer a fix~ pme sl9t d,uriry~ Y'ni,ch, it,~n9s 1!~ ~a~~·; A user's 

address is his time sl9t!, A fQfm pf TOM called Time ,Oiv{~ipp Mulfiple A.ccess . (TQMA} alto~ 
, -. , ,·.,. , , . ~·-::.n.,!.-. : .. ; - :':.:: ·~.; : . , 

many devices along ~ caQI~ to ~re a TOM (:ham,te.l; .~vjc~ inee,rt d~ta into thei~ .. stot at 

multiple points along the cable~, Tll~re are a Jll.UU,~r of ~~hc;>:(if? f.or ~QmrqUing all~ation of 
• , - \ ,.., ' • \ ' ' ' • : • - ; - ! ' • ; ' ~ ' • ' 

the time slots using a TOMA scheme. Demand Assigned-Time Division Multiple Access (DA­

TDMA) is a more sop11isdtated 'TOMA· acMme wtlioh alkJln.·~ .allocation of time slots 

on a ·.transmissioft. char.met. This,technique .w881devetoped for aateflite :eommunicatioos, and 

is generatty applicable to: .bigb.'.bandwidth :mu/tipofnf <Calftmt.mmttona. neNtork4. DA-TOMA 

uses .fnteHigent. micropl'OC8S81Dr connlled, intedace .. unita,, a& well .as ,a,,fetrly powerful 

minicomputer at. the headend, to ailtocat. time. akd8, on . an as "t'lMded. basis. DA-TOMA is 

af.JPFOpriate for 'both high end , ·tow .speed U98t'fl. ,.nic*"·hUlletlt •with bith v.ohlme 

req0irements. 

2.2.1.4 Contention schemes. 

Contention Schemes are another form of TOMA. Aloha [1], Carrier Sense Multiple Access 

(6SMA), and CSMA with Coffiaiop. ~: {CSMA~f;Q} {4ll «•1 aJt. cal'JQ~Jor :use .on 

residential cable aystems •. eontention .~:aHow.aU ~~ M8r1 aeingle ~a~ or. 

multiple subcharmela an,ae. ·interconneot~,i..,.Jt1t:JffdliJl1 ~··, f~~~·~ 

CSMA,. when a devi¢e has._ ktJatlld; tie .iAtedace Mfrit ~o~ ,~of infprlJHlljon 
' , . ' ·' ·.' . ·, 

onto·tbe:clita~. If the.·vnit doea ftot reoei~ ao-.. ~l~t1-.W th,@;~ were 
received mtact,ii.•·~ 00Yiaion:occv11*i utheft;hJQ<ttf·~~itfdttAerm>~Jo ~8!', .... @anoel 

simu&taneouaty, resding m deatrowed ~".jt .ft~~ ~;i~ ... 'Jihe mGl'e 

sophisticated achemes aUQw, tbe-.de¥toes to -.i .. l! .. .,.cd~fl ... ~~I ~e.or 

during broadcasting, theteby ..... cinglbe1pr ... ·Ot~iGlb F~~~LlMl~ 

CD, if more than one device broadcasts at any one point in timel~-·~-·both 

devices backoff and try again after some short but random period of time. Every device scans 

the address destination attached to each packet on the channel but reads only the contents 

of those packets that are addressed to it. Contention systems present a traCleoff among data 

32. 



rate, geographical coverage, and minimum packet me•. Although LACN contention 

systems operate at speeds as high as 5 Mbps per 6 Mhz cha:nn~i•,· pe~
1

~~:r~ for a 

r~~dential cabl~ are pr~ably limited to 1 or 2 ~ ,IWf. 6;. ~ cJ1an.~1,(0.166 to .().,~ 

bit.s1¥>· ~pe to wider geqw~hi<;~I coverage and lp~~r,~~a~~~ signaltp nQ~e.ratios30'. 

Contention schemes achieve complete connectivity through distributed control. In contrast 

to DA-TOMA, contention' systems ~equire no added complexity.at the head~n~ beyond signal 
,;;t ' . 

conditioning;· the switching function' is inherent to the way in ~l~h the cha~nel is sharEtd. 

This.reduced complexity ~nd distributed control·~ ~..Y'attracti~ for the diwrse c0mniunity.of 
<. '· ,, . . d;, ; "'· ·:; :·.;; ·, :.; .. ;i 1 

users that is to be served ih the residential and small business market. Contention systems . . 
are app;~priate for multi.point ctimmunications between 'bursty users at medium · and high 

speeds, and short to moderate length messages. ''' ,t .. 

'' 

Token passing is a distributed polling method. The IEEE LACN standards commlttee31 

describes the token access method as follows (32): 

A token controls the right of ~R~,tp ~~U:>~~Gaj mt?dlum;,the. 
node which holds (possesses) the token has momentary control over the 
medium. .,. 

The token is passed by nodes residing on the medium; it is passed from 
node to node in a logical ring fashion. 

Steady state operation consists of a data transfer phase and a token'' 
transfer phase. The two phases may be combin~. in which ~the 
token ts transferiecf in ~iUndtt:>t(wfth adata~'(tmp'iidi td#<il). 

Monitoring functi9~~ within ~he ac;tive ~qd~s Pf.<?~kj,~ ~ ~~" fqr, . 
initialization, recovery, and general housek.eeptrig of the logical 

28 . ·.· ... \ . 
Estrin, D., Some Technlcal Considerations In Using 11 400-MHz CATV System for Data, World~ Paper, 

Laboratory for Computer Science, M.I. T ., May 1981. ' ' 

29
ungermann·Bass Inc. (63), Net/One Broadband; Wangnet achieves 12 Mbps over 18Mhz, or 4 Mbps per 8 MhL 

. ' ' . ' ' ., 
. . ' .· ' , :, ' 

30
Dickenson (21) au~ ~t ~ .. ~~~.·~~~~~,""~'~o ~ ratk;la of.40.dB.or 

greater, Whlch is more 11\an·iideQuatefot'Ngh plikftitmance. 'BUI, ,,·.ir.. i;o'CJ~·cut'rently available as to.the 
number,prP,8"~~~~~~~~~1~t;tlrk .. __.:_.._,.. 
Is exposed to a harsher, and less 'controUable, environment than a building-wide LACN is, making It difficult to 
guar ..... ~. ' ... ;1 ,;; ,,, .. ; '~ .. 

31 
Institute of Electrical and Bectronics Engineers, Project 802, is attempting to aet standards 'for 'foell. area 

network communication protocols. Standards have been established for both contention and token acceaa 
methods (32). . 



ring. The monitoring functions ma)' be rep~tKf amQAg nodes of the 
network, but only a few nodes at a time carry the primary recovery 
reSponsibflity. · 

As on the contention channel, packet headers are scanned by ·aft interface units on the 

channel but are selected by only that linlt' to which they are ac:krte$Sed~ Jn contrast to the 

contention method described above, this method does not present the speed, distanc.,, 
~ , r '. ': ·, ~ ~"'.\ ... '. c , '~ • • 

packet length trade-off. It therefore can be used to achieve higher speeds over longer 
.. . .·:·v;·. ,·•, . . .. .. .. 

distances. In addition, the performance of a token passing channel does not degrade under 
' • , ' ,.~ ' : <. ' ~ ~' ' ; ' ' ' ' 

heavy loading as severely as does a contention channel. On the other hand, if the channel is 

lightly loaded, longer delays will be incu;~~ with higher pr~~~rn~';,~his c~uld be .a~gravat~ 
~ ' ' ; • ·. ," .:; ; ; . ; .. 'i ' 

by extended geographical length of the channel and poses an upper bound to the 
" . . .,_ . ~:. " . .. 

geographical coverage [54]. A central monitor station is ordinarily used to ensure the 
;, ; :· '· ·, · '. 11 r: ; . ' 

integrity of the token, i.e., that it does not get lost on:luplicated. This monitor could be located 

at the headend32• 

2.2.2 Performance characteristfes of access schemes 

The choice of access scheme presents a tradeoff among throughput, f)onnectivity, 

availability, and cost. 

2.2.2.1 Throughput 

The throughput is the d~ta rate experic:mcect py 81).,i!1~P4\d.Wll ~{~.l:t):$,only a portion of the 

aggregate data rate offered on the channel. Polling typicaHy offers the lowest throughput to 
"'>t : ' : .. '.• ·• . .,. ,, ' .. ,~.: . ~ '. •. , ;1 .... , ""~( .. :·~,_ . .. '. . : ' 

the user. Some implemer'ltatlbtis of l)ri~g,r-swltc~ Q<1tllng allow a sJ~lffbr~nc~ to, make use 
I,~• , • ) , ~' • . , •·' • '··· ... • 

of the entire upstream channel capacity at a time. Although this increases the peak data rate 

accommodated, the polling-cycle d~lays effectively reduce the throughput experienced by the 
-, '.'""- ': 

subscriber. 

The throughput experienced on a dedicated FDM channel is equal to the data rate of the 

modem used. Higher da~!l ra~ reqUi~·1~ore: 4~i~~t~ ~11(Swk,l(ti~ '"®~ the number of - .- ' - . ; .... ,-_ .. : ··::; . - _. - - - -

users who can be served in a,gi\len freqtiency docattotw; &tndfng1MWtf bits per hertz results 
IL , ... ,_. . ', ' ·.:'.i:·:~ ·_,·-t.q··. ':'.::~-;!::_.·: ':· " . 

in cheaper modems but the inefficient use of bandwidth limits the amount of U'affic·that~ be 

a~COIT'lrnodated. 

32
Phase-locked regenerators would be used along the channel to ensure proper transmission of the token. 

34 



, , r • ~:. ::"•' ' ' 

The throughput experienced by a single device on all varie\tes of4 Tt>MA ·• c~b.rinets Is 

Qelenninedrl!ty the number of 'dtMces SMVed on:.the Glwanel.: i&.; ,fM.JWJd factor. since the 

dle.nnet rate ie ~'ectMSh~,among aH..tlOdeas Jft!tthrouPP&:at.is alSo detemlin.,· 

by.the channel bandwidth~jlf~Q4'ti~,an4:the~peeifio~-.itterf•:hardw-.e'·: 

2.2.2.2 Connectivity 

Connectivity is the ability tp communicate with.evew.*r .. ~ ·'l" lh4t network. Th• 

r~ ~t eac~ ,point ~-,• djQi.tal.,w:tclr.- 8Dd th~:Cq(n~i~~ be tr.,IPQJted, 

from eacb-poipt ;to 8VEt"¥ other point on. the netwPrk1· ''''~-i.H,)iq~~~ and :ewitcmed 
services. 

Polling is not well suited to multipoint-to-multipoint communications, because the task of 
1~· ·-'· ,, . ··r -l· •:_d-'i;, .,::~ ;~ n_t ,;..,." .-·. _:··-,n.~,, ._ .· . . . 

collecting and 'orwarding messages, is cumbersome. Polling is best applied in systems 
>,,·~~.·, ,•J \1 ~ • ;: .. • : e•. 1 .,-: f.· ,- ... ~,:·1· '1('~:·•'./ ;'•:· I • < »fl\,I\ 

whe~~ ~u1iiple di~tributed devices need to commu~icate ;,.,ith -~· Singte ce~tral device which 
',_"!·· '· ." _,,., , : • ··: · t~. gr...rt,·.-,.r- J:n h-< · ·, ·. , · 

executes the polling and processes the messages (See .Section 3.2.2.2). 
.. f •. ~ •• ~ .. ·• \_),. : ·- ' ; ' " ""·: , •,,. ~~~(!; '. t.::, ~· 

FDM charwnfff services can resemble paint· to ·parnl·~~tea,.pftor1e lines which· onfy 

achieve connectivity between a pair of points, or multidrop lines wfitCft ailaw a ·trattitmtttlng 

device to communicate with multiple listening devices. Switching can be implemented at the 

headend in much the same way as the telephon•~ le IGbif'9 oom.platenrmectivity. 

The T~cllitieS fifthe headerid of the DA-TOMA ay8tem, i.e., a ~Otfti' arid the app'ropriate 

si>ftware, tYpicaOy imptenM!nt sWftcHing a5 Ylelt'i. anOc&tton ·J~·saais: Attho~h switching 

is not i~tterent to DA~TDMA, ·W·can be assunMlcfthat'~~ho~ din achl~ve complete 
conn8':tivlty. · · · , · ' xf;,,~i · 

't '. .J "." 

Contention acoea8Ctlem9'·protocaaachteve.·~CCM11eci1Mty:llfl0ftg all nodes on·• 

channel Muttil* CCMIMltioft'~ uaing dlff9ient1t1 .. i1Mcyrt:tands'·NQUlre;.adltlOft8'' 

tacilitteafoNx>mptete conneclivltyt-a:roes·ttMt .,.-. •• ·:"AF~• ~·lJl861Ct CMllMIOt· 

~1·ind8peftdent·l:ham11elt...cK1 a 'network:b¥,.........,,-.Cbllly *'*8111d ·a>ack• 
from the one channel to the~. 

33This type of bridge Is distinct from the bridging ~ cteecrl- ·..,.. 'which• tr8naaa~ electrical aignalla 

from uw.~,trunk OClk> •brW!l ~~ ~........ ._. i ' 

·,ry--- ---------- -------



2.2.2.3 SY,stem availability 

The availability of a system is:largety dependent on ttJle.comple>tity of the controt,8*ldinerface 

equipment. ·The mt:>r'& complex the equipment~ the·m~tlfrittt!.fd . .-.)repiacemem parts, the 

more diffteutt are organlzationaf and< 'technical l>f'<)caoor"8 :for.i-nltk:Jn and maintenance, 

and the more frequent and lengthy is the average downtime. 

Protective measures from both intentional and unintentional interruption of the 

communication channel are requhd to assure symetti'aihlffabifftY. :'fhtt susceptibiHfy' Of the 

network to jamming is partiaffy & funt:ti6n of' the ~ces8 protocol used::, POli"lt·t01ff>int, 

dedicated FDM lines are less susceptible to· accidental di8ruptm by· usera t>eeause -there Is 

only one designated user per channel; the user's equipment, even if it jams, is likely to disrupt 

no more than the single channel to which it is assigned. DA· TOMA, and contention schemes 

allow multiple users access' to a 'common channel, thereby increa8ing the likelihood with 
l· ---~ '.· . ',~~~· .. ;,;~~; r--.;·l!,. '. 

which a malfunctioning interface unit can disrupt service to others. In both cases, where 

system availability is valuect, monitorlrig and detecti~n sche~ sho~i~~ ~ implerrie~ted at the 

headend, in the interface units, o~ at ,designated poi~ts in the c~ble n~~ork, to assure that 

jamming devices can be isolated from the ne~ork either by. turning. tt)em oJf or ~Y. turning off 
> ~ • ' • ' -' • • \ • • " ~- " ; 

that branch of the network, 
"}, ., 

2.2.2.4 Relative costs of acces'S schemes 

The communications costs ass~ciated with each of these ace~ ~h~m~s is dlvided between 

the central control equip.men~ at the headend and the interf~; units34 .. The ctl~ice between , _ ... ·_ - ·,; ~-· :. -~:·, . ;, . ·, ···.-·· .__:;·: .. " - ~-··;· Jr,-,_, . '~ : ·_ - . ." --.. ·. 

centrally controlled or distribu,ted. ~ommunication schenws. Pr~~~ a v~riety. ~~ trade~offs'. 

The majority of the centrally controlled communications cost is in the headend equiprrierit . In 

a distributed system, the interface units are more complex (and therefore more expensive), 

while the cost of central Pofttfol equipment-ts Jower. · · Tflect\Glice';l111!191Y~reat& on the.nttmbet 

of devices using the syatem. ~the number of devklea 881.ved 1Jecomes jarge, tit generatty 

becomes less expensive to usera system wh9'18 incr.emeAtal. cHatributed~-~ 11re-to~ . ., A 

second fundamental tradeoff is tbat oLcost and ftitnctian. ·Net ontr does:the:equipment cost 

rise with added complexity, but the maintenance costs rise aswel. 

34 
Actual equipment cost figures are discussed in Section 3.3 

35
This is not true if the cost of the central control equipmenfll'terease9 signiflcantfy with the number of devices 

served. 



The interface unit is comprised of an rf-modem and digital logic which imp1ements the 

communication protocols. The cost Qf th~ rf-moc;t~m ts.a funcW>[l,Qf UJ,eJrequency bandwidth 
< ~- ' ' • • • ' ~ • ' ·' • ~ • ', 

over which it transmits and the number of bits per hertz transmittedl ·'Fhe ccost of the digital 

logic is a function of the ~omplexity of the communica,tions protocol used. 

Of all the centralized communication schemes polling is the simplest and therefore requires 

the least expensive central control and intEHface equij)thent:· '"Gentrattzed equipment is 

typically an inexpensive minicomputer with appropriate software. Th~, Jl-~~fllS used in 

these low speed devices are relatively inexpensive, as is the digital logic. 

FDM interface units require only minimal control logic~ Their cost is pciwarUy a function of 

their transmission speed. As rt-modems are manufactured in larger quantities, the cost of 

FDM units will drop significantly. Only freque,ncy: t~~sl~ti()I"! ~,;~~ry at the, headend for 

point-to-point FDM communications, while the equivalent of a telephone switch is required for 

switched FDM services. 

TDM units with fixed time slot allocations also requir~ centr~l!t~Q,~r'?ned switching but P'\o/ a 

modest amount of control logic in the interface unit. 

DA-TOMA requires sophtsticated logic· in the lnterhtGe· unit, as M!tl 8' .sophisticated contmf at 

the headend for time ·stot ·allocation. Contention ~s requ~sophlstieated logtc in the 

interface urnts but no central controt beyonctftequeney bal18fatiM bnd Signal cenditioning38. 

The retativeeconomics ·Of ~km and··~-TDMA~ofiaqliakpeeds def.)ends l&f9ely 

on the number of users 1eMtdandthefr traffte volume~ 

2.3 Cable system Hmitatlo'ns 

Privately constructed and operated industrial and campus broadband networks, LACN's, can 

come close to realizing many of the favorable communications features described above; the 
: ·"· ;1( ii' ' -

same cannot be said about existing cable networks. The problems are both of technical and 

institutional origin. The following con8tratnts wHt'h~ lfh~U#nentatfon Of eeonomicaf, high 

speed data networks OVer cabte televl!Sfotr systema: 

36Network management functions for a cantention system may be imP1emented in a ~tralized ht!adend facility, 
but unlike many other access schemes, such a facility is not necessary to basic system operation. 



·Technical 

• Ingress and lnsertron noise due to poor co'nstroctlon rinc:t maiMenance of 
cable ayatelftl. , 

• Reliability and security problems due to th~' difficulty of' l~ating the' fault or 
source of interference on the network. 

• CompatibiUty with ~ trarul~ll~; 

·Organizational 
.. 

' ' ~ 

• Lack of common cable network specifications and communications 
protocols which preclude the use of standard approaches or equipment, 
therefor&notpi'C>Yldlriereco~bf'scaM;." '' ' · ~-,,,: · · ·' · 

(·. 

• Large investment necessary to wire cities and buildings. 

2.3.1 Noise and correctlve."'eastirea -
JI; ~ ~ ; . -

Two types of noise problems on two-way cable systems are insertion noise on the upstream 

ch~nel and ~'.noiae "*> "~-.,·~,_.. ~·&Y••• ..._._i.mpom.nt because It 

limits the data carrying cat:Mt<*Y oJ·•rG&bl9 neblffMk, NoileJao ... .-~ at ·many points 

along the cable plant .. In figure,.a~a., ~i~:are:tdentifitd~.-..c:eiVing: enter.,. at 

~. hepnd, ~·.M·.,.··-- tJllnh1--~--~ameterca91eli&tliadinO 
provides high noise immunity), leakqe· at tbe•_.! ... lilln:letk ... iatL ... bridging 

amplifier, the feeder cable (narrower, and therefore lower noise immunity than trunk cable), 

leakage at the tap, the drop cable (narrowest, and lowest noise immunity cable), the interface 

unit, and the communicating device (computer ~.~~i8'fM~'-f P1~~-~ 

amplifier. 

2.3.1.1 Insertion noise 

The nojse on tb.e &APstrMm.~~ iR:fm! 'flmo~,9lttw helid,eQd ia-tb~'5Um:of all the noise 

"inserted" by all the units which tap onto~~l~S,.!h~ -;~~~from ,every 

amplifier between the farthest subscriber and the headend. Thus ~ ~1c>n9er th4it d~stance 

belWeen the ~bscri~ ~,~et he~nd, ~ Q~"°'~,.~,~ ... l\~~J<>.ft~ ~Qnal. 
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1. Antenna at headend. 
2.Headend. · . 
3. Local' Grigiftation studio. 
4. Tnw~ c;ible. . 
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7,. fcee<:ler cable. 
8. Tap. 
9: Drop CSbte. 
1 o. Interface unit. 
11. Communicating device. 
12. Line-extender ampljf•~ 

:rt Baer, w. (8) 



Existing 300 Mhz residential systems are typically configured to minimize the total number of 

amplifiers needed, as opposed to the length of the maximum branch, or amplifier cascade. 

This design typically results in some long, noisy upstream channels. The majority of two-way 

active and' two-way ready systems are tree configurations, and many conl1ftue to be built In 
r· 

this fashion. :400 Mhz sys~ms _do no! suff~r ~-rn9~~ ft~'Jl.i~n~ ~«Use, due to the 

inferior distortion c~. of~~~/~--· ~lied to mirlimlze branch 

length, i.e., conflgµred k;I: a fiub fashion (see Seetion
1

2.1.1.2). 

Feeder cable has poorer noi~ immunity characteristics than does distrib!1ti0!1 _or trunk cable. 

Significant amounts of noise thereb_y ~enters the system through tllte· tinks between the 

interface units and the distrfbl'ition cabl8~ ¢ommercial users can usuaHy .al(ord,t~ use higher 
'" -

quality feeder cable to run from th• netwotk trunk to the building; theref0r~ lrusertion noise -r- ·-.. 
can be counteracted, for a price, on inslttutional networks. 

2.3.1.2 Ingres• 

Loose connections, for example at a subscriber tap, can allow the ingress of outside signals 

or noise. Thfs taakiness is first r afl d~e to; R~(;{ ~h~~~i(~aesiQn' ~~d engimtering of the 

cable plant. Even if a system is carefully installed, the connectors need to be tightened 

regularly or significant leakage will develop. Connectors typicaHy begln't~·1e~'$jx 1 'm~Jla 
after installation due to the effects of temperature variations on c~ ..,..... , ttiia 

difficult to engineer around a leaky system, on ariything other than a case-Qj:ease: bB.sia, 
,;~~'·_.:· .. :);A• 

because the noise which results is not randomly distributed; · therefor: .. :~~ty med· 

engineering techniques cannot be brought to bear. C-B and Ham radios near·ajfeaky ·cable 
system can cause complete disruption of communications in the lower part of. #le Caba• 
spectrum38 

[ 4]. In extreme cases, intermodulation into other video bands can occ~; '· 

A related problem is interference of data signals with television sigtraW ·On the cable. Noise 

levels as low as 60 dB below the television carrier can cause tetevision interference • 

Although the power levels of the television and data signals must be carefully balanced, 

38rhis lower portion of the frequency apectrum la typically designated for data tranamiaalon on sut.pllt ayatema 

~ . . 
Intermodulation results in aignals generated at frequencies equal to the auma and differences of the llignala \bit 

are Interfering with one anolher. 



experience has·shown the problem of cross-channef>iilterferenee to bet controltabfe. Systems 

are typioalfydesigned to transmtt data ·s power ievelS tppro~y 18 tt9 ~ the revet Of 

the TV signals. Problems of cross channel interference are ~ to ~somewhat more 
significant on older residential systems than on newly installed residential or institutional 

systems because of inferior constructi.on and corri~6~~nts .. In ~rtiCut~~. ~.;1ltier8 tended to 

be designed to weaker specifications ttiari 'they a~e todiiy tleia~~ 'tile e1e'cironic components 

were more costly. In addition, th~· older syst~ri.s wtt~ ~alte~ ~hfin·~~i capacity f)0rtormed 
• • • • C • i" . . • . . • ' • · ·, ': i ; , . '_.: '. ~ '. : ','. " (. I <J ; ' 

1
- ' ; ,i" ' 

quite well with less demanding practices of construction and maintenance. 

It is p0ssible that ch'annels that era unusable for Video bMSrl1iSSlon can be Used for data 

transmission. In particular, dlannets 14; t·s: 18?8'nd 41 earlnot'be1U!Sed f0t·vkfe0-4becausel>f 

interference to aiJCr'aft communications; data 'fliOnats tMlltaJ;t~J.'pl&Ged' lnllY·ttof create 

such interference. Similarly, MCh·Cmtimunity Cae1W ~\- unhife'ttJ"ttahBmlt'wa',the 

freqOeACieS used by localtele'lision broadcasters bedat.llwt Of iil~'from the over'-ttle­

air signets; data signals maybe :more immune to.this tnterft'ltene&ttdih 81e vtmfo:·s;gnats. 

2.3.1.3 Corrective measures 

Some of the noise problems · · both insertion and ingress •. can be alleviated through careful 

engineering and network design.• In addition, the noise level can be contained via an 

aggressive maintenance schedule, for example, tightening loose connectors to alleviate the 

ingress problem. On the other hand, tightening connectors is a labor-intensive operation and 

it alone does not assure acceptable ingress i.vela. 

Bridger switching was described previously in connectiOn wi.th. a polling access scheme. 

Bridger switches were originally intended to limit upstream traffic: tO ooe braneh ·at. a time so 

as to limit the insertion noise that accumulates on the multiple branches of' tree structured 
.• ~-··. 

systems. Intelligent bridQer·&witchea with micR>proceaaOr oontrdl can act as subsystem 

controllers. These controllers can perform services otherwise perforined by the headend, and 

can reduce the cost of individual interface un~ through added functions. 40 • 

Using bridger-switching in this way significantly constrains the type of communication access 

40
Control-com eorp,,.ftlferiJtd the lfttelllgent bFldget·~-lii~ m1CNpfbtiaiar1. -111ey are used for fault 

detection, jamming deteetion, traffic monitoring, and security subsystem management. 

41 



~heme whlch;(:en ~-"11Pl1Jmented; kl~~~~--~llJ>lil)~ 

~ requireJMgnft4'1!to~"t>tfb JD'-'•·~ '8 only~~.,.. 

An_altem~tlve ,t~;~~ldgerswt~hl~g fqr redu:~~~on ~t.n9~}~-~~,_U.".0?f,.<1Jf1i!~l~~~~ner~,~~~~ -~ 
the ups~m ~~ar:ine1. _ )Yp~k~x;~~!". ~t~r1J~mlf~~L~k?~,;~~~~}>'!,~~--~~~1-~ 
~~~-~J~"r:,'~~ ·~~~ ~ d8!~. ~ff~~ ~/~,~~·~~}t ~~~~; t11~ n.C)~ ,CO,~~~~: 
Regenerators can ory!y be ~ ,9f!,~ ~h8;".~~11 ~~~~-~1~~~"!~~;~.~~la J~"!rN~!,C>(f1 f~~· ~ 
opposed to analog signals such as voice of video that have· not been digitized. Not all 

amplilier$.QP ~-~eam-.c~ w~ mtec:l toJNN'AttM~~1~aic.•,tll•~ 

cea be. aQi..tistttd ~-,¥PO,lt;~JM)- ~taffQ,._r~·~•:\ Fflm~ • 
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upstream _.fief,- -~jpe,.a,4\-1, T.•"~'~' .... r;r,,E'1;·~: ~r4lgi'81 
regenerators extensively, which has brought down their coat to approximately $70 each. 

-
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Hub systems have shorter amplifier cascades, l'CISUklrift ln:,tesa lneameru10ise on:upgtream 

channels. All ffi,.lture systems, both residenti.al and institutional, stlould be. designed in a hub 
:~·- - ·. ' . ' -'.".·}.. - "."/', ,:: '.iUf.ti ... 'c;:·;·:l .;·~~'"""!V··1·>"-{ ;. d···J;:~~- ''. 

fashion to reduce upstream noise and to limit the need for additional componen•~ as the 

digital regenerator described above41 . 

To avoid interference on leaky systems from C-8 and Ham radios, channels coinciding with 
·. . , ' ' , t_·S,f·.:.~t·:, .. " ::::,_~~~i~f~-- . '.•,.,_: ~. 

these bands can be avoided. A related alternative Is to allow communications circuits to 
~ . : -:-~1-1r,..~· : n·1 .1ff.it1 ';> ..... ~L:'J , _~\~=-~-: L<. _. 

switch from one channel to another if the Channel in use bec~.unac~eptably noisy. This 
' •. · .. '. ' ,· .·, '', _ -<~. ' :r ._, ··•· ·1~ t}[l ... 1 

'..): (~.;, ., . • : ' ';;; 

would require frequency agile modems and an additional level of complexity and control 
., ' :1, ·"·' ··•,'' . .,, 

capability at the headend. 
I·.-·; 

Another approach is to use a low bit per hertz ratio which allows for increased signal energy 
~ . . ,_ . ,~. ~ ~::.:rH .. c,fr; -, · !=~~i .. -.,.. . :s.n·: ~ r . . ·; ' . 

relative to the noise. This option is constrained by the available ~ndwidth. Whi~ bandwidth 
'>~~ ·' . , . "- ·~~);-.1 .. :::.~ ~1 -l ;_:""::)~}d .. _.~---:lf; '~'JI ~- .:_;_ .. . : . : .. ·: ' -,·,/ 

may be plentiful now •• it is liket~(to be. an incre~~~~ ~:~~c,,e -~~~~~e !~~~~~}~t~~E!· _.Fi":ally~ 
more sophisticated -- and expensive -- modems can be used Wilie~ allow correct signal 

" ~.H· ·.~- ··:·r~ci ,~lei~··"· H·:·.r ·;i_.:_~·-

reception even in the presence of noise. 

• • .,, l ... i·· ··i: >·',, '.··-:/~,,~it,.: ~ .(~ ~. ~ 

Some compensation for the high noise level can be achieved through the design of the 
,.. 'l .·' -~, ~}~.:~~ ••. ~>:-,:~?··~ r..1l ·}r~i!:,. :.:i~:i ~- ::~1i. .• 

communication equipment and protocols. Most packet schemes are designed with the 

expectation th.at So~~ packets will be lo~t or'da~~~· ~ ·~~fu~~ ~~~·~~~id~'t~r '~~sing 
, : , , ··-;J :· ; -~::...nf~ ..... :,tq'""·'.~.:. : fr~ ::1 · r~.-·;1 ._,.(J<:~ 1·-::: :.: 

and retransmission mechanisms42• 

2.3.2 Reliability 

2.3.2.1 System rellablllty 
-. 

The reliability of a communication network is a measure of the. av&ilability .and quality of 

service. ltdependlupon'.,_followinfJ~dl8ndN~!·· .. , · .. ,. 

- Noise immunity of the transmi~pn ~j"m. 
~ ; ' 1 • 

41 . .:C': ,,_ .•• '• ·.•• •• ·. . 
The distortion characteristics of high bandwidth ampHflerll mandate limited cascade lengths, therefore all 400 

Milz systems are designed In a hub faahion. 

42
1tislnipottlntltlatwh•uer..,.._laahae8natl0Ufdclegndt;..,eta1y....,,, ......... 18Gfhlth·paalaet-tirror 

and retransmiaaion rate. · · · 



·Mean time between fllilure (MT8F) of system eomponanta. 

· Sensitivity of network operation to the failure of 'single components of the 
network. ·, ' 

·Susceptibility of the network to jamming. 

Broadband coaxial cable (see Section 2.1.1.2) has ~ higher noise immunity than does either 
j,. ,' "' 

baseband coaxial cable or twisted, pair. This hi9her immu~ity resu,lt~ in specified bit error 

rates (BER) of 10·8 to 10·1043: Bit"error rate 'is, also pr~P<>rtional· t~ the data rate used, 
' • l •. , ' ' ~ ; . i ' . . , , . .,_ 

therefore lower speed transmission can be used to overcome noisy systems. Most cable 
,:;-

video channels operate at a signal-to-noise ratio (SNR) of 40 dB. 

Cable television is a mature technology; individual comp<:ments te~ to be highly reliable. 

Measured MTBF's for amplifie..; are as hlgh as 50 years. Ma~uf~cturers g~·aranteed MTBF's 
.; • - "·. • ~\ ; : > • 

are as high as 20 years'[ee]. However, f~lures are not distributed evenly over time. Also, the 
" - , : . , . ! ~. . . ..; • ~ ' { -~ f ~ 

additive probability of failure of a long cascade of amplifiers is not necessarily negligible. 
t:· 

The headend equipment used in simple FDM or polling data networks is relatively 
,} •. . ' ' . 

standardized and reliable. Headends that implement complex addres8ing functions use fairly 
••••• • f <: •• •• • • ; ,, '\ - ' ~ '. / ~ " ~ • -~ 

sophisticated minicomputers. The computers used are not particularly new or risky, but their 
- . . . . - ' - : r, r-..9 '. ' . . 1 • • "'~ ", 1 ~:~1 t ) ·:. -: 4 ,< ~ ":. 

lifetime, let alone their MTBF, is significantly less than 15 years; in fact MTBF for most 
·- . . ' - ;-~-· --~ ' ! 

computer equipment is measured in days. The reliability of the interface technologies varies. 

In general, those that have been used most extensively in the field, polling and FDM, are most 

reliable. They have been well tested and are the least complex. 

The most significant reliability problems of technical origin, are: 

· The isolation of faults. 

· The susceptibility of the netwam to malieiou&..._ior, ;,e;,dflffber• jamming. 

Among the primary faults that can occur in 1he c&ble plant 'Je conductive shorts, open 

circuits, and amplifier failures. In the case of conductive shorts, signal tracing techniques are 

ineffective, and reflectometer processes are not employable because of the amplifiers [66). 
,, " 

43Modefll,manufecturersdaimlhal 181a1han·311Jd,atJ able:a~.actudy·eapedence BER'abeltet'than 10-6 
due to degraded signal to noise ratios which result from insertion noiae. 
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Fuses may be ptaced thrbilghout the &Ible system•to improve fttliabtllfy, as'Suoflested by'D.G. 

Willard of Mitr&·Corp. {86). 

Mean time to r~pait .(MTrRJ is ea importa,J1~a ~ 8' Ml;aF /> !IOI~ ~~hniquea. J}'lUS ~ 

engJneered .. at th,_.in~~~ ..• W\4i. ,bf~~h,~ .~)~~ls.:-tq.•ure eerv~ 
availability d~~ fail"r.es. w-~ ... ~~ingj~'!,aa 
powerful means of identifying and isolating component failures. The use of parallel redundant 

amplifiers limits the effect of a single amplifier loss to only 6 db. Bx turning various bri~es on 

and off, one can then isolate which amplifier has the reduced~~·~.' F~r i~d~strial use~, who 

demand high avaitabifitY,: tenfralfj· ctihtr811fft1 ;fiM!tJteSfihg tha)-~ b& '&>ttendetf 1<f the distomer 

Interface Unit as welt. ·'...,: 

. He®end failure. ,brings.all. ~ions to a halt -Jhecef..,...Jt• ts· Vital to --have, reeitient, 

replqceable. and1probabfy, -~- tteadend iJQUipfuefl\ · ol~thia~ conflQI& ·With the 

de&tre for 11M)re·ltO~~n6~ .. ·~9111)..,.~and. protec.fion 

of the headenct·4a efto_.iO\Port~\l-- eo,ttentiol aaoe.-.ayet..,..,t'Whidl ·require ·the, leut 

complex headend, can be expected to be more reliable than polling or DA-TOMA schemes. 
' i . 

The ,cable ~kiis wllMrable to.a WWliety ·of~ belMlriola which Interrupt service to 

network iJCl6J8 Md are l&IQely wi~--~~~-tneana.·;Jitia·e .-rt of a;general 

class.QI pr~1·oaffed··flQl!lal ot seM1111.,whiclt t.,~~uunostciomputer.syatema, 

and-satellit$~~iot'li~.u,well.- It ii a1~er10;at1er an tn•rfacft unit ao 

th.al'- it·.sends a iammiog;Bignol c0fl1'1e-network ......... ~r..moetto;ell:W$8fB:;Oft tMt 

dlannel; Fault ~ ~·~·'aid in.the 1eol.atien ot -..ed·tinte.tace.;units, 

thereby.~ UJe,~_ of ·UHJB-~.i8· alltcteciUatt· lbe Marnmer:~ >ht a hub deaigll) Mle 

headend can determine which of the networks radial~ lh8 pfleodingilmit is using." In a 

tree design, addressable bridger switches can be used to locate the branch of the offending 

unit Everifoatty, alf active ciJdfpfO~ts. te:, ·1rrte·a.ttPnffeli.~·~addre8sab1e s0' that the 
smattest portion of 'the netWdrk·'fs ~- · '~·.X&mt>''tif1lh181f*BbHWri,, rs th'e Jaihmlnb' of 

an alarm· 9ecurtty· <:ham.I t;t a t>uTgtar Wtlo ~~·a· netdHboino'Oid, or city 

block, while thfi:ntHHierv1ce~at0r w~1i>'fdti\W'fif ~: rftt•e offending d'11t 
can be immediately isolated to within a block, the alarm system can remain effective; but If It 

can only be isolated within a neighborhood, i.e., one radial spoke of a hub network, the alarm 

system is worse than ineffective because of the false sense of security. 



ft may alao be desirable to locate the interfac, un-. •1 far frOll\ the .+.ISM·. as is i)OS8ible, 

perhaps outside of the users' premises. The mere distance would inhiQitroaficioua actions. 

Currently, interface units are powered from building power supplies, and not from the cable 

cable television facflfties; thus a power feed woukf h1We' id be' run to1 ttte·: imerfacii unit as well 

es a communication cable. SOphisticilted networklriirhicriHtquH;d.WW.ake u!e Of frequency 

agile modems to provide attemate rOatitig capablftth!s to avoid Ja•ttfo,cfor~·ridiSY chanrii!Jls. 

2.3.2.2 Security and privacy 

From t!le end-users' viewPQint..the r~if.1i~nAf,Jt)e. commµpjcf#o~ ~twork is not~ 

transmission of data, but communication of messages and information ~ure fr~Jnvasion 

of privacy. For this reason, network security is often considered as a factor in system 

reliabiltty. tssues ot message COfttent 'aecurtty W9!lflOiftfJJillllll~dlffetent ·on' broadeast 

cable networks than they •e on the traditionllf tateJ>,_. wetwod<f•ttMr ttrtCautioA takeft fn 

both cases will be'end>.fo;end encryption. ,..rtb•lal8;3tar~t8Xt; ~lilg1s 

easier on a broadcast netloWJl'k, wher.e alt the ••fftd 1~~ ~tf'Y•cuatonter~ · 

Susceptibility of the network to traffic analysis, is higher on broadcast packet networks than it 

is on the star.configured tetephone netWO*f30].· 0MltenttOn;~. tn·+~lar,teQUlre 

that every unit on the network tnspect~fW81Ypacket....,_,._at'la-.nl18mitted onthe ·channel 

so that each unit can detect when a·packet iladdreaaedcto at. T•·tt~sehe1Mtemas.itaelf 

to monitoring of aa traffie on the channel: Ener}1Jtie1n1ctt..,_•tftf>$;not yet'beenl~ 

which am prew»nt.traffic anatyalis en1':woadcaM~•Ch8A~i~1rut*rttculat, WS.1)r9btem 

can not be addresaed Of1 an end·uaer b8Sis,. EISicalt'JWotedOlf.:Of "''*'aage oontenHhrough 

encryption; But, moat usens do nbUe•~ an.,.~1'04he'exw~nttar.isUm~rabtllM 

would deter them:fronHJaii\g the system. 

In practice, security meas:ur~ iu,-p IUully tQ ~· le41 ~tirf1i~.-q ~1"8( ... ;rrns,rneansJhat ~~,tp· 

end encryption will ~ imp_)emeq~, Qt n~. :~the.~~~·~ RRt,bYJh.e~prkoper;~. 

It also means. tb't there will be,,oo ~W ~ .... r~,:~l'~'~:.~~F-,(.,alyJlia on 

broadCQt channels ot~r .trutn ~ng fQr (Qr~ 4Jlp~\~t""'@t~. , ,., 

I; 

)-



2.3.2.3 Institutional roadblocl(s lq srst~ .... iabiUty 

Reliability is only partially a technical problem. Therefore, it can only be partially addressed by 

technical solutions. The level,ot service ~~,_,~- data communications users 

will not be met by the quality of service currently accepted by residential television viewers. 

Fundamentally, the cable industry is still an ~ainment provider and is not yet prepared 

mentally, logistically, or technically to operate to data communicatio~ standards. In 

particular, downtime, leehnical trail\illg, anc;l,;~~e,nt m~flil~ ~iiy tac the level 
:_, "' '· c ' '" \! "' >. • ' ,., .~ ' ... ·.II'-. 

of expertise and competence common to most cable companies. 

2.4 Summary 

Two-way cable system hardware differs from one-way ~ystem hardware primarily in the level 
,, ... -_ :· :·: -_• ()~~ (1; - ' . . -,._ 

of complexity required at the headend, the type of amplifiers .u~ in.tti~ ~istrjpution. plant, 
- : •' . . t: "~ .. ,, -~ .. } ~ -~;.~ il.1 ;~. -(;~;: ·"'f. '' . ~-

and the interface units used to transmi~ and recei~~; ~~~:a~. , J,h~ CQ~rn~~;f~tiort_s protc:x:ol, 

also referred to as the access method, largely determ~~ J}le .Q~~ifX ~d ,vari~.tx, o!. ser:v,!ces 
,,.., ·!; '{ . ·' ' l -· ,·· .. 

available; the selection of a protocol poses trade-offs between complexity, function, and cost. 

For simple applications (i.e., low speed, point-to-point or point-to-multipoint), minimal­

function, low-cost methods such as polling and FDM are best suited. For l'l)ore dem~mdl11g 
-. - ~: .J:, ./1 '; .> :; ~··.- -~' c 7 ·? j f}~~~j(11:' ·- '(~~'''. _ 7 '-

applications (i.e., moderate and high speed, any-to-any), contention protocols are better 

suited and are more economical~ of ttt. compte.lcitvi#ld GOS.t;entailed inr~ 

the simpler methods. MostfJxiaaing,_... ~..-.lmi~&b$ir·•1J>licr8t>ilit¥rt0Jwo~way 

services. because of ex~.,upatream··notee 8'QiolwirWbility. ;Jhe..,.ary aource ofthele 

probfems has eeen cost-mimmiziftQ.·eneifleefing, practa. wbich:,di<f fl01·'811i9quately·value 

two-way capability; ~of d'le:-liroitatiGll8 can •~0¥e1COrnft:4ft eewer ar--. . 

Having described the basic network pomponents arc:;t h.iQher level ~,9;1!lP.;!Unic!lti0n protocols, 
~ . ~:. ' - . . '. j' . • 

in the following chapter we will discuss the service structure options and costs associated 

with implementing data services on cable television networks. 
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Chapter Three 

Cable Television 

as a 

In this chapter we analyze the relative merits of service structure options~- \ttejr assOclated 

costs. The ability to communicate with multiple servers, i.e., not only the cable operaic>r at the 

headend, is found to be ·essen~~' fbr ;_supp0rt of futu~e servlc~:' ~e 'begin -'~itti a brief 

discussion of institutionanmpedilnents to the devetopment 
10t diti' ~~ites: the largest of 

which is the market uncertainty J~d.tg the cable.lridti~fry which inhibits investment ln data 
-.r· : ~. 'H;;: 

communications facDfties and exp8rtia8. 

3.1 l~pecUmentt; to Oat~ Servic.f! Dey~lopmt)nt 
. . . . . ' ( ' . ' , ' ~ " . : 

Data commun~ion services wiU'not succeed untttcttw~ i"'8f'ket reaches a oritlcal 

mass. r On th• Getter ftand, ... numbers .. ··cBbtll •1••na 'Wiii·· rtue•tb lteltfJ9i'Bdad to two­

way active statYS tiwJtore; this '.crtttcat·JMa88• deVeh>PI; - tA "Gt'tfoken ·aM egg~ syndltOme 

develops, tn wt.Wch'the cable operatentoea not wanttoWlvat'ift..,._cGftSlructiorn~lthout 

assurance of a m8'ket, butthft1'1111'ftetcannotdevek>pWithbotsuctfluMMtticttbrt An-~ 

force is needed to break the cycle of interdependence. Concerted "technology-push" efforts 
: •; . .. . ... ; ,.-".. . «' <f.'d ~-" ' ' ' 

by equlpment manufacturers, or demands of city cable authorities, 'might provide such a 

force. 

Another barrier to achieving the critical mass necessary Is the high cost of wiring the city 

center. It is the area of highest data communication activity but also the most expensive area 

to wire. The high cost is due to the density of buildings and the lack of empty pole space. 

This forces the cable instaHer to tear up the streets in order to install underground cable. In 
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addition to the cost of wiring the city streets, ~ ,..~ Q9f\}f :JtrinQ;_tJl! ~qq~ it1 ttte 
downtown sectors. High speed data communications is not of much use to a corporate 

heacfqua'rters"ir the dat~ stre~nl m'u5f'trickle"tilto~~ ~;h\~rro~ ~~J~idth. ~· i telephone lines 

once it reaches the building. Therefore, for full utilization, tfii;'lit,fjlljih~i'must aJsci be wired. 

Thus, effective corporate use of cable must await wider use of LA°"'eaM ~ are 

diminished ilytle ll\O{f' re,cerlJlVJ~h~,~.w~~rin~fWtw.~ ff:tq~irements are 

included in the franOHIBe:cofltratt. · 

The availability of dttta·corftmuni~ations;servic~s~iri~es orithe~fnsiallatioAOfftle'proper cable 

plant. If cable tllllll!f8torlJr1and.&hltirr~iMt ....... ~tiGtne:-eklstence of a 

market and attractive revenues, the cable and other necessary facilities _would be installed. 
:~1-·~~~~ev:..~ :c~1ut~i<~" 

One method for assuring the market is through joint ventures with interested high volume 

users suc~'"athli!Mts affit'·w~. · ttt~ib'tfrcfjfb'M\lj\11 tnetls~ b~. ·these joint 
'~. 1 ~-.::: ,:};:,, -~·~trn un::~ ~;1~: intl10J- '~J.~fl; r:1-~.,(-,.U 

ventures could contribute to intelligent user-driven design of facilities and out-front financing. 

In addition to physically appropriate facilities, higher level communicatioff'f;t'Oldcols must be 

imple~ anc;l-~i~rirt1P"~dlPrP~~~~tJ~~!R~k> develop. 

Terminal manufacturers, information providers, cable 111••a.;-WfJ 1 '-"5 must all 

participate in this process for it to be truly affective; a difficult if not impossible task. 

Even if jointvemwes ate.not cool'dibated;· ltJll~ rwany·oJttwe MaJGr'dtiee wilf.beWINd 

•''part ·of ~·cable ·frilnctt1111ng--•.....,.;;:·,1~l..flUfnllJIR«ot·dtieatin 

requirintttl•'ln8lllllltfort •·•htilwlOMll netWofttilftlthelr cto•••ftiCJIMere1toe~ 

and commercial·lile~. Sdmedlfh• .,.,__.1191ag ~_,.~ lfofnt.1'9 

residential network44 Although local franchise agreements will Insure that the institutional 

cable will be installe9 .• iJ,~·.·.~~fgrntt.~~'fh'8rvJ9n;i=Jv~::~~<-~ ~~~W,fllJ~~~~,r'~ 
unactivated. A final obstacle to development of ~ market, is that national service operat~ 

. ~ , :· · ,·-.; :j _··:;~'.· ;;~~:,, _;f~:J!t.'fr.::__~ :'·Jo,· .. .,,,_ j_l:dad-, .. '!. __ J~-. J:rf;G:~v~~)r1 :.~ktL ~ .. ~;~1-,_:~.:t~:1vnn._; 
will be faced with providing service on multiple cable plants which vary significantly from one 

~oth~r in qu~litt~rtran~~~. and ;~~~~(:=~· 3th'~-;~if pl~~,·~~~irk:~i 
I:·< ::.;1 :c: ,. . . · •· .. · !.'.ti -':nu~" .\':iat.i,;ni(lnu ·;,'Ii ,11~ c.--,:-, • .r1 ':u:.,iPU· , .. .,·; · 

importance on media-transparent service system design, I.e., transaction services will have to 

operate over telephone, two-way cable, and hybrid networks . 

• 



3.2 Service:Stntcture Options 

The service structure options for offering data cornmunlc•tions via cable must be evaluated In 
' .. : • , \. i ,"' ~::.·" :- -;,·.; '· ·~ ,' ;<,., , . ~,. ·.) .L .. 

terms of the two prim~ry marl\eta:, 
• • ' • I • 

•Banking, transaction, and fnfoi'rnatfon nttrl'9Vill j&i'Vlces', ' requiring 
communication between subscribers and commtf~ae~,, : :. · 

• Subscri~r-to·$U~rjber cggm~~nic;a~k>~.~~r.~~'·.,~9!"tPi .lfld games . 

• Home·to-offk» eornmtJAication&lfur: .......... Wartdng111 ;Jw, 

· Institutional Systems 

., • High ~ data ~UIJ,iP~o~ .~twee,n c;p,~rtfial, ~~. Jostitutlonal 
. - . - ..._. . · . : \I ... ,' - . , , t . .'r.;. . · c. · .• · · ~ . ·. · .. · • ', · · 

users ·· inter-corporate and lntra-corporate. 

• High speed data communication connections to long-haul packet network 

• SiJbscriber·to·stJbscriber 'communlcittiOl'IS iof·m1Ht;· ltiessaging, facsfmfle, 
and resource~ 

Each service structure implies a different set of requirements for the communication 

ar<miteeture ot-the coble erstem.-. ~·..mn--.oBhe aabkt~ as well as the 

higher level protocols used. ,•·lille .arcbiteotulle~ ;who GM;:in--.,communieationl, 

who·controls·1he ...,. • ...,. of communication *'*"•t.wlMr~ •Wt1......,~«ldr8818d, 

ancthow ~h·com~ papacttyis ..-..1e.toiffilfel!tlftt:Ol811181of wers. . 

3.2'. t convenuona1 RestdeMfat Systen\s •• He'adend't(fsdtiacrtber 
~ '· :Ji '.);::)\':-)~~-, .··') - .. · . ~ _.;'\ 

Conventional c~le networks which distribute vic;teo en~nment have simple and limited 
, • -· :, ~ ·· -'~. t;·: ~~~~L;, ·~L'nq;::t· .t~«'J~-: ;·:~::; ~:n::_· · ·- " 

communications structures. Conventional systems share the common feature that all 
•· -· .. :~-:; • ·:: " ";'b.:u?>f(::"~ ~" i:.i -.···~ _ nc.tc-;;~:"~-F~Hf".: ~ .1;1: if. 

communications are either originated, or are addressed, to the headend. 
- ~ ·,. .,_ ' :r.:'"'~-~, ; ·~<:·.i.~ rr1, \>·: ~'-': ·: ~,_.,'! .-:···y-,_1".:_:;~::·'.~·r•.: 

3.2.1.1 One-way Systems 

In the simplest one-way systems, the headend transmits signals to all p(jinfif on· ffie netwo,rk 

indlscrimtnat91y'." Tiered 98rv1ces '8Qui ·ti?.ii~~r\d;Wt••a('-i~..tt0fif~ ,with Vil'Jtn'''eccess 
p .~~i''~l,:'>fll!"~v m:,, 'C"· ,""" ·_:" • ·'·"''· •:_: .:;~i(>,;:g: " 



privileges, typically according to the monthly servic'e-fee paid by the user. Tran8missions are 

still distributed to all points on the network from the headerid, iridl~ririiin~tely~ but only some 

nodes are able to receive or descramble the signals. 

A one-way information service, such as teletext can also be operated using a strictly one-way, 
, • - • ., .. 1 -~·- • • ,: ; .. ·,",·)~oh, : . ·._ · . 

headend to subscriber service structure. Unlike over-the-air teletext which uses only the 
; ' ~, • • -: ' :, - ' '.:- ~ •,. >. ~' ~ ~- •. ,,« ; ~ •• ~i: ... '' - j '· 

vertical blanking interval (VBI) in the broadcast signal, cable systems have the option of 
> • • '', ~- ' ' \ -) 1 ': ' ~ ; ~ l:"' 

allocating an entire channel to teletext information. For this application the subscriber Is 
• .: :· r~· ,. ; • !; .e;r ~'.-:·.: "_ .. :- ,, ··.-><;J .. 1.}· ·~:·:_.: t:·, 

equipped with a page-grabber, and a keypad for selecting teletext pages. However, no 
,..-:"''". - ," ~~ ·._. /'1:'·, -,: ,· ~ : ~~i~' *'-

information is sent back to the headend or the information provider. 
•• .• -~ ' : • • ! " 

3.?. 1.2. Two·way Systems 

Conventional two-way 9'1Stems allow for some iftfetmallor..-to flow from the subseriber nodes 

to the heltdend. ThlseapablHty is most w~ Uled far~ity &Rd.fite•alarm ~ring. or 

for pay-J>er"view televiSion rMtUests andbiHtng'.'''BOtfi of1~e1HW>f'~:ttklutre ·liMited 

t.tp-stream eommunicatft)ns/bOt unlque'tllMreaal!Jillty aa wtR. 

A simple, polling, access scheme is typically used for these services. For monitoring and 

security systems, there need only be three message states ·· alarm unactivated, alarm 
~~ '.~"'· ... ·.~" ;. ·;- . . .. ~' 

activated, and device inoperative. Pay-per-view television services require enough message 

states to communicate the identify of the-'chav(1W".if 1'fbgttirrt befnO viewetHcflhe lleactend; 

the· headend resPoncis bY fogging the ~uht· 6f1h&' ~ber fot!ibiltng pUt1K>SeS. In the 

castlof alarm systerhs, the headerid resporids''to any•a18l1tf~· ·bf'~larm iftoperatlYe" 
.,, 

message by signalling the local police and fire departmeft\for~ ~. respedtively. 

Thus additional communications is required between the headend and the point of final 

message destination. 
< ~ 

Conventional two-way systems can also be used for $imple:,yfdeOfeJr ;MrVtces which: 

- Reqtlire limited upstream data. 

- Access information which is located typically at the headend. 

· Can tolerate long response times typically associataf-~ pcJtling access 
schemes. 
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The speclfl£~tlon that all 1ub~rlber requ,e1t1, ~!~ M'J'f?~'! ~Y>~h? ~~~t!~~dJ~,:th• l~nd•tr1•nt1I 

/imitation of th• con~~~!on,•f he~d~nd to au,tJ~~l~J ~~'!J:'Jl~.nt,c•!!~7~:~f~~tu~•·<7 

3.2.2 Multiple Server Realdentlal Network• 

Not all transaction and, iOiormation·fetrleval appt~ ~ ·~ ~oprlately eerved by a 
··,~ ' ni :.·:- ·. 1-:7, ~. ·. tf~ .·_:; ~:J!:.J~.!"'· /;:; ~;.:~Y·.t>:;J;-J .~~.~: '.~ .· ,.! ~{.' ·i · . ,.· : 

single server structure such a that deacrtbed above. For example, banka, u primary 
. . . • . ;, : :· -.:·:''o""' c-,:· ,.: ,., ... 1, Ir 11"~ ,, "· . . .. 

participants In the grOwtng tran.ctton serviC88 ~: wUa b9 unukelY.·to hand over contfOI 

. of ~ch ~I~~. let al~ .C~ k; "•=,~~~.~~~~~Or. 'They wHI 
. ; ·' ' ,. --.i:· -.·,.--. .-:'·'.:~ 1()~ ~-·.-1-_::Y.··~;'1: }? h·"Jf 1C,ddS1fJ·~-i~.··;cQ ~1iV' : .. -~~.._-;}U: 

require server status on the cable network, whereby they can control communications with 
.. ; ., . ~r 1 

: ·.:-:,:1d.'t. ;·n. :,"1; 1-·:; n.« ~::·i:_i,;~1d 2:1}<.r ~Ji ,,.f,)K~d Jn.;_:.- ;- ~~,"<t__,;:.nf>~: · 
subscribers directly. A second example ia of a local printing aervice. High.quality printers are 

similar to photocopiers In that they are high, fixed-cost Items that are used Intermittently but 

that must be easily 8CC8181b1e. Therefore, as with photocopieM\1-~/dt)"Cleilnlnl er 

local dr119 aa.e--mloht-ollef.a; ... ...-•i--q.~---- ~1-..tcM.> 
would,.,.,...,,,.,., •• fir~ tlQb~;~~-· P8MtM.-\bll 

Interpretation, and processing li-,flt ~,...__lcllMf•~·..._.1_1~1--~ *' 
headend. This configuration has profound institutional and technical lmpllcatlona. 

; ' 

3.2.2.1 lnstltutlonal requirements 
·~t;, ~ ' ~~; -~--·· 

The cable operator: ~~to. ~~~~--·-'J ;~~tiona~'~' 
8f)d not a~·:•· ifJ~·~.i~~t~'1~u~1J1A!(~Olf .,WiP. prcMd& 

tran~. netwoFJ< ·~,~:~• but1-~iMt~'~ ~- COQl8At 

,, i:· f t 

Having all communications procesaed through the headend gives extensive con~ of service 
'' -: .J':'j' • '. 

implementation and quality to the cable operator. Thia ii likely to raise concerns on the part 

ofother881;Vieepr~-~-·~·-- ........ tq: : -._, 

·The proprietary nature of the data being ex~~~ .oUha ... 
provider to control the quality of the ....,.interface; and 

- ~· ' . <... . ,- "i ·~·· '. ;· ; . . • ' "' ·'\ 
· The implications of competitive service& offered by the cable operator in addition 
toolher .... ~. •:-o. ·<=:., , .. _,,, 

----· --------



Privacy concerns are not inherent or un.,.,to ,the,~ :struc~ End-to-end 
} - ' ' - ' - - ' ~ ' - - - "·~' :- ~· ' '. j y' . . - .• ··. . , : . - .. . \ .. -... _ 

encryption will be 'required to in~r!iJ,~~t(t¥'.of.t0,T~(~t'~;~fl:t~Qe:~t~ryf!~~,P~\late, on 

any cable communication system. Authentication of the message source will also be required 

tn some applications. Both authenti~;anct key dist......,. -~•atr1Plet okenhonoed 

services thatmightllle'allered,bf,servu pnwicleta,otller~the~~r. 

The succe~ of tran~ction services will ~nd , on the Qll,flity of the user ini~rtac:e. 
• •· • • ' • : : ' ·>t ' - ., • - ; ' . \ . {: '~ • 

, The~fpr~. serviGe proyjders. wm :t1ant clir~t ccmtl'Q\.,,~V~~ -~ r~,~)/~f1t as~ts of s~scri~r 
. . '; . .. , ·, .- ' -... ;.~'.~,--•JI::~ i. :.. . -~\ ! .t.-~.h . - "~·~ . ' 

communications.,Th~.P~rticuJ~r, &Qplication .. de~r~iftes ~~~ S,t~i~ivjty pf~e .~ryice t(), the 
, • • ._,f, ... , • ._.... .•• • . . _,J ·p·l.1,~· ... c,~- r, .. , ... i .. ~,.. ..' cr."l.,,_, .... ,.. . _ 

q~a~ty of data. cqmm~mic~ti,9~~f?n,th~;~le ne~e~ ".· ,s,!pg~M~~n~~ .. ratio~, t~~,~flc ~el~, bit 

error rate, etc. For instance, an electronic funds transfer (EFT) service for banks will be more 

·sensitive,tobit ett«:l'8tleacl>an Will an· eleetlGniG•rtMt ~f'J ~ ·•• ~if}t§rQCfive 

servicewiff'be more·eensitiveio trafficdtlfaya.~wtltte btdebrMlftie~:lO.'..,_ •tent that the 

cable operator offe,..-SMViae& M .,..ieQ.Ull~\ ._..._i>!~H>COMi.dMa o&her,,Jhao the 

cabte,operator: will: have «<>Cess to-'9quate ,1ranemillion1 ~ ~· WO\liders with 

,more 1ensitivs 8Pt>licatio"8 will he.we to~jWnv~the ~MM!laldefnllnd ieiBiafl,,~h .to 

Wtartant investment.·m:lWohel'.tQUaftty -~l--•;~ ~. ,in·~.to: <flave:IRle 

control over the ctUality of U.,ueer inWdaqe, ·ttMt ..,v;ce fJlfQWld9fai''aM:ft>l;Jhe .. cable 

ope{ator, INlY wish tQ. contrO:·MtCh appliQation lewtlsle:Jlt\JC'."8 Mli~•di111S,AIOf118'1 

format, error·handlifla, . .- q.-.y format. . . .,_.: ,, .• "'· ,,, :. 

. !L..,.\ i: ~~·~ 

It is lik,ely that. i,f th.e cable,.c:>pe,rator ~d oth~r_ ser;v,:~~,1pr,y1y1~ ~e, ~~~~~~~g for .~he, ?'8me 

sub~rit?ers, !h~. ()~n~t~r.wll~ ~~~~- ~c~ to, i~!e"'!',~\\~~'"'~i~':'f~~.,~~~~~ 9o~ld pr~~lde 
~nti-compet~!i~e ~~afttage~. The J>pt~".,'ti~,I !<:>r abu~ ~~!,9~!!-~~~ ~~~\o~.~p~~.~~s the 

user i.~.!t;~ac~ for ~~J>eting ~!Yi<?es (~ie~~io~ 5r;~·~~ (:}~PU~~!:~~~.": ,~!)';~~1,~h~~; use 

,,~~Q~:~1ts:>1~~1~~.-grag~~ can ,be _very,~~~Y~~"f9}fs~, if:mt!r~~J~i~ '~ .. ~.low ~~tltt~lle ~ 
must wait for the screen ~o be "paio~ed,~d",,U.~~ ,S=Jfu~g~~~le t~~u~ I~ 9u~lity 
graphics. Therefore, transaction and information service providers are dependent upon the 

~rtoimpl-.•1Ubeir·W<¥~•ill~MH•• ·· .. <r'~, 

3.2.2.2 Technical requirement• 

The technical requirements for muttipte•Si8MI' dfit\Mtmlcattor. ~ · · 
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. The capabHhy to.lddteaaclilectly multiple...,,.,., -.-.lbHlW,of ll•heedenc:f·.to 
respol1d to requ~ for. C9JJ'l"~~~tf9,nrl•'•c'~~.~. ,liberl ~ •rver 
nodes, r.e., COinPlete logtCal conn8ctlvitY '" Ji8ih ·~ , .·' 

On conventional two·way syatama, the vut mafOltaf of' data travels from the headend to 

subscribers. This le con11Btem~w1ttr•:taroe•9"0UAl\Of:•Oaadwlder;tNlf 1tsiaYatlable on the 

downstream path, compared to the small amount of upstream capacity. Server nodea that 
, ' ·~ ' ' . , ~ ;" .. -'. ' -- '' ,• .' ,· - ' ' . i .. ,., . . ' ;-'f ' l . ' 

operate independently of the headend wilf require lldt\fftcamlf more uP&tteain 'capacity to 

transmit data ·to the headend for iral'lstation bnfo cfo~1K:~ freq~fes149 ·:· R~tr•ntlal 
subspllt systems wnl accomrnOdate c>rlly ~ limited nu~ of lle;vftj t.&tea ln addition to the 

headend. The number will cte,,ei;d on the volume of l~f~·fl8n ~? riU~ of sUbsc~h.. 

Most experimental vldeotex .,...._ to -date uanemtt att•data--* tll8pb0ne lfneaAn thele 

experimentat systems lnfonnatlcm• and, aoaw .. hqu9fttly.1cau.ctrupon :t>y subecrtbera la 

stored at the-.hMCleftd; This',fa;fargeiy due to the~ etated"-t>t-·nilrr~nd· tocat, or 

long tUIU~·llnel which connectttKU•Mn to ttle.a...teftd ..... ,..,,... 8tt'9t1iptld to'l.-.Ct 

wtth aubsCrtber& In a '"'paaa tfWOUll\~47 manner,·11~ QNNltly•oonatratnect tiy thJs phone 

Hne bottleneck, ·particulafty· In U.::-.'.of'~•'~·~· ltlhe type1Md 

amount .of. irlformatiOn which la to be sent l:P/ , ... vtdeotex· and tr8ftaaetien servtcavdoes 

require• higtt•tJMdWkMI medttlm,·and it.,._. at·~- Ulfed~lnfonMtion' at the 

headend is not acceptable to the service providers.~•._. appr4'Jfliltff ·CORftou~ 18 

to allow local servers to communicate with the headend and subscribers via upstream cable 

chann~. or ·oth~ 'high ~ndWidih (ri.d1a. Aite'inative ljCtt~~ su'~~ ~, 'Pc>int-to-point 

microwave, DTS, ~'~one Ii~, are also ~'bllit~ t~'thi'~~~on of the data 
between the S&Ne~~&nd th&·~h&adend; dawnstieam dista:Oe'ig\nat~·by,~ ie~~ as wen as 

upstream d8ta '8dd~.t~'th«t serVer 6Y'subicrbri:· ff tta~·· c~Jt~~lci.tiOn ~IC~ are to 

be usedif~r communiC&tiOna mn~g· multiPte ~: 8a"c)ppo84~cft~f~i t~.~ 
and a computer, high~ J,~'""8 ~·~n~~~-h~:boffi di~~. ;ei; 

01 

'.<, ·.· 

~.: ' '·" ~ c·r '.'. -:- , i:' ~ .-

~ tr...satlon proc:em is llrictly a data communicationa talk on the part d the aper...;,,, and is fundanwntally 

different~thec:ontrol~.Jp~--~~. ·r .··r1·.·i1~.1··., 
47 

acthle~=:.:~=~~~,:trJa.~\-~c~··ra. or 
...,_-~ :-; ' - ~'_;·.-'.·~~ ,·· ' •'"~;f·.,· ;_ _, - ~;,; 



another in a dynamic fashion. This capability requires that lhe'headend be equipped with a 

computer and software that is signifitan·tty m()r~ ct>mpt~x than·'tti't needed for a simple 

polling·scheme. In addition, the interllice ~nils ofbbth -~~f'iufd'~bScriber nOdes must b8 
equipped with sufficient eiectrontcs ar\d '~r~ram eo'ntMt.to tth~m$nt the appropriate acce8s 

scheme or switching method. 

The connectivity and efficient bandwidth allocation offered by contention and DA-TOMA 

schemes are necessary and economically practical ~JW~, i.,['(!C~~ !nvoh1e. significaQt 

communication in both directions and between many parties. Therefore, these are the 
> ./ • • •• .' /~; <.. j j • ,,,_· "~ ;"; ~ r_.,·.' • I ··, ' . : : ( 

preferred access schemes. The current cost of these schemes may be prohibitive to use in 

residential 'n~tworks. This will change but in th·~ interi~ 'other, j~ si.iited, ahcess schemes 
~ '- ' ' 

will also be implemented. 

switched FDM or TOM/TOMA services are nof'wefttsuffed tt> "bursty~ traffic, since the 

bandwidth is dedicated, as· opposeCf ·to.Jtf'Ynaffiwalty tifffJoatt!d'i· .:'.Jheitefore. although theY 
provide the connectivity, they are inappropriate for multipoint subscriber·to·-server 

communications, where there are thousands of "bursty" residential nodes. 
~ -. ·, '- ' :< ;_ . ' ' ~ ' . I -~:. :.._., " ~ .. 

Of the accellS schemes dtscUSSect, txJJliAg'iSfieut IUited tof89Httspon8e, interactive; any-to­

any communicatiuns. ;~; 'orPttf8njJ~iaf1~; eqUll)ment av8fibiffty, 

limited cable operator expertise~ ancf interface .,ftit.009fWHf:if88Utt£1tran llttempt to tJs8 ·potllng 
for such applieations; one. methbCi for ·imple~·any·toi.ili\f10 Cidfftmtm~tfo\T·•9erutces 

using 'pelting is described ·het\lt tu il\lstrate 'flfftdlflieltRil&. ·1'fe~Jpbtls·~~rs iOr 

packel8'•and forward$ eacn;·patf(et•to Dre 1ldd..-.~{Mitftle4~ ~Mt'·or other 

establ~ communicatit>M mtdil). Se1Wnfl8f1fffftMY}iitfdreets'.~ild';piat14euf itO !l>Mtteufar 

sub9c..,.. and the f'feaileRd • wan81ite's tlilea& ...... '~ tM;t;appriijjriate l:ktWnstream 

channel. In the oaee of a·confiltutftf.HMr8ctWeilltfitfin'~1teadeftWmtg'kNlet \Jp1ti Yirlual 

circuit between the server and subscriber engaged. Upon request of a session, packets are 

autom~tically routed betvieen ihe ~o uritif~ ~~1·~Lc~~iet~. · ·Throughput 'and 
· ;; . ~<- , ::;;.c.: ... ~.i:· ct ::-~;rt~::G.--":?%)- :,::£i .:~~:~..:· ::·L-,~i>- · ·,_ .' ~-: .. 

response time are critical in interactive communications, 8nd are very sensitive to the type of 

polling scheme used. Therefore, differential polling techniques can be' used' which ~just the 

pofHng' frequency accordlng to the ~ltds"Of~bthtiweit~ fbt e,C1Wffi>tW:·an:.~rc~ are polled 
~ ! ' ,,, ' ' ' -. 

once every minute, devices that have been active within the preceding minute are polled _,n 
;, :·t. ,:;, . ;p~;,~. '."·' . __ ._.:;.<"~'} , ' .. .'"'<"'~ •::-:r~:>(".i;. ;.~f·' ..... ,: ·:· t;-i:jE;:~ .<J!";, :' .·_,,.'/L·:' 

times per minute, and devices which have 8Mn.flGti¥eNliUIUA• ~ teotlld.aminute 
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are polled every one hundredth of .• minute. In thla~w~y. ~""*8r r~p~_l,s ~lrec,te<i to.~~ 

devices engaged in in~ractlv~, ~~ona. t~~. d~~~l'~"T:·cha•:.w,, ~~r'#es in a broadcast 

mode, where all SUb~fi'?8':8 ,llS,~~fl ~-9, ~ p(>P'.U~\Wr';,f~ ,~ ,~W,-·~;Ulelt comffl'fOlc~tlQ, 

but only the~~ devlc~ a~t~aJty t~~s."1t:RW1,,.Qtf-~'?1, ~ ~"l-~"''1J~,~iq11. ~~~ough 
technically possible, polling schemes are not optimally su1tect>JR0 ~Jp,~~-iq~q,!v,i, fltt; 
response communications among multiple servera. 

3.2.3 Hybrid ResldenUalNefwork• 
• ,._,, '·~ i '.· 

One method of achieving the switched multipoint two-way communicatioflS capacity required 
:· .·•.~ .. " ·: . · .. ~.,.:'11U~:.·3r·· ('>9~·f,(1."'!-J .. ."~,···:; ··: .... ·,, 

is to use the telephone network as the upstream linf(. Th~ method J1as ~n proposed by 
,.. ,' : • ··~"'~··: «· , . .:··~:n,·."·.:.tff-, · .... ·:· · .; !.. . 

AT&T a'l a· means of delivering ~deotex and. transacti0n··~~:49 The sUb~riber u"'. a 
.~~.··{~',·:·:_,;;·~·_d(~.':' -~''' .-,_., !', 

modem and the standard telephone lines to communicate requests and Information to the 

server. The arver thef)-jtrllflS~ -lhe;Mtcf6J$~ ~--. .,_,,,.-_..,__.,.~l•-~~1via 

teased line&. and the headefld,~ ~tW·-~ _. • ._ ·"•tlMI ~ ~~r-.n 
frequency. 49 , 

<:; : ,· 

The advantage of a hybrid system over a strictly telephone-based videotex system, Is the 

higher.ban~•v~leri~~J~:l~e.ke<a 

long~ to tranamit~er .... JJarl!Olilf·~~the.~a.1~ -~ The.advant"8 

9f ~ hybr;id QVfJr a~o,-¥@)1•~'~.3•,~o~:of,U.._,~•)'l-J.lbjq~. 

~essaw. •• ~~:~um.~h:,~~~Q4~on.-&¥:~ "'8Wml• 

Hybrict_~ ~ .~ _the,~,.J#Rd~--~-1 Qf~fltQ} ...... MtM'-•• 

pi;i()ing,.aod.~·~·--1~-.~ ... ~~11)~­

tying,~up of phoqe. fac:llitPS.!P' vojce,~rWfltililllll; i~~:t•tflti.r_.,.t ~to 

pla~oc-~.-W.-.~~~·-#l•.,_,.~•otwl8••~ '-'1gtf,IJ*'-*'­
(see~tiQll~.furtqet~ddlt•~~~U.). -

~~·ii:' :··' : ":~} .... (-"· ::_. (~i •£ 1«~·"'.·.. " 

Their succ~ss Is lar~~'r.~~ndent.~ ,~ ~~Y.~}ltt~~t1~~1:>~1!m1eri~c::t_ive ~~ic~ that 

AT&T w.m offer
1
8lJbsC?ribers; as. ~~·~°:,1~~n~i~~~~~~~t.~_c9~!d o~er;.,,.~T~T 



has technical, capital, and institutional resources to draw to9ether ;a highlfattractive service 

package. lhe cable operator desi~ .the rndSt"attraCti~ package' In order to attract 
-· ; _., .. , . : - : . ~ 4' - ~ ' < ' • - ; : ·, ~ • ' 

subscribers to cable. It is Possible that the incre&sed number of subscribers,· 8nd resulting 

revenue might be significantly higher than the revenue lost from subscriber fees for cable 

provided information services. In addition, much of ti'* aubec1tier temdnat develapment 

would be left to; the telephone co~pany whi~, ~ .. the ~~ty ~ ~itaUo de~elop the 

technology w~th the proper econom~ o_f, S:SW'~· .'~'.of ~hq99 ,lines.for ;upstream 

transmission would also allow cable operators to meet some franchise agreement schedules 

for two-way services. 

3.2.4 Institutional Service·· Polnt-to~Point and-t.foltipolnt · 
·, ' 

Unlike residential networks, in~itutional c~l,e ~~Q~ wi.11 jni~iaflY ~ u.sed in place_ of leased 

telephone lines for point-tq-ppin~ ~plicatiQ{lS ~~'V'~ll\r,$1eJil~ tr"¥':~fers t;let~~ the ~ffice 

of a mul~~ranch cqmpany, or.~ a m.eilns oJ, 8fff~~,si,~ali~ <;QrDplOO carrie~. Many 

cable operators will benefit from the "data communic~~Rf'Ef~~-~f .. P!}hjs ,~asicpoint-~o­

p:>int service, before developing more sophisticated multipoint networking services. 

Advanced data services are best served by a switched multipoint network. Data networks 
•1 ' 

using cable technology in a switched multipoint configuration are currently in operation in 

industrial plants and research ~Hs .for ~ ~ 8J1d, between »utkttngs. 
These methods could be applied in the iastltutional.rnmkat;OWll' the nextfive .. yaaf&. One 

example is· the communicatiCltt ·network· needechtQ llltelcon""' autc>r118*ad.~·1etler machlt181 

and bank branches. lncteaeing dftPenden~•iBif18 iSRNd· (10.~tions:.wilbincorpMate 

offices will increase int1a-111ban communioaliomt teq"""91nenl&. ' 

3.3 Costs 

Cable is a high-fixed-cost. low-variab~oet :ilxluatry. Cable mus&."Jaid.aod:progranwning 

acquired independent of the costs per number of subscrfbefs. '\-We·PrindPal vari&ble cost is 

the irtterfac& unit. tn the ease1'f datil eomrnunfClfkn'9e~eft.'~~un'Jt$fi $!g~ntly 
' ,,_ '~'" . ' -' • ·" ;'") ,., t 1.; \} ' : • :t 'i.:. ! ' ; ·. ' c ;• '. • • , ,- - • ' , ·, -., 

more expensive than simple converters. In addition, the headend facilities for dota 
' '~ 

communications add fixed.cost and co~. ,.QAAa_~O...wfP,~y,ioorMS8 
labor requirements for servicing and maintenance of both CPE and the cable plant. 



In this section we examine cost estimates for cable-based services. Cost estimates are . . :. ; : ' '• \ 

derived from recent cable franchise proposals (43], [20), NCTA •t1stics, and research 

conducted by M. Akgun, Governmen~ ~f Canada, Department of Co~m~~icationa [3]50. . 
;) .. · ',·,,: ' ; . . -. . : - . 

3.3.1 Basic cable System Coats 

The cost of tradi1ional video distribution cabfe networks consists of the ft>llowing: headend, 

CPE, cable distribution plant installation, "bperation8 and maintenance, and programmtng 

fees. 

The headend for a simple "community antenna" costs approximately $105,000 dollars. This 

number includes the cost of the ante11n~ for receptio,n .of, o~er,the-air signals. Satellite earth 
: ' .f• '. ;_. ··- • 'f /: ~ . ,- ' • . ; 1 , ~ ' ' , ' ,' : 

stations are an additional $95,000 for two. The cost of the headend per home passed is from 

$15 to $25, aasuming that penetration grows from 25%·· 1n the first yeEir tei'45% In the fifth 

year61. CPE for basic cable systems consist: Of televilMon cohver\Efis' which are low cost items 

in the range of $50 to $80. The iristait~tion c'Ost ~otiated with brlngirig 8ervice into a 

customers home, is 1rom $40 to $5d '(i'3]. 

Table 3-1 illustrates typical 1981 prices for cable, distribution-plant, hardware components52 

'(37). 

Cabling:tosts vary depending on the·density of the area »•tn~rwired. Urban centers are very 

expensW81 whereas rural and>subuR>an areas.,. ftOt. 'iAlriiltimstallation coats range from 

$7,500to $1'5,00Gper mile ($75 to $150 per aub8criber);-•SC)l)1o;$6;000per mile are tabor 

costs. If there is, not enough capacity in eMi8*1g ducts Of'.aeriat>,poles, the. cable company 

must dig up the streets to instaft cabkt· underground•· Thia 1"811re$· the· cost .of underground 

installation to anywhere between $15,000 and $100,000 per mile. The average cost of the 

cable plant installation per home passed ranges from $75 to $200 [46). The total cost per 

5()We will assume a penetration rate of approximately 100 subscribers per mile for the sake of cost comparison. 
This figure is llllOOIBMllf by .fMt NCTA • ~ ;Of'.M81'ereD':and II compera&lle with' the 110 
subscribers per mile fi~ure used l?Y Akgun. , 

- .. ~ ' . 

51
These estimates crf he~c~, per ~~1 ~~li'Jlf,.,..... ~&Wenin:Tablea 3-2 and 3-3 ~-­

in the tableS the cost of studio facilities for video programming is listed aeparatety. 

52
Roberts, L., Karp, P., "Comparison of transm~n media f~ Local A;_ Commu~ication Networks". Paper in 

pr49parationi INallabfe from P. K8rp, AlllllMt Corp;,: .wine, Cllleliiti. • · 
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T abte 3.1, ·Distribution plaftt· component pricea~1981) 

Coaxial cable 
Drop cable 

Amplifier 
Power $,Upply (ampUfier) 
Tap' for power · · 

4 port tap 
a port tap 

Bridge tap 
Splitter (2-way) 
Splitter (3•way) 

1/2" connector 
1/4" connector 
1/2" terminator 
114" terminator 

4 Port fttterface u:i t 

s 0.35/foot 
0.31/foot 

1.500."oo' ·' 
.400. .. 00 

30.00 

16.00. 
36.00 

36.00 
37.00 

; 44.00 

3.00 
.60 

3.60 
.80 

home passed by cable therefore ranges from':$17S to'$3bo; given a 5o% penetration rate, the 

cost is $350 to $7'00 per s.Jbscriber. · ,: ·' 

The operating expenses of cable systems .e stmllalnln most of'eapett9 ito. otfter"bualneeaes. 

Unique· expenses lncllldeioolJYrightlfees, jilDlaf r.enllll·ftRIBV~ ~1·and:feel9 •for 

programming and .premium'c.teieViliGR• The,,oPeftitino, .• ...,...1;for:--large metropd-. 

systems are from 50% to 65% of revenues. ·.Aliirat,.,_fJilliJll&'*8ve11.wet· ~ CGlta:.ot ~ 

to 55% of revenues. These expenses consist primarily of technic~~~ .&talf. The 

NCT A suggests the following average maintenance coats; 

· Headend maintenance and repair: $3,000 per year. 

· System maintenance: $75.00 per mile. 

Programming costs for new systems in large metropolitan and suburban areas are estimated 

as high as $1 million in the first year. The operator pays in the neighborhood of $50 per ,year, 

per subscriber for pay-television services such as HBO, Showtime and Galavision. 
' •,·:., '. ' ' ~ ~' ~·('J~?':.ci-' !, ,''> ~j ~-:>_,··r.~·.: •!/-'·,;. ' 

Local programming expenses vary considerably depending on the franchise agreement. 
. . ' ~. . ' '· -. ' " . ,, i '• -: ; ' ' ' ; ~ 

• 



Some recent franchtaea tncJude entireltaffs.fof locat:.Origtnation•.wllile others Include none. 

Net of advertising revenues, the NCT A cites local programming expenses at $2,500 per ye.,S:S 

~' ~ .. 

3.3.2 Two-way Residential System Costs 
.: ; .. · ·, 

Two-way resid~iaf <Ulta communlcationtl wfltl erltatf 1he ~~~~~al costs beyond the 

basic costs described above: an upgraded headend, more sophisticated CPE, retrofitting of 

existing one·Wa~ ~le plant54 , addition of appropriate· ·.Su~~t'.: to compensate for 
'' ' q1 ..• .,: 1 ,'\q j 

upstream noise, and Increased maintenance and service requirements. 

. ,';' ' ·.Jt' '. ... 
At the end of ~is aectlon we present a table of c$ ~p~i""Y,na Jor three hypothetical 

residential systems of increasing sophistication (see Table 3-2). 
f' .~~~;,} "(. ~'.;: ~ 

3.3.2.1 Headend and Customer Premises Equipment ,, 

The cost of an gpg..-ct.headend includes the oast et tha111at!dW.-.11lf'ldcsoftware required to 

i~pleme~t Jhe o.n·l!ne .~rvi~es~ ~8e;~ ~iUi,ngt )~~~~~JB.n;;, ~~~rl~~a ~' ~Pr,f1..¥~. ~ 
management, addressing, network management, and~-oJf 1:).~1 \~\('~, , sery~. 
Therefore, the cost will vary depending on the capabilities desired. Although the costs of a 

~kaate<U.actent.t.for.11-·1811J8·8Ylt•·CM1n;·--"'•"1wMliP11t:.ctallars;;lt,'8,attlla1attvety 

11mal~eat:;t0tthe twocncttnillian·diallaeii ... ~eblOoal.:;<A!tR8:Btudvsby 

-.~""'-ol>C•~s:1n~a~geatlidi~1Qumbe1llfor•l1eaciend 

"98tS<k>r:•.-~MP>t0'10G.lfi&--illllns:;• .r1•)·,·,- lo ,'f'C' •···· !"'.'· r - "·· "".! 

· $325,000 .. interactive polling. 

· $600,000 -- digital switching functions. 

· $950,000 -- packet switching functions. 

"·,l "-;'. "(" 

! •'f\, 

53.rhis number Is~ ;lo;; possibiy as a ~ .. of averaging~~~ ;tth :~ wlth~ i~i!pr~ng 
facilities. 



The headend used in the Cox Cable videotex system, lndax, will cost $2~ minion: (QO) 

(assumi{lg tne system acco~~tes 50,()QO~~r~ ~~t~ ~P'l:PGf ~riber). 

The headend for the Warner Mle)c. Milw,~ ~,Ill ~"~~,1 1m;ff~r,l;~J {~PJthe 

. syst~m accommoda~ 5P.~ ~~ri~. :c:Ul&;p~n~ Jt~lfe J,ler>.:s~~~)~ · T~is 

. difference, $17 per subscriber,.for tbe.mQ#Jtpaq~ef~ts,Jhe e~~.of,imple~en~mi Cox's 

higher speed (0.028 Mbp$, see section A.2.l.?),, br~t;, ~'1Wl~Y .. inkmnation· and 

communicatiQO servjc~. relative to Warner A~·,,~~tr~op;,;'*rvlc.es wb~.f:\1'8 
rather limited and inflexible(see section A.2.1.1). Both system headends are more than ten 

timesthe cost of a basJC one..way tablete1eviston·netWOrk~ $105,000{899 !fable 34). '· 

Cox Cable's two-way residential interface units,. which use.a o.~ Ml:>f>.$ (Q.223 bitsl,hz) 

contention protocol,. wiQ cost l.)etween $200 8PP ,~- fqr C9WP~ri$Qn~ .Wamer Amex 

estimates approldmat~ $~ OQ per ~iberJor a siriu~le ~ID9 u~ :and, an ay~r~e ~Mpp 
_converter for vicfeo rece,ption costsappro¥imately $5() .. 

Th.e cost of FDM interface units vary according to modem s~ and are typically upwards of 
·-)· ' ". .. ~. \:~, ~,~ .. ~ . ·; 

$500 a piece. DA-TOMA units run as high as $4000 in current production quantities .. Beca~~ 
. ' 't ; ". ' ,, ' l; ' ' ' ' ' •. ' . ,' 

of these higher costs FOM and DA-TDMA".acc~·Schem~s are only 'considered feasible for 

institutional systems at this time. TheSe 'n~mbers are mo':-;'~"refl~tion of• the perceived 
< ' ' : • t"J"· - . - ,- ~· . ' ; • • .- - '? ( 

elasticity of subscriber demand than of the· ·equipnl9nt costs. Interface unit costs for 
, , ' ). • ,-, '· ' : · r ' \'--. Z ,- 1 ~ ~ • '.• ' : ':" .: 

mOcterate to high speed data rates will remain higti untH they are manufactured in much larger 
, -.. .' . '.:J:2 I~~--· ",/_· .. :.. '. . , ~ , 

quantities. Amdax Inc. manufactures both FDM and TOMA cable interface units for data 

communications. The rt-modem portion of the"lnterf~ce unit c~rrently costs from $200 to 
· ~ : " , \-:~"J,. £"':J . ,- i [: fr -: ; c : -

$300 for a 0.128 Mbps modem, manufactured in quantities of 1,000. This cost is expected to 

drop in half if ma~ufactured in quantities of 10,o()01i8. The c~t; of :the l0gic necessary to 

implement the communication prot~ol will·'droP 8s LSI and' VLSI ''costs drop; but, rf 

components are curre~tly difficult to imp~t iO i$1. . "> ' ' • 

55This cost estimate assumes significant production increases, and related ec~ of scale. Cox estimates a 
total cost of $33,871,000 for all feeder cables, converters. and CPE, in its New Orteans network (20). 

56Zak Kong, Director of Research, Amdax Corp, personal~~ 



· .a.a.2.2 Cable Plant 

Cox Cable eetitnates dlstf'ibuttbn plant 111Sta1iatton ·coata'6t oV8t'$1S,900·t*r''intle ($159 per 

SllMcnber) tofthe Ntw'Ortetlris1ndn 'ay8tern.~~1A~ ~ tffit it'wdtikftost'over 
$15,000~r-~f aeriat Catll&, :w'Crfer·12&.000i"*'tftffe ~li~·~lnahlltatton 
tn> MitWaUk'ee; tricludecflrt'iftls cost• are tfle· blbtei'tilafti com~;.J\fuunel~1 ~;:and 

t>r1dQ9· lirripfffiers, ~1nSta11ed at· a'trequency of .ej"8t ni1Nt. &MrtMat tttJOO eacW·tse.oo per 

aubscriber; 'pet1i'rifle). Tt*Wr8Jortty'btt11trcabte i~bn ~ are1B)ii telaW. 

These cQats. refer te> ~ctton of newcabJe.-.•~··T .. ~ated with~ 
existing systems, to allow for two-way services, is also relevant for analyzing the comparative 

·eeonomies ('Jf USlrig cabht·Systems for data eom~ttbrl,~: .Retri;fftting''ohwd-:w&y 

ready 9YS~tb tviO~way acHve a~·~rves·hiMirftbWof UpSlr(!Jaln mn~ifkir mdduNislnto 

· atlampliflerboxes. 'Tha ltidtf~ ct:>stih th9~00tt tl'flM: 11t{ff»'9~ 
Engineering Ltd. study57 estimated thtJtotal awe~'cdtsftif'~flfting;a ~Of cadJte tabe 

$783, for densities of 110 households per mile ($7.57 per subscriber). Retrofitting of older 
,., .· - · ;·, , · .~" . · \r:t>-.::· !- ~: ·,·1r; ~ '·:.H,.. : :~.lL. - ~ ~ .. ':·~~ i :- ·, .,. ··r ~ 

systems which are not_ two-way ready could approach the cost of inst~lli_nq ~new sys~m58 
;: ,:,, • , : • , .. ; . 1 ·• , _ ··_yt.H~~-,f ",_,· r: Htj .:>f: ~ ,'.,,;·: ., , ; /i),,,'i:J ~ r:: . ..,; :\ :·.,. '? r · ·1 :.. 

These older systems ordinarily require upgrading frQ'!' 12-chan!'lel.,i .to 30-channel eap~c;lty. 
- . ·1:. .· - i~:; .:rt.·:•, ., ... ;1_,·~<;;~ P'-.,:\1· .. !.-·:,;; t .. r/(J·; ::;~_.:;:.···:· "'., ··,: •·; ·:~! !:.: 

The upgrading process involves replacement of all cab~ plant amplifiers and bridges .. If the 
', ~ , ·. -. ~: ·.·· · ... '.., ·rp:-q .:!<;;., ." ~ : ··p ,·q··L .;.· "•f>of'tC":~ ' : . l~; '1.'": .. ·i; 

··transmiSsion performance of the upg~~svsten, is sutficie~t. th~ ~ptitiMS'used 'to ~epl.ee 
.' ~ · , _ ! ·-C ·r·~' ~ .. (.: ! , ·~ ·.! ' rhfn'8'b 1,.<··. ,_,, '· ~·..J • ·;:;(:~.:·,!..,-~ 

the 12-channel amplifiers can be two-way as well. One-way modification modules typically 
· ··· : , .,_ :,. , , frf : .)f!~~::r 1 i>·,_.... .~::·lft.;1 s.;;.;t- '·-:=:·Jtit~ · ·; .. - · .. ":·~c.J~ 

cost $340 apiece, or $204 per mile ($2.04 per,~bsc~ber). It~ estimat~ that the per mile coat 
-~ l. ··:'-. :·n1x ... 1 JC.-!~!1<~1."<:::·~-~r-~·, ,)H,..u:~~· · ;._ ~. 

for rebuilding a system is $1300 ($13.00 per subscriber) more than the cost of upgrading an 
'; - ~; .. _. "i- ' !t·.-~1 ::1 ~f_:·~ . '~~>.~ 4' .' : ~ ~< '< ;·' :_·.,:;:;;}('{' ;. ) " 

existing system (55). In '!'any qases the transmission performance of these modified ~~ 
' , !,.::· ~ )'.-~ :-··.;: ;q_~ ·- ·· ·{H'} ;!'\f-. ,i' ':f!.:.rn~:~ (j··..: ~~ •• ~ :~: ! ·., . J,_ ... , .. 
may not be adequate for two-way dat..,communicatlons and the resulting higher maintenance 

·;. I "· i:c .r' 1- '-"··~J'JC >'. ~: .... ' ', ·1nt. ~~ ,.-.~":,.;;::;~ :-, .. , t ~: , ,· ·· 
costs might outweigh the higher cost of rebuilding. Warner Amex estimates that when trouble 

,. - '"'"· l ~ .. ·r uo·· HlV\' to:,)·_:-.t~:... ._, ~-~~ .. , ·:;:110:.11.,-'~i._.·:· '::-;·~~ ; .... -

calls reach a level of 10 per 100 subscribers, per month, it becomes economical to rebuild the 
:·:. .~'>>;•' :~:"~·: ... ..1~·t(;~~-=~·· . .... -!' ,·' \ 

system. 

Corrective measures that control upstream noise levels are necessary for two-way data 

~ - -
E.N. Chialett, et al, Selectablllty ol CATV Servlcn, Cablesyatems Engineering, June 1978, Contract Report. Cited 

byM. All.gun (3). ,,_,,, . · ., . ._..., ,: · · 

58
s10.ooo to $15.000 a mile, sin~ most of these old~ systems are in rural or auburban areas where the ~ng 

costsai:enotaahlgh >,.,,,. , ·- ·,· ··· .' . ... •.:,:.:f·1 
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communications over existing C41ble plant and will CQflt~ tq th$, retrofitting c;:osl$. . Bridger 

Switche$ cost approximately ~-but are lypiQaU.y iB&~ .a. _,Nmetol a~ inslallatipn. 

As proposed ear~ier, digi-'· reteneral<>r$ might lj)e in~, irJ,11~ ~tteJM• ,in c9Biµnction 

with bridger switches i. deaR upstream ot>M.n.. l~ •~firejener,.tor r ~are 

potentially costs approximately $70 ~but no.~ iwAMl~--~-r$ac:fy.ex8(llples. 

Digital regener•ors ~e.mam:afactured fQ! use in ~:pl"'1*1M@::ffHIUi~ modification for 

use iP cable plant; initia&W .• this oustomization m~r~t.lte~.,to~~h BiS$f:iQO ~· 

3.3.2.3 Operation and maintenance 

~rvice .and maifltenance CCl$tS for new ~le$~ wiU be sig~ant relative. to ~tal 

sys~em c9st. This is dU,e to tl)e increasing size QfJtie,. sy.s~ •. ~,~· sophiJticatiQn of 

513rvicesJ>eipg offece<t W•ner Amex estim~ ~ tol~°"pg ~~~~tenance ex~ses for 

their prQpo~. Milwaukte$,Y8lem: 

- Satar•'· One ptant technician for every 2i400 subseritafM's; Six preventive 
maintenance !edmicians per every 1,0QO _pUW,t mil~ .· T,ot;lt= ~20.PQO fQr the 
first year59. · · · ' · 

- Converter Maintenance: $4.15 per con:v4;1ft9,1'. (thi& n,um~ §,Ooul,8 .significantly 
increase with increased sophistication of the interface units utilized). Warner 

'. ' ' ' '" ' • " • < ·"j : . . -. .' '~ - . j>" •._;' ,- : . ; ,. -~) 1'~. " . ' •. . 

Amex estimates that they receivtf an average of 2:5 trou~· cans per month, per 
100 subscribers. 

- Pole and Conduit Rental: $100 per mile ($1.eO per subscriber) annually, and 
$2',000 pet' mtle-($2().00-persubstnbeft} &WWtuatfY, ~: ' 

Software and service costs associated .;;ith offering victeot~x and other transaction services 
·t' . i i ~ ~ 

are largely unknown. 

3.3.3 Two~way tnstHutleftal System Costa 

The total installationeo cost of an ins\ifutional syatelti~ is eCtmpara'btcho that of a residential 

system. Higher· 'per-mite cable installation chargh?4'te · offset b}i' the 'fypftglly srhalter 

geographicat coverage of the institutional network. 
r._ . ..,., 

59The particular numbers cited in this and other franchise pr-ls often ~t demands made by the local 
cable authority. 

60
Retrofitting is not relevant since most exisURg mstitutioMl~wereNCel..,,btlllt. 



lnatttutlortM netw()t1( headenda n ordinarily'lbwet 1n 1ooet1tiaA tilfdMiat MadeAde becaul8 

the;system' CdMs· for the Noh' .,._. cemmunlCMlofll ~•iOffotoldfd cW*> the GPE. 

Reeidenttal transaction 1nctr1riro~11: ~ tlfliW' l• ~' contfW· and- aoftw• 

complitXky ·reside· ln · the·Nadenct. 1net1tutt0"81 ,-~ l:Ml!fa 1t'M n ··not· equfppM With 

antenna' for over-tfit&.81,:'~MWl''but may:oe 0~'\\4ttre~dieltcforeonnectfon to 

long·llaul tacHitift. · tmpC;flantlY; ·the· i1~1 of deMand i.ttr8te'CJOriMit.lnreatlon *9rVIOea In 

the inetltutionat 11\arket • · ri1tlctJ. · 10wer ·tfrlilw ·'" ttie ·. rilNtlftliil i~. ~-· Mgher' 

interface unit costs for higher speed services are tolerated. 

- ~ ·. . ~·.· . ' : : t''<; : ' . ' 

The services and equipment costs offered on Institutional networks most closely resemble 

those offered on private LACN neNrt>rks. ''But, ''L~CN· IW8dem:itf'are Signifielantty ·1MS 
expensive than inStituttdtrat, babfe:tetevlston, neiWbrk~erids:--'itttt&r~•ndi:act atttetty 

as frequency translators, arid do nof ttaVe th~ tatmtieslot c~Pi6tt «»t cw~rt4ftel&lr Slgri8M .. tn 

addition, most LACN's do not implement Information and tra~~cet'at\We headend'. 

Therefore, they. do not r...-.a~acltlrld ruVlioo,.,fM;arlQ~f:-.tU ~ Q.M1Plexity 

and size.. Amchtx Inc. ·off9rs a singte cftfihnef'DA- 't'MfA 'ltateift,' ~et,' ~ftl>.tJee Mbps 

user data rate and 14 Mbps aggregate data rate over two channels (1 bits/hz). The headend 

is specified to 'sePie ~ tt> 4,008 tJaer.·. 'JRaton~ .net> cdll9~>'8!758'. (~.18 1per user 

location) (37]. Interface Jriit,~~.eACh,~ f~~r P:J~:~'.~c;,:,?t~,.' ln.~rl>a{l sysJems, the 

cost of the headend is likely to be increased, so as to offload the price trom:1he 8lllD80ttbers as 

much as is possible. Sytek's l,.oca1Net40 is,, nwltiple cl;),1npel cont~ntion LACN which runs at 
'': ·, .·.~ ·'~: · ~ ·"'·i ~-~~ :r1-,·': -~<::,..,: ff.~:~~r~ 1~':. ~:~~£. ' ~_10 -?· , 

2 Mbps (0.33 bits/hz) over\3fJli14J~""4t ~-~~'~ ~·~s~Net20 

accommod~tes over 1~ 128,~bps ~~r,t~~tio!l ~~~q~~!'r}'»~i.~,~i~~':'f~; tr,~.user ~~tll­
rate is 0.019 Mbps (11]. The headend is specified to serve up to 100,cx,ioy~ arid costs 

- ii.,;··--., 

$3500 [50]. 

Digital Communication Corporation (DCC) offensGN'~'IJlA...T'*"trt•ten\'.Mtich provides 

user channe1$Jro"'!i ~RP~ w,~1~.,.,~) UJ?)P,J·,~i~;cq~,~~7:1ait//1~,J>!liacw.~ 

~igJlr,ne11t basis ... ,~ ~ode co~~?.~e,t:on f.l,'1;,~~1,of~,fft~!~ ~nt,r~;node for,~ 
institutional cable system costs between ~"~i!~:l~~~~: :!:'1~",r"'~V~ ~ig~.J>P~ 
reflect the higher data rate offered, as well as DCC's poattion u the sole current supplier of 

'"'~"'" ~· ---·- . -· 

equipment with these specifications. Table 3-2 gives estimates of broadband LACN 8Y$l8m 
" . --~ ,-. :'/ I-.<-,)::·· •·-.;~ • '.r.-. t ·, ~1·· ,:;;{' • j •-ft.!•-, t•. f; .;,< , :-,311:~ ;·~ -'"°"'!,"' " ~ 



Cohtrol18r 

4 Port. 
.l• 

16 Port 

Heo~en,d · 

Cost/nodes.. · 

Amdax 

3 .• 9.00 

,.~1 960' 

98'4. 

. ,;;···DtC, Sytak63 

~.. . ' 

1,600 

2,40~ 

' '•'I 
' ·:~ · ~9H :• . . . ~i:.0Rq 

800 0' :2~8 ' ' .· <. ·~Jf2 

costs for intra-plant networks, as op~tothtrf!dfy~nehvorks82• 

To summarize our dl8coilston ot. sY8t8ft$· ~ we present below approxirnMiOAS of-~ 

compe~ent ~ Witi\lrte-r~ cable systems Qf ilcreasing sophistic~(eee Tablft.8-

2). Th'.e residemtal'ti~tetM' are :~med to serve ~h>c> subscribtt1S.v10,0 M~t.~11r per 
c". : ·: rnn "! e () 1 • ) ""' l -'.' \' r ·~ ~:: l) ·: . : ~ .. · '; . ...., ' . . 

mile;· with appr<>*mataly, :eolki tea~ penetration ofl •hanced services.·:' lhe dnstitulional 

systerit.Js assumed ~o ~'Y~ m ,.lbera85. .,' :~ ~ ,. · !. .:. · 

The following table (see Table 3-3) contains rough esttiaits-bf-v.e typical cost- subsCHber 

for cabktnetwork facilities(~~) and system ~11qerating costs). i . 

·tD8ytek LoCaiHet2o. 
64 caJculatad for a 1,000-atation ayatem. 

62 Rober18, L., Karp, P. /bid. 

85Because there is only one i. ...... ,.,~In operdan llla....._an.t"""n 1 z UINe'GfanrUB. 811itr1Q8. 



.,~~stems 

Comoonents Two-way ready Warner Amex Cox Institutional 

Headend $160,000 
$3/sub 

$1.100, OOQ ... ,. $2,800,000 SlOO~OOQ 
1 $22/sulf;' $66/sub S2007sub 

CPE66 $76/sub $100/stib ' · s25aJlitib<e1 s500-s40001sub 

Cable $7,500 to s1db;ooo per mile installed; $7.60 to s160. 
per subscrib~f t: ~ctual cost depend~;%~p9n amount of poJ' 
and undergrou~d nuct space availabY•. 'S783 per mi1• of 
cable retrof}~ted from ~-way to ~\!lff>-way; $7 ~·~ per 
subscriber. '· · · ' · 

Table 3-4: Typical cosfper iilibscri~ fassume: sO~tibb subscribers,. • 
1,q(>,~~ ;•, -.,,., 

CapUal Cost1 . 

Basic heade#d 
Satellite receiver 
Extr~ fb; int~ractiv~ 

Studi~ aqut1tment 
Customer equipment 

Extra for interactive 

sa. 
• ,S2. 
$50 
$20. 
$80 
$40 
$40 Installation 

Cablt:·PJ ~t $360-$7,Pfr;'.,. 

Total 

3.4 Prices 

·.,·, • . : ·:·r~.';;:: ~\liftl'iWt•llanee 

, ·!~~~,~~!:?~~:r 
. "· .•fllNtll• ui0iam1'!1*'1' · 

• 
1 ·1~1~~1'~i)2~·1or.· 

so.o·e 
.$10 
$60 
:s10· .. ' 
S.1.0 
$20 

S:lJ.40 

It is difficult to know what the tariff structures of two-way data services are likely to be. This 

brief discussion attempts to identify possibilities. Currently prices reflect the local monopoly 

status of the cable operator, or prices of the closest competitor, the telephone company. 

Cable operators do not maximize total revenue minus total cost (TR-TC) .. RiJ.,,er, because 
,;·_f<?c,:.J,·'··~: 

66eustomer premises equipment. 

· 67Thts eatim8119·- mestar.ge..productlonvakJllRllil wtdch: .. nat)191fn ,......_,, 

68 



currently there are excess channels,. the~vakle assigned W a<·.'cbarwtlltl 1s zero, and the cable 

operator maximizes total revenue minus marginal costs (TR-MC). This assumes that there are 

no opportunity costs in using a channel. 

Current residential cable tariffs only reflect the charges to subscribers. Charges for 

interactive services follow a similar pricing structure:' flat rate' plus a per usage charge. 

Warner Amex proposed a $29.95 installation1 ~~;'and a $4.95' ri.entrity fee, for its 72 

channel basic service. The so-called municip'\;~~if $45.0Q ~l~tiql charge~ an(l.·no 

monthly fee. This service offers 12 channels .of COl"f'.\l]lU'1ity pr09rams, and access tq horn~ 
, ~. ! ./ '',. ' . ., .,' • . . ; '' . \ .•, 

security (at an additional cost). The Warner Amex Qube service includes 14 channels of 

teletext, games, polled interactive service$, etc .. Thefe iS a $19:95;fnstaltation charge, with a 
$4.95 monthly fee (note, there is no·uaage charge). Coi C&ble's lndalC··pr-bi>o8ed service tariffs 

in ~'Ii ,prleaW> are $115 ins~atiqn,plus $7 .95 ~r ~9"AA» for Tier l a,Q~ Ti~r IJ sewice,JlQd $W-

200 i~atiaoplua,,~1s.~Jl~.~mqnth fo~ securi~,tnOllitQriog ~~fllS· 

The only existing precedent for institutional tariffs are· those charged by Manhattan cable 

(MCTV), see Table 3-4. These tariffs were set primarily so as to be competiti~e~'ith telephone 

le,as,ed line. ,rates while. rp~mizing. reve.!lues. It. is likely~~ ~tWi,9~~,rvice will cpntinue 

to,pe priR~· in.this mann~,,since the ttire.at.pf entry,,of ~:al~a\im~!Jfjonal service, due 

to h,igh pric~ is mJnimal68
•
69

• Jnsta,118-:ti.on ~l:lar~Jlf' fi1!50.tc>.$2Qp per em;f,,depen~ng UPOI\ 

the data rat.a, ~h,e.Cox .t4:\r~ •. i~pl'.op~~ fqr, th• ~~1~~nstl~Clfl8.~~cat>Je. Jq$litµtional 

interface unit:i.are in tlle$1000 range. 

' ' '. ! I ,' .''<,, ' 

In addition to subscriber tariffs, future two-way services will include tariffs charged to other 
~ ., ~~ ~~ ,: \ ,;,·.:·c. .. fllf~ .;,(:- " . ":¥ ~" f ·- ' 

service providers. The only analogous service on video systems is leased access, in which 
.. • .. ,-,, ..... 'Y"· 1;3; .X' .. ;,) .... · . ·· ,; " •, • ,· .. ·. '," 

the cable operator leases a video channel to another programmer. Typically leased access 

has appli~,JP: :co~ity groups ~ ;~~OliO~ or ~er.o,dlal'~~, vmi~ d~ l,,)Pt ref~ '.V,.bat 

wo~ be .. chaf,g~ to COIJlm.{tjal ,parties.: lf\,ed.ditj()p .• t~ fprm(pf~I'~. ~_c~ r~~~~ Qnly 

to.d0Yf11~re~,transm~on· .. Ttiere is littl~ J)f~qp .. ~roc;~ iq~ .. esti~es of tt?-e ~ffs 
that would be charged to servers, by the cable operator, for a "communication service". 

68
1t is possible that with the introduction of DTS services this situation will change, and institutional service rates 

will be forced closer to marginal cost. 



Bit rate 70 Cox Cable MCTV 

1200 bps $37/month $146/month 
'' 

2400 bps $66/month $160/month 
; 

4800 bps $119/montb $2®/~th71 '.}-

960'0 bps $23'0/month 130-0 /lftGnth 

19.2 kbps $600/month S420imonth:';'< synch) 
,j -\ ,. 

66 kbps SlPOO/month $.4 7~/IAOn\:~· Cf...Yff~,~,l •! 

1.64 Mbps $1000/month s.10001.Jt.th ( uach~ 

Service' structures In which the 'head'9rid is '!h9:·!0ritY :~r WOuld tiot·: entaft a 

"communications" charge t'tl othetl 'patties. tnsteats; ''&Mi~tffif ~- 1inMrtnatloh 
service providers, such as banks, CompuServe, or Lexis, would initially be established on a 

, , .-. , ·-. '' -- ~! - ~ :r.r· - :~·; ~·J=, .o~ t ·-~:~--f)·-~~--·_,.,.;_ ~1 ·:~ ··-'. •·• • ' 

case by case basis. · 
'" 

Eventually', both servers and SUbscriberS, are likely to be Chargecf0t'l'18: usage sensitive blill&.' 
Only in the case of dedicated ·e:l'larrn•. 'Of e>cttelne'tVUOhtl~ tit·rates reinmn . ..., ~. 
This need for usage senslttve pricing:~ due·to,th9'ih'C;~~'~i~~tfc~fofn\'.o8f~. 
i.e. pertorm~nce degl'fldff wfth' 'hea"Y ~.1 the 1rii~ ··tttattftvilt ~tfo( ~clir imftw!ldtat~: ft 
that until the communications facilities are minimally loadid~.·~~COM tir'ilc>f lncretilriQ, 
and therefore the cost of monitoring usage is not justified., DA-TOMA and contention 

' , · --_· '_,., ''.:·.~ •?:J'J,)i\ ._·:,:_ ·yr:·.d:)W~ £.~,J!~_-: J.,~.t~;·~f -.,r,, '. q\:: '.l ,·b,,H·-:,r;.0- !' 

schemes in particular can suffer from abusive overuse of the flat rate services because of the 
, · . · ,: ,_ .. '-:> _·_,·_-i,;:._· · ',.;'tP·i.? t..~1:: .. •t.:,-~Lr:-·i;::: \~ ·· ~d~ · --i .•.•. · --;. ~ 

degradation in service tl)at is experienced with severe overfOad~g.' 
. :- .~ - - .... f·' '~.<:>'1('i ' ' 1 • ,. "( ' •• f~ ... ~,~ f)~ ;; ~··~ :'!) "1 • 

Cat>le network fees- are ·likely to be lhaeraslthle to· mikfagtf. atnee ''1111 dfunrriufilc~'iQ· fbeal .. 

CommunlCations which travel' off Of; tfflJ c86fe netwt)rk ft'ti& Ctdli~'ilcci.rdfftglO the cC'8t8 
of the communication faeffltles c)ver wt11cfi1th8Y lrMt: le.i, 'ihii' c~Htiffittcr ~lhtoUUft tC> 

the user.· '; .? . -

70Bit rate per 6 llM'lz: channel. 



Many institutions are strongly adve~~1~:t1a~l}Q NA,~ f"tt•ructures remain as the model for 
' • ·•• .~ •• • -~ < ~ ,. 

communications pricing. In fact an alternative to AT&T pricing methods could be the primary 

attraction of bu~ness ,use~, ~o ·~~ '~~~'J ~r!J m ~va~~~i'' !~~-rjg~~f ,speed and 
quality services. Other technologies With which cable wiH be competing will face the same 

challenge. Major users. i~ .~ Yo.~,,tr~~;~'"Y~;~~~~ue ;n -~~~r~r~~;a~ions costs over 
the next year. Users are anxiatls to i)rotect ti\~ froMthe~fdfinc'reases. 

3.5 S,µmmary 

Networks that wil1 support future servici!S must a~commodate ddhl'H\Unication with mufttple 

servers. Ttle costs incurred, ai)()ve and beyond' the :c~,~~iat~c(wfih tradittonaJ 

networks, are concentrated in the ~head8nd, in·t&rfabe"' elt~tp~K(L Hifiirfte'hahc~.' and ~here 
necessary cable plant upgrade and not$e:eorr~ti6ri ~~res~: 19'H& ~l)RlSiicailbh of the 

services provided will most significantly affect the cost of the interface equipment. Prices of 

existing services bear little relation to costs. Charges for institutional services for the most 

part reflect the prices charged for competing service&iMM~~~~'ri' oOinpany. 
Residentif;ll charges, for those services that are in operat;on, f;lre tier-struct1,1red. Rate-levels 

. · · :.'.'~:. "':;~·)ct.-: · :.-:. ~~":;·1tr~: ~, -~· .. ,~ ... · .. ~_J·.;r~·f ·~,,rte;···.·. '·-:1 :· .< :-;M~ ~-i-·<t:,-'. ·:·. 

are difficult to predict, pending more data on dema~ flasticitiet$ . 
• - ·- : ;: , ,' , -. ' -.:. i '~· t f."• r~ft- i • '.:.:'-",,·- ,, ,:·1"';;',,_~~i::un:..~ n ;t 

- We have present6d oor anatysis of cable 8$ a d~t8 ~()tr ~Srti; lnc11Jding technical 

complicafu>na, :and remedies.,,;' We •e' -.~di-aad ;'8i impJllmentmion .. decisions 

associatec:twlth higher levet'communtcation pr0toeol8;1;Hr~e:ticUtat ~ scherrtes. In the 
,_ ~-- · ; ·, t _ :')~- i:·-· L-: ?<.:';':·;-_< "'J:·:~.~r;~ ---·;,;·t' .. ,h.~<.L)P:' ~?-~H:'· .~r ·:,-;-

next chapter we compare the anticipated performance. 9&· -~)-~ '$Y•fa-. with 

services proposed by the phone company and other special carriers for the 1982 to 1985 
' ,., . ,' ~ f t~t~·: '('L;~ •·· : ~-=-~ . 

timeframe. 

,_. ,-

• 



In this chapter we describe two alternative transmission media for resldetttlat&nd tMftttutioria1 

rEt9iOf'!JI ,fjata ~Clf'lm~f},~~Bm.J'1i~Of!!·~~~ ~.;~;iJ~J~UQI) •~ 
(DTS). We 'rif?~ ttlat,~·m89J,0~ill.~~~~c~~;'Y~~:~~Js>r ~ ~­
an~ in~t~tlqp~f1~1m-~ll,~~!:\ '!'~~r ~tt~t~'~l~~t;\?J~I~ la~ 
toboth,~~.~~ege.~tapd,~J§.,~·~· ..•... 1:. :•·' 

Althougttthe i>ubliCswiictteci~Orie~rletYlor:k li';ea~'arid:~~ ~P'~ 24oo bps tvto· 

way (full-duplex) communica~;"ti'~ ~'~tf.=; tt ~·;~~,;a~~ and ;~ff~ic:'t''tor 
voice trafff.. S,v.e,r~,~,~~.~ ~lti~!-!lal~!!J~~i~~rt~1MfMP:~, ,. 

·Analog tmuam'1tian ..,.._a.vastrllliotif.lllltal\lata . .,., 111 ; ,._,~ . 

=:,~~~~&~:;~~::b~·~~ ~· 
_..,._..~Willllj'~......,. ._,·,·;··., .. ,hr.;. :,.,fr •i">:tpg "'-r'' ;V""''' .,., C,·/. ~., •• , 
~ .. ,-- ----~,...vJ"'' ,e, • <~.'"4 ·~ •-<' > C. • •, -,_,,, .~.w-·Ji·. ~ • -\ 

,, ' ' .. . -~ .~. 'i ·,)~i-_fr'. U)f!i'1 i-:li.) -,~: 1:,, :-·· -~·-· t 1i ·~~-; ~y4_; •' ·, :..,,_:~···r_,·1 

- The statistics of data differ with those of voice. The long connection timee 
experienced between terminals and computers, are disruptive to the operation:~ · · 
telephone company switches which are configured with a suitable number of 
trunks for a 3 minute average connection time (holding time). On the other hand, 
for computer-to-computer connections over which omy aacorids worth of data 
need be sent, the call set-up time and minimum 3 minute charge is too long and 
the call set-up components in the switch are over-used. 

- The dedicated circuit provided for the course of a connection is Inefficient for 
data traffic which tends to be in high intensity bursts. During transmission of a 
burst. the data source and sink can generate and receive data at a much greater 
rate than the bandwidth of the twlated pair. Betwen bunltB, the Une is Idle. 
Smoothing the traffic by buffering the data is acceptable for eome applications; 
for others, the delay incurred by buffering makes the llPPfiadion inefficient. 



The use of voice facilities for data'traffic leads.to high aooe9&.cost andcontention with normal 

voice service, 1n ·addition ,ttJ suboptimal>transmission charaeteriatica The tefephQllle company 

or the user experiences excessivlilfine·termination, modeM. 8ld "°'1:ctoet&• · · 

Modems are used to transmit digital signals over analog voice lines. Modems can transmit up 

to 9600 bps over conditioned leased telephone lines. 4800 bps can be achieved over 

unconditioned lines. Modems can be leased from the telephone company or purchased by the 
'; ·. 

subscriber independently (so~ as they are FCC approved). 

AT & T's Digital Data Service (DOS) eliminates the -need for modems by supplying digital links, 
~ < " 

at speeds up to 56 Kbps, directly to the subscriber. In addition, line error rates are superior to 
' . 

those of most voice-grade tines. The service is offered in a limit~·~ber of cities, at 

relatively high monthly tatti. The monthly rate for a 2.4 Kbps DDS line, Within a city center, is 

approximately $250, while a standard, analog, lea$eCflin·e. within a city c.:tnfer, is only $100 per 

month. Monthly rates for 56 Kbps ODS lines are~n the41660to$7CX>-~. 

The advantages of end-to-end digital tran~miss4on ~rvices for data corjmunications are . . . ~ 

. ·- ' 
clear; but, the majority of telephone network traffic is voice. Using existing digitizing 

technology, the transmission of digitized v~" requires more bandwidth than does 

transmission of analog voice. Nevertheless, the 'cost of the components used in digital 

switches is dropping so rapidly relative tQ:the -~:~'~ swilci}. r;g.-nponents that the 

overall economics makes it increasingly worttlwhite to use digital transmission for voice 

services too; this contributes to the trend towards an all digital network. 

The largest remaining b9ttleneCk in end-'tb-end dfgltat ~is th&-foellt toop. The fofk>Wttag 

section' will· desCribe two camrntri'lie:ations technotogi8il\vh1Ch' li'IWe· been 'described by1 the 

tefephone company in the technicaHtteratt.ire, ito;:di!jftal1~ OY9t' the existing k>eal 

loop facilities. In addition to 'the techftical ·fMta~ we t.GP4f'to ktefitttfy 1~' cost; maintenance, 

and Implementation difficulties which will impact ttte attractWe•·-Of4'ese-seMees relative 

to cable television based servfcea-. 

4.1.1 Circuit·Switched. Digital Capability 

Circuit-switched, digital capability (CSDC) refers to a 56 Kbps, aJternate voice/data circuit· 
• .,.. r'. : 

switched capability (see Figure .4-0H2) .. Cus&omel'.8 will OiMI a ~I usipg. ardinary1,tf>Uch tone 

71 



facilities. When the call is set. up they wifl be Bbl* to atgMHha awitch to allow transmtaaion of 

56 Kbps digital data. They wilt ta able to awitch badt 911ddorthbetueaen· transmitting analog 

voice and transmitting<.:digiUd data at any time durklg;tbecdi . 

• • 

• Existing Switch .. 

Netwo. rk AcceH 
ertace 

. • •tttM•Mf a-Wlf•J.ooµ e Alternate Anaiog/OigM· 

----t1AUS 1---------1 4ESS 

------uss 
Network Ac'ci"s \fthrt'lc• 

IHUClll• · 
4 WlrH Dlgital IData) 
:a ..... AHlillif'tVClijteJ 
:I WlrH Mede C..Urol 

Figure 4·1: CirctJtt Switched.ofgltilfCatJ&biHty'(N; Lbng, Bell 
Ubo~~). 

$: 

'•·,, 

A new transmission technology, time~ompression multiplexing (TCM) (2), allows full duplex 

56 Kbps digital tra~.iUltiOO ... ~ ~o.wifft ~ laapa. SWl!c:hiJlG•IB 

achieved via. minimally ·.J;l!Odified .~ CG,mMf'Y .~:·awftchas ~ ~fiec:t. SOii 

switches
73

• The ~laafk•Uf.lr •~ ·•tmatittdkJnai· lllenl for.applicattona such 

as high speed facsifnM, bulk Gllta ... ' an.,.'.),-- .... i ,~er: tQ., comRUter 

communicatiooa. Tae CSDC ar~twe •1,,._;.,,._,,to,that 9f·~iatint-voic&.aervice 

facilities, therefore few difficulties are foreseen In Its develo~"41nd ,fft8intlt(tanee. 

72This figure was provided by N. long of Bel l.aboraton..111 • ......,_ .,.... lltlW tecttno• .,,d the local 
loop; Communications Policy Aeeearch Progr.wi Sem!Nr, M.l.T., cambricJge. ~September 24, 1881. 

. '.· ; > < b •'"0. ,. . . . • . . ' • . . • ·, 

'73.rti8 modified local switch la the # 1 A. eSs, and the toH .switch Is the #4 eSs. ESS . ...,. for eecb-on1c 
Switchlng8ifetM, and'll alamlly of co ............. tlil~~,ulild~lte1WT~Coi~ 
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4. 1. 1 . 1 Costs 

One circuit termination line card is required, per subscriber, at the subscriber loop interface 

to the local switch, in addition to the circuit termination card at each customer's premises. 

Each line card is estimated to initially cost $600, or $1200 per line connection 74• This cost 

estimate is based on high volumes of production, i.e., quantities must be SW'ificient to justify 
yt ",;; ·;.': >'f' ........ _, 

production of a TCM chip-; 

The alternate voice/data channel unit is shared ey.. multiple.~bscribera and. is only in use 
~-.. ' l 

during a data mode call. An average unit serving 10 su~i:iP!e~)§..estimated to cost $1000, 

yielding a relatively small costper subscriber, $100. 

The cost of the softwaremodule, Which win ~·atnortii.ed,[~puld be in.thex~nge of $10,000. 

This cost will be divided, over. the RU~~r~~ $Ub9cribefC~~the ~~Jl75• -
_, 

The services will be offered by the local operating companietl~~quit acc-~uutes that apply 

to standard telephone service will largely ,be applj~,,lQ.J;,SQC,j.~ .• inwr.{q.ces to the local 

telephone companies' facilities will have to be made public and accommodate other long haul 

carriers. 
" ~-': {. \ ( • \ :.f_; ·:., 

4.1.2 Data Above Vol~~{DAV) •• Lpcal Area ()ata Tr.a~sport O.,~~:rr~ 11e~lces 

Local area data transpOrt services are intended to provide residence and business customers 

with netWork interfaces' throilgh whit:h they can·~ 'a '-M ~4!id netwOf'k, prh'natlly 

for communication Wfth '1$ndor'dSta' ~· (aee"P'fgl.tf4t ;~1~:t 2 AISpftC&tUm&' inclUde fiome or 

business, rnteraetive, infotmatton systf:fms; secutfty;' and eti~..gf m~IQ~ment sY&t4Jms. 

Tbe service-is designed to provide moderate speed tt.e ~toffbpe~data CCMIKlftmlcaticwS 

to "bursty:': ·users.· in the ·hoMe and ~-Uteiftituaa. , 11t additiart. citlefcdata ..,..Hty le 

designed so as not to contend wm., traditional wMc:e-0eervicea :fear • uee et. trM.sm"'8c>a-

74
Estimates are based on conversations with Dr. E. Claire of Harris Corporation and Roland Zalite of Beu-Northern 

Research, Februmy, 1982. J; McDonald of MBX tnc., lormerty of TRW-YIDAR, .tlltifMles that bottl. lhe ~'uit 
termination equipment 8nd the inc°"*1g line card to the switch should be as low as $300 each. 

75tt is not clear exactly how the local telephone .compmny will pufChMe the llOftwant, $10.<l00 per switch, or 
$10,000 tor one Wll'8ion ot the aonware which would then be eopiedfbt_. an:OlhlKIDmdsMllll-. 

73 



1F 
• • 

.. 
INCTSI 

... 
AMlee 

IYolce Or Oet•I 

Allelq 

lftl•rf•c• A .--------1 Swllchl"9 

AMioO 
I Voice I 

.. A B 

,OTI Sllil- AID 
l.~Kit - ...... 

ll4•"9•ef' 

AMlet ....... ;: J .•. 

IYolc•I ID•l•I 
r, ~ ... 

Figure 4-2: Local Area Data Transport C&pability (N. Long, Bell 
Laboratorie878). 

facilities between the subscriber and the central exchange. Packet switched data transport 

facilities are mast 8p;prt>pnl\te for ttift'J cl~ of ~~'irhcl Jii~$fantl: . ! '. :' 

[ r··: 

The user V'ill access LAqJ vi4~e '~ wjrtt .s.?4it~iif9! (~c:W~PR~.~~~e .. Pata 
circuJt ;eiiq&#pmeot~::lh6'.1R~st~r·~ ~~.,·~·-i'ITTft!~.iqM~~rJ~~,11~ ~4' ~tqal 
exchang~ \!(.ill p~\ tt-.~.di9i~,~ .. r~!¥ll~)~Ab:e. •-~-~~0~y~ip:..,, .~el~ .v.p!ce 
signals, a technology referred to as Data Above Voice (DA VJ77• Using this technique, the data 

cireuits Wilt 1'0t cont&ftd ;wittJ .. ~' tetePhOJta wagec(Ut~ e900k'but·wti'ope11118 

simtdtaneou&ly ever ttie aam81Wtsllld pair;-: ~Jdt..._ unit•••• datainput'p_ort:whk:llt 

7811ict 

T7 Long, N., Ibid. 

78ccm cornmuftlullon lllllnllant:X.21i .... ~ 

11'' 

' ....... 
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The voice and data' wiH be separated (filtel'IJd).and ·the, voioawill be passed on to the local 

Swltcll. At the.oen!Mnoe to: the: tocatswitdt;: the data1aigeals•ilt be £onne¢ted to a port -ota 

statisticiif ·~or. , A1ldata•lignal8·will1Je·'COneentrated:and,senttw a packet switch via t8 

Kbps lines. 

' 
Infrequent users of LADT services may prefer to use a standard modem to make a data call, 

rather than pay the extra charges for DAV transmission capability. Subscriber acce$S for the 

occasional user would be provided via a standard modem and the dial up network. When 

wed" in 1his manner; use of the faClities fotdata woutd tJteciUdeYoie&;communications. 

Unlike, CSDC, the packet, architec,ture of D~ V ~OifiqEtS off~~e)I'{. challenges to the pt'!one 
· • · . ' ~, - · ' , '. ·' , · . :. { I • ~, , ... ~, 'f \ \ , '; • 

cqmpany
79

. In a.?,9,itip,~ the r~~~t,al !nf~rf'l•~!P? .•. ~ d~!"!T~~ftt ,~,!;lit )'et (ievef()ped. 

Tt'!eretore. near terrn,offerqi~ ofJbese serv~,es 111'.~Aik~~,~o ~;:'~pe-~'",11tat. 

' • .f_;'· i;.' 

4.1.2.1 Costs 

The data circuit equipment on th~ customer's. pt;ernises and the. entrance unit hardware 
. : . . . ~ - '. . . : . " ) r-.,., •. ' ' ~ ~.,. ; •.. ,;~: :-; !)1 _:_; .:· ' . ~ : ~: 

required in the central office will cost between $200 and $400 installedm If volumes are large 
. ' ~ . ·_,_.· .- \ ~ -~. . ;"· :·:_;~-- - : ·. -:·:~. .;.ii~f~', ~:1 'b , ·~ 

enough to warrant tt}e use of cu~tom LSI, these ~ts wQuld drQp significantty81
• The 

· · ,: . ·. · u·, " : .. :.·' '': ·1 • J·:. ;,c•i.;1; ·:; •;r;, .. · ' . 

s~atisti~~I multiplex~r w'IJ.pr8$ent somewhat of ~,~arrier in ~~t ~\a.a,~iQ.h ,fixed cost item. To 
' • ' - ' ' ._ •• ~ c . ' 't" •.• .., ' \, .. ' "'" \ .,J ~ . 

justify it, there must be a critical mass of subscribel'Js. to LADT -b~ services in the same 
<;'""•" .. t'"'-:tj(:., :_ .• ·~:-:··~ ' . ; 

local area. Nevertheless, it should result in a fairly inexpensive per user cost. 

Finally, the local operating company must install a packet switch to provide data switching for 

interfacing to multiple hosts and long haul networks. This installatloA· tepeeawsnts. a la1ger 

departur~ f~r}he loc~l}elephone OP~f.~~ing.9~mP~V:};~nt~,,o~-~~,hn~l~y and.fix~ cost 

thl\n does CSDC. Th~, LADT seryic;es will be introduced more slowly and in few cities at a 
'., . . ' )~ ' : _,,. " ~.: ,i, . . > .: ·. •· 

time. 

79Although other telephone-switch vendors already offer DAV capability (e.g., ROLM, BNR, etc.), these services 
have not been offered on a city-wide ecale. 

J_ ~ "'l < '!' : : ~ 
80

Seiscor Division markets an Integrated Data Voice C8rrier (IDVC) system offering similar capabilities at 8Pf;teda 
upto9.&Mbps.O\ier\3.Snlleru•ter'SIM.,,...Ycirtl;f91r1ill u•,iMuf:....af••\rt..,tllia~ '·'' · 

41Edmaa .. 'biilladenCIOi........_....,.nr..£·Olill'Uf·MMtll.Go ........ and·Ratand2alite"dBell-Norllem 
Research, April 1982. 



All facilltiea, including the packet awjtch wil~ a·awn.OtDy: ... klcahtailphone. company. 

Therefore, equal local faGiffty ecca8' amMntell&ORWtiOR~baf~Ao:ialf ·k>nti-haul 

carriers and paoket·natwortu11B¥icee•:a·.-mt1~~ fn.......,.,·MIJihM. 

already introduced proposals to the CCITT for new standards to govern DAV. 

4.2 DTS 

In 1981 the FCC approved apetiti0n-bythe1Xerox.aor.....-. toialloeateapectrum tntha~'tO 

Ghz band (10.55 . 10.68 Ghz) for a high apeed, local, data communication service called 

Dlgltal Termination S&Mc~{'{bTs)•.:·,r,··ftie ~n(J 9Rr;'d~ •li\1%.td ·catraers -~ 
submitted reques~ for ucen..-·: ors.-.· •·ri~Eki~\ifiadtS:t~ae·Wherebf~ 
communicate with one :ot ;more' .:f0¢1f~-:~r& ttPill.W ~~ttklakfe Vlittr'tongiufol 
facilities. One or more nodal stations communicate with multiple user stations within a radiua 

of up to 4 miles. 

The user experiences data rates up to 1.s.W· MbpS. TDM ii used to trantm11t from th~ nod~ 
stations to the user stations', ~le u8ers 'tra~lt back to ;~~I &tjfiOns On a TOMA' or TfiMA· 

DA basis. Within 4.5 ti11rorbi'r1dwidth Bll"'&ggregate ~tai~ate of~_4·Mt,ps is achieYed (1'.'2 
bits/hz). The cost Of ~Lot~ '8ystem is currentti ;quoted~' Jr $11';50«>; Per user statl6n '~ 
s111 ,ooo per 120° central nrid~ ~tor8' .' " ' · ' 

4.3 Compa.rison 

Institutional cable networks will compete for the c~inmercial ctBta communk:ations' ri.arket 
with existing telephone servic~- (DDS and leased. i~f;' ~~l~r~ ~pfione ~~~ .lCSOC), 
and specialized carriers (DTS). Time will prove to be a determining factor in determining 

which of these services dominates any particular market. 

82Xerox origlnaHy called the eervlce XTEN. 

83Atter observing ~~••n'nl'r 1 m'·Cllfriers.tt1atfllllred ao~ara.i~41ft..;.fleld to._. 
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At rates up to 56 Kbps, CSDC is an att~ti\14l att,.;.,at~ institutional cable service. But, 
. . : .. > . ; .. ; ' ... i 

there is no reason to believe that market demamf will Stop at 56 Kbps. In those cities with 

moderate amounts of traffic, ~DC, ~ill ~ ~~~~ ~~· i~~ .~ cities with large demands, 

or with installed institutional networks, cabte services wnt frnd their place for rates greater 

than 56 Kbps. The competitive dynamic between cable and telephone services will be largely 

affected by the tariff structure of the telephone company. At the same time, the existence of a 

competing medium will force the telephone company's rates down. 
~ .. ; ('? 

DTS has the ~y.antage of low co!'lSlQJ.ction cos~. r*t;v,.ti .. :\9 iri1:ni.t1.1t!on~1. cable;. bu~,, if the 
> , ' ' ' ~- ' • .' 

institutional cable is already instafWd. ~- advAl).t,a~e.~~~~~·,, ~ was exemplified in ~e 

LDD· Tymnet·SB~ ~i~~ (see Section A.1~~·2)J ~1.e ~~F0,1:~)ijOmpl''!)~nt each ?ther. 

Therefore, in th~ cities · thaJ, have insti~¥tiOll~I: ~ .~"YR-~~ "' 1 "9v~~~ge, of . D~~ I~ 

~leac, un.leS$ it is u~ to COl1\Plefl\f!Ol the ~l~ Jaic{»~. ! ,~'' ~;~·.P~ties, ~Jlat,do ~()t ~~e 

institutional networks, DTS is attractive on a co~ ~· . It wHI. ,~, 11\JJf'.lY years, t>efore OT$ 
••. > - ,,;.... •• ',. ·' • , • 

equipment drops in cost low enough to be of interest in the residential market. 

LAC?T is a very attractive alternative for the res~nt@~ mark'l. Ttt~ to~ ~ast of upgri;Ldir~ t.f:l~ 
, . . . , ' . ', ~·~ .· . " . ' -

~hone; lpcal loop for DAV servi~ .. is ~timatf?4 tp ~r~~hatle~. than tha,t of upgr~ding 
. . .. ·~· •. ' ~~ . ' . "' ' ' . 

a two-way ready cable system for comparable services85• fQi ~ices ~ .. ~t)~n 8 .Kb~, .the 
, . I .. .. : , , : ' ... ·. ~ 

ubiquitou~ of telephone .fiteiJities :giv~ thf*t .. ~ .. a ·~~ous .adv~tage. In 

addition, the'star configuration of the teiephone<network ottera--..s;ity,and fnlud advantages 

over a sh;~~ channel .Cat>•" archi~t.Ot~; Ne'Sectlon 2'.3.~.z;O.V'tfi~'Olher hand, there is no 
,."" _ · · · :-::'.L ·· . - "';i· :.:- .. :LJ. ~ ·: ;n tr ··~,.; ~ ~1·_, : , ·, 

telling how fGr'9 it0wilUake for jQeae aerv~ to ~r~~~; w wJw:n. they do 

become available, whether the peak data rate offered will ~·attithtate'; itnttwetnean time, the 

development and availability of cable services could consume aJI of this apparent advantage. 

As in the institutional mark~t. all three media,. ~ ~I ~· ~h~.· will ·~ a part of the 

communications ba~~bone. ,.The charact~tics of the partic~tti1:'co~'m~~itY.and companies 
. ' ' ,it;.' . ; ' l .. ' . ~."\ :. ~ • f 

involved will determine the outcome. 

Having presented and analyzed the technical c:hara.ctetisttca'of cabfe1elevislon networks 11!1 a 

data communications medium, in the following chapter webnfffr~thtil infOrmtitlorMrom 

the perspective of cable aperator& 

85Snowden, Personal telephone communicatlona, February, 1982. 
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Chapter Five 

Regulatory Issues 

5.1 Introduction 

The offering of data communication services by cable operators poses parttcUtarly interesting 

questions as to the proper rt!Outatoty structure 'for crammunicatlon industries that both 

operate the communication. conduit and sen servlces over it; Wh~;pay iefevision·, videotex, 

or electronic mail. In this cha~ter we outtlne the
1
poHtj context of data c0mmunicattona via 

cable and propose how the regulatory framework ofcatlte tetevistorllntght be~most suitably 

adapted to data communication applications. 

Cable television networks offer peak communication data rates that are orders of magnitude 

greater than the telephone company's narrowband idca.i lo()p;"Tfu/t ''locat fo0p", i.e. tntraeity 

communication facilities, is an impOrtant but weak fink In th~ ·U.S: telec0mmunicatlcmi 

network, as Charter et. al. note (18]. 

The availability of diverSe communications servtces ·tan proVide powerful 
leverage tor greatly enhancing the nation'sinlOJmation·baeed ~y. ·Tile.weak 
link .no.w in providio~: ~~ed comJRLIO:tca~~, ~rvi~. '~>_,~~.~~~~.an~ ·.the 
pubhc 1s at the local d1stnbution level. The diversity of serviCes po$Slbte through 
locat distribution is being inhibiffid by traftienal ·~ tM tcictll ~ and · 
prevailing regulato(y pofjcMt&. 

The use of cable television networks for data communications involves a technology and an 
" . . I .. 

industry, both of which already exist, but for wholly different applications. Cable has been 
' ;;}; J ; ' -: ~;"' . ' i·~ 

used principally for home entertainment television signal transmission. But, given proper 

system design, it is equally appropriate for transmitting and reeeivi~g data to and fr~ 
residences and busine&aM. Data oyer ,Cllble · ~. f~Ull ap~ compelUng policy 

. . ' . . . ~ . . ~ ... 

questions. Such questiol:Js indude: 

- Is cable operation a broadcast or common carriage function? ta it both?· ·. 

· Under which jurisdiction should cable fall ·· local, state, federal? 
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- Should the operator of the network facilities;haVe tuU :emrot over.the services 
provided over the network? 

Cable is currently categorized as a broadcast service and is only minimalty,regulated by the 

federal gov~rnment. OJ?erators are grantaj. ~r~,and-~yei;tl~":' rrionQpoJies by local 

governments which last typically fiftl:)en.;¥~~~: In, cor:itr~, ~e.~t10'¥1 and IT\OSt other 

transmission services .. ar~ regulated. 8$,;(:9mmqo carr_if11'$ J>)',, Q9Jh •. ~tat~. ~nd.federal 
' ' • ' ,+ i ~ ... . .- - ·, ~ - ' . '.,,,. -· - -~ . . • 

governments. _cc;unm90 carrier, reg,ujatio11 tr~i~pfl~!1¥qi~ r~ ;Of re~\,lrn reguJa,tion and 

two fundamental behavioral stipulations: 

1. 8ervlces are made avail8ble to everyone on a noh~dfScrimlnatory basts, and 

2. No control is exerc.isect over the conte"t of the,~mm~~icatio~ 

. ' ' ' l . . - :' . ' ·. ' ' ~ - ; - \. ' ' ' i: i • 

The dichotomy set up in· the Communications Act of 1'934 treats common carriers and 

broadc·asters qu'ite differently. Broadcasters ~~ .biven contrOi'~th o~e; 'their t;ansmitters 

and the pr0grarri~.·;or content, of ;their bf~adc~. lndee~t~y~kr~~d accountabi~ for the 
content through such means as the Fair~ &ctrine and c&nin~riity Se~i~e rules.' ' In 

~ ·: - ~ - -. i ~~,- -.'.;,:· :~ :.~!;:.">1, ~-·;0~, <:-~~ :1c:·~ ." -1~, .. "; _ .. ;.-_1r ,· 
contrast the common carrier controls only the con<:luif, or transmlSsion media, over which 

communication signals are carried, and .is sPebtticBtly. prohl6it~~:t' from' e~erting .. ariy,'co~trol 
,,,,- -_.:. ·. -· ,·"'. -~ r.,.--; - j ~·,., ··-r - , .. -.-,. ' 

over the content of those signals. The 1934 act granted tile. Federal 'Communications 

Commission (F<;C) juri~iction over both. ~ct~'"':~~ ,a ~r~~e ~t9Jj>r~viS,ions for ~c~. 

In addition, the act stated that serv~• r8SJ!Jl~:.ijfldtp!,.Pne ~t~~?;~Y~~;ipns could }lot be 

subject to the other set as well. Until rSC_fJnMX tt w~ s:tPt; diffftAlt1 tQ .~etermine ,w~\~ 

communi91,ition seryices belonged under wlli£~ ~~8A~· Tocl~~j~t as the dic~tqmY 
• • '· • \ , ,_ .... '• • ' • - ' ~; '' < •• • '" 

betwE!en _f()l"flputin~ and c9"!'mun~tio~ ;has -~~red .~:i,a. ~It o~ i~hnologi~ 

developme~ts .• so has the ,demarcatiof1 b,e~,"'~~~'.1.CQ~Qq,,.~,~~ier &nid b,rofl4~ 

technol~ie~ · .. Home and ~usip~ information ~Jp~.f'~1pr~ ~Jl\ch wi~l deJNer ~lf~ 

and data via broadcast media which are traditionally used for entertainment video television. 

At the same time, broadcast two-way television services use data communieattons for poHtng 
I 

subscribers. 
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5.2 Regulatory JU1iscHction 

5.2.1 Background 

In the 1969 southwestern·dec1smn•tfie·1'C:C-:s rofEt'l~·cabre t&gu,.t16ri wai defined to lnclLide 

Jurisdiction over an·'servtces Which were "4h~n~,Y tcfbr~aliitina:*.! nie '&oie furictfon:·ot 

cable operators at thdt: titne was to retst~BasftioJef ttte- a1r ·~v19tOl1<Csignihs '~c:f'ihe 
Communications Act ori* Hif drant~rth~ Fee: i~ '6~~ili~~asttrid17 • 

. ?~ ' .-, J ',"'~,,-· ;:· ~' 

The FCC's 197:2 Cable Tel11r(a/Qn f1NJ>Qrt and O!fl!ft!9. '8lfoqtl,~.r.8'19,f?~~Jl,~ ~cable. 
In addition to channel capacity requirements, the order included a two-way capacity 

requirement for all systetnudsef'Vittg 'ffii)O..'rnifl<•. ''th{, :reqult~ni'~t~ftH~t '&ach ptant 

should have ~e . "t~hn,if.~i ca"'~p•ty, tgr, np~:~~~~u~~~~~ csw"~i~~~"fr:i~11 c:t.1c1 .not 
require th,at the servi~~ \~(rt~i~~· Al~,O,~~ ~~ F.$~-~~8~~ize~v~~~~'~·~.P~~ay ~Ices 
were prematu.~e, the r~~P~~ -~l;lind ""ch ~'~~!a~!9f: ~~IP, .•tffl:M~', ~~~1f,9r ,addin.~ two· 

~ay capabilit~~ i __ n th~ :fut:ure._ In June <?~. ~~r~J'J,~ KfF ,!TI~i!.~- -~~1rE!$1~~~ucmu~ r~rictl~~ 
IC'c~I fran~hlse boards from,,~uif'!ng, ,11'~~~ .. ~ri~~1~~~",~ _req~~~~~(,·7~~: f'.9C ~ 
afr~id ~hat som~. requiremert~;,!Tf>0;88d· ,t;>Y ;~al}>~~~:~~~.~ ~X~:~ ~ti' st~~· qf~,"~art, 
and would prove prohibitive t~ ttte _cable (>,PeratW!I· , , , . 

·' · , ' . , ;,~ ' L'. ' • .fli 

In 1975 the FCC open~ an investigAllbri lnto thJ' iVlabt'lity of maltitainl~ the two-way 

regulations80 ;'.The ~e fndustry was}¥1crffi>Je·1ft~'t~uifemerlt :"""o~ei:t Because the 
mark&t still showed no Signs ot pt00Jt1na''r~nue6 foth aper~tors':ble extrla cOst Of 

ih~hlhg two-ways~ wa8 vleWed-'al oJ.fiy'fuf~ine; :Th~ fricfiJstfy claHhed' that the 
~tta cost was an~:trBm 10 to '14b tJe,.Clht n~~10H~IO~~Y cliPaC1\Y1~ tflat 'ats0 
sa'flsfied the new ch-an1'91' c8')aclty ieq.Jr~ta: 'iiui;w,i·r:ec· ~~tiiried 1~;Po8iti6n' th.it \he 
very high cost of rebuiidln~ri t1h-!~af~ 'w~attt~ '!fMt;~vet~ ~I 'adaftf008i coat 

~· -~;; ~ ·:·j: __ :i' f' •;. tt\ ~ ·~' "'•~ _;· . - ,-: l'/ ~-! • 

88
un1tecl Statea v. Southwestern Cable Co., 392US157, 1888. 

87 1934 Communications Act, Section II. 

88Cable Television Report and Order, 38 FCC 2d 143, 2 February 1872. 

89
Reconsideration m cable Televlaion Report and Order, 38 FCC 2d 3218, 18 June 1972. 

· 90Notice m Propoeed Rule Making in Docket 20508, 53 FCC 2d 782, 784, 3 June, 1875. 
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incurred in building with two-way capability from the atartrThe'fiGC dttt11in\lt therequlrement 

to only those systems with 3500 or more SUbsoriber'B;veo 88 not to ~en;'smaller, te8s 

pro1itabHrsystems. 

the Jurisdiction of the FCC was question'3d.·. ~~r .· tpe. -~,A.R.U.C. .decision91 
• which 

co,ncluded that two-way_cable communicatiOJlSi;whlc.b.~•~,no1l~~~-wer~:n.Rt: "ancillary to 

broadcasting", and thereff?s:e pjJ;i pot f~. w,~~1t13, ju~~~<n.-9~ F<;p.,r:egulation of c~ 
'· .. ~ - . 

television esiat>Jished in So!Jt~stern. In ~~.,thev1)Y~e··~~~~t~ r~rictions 

of the Communications Act of 1934. 

In 1978 the courts acted to severely limit the FCC's jurisdiction over cable by overruling the 

~ncy'sauthority to es~shJocal ~-.r~~~~1 , J~~~~ r.equir~en• w~ 
abo struck down. Tru, basis to.r thtt de,cision. ~1'.-t~,J8ClU,~e~ ~-the.~'­

operator with common carriage responsibil,ities. T~ cqmJl1Uf1~.W1&.actJ~~~tJy.-S&ates ~ 

if a media is regulated as a broadcaster, that it must be exempted from common q1rrier 

regulation. Therefore, so IQng as the fCC.chpse to.r~~ ~~ '.'~GUlaJ'Y: lq,_ '1'~asting" 

(as stated in SouthweslfJlnt the FCC <*Aid n&t~tl'Wt·bomfnoit':eartUige-~nts. 

By this time, however,.Wl9:\¥a¥.~~pability hacf~olne·a Cfr~ci~, et~B_t io th~ franchising 

process. 

5.2.2 State and local regulation and federal preemption 

The Congress and the FCC currently advocate increased .~r~~.•-tt-~'?,I) of cable at the federal 

level. This leaves the states_ and municipalities to apply regulation as they see fit. In the past 

this responsitritify ~With -tHe'inoriieiplFfr&~ bodW..'litW! as 1he 'ihttuence al the 

federal government recedes, the state legislatures and public utility commissions (PUCs) are 

playing a larger role. So lonf•·•;~~lt1ffnlintifUf~1111bte\'theemphast&on local 

and state regulation is in accor9 with-~~~~'-· ,'.'''i ,; 

One foreseeable problem with State regulation of cable is the documented tendency of State 

91 National Association ol Regulatory Utility Commlaaloners (NARUCJ v FCC, 38 RR 2d 393, US Appeals District 
Court, 1978. 

92.Mldwest Video Corp. v. FCC, ACLU v. FCC, US Court of Appeals for the Eighth Circuit, 21 February, 1978 
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governments to . pr~teot exjating indu•lriea; in. this case the lootd t•phone company (42). 

This could ~i- the 6tate PUCs tow~~ eolo.r~nt stf~ct Conm'IOO Garfier regulatioo for data 

over cable as a means of protecting the telephone company. But, should the •e P!)Cs take 

action that is undesirable to the cable operators, the operators could respond by running their 

systems across state lines and thereby fotci~ them$elves beyond state jurisdfctton; assuming 

that the operators gain rights ofway'frbm neighbOnng ~tea. Similarly, the FCC or CO~greas 

·might react to seemingly unfavorable state regutation bf tJreemptmg· State Jurisdiction if It can 

show that prol'()Sed state J)OliCy Would distu,;t nationaf 'pOficies, i.e., lnc0ri8istent state 

regulations could prove a barrier to standardized nation-wiife Service, Jtist as local regulations 

could prove a barrier to coordination of state-wide regulation. 
'l k, 

The 1976 report of the Subcommittee·oncommunteatiansof1he Committee on Interstate and 

Foreign commerce of the ·u.s. House ofRe~sehtattves recommended that State regulatiOn 

should be retied upon more heavily, with simuttarieous tessenlrtg of lc>caf and ·Federal 

powers [t9): 

The federal regulatory rote should be confined to those aspects 
requiriagnatiQnal ~ineatiOA:of·s~rda. .~ ~aas·~ 
defined, and where federal preemption is called forto avoid 
interference with federal ObJectives; the l()Qic df preelnptfc)fi Shbuld 
be explicitly stated. 

In their work on electronic publishing, Neustadt et. al. (47) propose three criteria for judging 

~~~~~oo: ·~ 

1. Is it ancillary to broadcasting? 
, U-' 

2. Does it fall I.Ind« ttw <:ommon ~r~ *tion..~ioa 2, of.~ communications 
act? · · ' · - ,, · · 

}' - < 

3. Would non-federal regulation disrupt teottilw•~~ 

There are three areas in which the' federal g6vertimenhmgtW ttwm J:;reempt local and/or state 

regulation: 

1. Content regulation. 

2. Intrastate information services, i.e., data base access. 

3. Intrastate transmlssioo. 

----- ---------~---- ------------



Preemption of content regotatton provieions are- likely Gft.1he basis ..at rfttlltlhg · :fht 

eMendment,infriogement.. Simitaftf\~ ·uncts .~ ... ~i' regul&Uorf •of; 'intraat*tatea for 

tntormation-89JViaas ndgbt*bwpreempted topr....,..Wtver9itJd~ur.ol8i < · •1 r :, 

T_he mo~t difficult case is that of intrastate tr~m.~~e:' ~~i:,.l ~~rqff!ion: was e~pl~itly 

~ruck down in N~RUC .~I~ beca~ toqJltlJ,f! tv~df~~~,~~~r<~J~i ~'fcthat.,lo.C.al 
regula~ion would hind~r Jegi~irnat~piatl~~WJl9f~i H¥t 19Z~,.~i~~J~port [19l_~ 
that Pfceernp.tip°' of cable transm~on reg&AI~~ w~ ,qe, .~H~~~ Jq, ~.P.f~pUPf1 ~ 

. J_ocal )elephqn~ regulation and ther,t<>r:~. it. 
1
was -D~; MPr~'-,-·,, ~e"! ~O,W<\ ar94J~ ,tll~t0~ . . ' . ~' - ~ ~ - . . . . 

; ,fedel:al government_ -~~s r~ict ;f~~~ ()~i{Jp }~Q'UP!ffi~ ~0!1)-,)?/.f,er:~~).nfo.~m~ 

services over their local loop facilities and therefore, federal regulation to assure so""';~f~ 

of separations or leased access on cable facilities is appropriate (See Section 5.3.5). In 

'addition, me d 1ca1Dle .tor; data oommunicatilms inrJ,.._1 .. ~1thatnatiu*at JMJUey 

will• be disruptea'. if nociedarah~eordinotiion• iii altawedifosi :'.ifn !light 'Of· the ~<consent 

·decree between AT&T.-d:lhe ~-t·ot. w,.t11a:itesUe•Qf.-accesatan.and the 

relative competitiveness of local os-Mtit1gcomp8Rieaf_.m.eaed~a,;. · 

·; 

5.2.3 The Local Franchising Process 

Cable operators apply to local governments for city franchises. A board or committee of the 

local government detines a set of criteria to be met by all applica,.. Th~ cri\~if, ar_:e 
:7~·,.,.._ ···~.l'>t:.:· '"=1 ~ ~-·~r~{:, 1-~1~1 ~i:t·J:~ .-:·~~ ~-;1f~f''~ ,; '. -.·: 

minimally determined by federal , regulations, J e.g., tWo~way 'ready capaoillfk!S, maximum 

franchise fees that can be required of the cable operator by the city, etc. The franchising 

process has become highly competitive, and requires significant resourOlll Olltltbe .,_ oflhe 

cable operators •. part~Y,~:th~ 1.~f,fj~~~~.#ffW~f!Milrk~'8~r ~tition 
has led pr~tive.franch~~ncr~wio.~~~Y~~~mi~fort,to win.ltle 

francbiee. 
• •' ~ . I ' 

.. • 

" 
:;_ ~BrqokhavenCalll!e T~:hle• v. ~~F ~7:11f;r~.q··~tQPl'~4n ~lo 
promote diversity through development of "8tional pay teleYillion .-vicee. 

04 
:. ·~ : · . - ·. :~rn ;·); ~~>:-~>.t ti~,dr 9tH?~-. >~_:(~_. . · , ,. . ; .· .... ~ 

National Aasoclatlon of R911ulatory Utlflly Commlalonera (NARUCJ v FCC, 38 RR 2d 393, US Appeals Dislrlct 
Court, 1978. 

-Si .Jan&1ary a. 'f982, conaetit del::ree ~nc>unCc!la ~ Jli.ae. GieliJf" ' ' , ·· · 
' ' ; • -~- " • -~; -~.··: . - • ' -~' . ! 'l 

98TI1ii ',ie4ulrernent ror rasourcee'h• cofttri- tet• c<>~~ ~ ~1.1st • .,a the..,.,: ice Of 
dominlAfWttlpleSystemOpef~i.1 .•. ~·~~.:~,~~' ~:_''.,.,.:,:' '',Wf)Uiou\~-~ntfy~- , . 
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Alter applications are aubmltted, they.are reviewed-by a....._. of.tne-Jocal government. 

tn the past; community;gmups ha.~~ to oue111•· 'the-: procea.;Jo tnaure adequate 

community input. · .. ~l·~ l>f'OM89=iaofteltl>ae!ad :on:ifa¥oritiam of .day 

officials which results in non-optimal decisions for both the community and the operator. The 

technotogy of cabf& serviC~ h&'.S' bedome mdte sOphlstlbated ari(j- a reSoft It IS even more 

difficult tor me local ·govehimenia to 1J6ih·· &line' Wttitist1c tranclii~ :redUirement8 and to make 

Intelligent and i'1rormtk! 'dectsfons.· fhe 1nvdMm1•r1fof ·th8· 108if bot'1merclal sector In the 

franchise definition ancf set~tfon prOCesS coukffend ~ teehn~at ~)(f>ertlse rteeesaary. On 

the other hand/there are p0ten~t cotifrtets 'of inter~tihat might' arrse'hetween commercl.d 
and community interests} Currently J)attibfpattdn fjy· ~tltntfail comnt.rcllit ··uurs ·of cable Is 

mlnlmat. 

During the next two years lhe fnlncftiaing procnswitl:come to a•otosedn most.of the major 

cities in the U.S. Jn the ; meantime the refranehiaillo ~.111iltvtdegin 88 fifteen: year.;old 

franchise :COntracis begin'to ••·. :Mumcipatitteara~ 1 q1tl)r9v1UD users Will nave to s:tjust. to 

a new serof issues .and JV()G81tul'8&:Uaooiated Vritbr._..._ Of cabhtce:tevelopment and 

operation. In Section 6 we discuss guidelines for making the refranchising process a more 

enlightened one with regard to data communications. 

5.3 Cable as Carrier and Broadcaster 
·.. - -,.,_,.. '·. "·,~~'.-(-;;'' ·1~:- ,., 

5.3. 1 Introduction 

The application of cable systems to· dsta commonfeattans raliles many questions as to 1he 
proper categofizatron of'dabfeas'a.broadeiat·medlurii:'iff\•~: ilntl-c~e'd first 

amendment issues are of increased importance because of the expansion of -.Vices 
possible over this medium. Cable could confuse the separation of-carriage and content 

because operators control &th facilttieefl1nd;·~W.nlf.,,. •'fltt9WMbined~I also has 

anti-competitive implications97• 0th~ ;;rg~ th;t'~~,~~h, ;.;; ; ~ty ~~e ~le Symem per 
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city there are other competing communication services which pteYent cable from acting as a 

true bottleneck, such as over-the-air teteViSk>n, te~. dfgitat ·radio, digital microwave 

{see Section 4). 

If cable does becprne a significant and uni<we c.,-rier for infqrma~on services, jt is important 

that many diverse service-prov~ers be rented ai;cess to the.cabJ~ facili~~ for tr~mission lo 

the home98. There is concern tha.t the entire spectrWJ'I of ~,~ ll1?I ~ pccvpied by the 

cable operator's own services, nor that the cable operator be given ultimate discretionary 

powers in• refusing or granting transmission-~~ HfMOneatly, -common clirriage principles 

have been relied upon to1'egutate the use of bottltJrieck l'eeeut~·in our soctety.' 

To date the FCC has not cle~ly determined w™'l ~ kwt role oOhese .$8fVices should be · 

broadcasting or commaµ carrief. The FCC has ti~ed ~-Jff~ ~ sep~~ of carriage 

and content in cable in response to the ar:.gument;JA&. Vfjth®'l:~Q,Jltrol over Pf-G~mming.and 

the direct service of the ~bscriber mtvk&t, cable ;Systems QE!\'ejopment woukU~~ stifJed, 

Cable operators are, as a whole, opposed to any reference to their services as "common 

carri~ge". Common carrier tradi«onally connotes $r~ entry~ exit r~guJatiQfl, iA addition 

to rate of return ,regul&itlon, separation of control over content and <;arr~e, and non­

discriminatory offering of .service& to all99• Many in the cab .. ~ustry f~r thatif ~state 

PUCs perceive these new aervices as COIJ)petitive with the telephpn(t C9mpany, .tttat the PUCs 

will attempt to regulate .. cable ~ccording to .commpn carrier i1i4i9fik1es .. They .believe. that 

given the capital intensi.v.peS£l of installing a sy.ft,m, ~ ~- long pay.bac;:k, period, rate of 

re~urn regulation would make their sea:.v~es unprofita~ , ,ln. p;vtk:y~~. the cable .fn~us~ is 

concerned that their prem4Jm and pay:.per-view,,tel$V~~-~oft.~ \¥ill.~ "r~ulated-away" by 

rate regulation. 

Even if the state PUC'e were to agree to classify som,e ot the cable services as common 

carriage w,ithout r~ of lE!WfJl regulation, the .~ ~ratQra remain concerned about the 

separation of carr~e and.content, and about.nQn·Qisci:iminalory ~ req1.1irements ~ch 

981n earlier sections of this report we have provided substantial evidence that cable Is indeed a unique medium for 
two-way data communications. 

990ffering services to all entalfl a commitment to buHd facilities on demand. Thia ts dlsc:uased further in Chapter 6 
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might 08 pJaced on cable ,aervkuta, including ent~:vtdeo. ! ·Henry Geier .-i .Ira 

Barron convincingly, W'UlMH~ a ~.to --~ [ll]. ~NQW8ttoo. of cable 48rVice8 

should be on an individual channel basis, as opposed to a system-wide ~. ainw· some 

parts of the cable are used for traditional broadcast services, and some parts are used, or will 

be used, for two-way commuriie&ttons Of varicxwlypes; TMs~iriSUnr eabfe operators 

their fair profits on· pay-per-View serviceS, Whife;tmMin~ftH&' ·pubftc iflBr Ose of the cable 

spectrum Used for 41COrninunicatk>ns", al oppdsedfo ·br~rig .. (aee 5.3.S). 

lt is important to examine what. C4mmoa .. Q4lrr4qe, eJfluifi9Alicm· in.ts>liee. and why the 

protections thaUt implies are imf)On~fO.r~~ Mlai~iQna:ie••vlces. U cable 

represents a unique communications channel for residential homes and commercial 

institutions then·tt'fs ~bfe to eo"8kMt"ttte ~·~flDWt;tbi'be·a ltmtted resource, 

which is "affected With the pub~ lntereet."100 P*~ seetiohi 81-ttUs'tepert support this 

notion, f.e., ih many comtriumtlest cable'~ll 'lftdeeabe:~ unfqiieJliila'' Usefut' inedtum· for bbth 

private and' J)tJbliC sectors. It 1$ In the com'MunltteS1tMMf!Jnfitj~canyuniQue medium be 
accessible to all parties on a nondiscriminat~ry basis. 

In Chapter 3.2.2 we discussed the need for 11Wf'tfPte se"9r~··ln some detaH. It is In tht8 

capacity, in wttfch the cable Operators have no efteetOitthe ci>~'df'fhe communlCations 

betWeen patties, that they· might be asked t6 ·operate 'In' 1he lSPfrlt"of'a •iommon carrier. The 

sepatatlon of· control over ·content· and carriage- c6Uftt" Obviate-1hi'tte'ed ·for ·$peelaf regulation 

at cable catTtage services. -The - operarois' ·· catffttet :of": 11tti9Mf · · ·t:MtYleEm renting 

communications capacity to otfler eetvers, lihd 'offeriri\fserVfcn 6Wr~the' medium which face 

competition from thetle othM' ; serwts' -wOUld ·be' eltMfftatec:t' Cbmptttte ·separation Is not 

feasible tn the imMedhtte future' for tiCOriOmic'; ~Mrdat; .M1~onat:'rea&dns Which W& 
discuss below. 

Given that the conflict of interest does attst, the communtty ·iS'eoncerried that the cable 

operator not infringe on firS'f' amendment.:~ . 'fW·'. monoPo\fztnb· 'a medium ''of 

communications, and 1hat fhe op9ratot:·not'eno• lh"aritt~9" pr&c:tteeS, by 

monopolizing the cable-based services market. In the past, most public discussion of the 

potential for First amendment infringement has focused on video entertainment Uses of cable. 

,-:. . 
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hi particular,· by controlllng"att 'Channels on the cable netwoi-k the operator potentiaffy· exerts 

axcessiVe cOntrOI over content *'1d thereb\t 41tttf~ ttfe ~'of vc:>ICt& altl<f1rtfrthges on. FirSt 

atnendtYient'rtgHtS ofi'tu~s and> diwer ·pfogramm$;s.···feday, tfleae *OUments carri 
4dded weight· 'dutf'lO ~ antkldlnpetftive ~catktt\&· d · 'manopdly)lcotitfot· oYer data 

communications services via cable. It is not only a concern for the privet&· testdentlld 

community, but for the commercial information service business which plan to offer cable-
.r:.···,. '." ...... !:.", 3 , c: , ... t.:.;o!;··: t ·.-. :.~--'~ .Jl ti; ~~:: 1 ;1~,·' ;$,••(:~.::_··~: . . r; · ~- ~· :-'.:~, : -
based services as well, e.g. banks, catalogs, other videotex servers, and entrepr~urs. 

,_,'-• f . ;:;:·.\•:> ~:f!; " .. ~~.- _,._- o•~J t" •• ;H ;f._f~~fi ~; . .' ~ ,''• -~ 

Neostadt; Skah, and Hammer· botltne · M' iPlree ·~·y,r:reg\JlatfOtt ;\Rt: mtgHf & apptled to 

••i!ftectrornc ptibffsh'ingii;(i47J, ortor oot.,:;u~; twa~"'8Y diittr.. · ·>" 
'·· . ~<1}' - . ~ , ~:.~ • f-J··.,,.. . ".'·-~ ,;. H:;·tj~--, _}. .· . . . 

1. Content regulation promotes the provision of public interest pr~rams, exclusion 
·· of·ottenstve and1'1egtlhri~rial; arid%\iing-6f1irfM.lltttfieltftfVi~t~1o•1:-, , 

'i" ~! .d~(~,:-.;-rt# : . 

2. Economic regulation promotes reasonable, nondiscriminatory rates and rate 
str,uctures .. 

.. ·.. ~ ' 

3. Suuofuraf·regtJJation promotes etficlencv, eompetitialtt<Wttiversity of oqntroti.Aa 

Neusta~l, e~:.'!11:89i~~ PHt.l;;~~lep~m r.~h : wrx,~~8RH ·th~Y,~ ~if~~r· Afl th~}lf,~•·, 
on the theory that competition can ac ieve many Of e goats o content and 
economic regulation." 

Structural regulation is important in establishing a balanced industry structure and regulatory 

environment which will foster and encourage many diverse parties to develop information and 

communication services. Economic regulation will develop over time to compensat~ fpr 

inequities which the structural ;egu'lafl~ri' is 'not" able "to ''Ofi~~" 'toritent. ~~ulatiorr is ~t 
necessary for data and information servi~§.it 'Sirt.bii1r~1ina' itee>riori\i~;:f&iuTatY6n~ ;ire able to 

assunHMt1fmOft~otv01ea~atcessto·tt'Je~. · :·w ·Iii 

h:'. -·' 

5.3.2 Content regulation 
,j; 

;t 

l .• I ~' (" .. ' 
·'· <_'.; 

101
Title Ill, Communications Act, 47 U.S.C. Z>1 (1934) 



.•"'-···-v 

scarcity of broadcast channels 102
• It is argued that~ r~l~~~!~ve not enhanced the 

quality or variety, <>( programming and have 0l9rttlY .8'-(Ved Wr·litWt Jbc:tJflrst Am~ment.rigbts 
of. the broadcasten;~ .&,l the case of dcµa, scar:cit¥-~-., ~ a ~m. but content regul~tion 

does not appear to be an appropriate means of·~~ ~ proOJem, .for re8SOl;1S 

described below. 103. 

Because of the transactional nature . of the two-way information services discussed, 
' ,, ; ~ . :. { -

subscribers do not require the "protection" that 8ome content regulation is intended to 

provide, i.e .. from obsceAities. This tr~na4 ~e.proyjQesJor user discrimination, not 

necessarily available on broadcast. tetev•. w~re. there. ar.' a SCJfoity. of ~hanneb {other 

than by turning off the receiver altogether). It is also important to note that the mere quantities 
• ,- • - ' • • • > • : ~ , • •, : , - ': ~ ' ' ) ~ ( ,• • - • ' • 

of information available frqm non-br~d~. ~lPrrnation .~nfip;J$ make enforcement of 

content regulations infeasible 104• 

In the provision of communication services, content regulation is particularly undesirable 

because the implied responsibitity for matters of :eament prevents:the C>pe.Fator from behaving 

like a comrnori carrier: a far more appropriate mOdal for a communiditldns·facillty. 

102
rhe areas in which content regulations are currently applied by the FCC include: . - '.. . 

- Fairness doctrine •• eci.ual treatment of editprial sub;ect ma~. 

- Personal attack corollary •• right of an indi\Udual to.~ it:' ~ .tQ, cl.r811d himself/....., ~It 
personal attack on the media. 

- Political broadcasting rules -- equal access to all candidates. 

- Local origination •• channels where the operator is the only designated programmer. 

- Obscenity -- restriction of certain ~ten&1 «:onsid8r8d offehalve to the ic~rilty. 

- Advertising codes -- legal and fair advertising practlc• 

103
eontent regulation is not applicable to regulation of data communications services, in which the service 

provider exerts no control over the content of the communications; but, the inapplicability to Information services is 
somewhat less clearcut. 

104
The amount of information stored in a data base is not limited by the communication channel via which it is 

accessed, but by the practical limitations of the access procedure, i.e., how hard it is for a uaer to find something bi a 
very large data bue. 



's.3.3'Economt'c regulat1on 
' (,,'. 

.~ ' . ,, ·L,,· ? -i • ·:: i(.,'. ·:.~~: .~\N 

Rate r~ulati~n is ~s~ in the case ~f_most ~ublic ~t~~it~~·,}.~c~~~ t~lephope! 8fl,d,.~~~ld 
. ·; ' ' \I \ ' • , , i " "c ' ',~., ,.t' "' l • ';__"I ! J. '•,:' \_ f~ · :..• '. 4 •, .': ·, > i I~ .L" I . j ' • . I ! .. 

conceivably be applied to cable. The objective is . to li"1it th~ utilm''s ~iii!)' to ex._tr~ 
: ,~· -~ f. '".·\ • · <,- ;• ~ ,w_ ·, .; , _;.''ib.~) <"~~ ~.:it~:d :~nG·-, ."Jd~ [:.,f: 'f•L:..q".')if;:H;~ ~':'•~ ·i -_;!;~.., 

mono~~ly ~rof,its On ,~e ~'~' ,,~~ i~ ~nat~~~: ;:~ .9~~~:· '~~~~¥Jt;;~'I t~, !~~u,re 
nondiscriminatory pricing structures. Rates are ty~ally set &QCording to an allowed rate of 

~ •• 1i _,r_,~-;~:-c::::!ZE .·~ ,,. ,· .. · .. :· ·:·;i·.. :·~ , · .. :·~1'.3~w~·r (.OJ~-~ ,yti1HUP no1~;: .. :/fL:.· 1.""·1
' .Ji:.. ,·i e 

!etur~}~~R~.1~:~ the fir,i:n·~ inv~~~ts~?~.r~te ~~; l;~~,~~~,g~~~~"!nif ~~r~~!~e~~,~C? 
~ur.e ~~a1,';~~c~.t~ all ~~;n~~~ ~~st~~;~.~ ~~\e !~~~c.~ ~~~~~·.- .~~~ ~~u~~~ 
utilities (e.g., gas, electric, telephone) have been burc;tened with the slow administrative 
, ;· :i ·' .. ;. r'.J, ~-.. --· , : :·. ·,, '' '. ~r:·.: - :« ;.._, ... f) Of ;:; > ~~:::·: ·~::'·-;,'.-~ _ · ,~· 9f~\ f.7713 bi.uO:) -c::~~(f r· -a~::~:~ ·,.r :~~:_:: i> ! '..:~ )tr! .. ,,;!·, FTi' -., 

~~~c.~s n~~~~ to ~,f1~.~~e ~~J~~~~~.io~~~~~~!i~1~1~>in=~r~,e~~,~~1~',!Y ~~~le~~ 
in_ ti',".~ .o! ,.i~ii~hv!J~!~~~:~·, :.:~ :'~r~r~:~~:~~~J~e;~~~n" ;~ff'!~~~· h~11~~1~ .. ~n 
burdened by the· h¥pothesized tendency of utiJities. !O over-capit•lize and thereby increase 

"" _·: -.,·-._~i~_;1 1 ! ;" ,,~·~..-,,~).- :~m ··-;:;~y,: :·1 t / 1 :·t ;·.,. --::111.uc~~:r: -·~-·) tf:,·.~~-;~·--r· ~~·\·~··d! ':7>· )-,:''-' 
their rate base (7]. 

• ". 

There are a number OfJ[~on~;whr)t ~r~~i~ab~,,.~02;~~~ ~~;i~~n~l[\~t~/~~~Y~tion i~.·1!'e 

ca~.-~~ dat~ ~ver .f~bte. tn, ~i~!?~i ~~ .. m~.,.!~~~~~~,n~ic of ·~~~~mir,w1 ;'.tr~ltio.n,~ ,~8r~ 
r~.?ul~~ion •.. t,he. ~,i~i,nc;,enU~e , it, ~~~~' -~~ , t~ {=F.:~t.~ ~~~~. s~i~~:r~v~l~1?.'rrlt_. 
Currently, cable operators ar~ not subject to traditional rate regutotion apart from local 

.-:-· :' •. :. : ~. ~.,-: 1_,.; y .:· _j'.'..:",\~; .:·· • . 'tH") ~f}1t-;::.1:·,~, r.<f(LS.) 9ni .z_r:·.:_:·:'.'tJ:: if(,;_;· t. 

constr~ints on basic, premium, and pay-per-view televi~ subacribe.r fees, l3y entering tile 
,. ·:·: '1· .. ,_ '!.!: ."'c·;.··_1 .. · <:•tf--i'i: .·::.J.tJ~-:f-:1 ~H;:~G:J ~i':~ pru.;u "!V'\"',: -~"11:.+b·"·"·i·.·i. :'k"~:· · .,, . 

uncha~~ m~~et • ~f ,.~e~~ay ~~m'2~r~}~~), ~~~ ,~t~wrii ~~:J~!~ .f~~, ~~~ U~f~~~~ 
re~~nue S,~~e~n;',~~,ac~·.~ .~~r~,t~ ~~~ur~ ,?~d~~?fi,~ ~!!;,~":'~.~~~'\;l~~r;v~ ~~.,~~bi~ty 
that t~i.s ~~~~l(~~i?~ •. ~igh,t ,~ ext~nd~ '~LO,~~.~~~!:=~' ~~n~Jlf~r~iu~c~~'.~~~~~ 
view television. On the Other hand, given that the cable facility is to some extent a unique 

municipal facility, it might be desirable to restrain the potentiaJ monopoly power of the 

operator. 

Access or service charges will be paid by both subscribers and information service prov~! 

Subscribers will pay fees to the cable operator for access, and/or to the data base vendor for 

the information which is accesstlcf8t~ro~ild! 1~;.iH~~~-~'iil;~~r.:nonilored by 

the locatfruMjse ..... d8 ..-st•·~qSeaul~ ... databaaMfB• is widely 

viewed as inappropriate because of growing competition in the "infor~an1marketPtace" 

~ ia betiavect. :wiff _,ef4,,~:#i~vtfh•--I "i' W4IJirJ19t1:Mlitaet;;;tei•mMdate 

~proper" ra$el.W~of,w.mation.:·~~ . ..-111111M:JBrtiDulat'need··fDr 

additional rate regulation of subscriber fees. 



The problem of service provider access and communication rates is more.diffi<;ult. In the case 
·- ,. : :~ ' . ; 

of two-way data communications services, the situation is analogous to a specialized 

common carrier operating in the local loop. But, bec~use there is' generally only one cable 
•,<'\ 

system per municipality and the franchise is granted by the cify, monopaly pawer does exist in 

~o far as the cable facilities offer more than other avail8bte l~al loop facilities do (i.e., 
' • 1. 

bandwidth, transmission qualify, etc.). ·There are two primary concerns associated with this 

monopoly pawer. The first might arise if Cable oper~tors wa~t to 'use all ups~eam channels to 
i - '· 

carry the return traffic of pay-per-view television· or informatioO services, instead of data 
"; • ~~ '. ·~: '_': < ~:)~ ·~~;ic: .· - ' --~· 

communications services. They could set the access rates to data communication users high 
'. . . ,._ ;t - . 

enough to disuade patential business users while 8til1'' complying .with any structural 

requirement8 set out in the franchise. itle 8econd concern is that monopaly rates will be set 
. . .. ;I,!·. . . .· . . ' ·.·r·. ' 

too high above marginal cost, resulting in the traditional monopaly inefficiencies of 

excessively high rates and accompanying underutilization. 
I 

Rates charged to data base vendors will undergo even more distortion because cable 

operators will typically be acting as da•a base vertdors the~ves. Therefore there is conflict 

of interest between selling carriage ca'~ity and ~~ting for the sale 'of information and 

transaction services. The cable operator could use ex~ivety high ~~tes to discourage 

information providers from using the cable· medium;'-tfte,.f'Jby · retaining ~ monopoly for the 
, . ,J;, _,1,~·'. _;.{;1r- ~.-. 

operator. As we will di8cuss in the following Section 5.3.4, structural regulation is likely to be 

the most effective means' of preventi~ •Such abuses: I although . it is pr~able that at times• 
-- ; -<'- - ,._ -

some economic regulations may be ~'to' account for remaining m'arket imperfections. 
• . . i'i ,,, ' 

5.3.4 Structural regulation 

There are two elements of current cable industry structure which in combination might lead to 

abuse: 

1. The control of both carriage and COf'!tent J:>y ~e Of*'alQI'. 
' , . 

2. The practical. monopoly which the e>peratOr. .._"°* cabt9 factMtiea WIU.in the 
franchised city. 

If cable offers an advantage over other competiftg. fftldia,,ttte e>petatbr could wiefd aigniftcant 

monopoly power; rnuttintJ-in excelllte~1"• well ttxceaetve·contret.o\ler the content Of 

communications. 
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The cable operators a:ftJue that cable is not a m~pbtf slnee th~re are C:ompetfng 
t~chn~rogf~'i:i:"e.g., telepl\oile, airVlaves, n~pliSJ~:'F'dr:tertflli{servic~ attel'rl~tl~i16rrtt!h)f 
distrnl'utioW~ie·eq~ahy a~raetive.'a~t; to'r Wil1e ba!~ffi. ~walaliPlibat1or1s/&bfe''ott&a 
·t1 clear iI8Janta9e.' .r· Ftk.'eSiMnple, ;one.Wayr-'textU~t 'fntorma\iori ~ipf>e 'j!Jj ;'as :scirtatify 

it~nsmittecr~ra 0'1ellfiEr~1r te~t$>Ct105;•felis ~bt~~~'bfifit~ ~ ·~c:kkputetib 
co;TI~uter :coltirtiJriitMirihs 1 1$i 1f.~i'A~airabtlf aitcbmparabkf~~·ritfy 'BrNet' ~i4tt*lg 'f~c11itf&$ 
{~~ &;cuon' 4: ! coritentiirrd ~~o=l1o'fflfcfleau1~olfs ;cO'iMbi)~ldhi'iih: atlijn1~t;to' prevtint 

~u:se. 7 8ut,:'1{:is.nfot~')•w&1i~'.-W?B~itt<to11anacif th•t~n'bt 'tk~:;bro6~"'; 1t$:,'tfle 
stricturewti1C:ti~rrfi~;cbWfttc'rtir·in~r&~f"' '.;i': f ·".r · ·'' "J. T")~.n 1 •<'.i~r: 1 

., • 
1 >·· 

:_ ~ ' _, -,:, 

The tools of structural regulation include: 
· .. • 

1. En~ry, 
\{;: 

1 
: ji.'. _ ', ·"' ,;'· ~- ___ :c ;~' L ';k~ -:.: ,-. 

3. Limitations on vertical integration -- separation . 
. ,· r_) ;.~ ' • •.. j<;'.; -

AhhougtT1 most mtmtcll'aUrlM 'do;:not gratrt;~~"'8rtehile8: :tft9-\8Co'A6mfc" 1batrl8$·to 

constn:tt:tfhg ft second- caHte 'fl!idffffy in i&~'ilr8~~ d\l;relfife'f8-NJ~"""98 

of competing companies. Therefore, entry policies are not effective at this point ift:.ttme187: 3;:; 

t:mntmthns on vertlcatmtegration'by deflhit1ooweul69'tilt~1treorreff-~ra11ons Poftty 
ttt jsiO'tate the ·eoritrot· o¥er carriage· ilnd coment: · ttMftatt°"8 1oti~ltl·-mtegTatlOfti.WbUld 

atso erit8n $Orne ·(fegree · ot· siijHlr~~ ·lidriioPrtif'MWgrilttM;'~ ttt'lh•: contrf>I ~ 
murtfpftH:hanmwS: 1f cabM ~ori'gfvEf tap1ddHtri;l '~£&.>~tr~"Clftllitl* Olf'N 

c~·ttiey ~t ~t~fMM:t1ifsiq~if~nsat;w-10r N:i~ftife-bt ~-- ·tt.-t«e, on· a 
parttontlf the ~·tfiW wdOfd be actfngiW1iitmtnf'ohlY;-h rs~tvalent'ta·ntMed 
separatibhS. .. ' ~ ' '·. ~: . 

Separations would require that the cable network operator completely separate its signal 

~eletext information is tr~tted'during the vertical blanklnaJgf~,·<~:~:~,~-i;~·"· ... _ 
106

Exclusive franchise con-~·~~ .~~~~t.'!~.·-~W'~ Co,(Jlmun~Jlloltl Co. 
v. City of Boulder, 830 F. 2d 704, 1wu. · 

0 19)', '.' . ·" ;:(jtf\',:,; .. '\" · ·. ·O.;·, ;,;• .' . ;· ·.. ... ; .,,.,.. ., 

We might imagine that In the future, demand will exceed the aappfy cf cabfe ch8rinelS and, 8t that tiO'MJ, eotrr 
provisions regarding additional cable facilities may be effective. · · 
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transmission functicms (i.e., c~~i~~ frqm its l)J'~f"'1"1il;\~J'4pfiti19f1S (i~~·•,.c~;>n~tallP,. _The 

~able. C)pera.tors insist that ~~~~ ~~uld,~ .~rific;;~, bX,~!~J~'miJ~Et in~~!"ti,~~- qf c~le 

operators to enter both mari\e~:. lq;~~i;\lp.n,~ ~"9'1 !11f1t i,i;.,~r tc;La~m1~t)1~~ ap~ua~e 
revenue ~r,am, cof\trol o":er the "1tir~ P,8~'~'' botb '. ,%>.'lteq~ ·.and . ~ra~S,~issioq, Is 

necessary 
108

• The ~le in~4Sb:Y IJf~~.fff~S tfl~t,"para\lS>,~,~~Yi:~~~ i~)ni;~fidgment o_f 

both the first and fif~~ .amend~~~: th' .fi~ ;~rq~;F9~•M;•~!lt:8f,fif>r:tt~~~ 1 ~r:i)t~~I t)~ th~ 
operator, an~ the fifth thrQ~{;I~. c.oQ""aint qf.~~ 1~~o9;!}f;•Jt~f~~~'""tq{ to earn a fair 

returri~ on the f~cmty. Jn,~~e.~rt ~t tb!r_Ji~~.1~~-~i~g~"me.::Nptipnal .. ~ 
Television Association (NCTA) has argued that "~.~ ,~9,M~,~,l~~afe.d ,i_n th~~ 

-. ~- • -, < •• , •••• '. ~ _, •• ,.· ~·,' -. ' /. ,., '. • ' ·- ) ·• • 

manner as newspapers." (13) 

< " 

Separations was rejected as a policy alternative in both the 1972 and 1974 Cable Television 

Report and Order (14). In 1976 the house subcommittee expressed the impbftttnce of 

separations as soon asiNieGat'9• .'~ltlf~ W'88ftlilCtc.lllN•M91Ahwa.UK>,eooi\lrii do SO'f 19). 

In 1979 the court found that "(a) business or group of bu•n~ in control of a scarce facility 

have an obligation to give competitors re~~~aba~ ~~109~ P;;1~ hav~ ~~~e been 

n.a. f~r »miteQ,11ep~r.,,°"1>91it;'-•'·'~H•~ ~~.;r~~ mqr• f~or8* ;to .the 

cable .fndustay and are, B¥¥e-·~y ,t~,t>e ~ •. ~ ~~wJll be dl~1.4s8'd kl 

Section 5.3.5 . r · ~- /. 

Public utility regulaW») °' qtbfeJa ~ ~;~ 'Pf; ~~r~~t~· Jt has ~PAI¥ 

been appt'84~-~·~• ~~ sud\,_.~•,qflt:i4~ ~~) .. wtJic;h ~ ~ 

ueed .primarily as.: ~iaaicm ...... ~ tc>J.~•.tn, ~: ~v.,n,neot.. )fl Calif~'­

~slation WtiW· p~ to ~ . .i1-~.~tn~~~~ ~\WUti~.tl) be 

regulat9d tlY: the .... ~11~. · J~~~~ ~:~88P"f*fM~f.~.0p01atiori k'9.IR 
prDQJ:amming sel~· ". [aa). [1-C5J~.~-""t;qfl. qi tll!f ~~if ~~Jl r~tiiqn to the 

Boulder decision made in January of 1982 which stated that municipalities were. nQUnf~ 

exempt from antitrust laws unless they are furthering "a clearly articulated and affirmatively 
,( 

108
Prestel, the videotex ~ io. ~ United Kingdom, operates under a aeparation principle but does. not 6'ce 

impedimentsi.ucfi'Mtrar1chM!t:aridcaw'~ · ·· " · ', _,. ~ ·· · 

108syars v. Bluff CltY News COlrrpany, ttic., eo9 Fti&b-, - (8lh ch'ciuH." ~7J ... 
110

The Cable Communications Act of 1982, California AB 2742, introduced by Amemblymen Richard R~. 
Sarita Ana. '. . · : . . . ··"'·•'> "·· ·.v.•. ' · .:.'· '.,,.. '· ·· .- : 
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expressed state policy"111 . This decision threatens the status of municipally franchlsed cable 

systems in those states.whose laws do not expreuly .sign the:'mUAk:ipalitles..juridction 

over cable. The mast often. stated oPPCJeition ·to -.1unioipakie:iantrel· . is Jhe tendency cf 

municipal ownership to reduce innovation mid efficiency •. 

Although structural regulation is qrdinarily consider~,.pre!erat~l~po .conter-t and economic 

regulation, L. Auerbach cautior:is that structural regulation ~one. $hould not be depended 
. . ' ,. ' ':-.:.... ..· ' ' . 

upon to a~~h~eve society's goals (6}. 
',< ·' . . ' 

Th~.~haracteriza~on p' p. highw!l-X oper~torprov~. , .. 
'non-discriminatory' and' 1equal' acces8 (sub)flct Only to eeonomlc and 
technku1rfea9lbH1ty>.-.ttfef*lteys~dch•'-llelween·· · 
alternati~ technicaj ~1fCPnomi~ ~ri•-!C?t~~~~~h In.~ 1 , .. , . 

since these criteria wilt constrain access bY some but not by others, 
the interesting questions then become ones of decidll1{fi10W, ll'MJ·fft 
what ways, technical and economic limitations should be allowed to 
deter.mi~ access tQrl\e ~1eQtroni<;:.Highway, bcN.Q,~~. 
consumers and produc~rs of information ... Perh~! in view of. these 
nmitations to access, othersdda1 ahd J)Otfticat cl'it&ttaisueh 'Ila · 
the~ interest")llhouid'alseb&used.'·~ConeaMD clilelfa,by ' 
definition,.discrilnio~~~,,Qn Y'ebfs!~ . .of,~ility t~ 1~y, This ia [)Ot 
always a socially or politically optimum outcome." 

As Auerbach pOints out, through structural· regulation c::l8cAminatory practiees attribtllab1e t0"' 

conflict of interest can be eliminated; but. discr~'~ N'tJ&aiS'9f'ability'to'1*Y remaifi91"' 

This in tum necessarily influences content. Therefore, although we see structural regulation 

as the best of existing practical altefo~tives,' we ~e;Ji~~ thElt comm'unit~'~ay need to ~ing to' 

bear supplernentaty' mechanisms, sudh ds pubtic' and grive~t: access ln, 'in. order to 

achieve social and political goats. We.take heed of Ati~~t1'1~ ea~eat l6]: 

111 

~guing for sel>aration of carriage and ~onterit ~.r~~'the:mo.t 
importanr isOOfOPontidat quesritJMl uMeran..,,.teAftY t~•''' · '· 
disti~.~ng .• .-n 'llCQf!·m•v.~~,P8Mle ""~ c;q~ 
assumption that the mere assertion of two mutually exclusive 
~o~wflf sot\iethe'botlrtdary·iSIDW ~Irr~~ 
dtatfftcrtion,in thetif8'•~e1 .T~·iit.no·n•U1Hu""9' tr.-•t 
Alfre<J ~~~ W!)~~ QPce, called the 'faHacy of m~4(:8d , 
concretenessn•c." · · · · 

Community Colnmunlaaflona Co. v. City ot Bouldtu, 630 F. 2d 104, 1'1Q. 

112
Alfred North Whitehead, Sclfmce and the Modern World, New American Library, New York, 1948, pg. 58. 
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5.3.5 Leased channel access 

Provisions for t..eased channel access have been· suggested as a means of protecting both 

consumers end busin8SS88 from possible monopotizjng tendencies of cable operators. These 

provisions would require that the operator allocate a<artatn. number.of its channels to·be 

offered on a common carrier basis. This might imply non·discriminatory, first-come-first· 

served access, witli no control over me8sage cont~ht by- tk~ cable dherator. The imprrcatlon 

of leased access for video cable services is the atlocatio~- ora Certain percentage of 

downstream programming to parties other than the cabre operator.'· The Implication for 

interactive data services on reside~tial systems is the'' aftocation or' some percentage of 
> ' ' ' • " • • • ·,' • ~ 

possibly both downskeam and- Uf)Str~ ~tct .atiM information providers. For such 

allocation to be of use to other Information pr'ovtdera, subseribers must be able to address 
) ' 

parties other than the~abJe operator. 

Mandatory leased access could -prevent overcharges to subaorlbers through competition 
' 

While avoiding the disincentiVfJS
4 

J>OseO by COn:tpl~t~. ~"lJl~,ations ~~- common carrjer policy. 

Economic regulation of subscriber rates mightbe:avaidec:h1&1a AlllSUlt-of competing services 

on the system. Similarly, content regulation wnr nht1Je -~~rY given the diverS'rty of 
~ ~; ~,.,\ \. ':)'.~~-- ,·_. > 

sources. Recognizing the difficulty of enforcing complete separations, it is wise to enforce 

leased CJGCeS$ in the near.fw~re so-as to eetabliehtlltlprec:eu_earq Clll in-operatff>n ~to 

eBCOurage the emergence of fffVice pr:ovidera {47]. 

The petition to the FCC prepared by Geller end Barron presents a legal discussion of the 
. . : . ~ ' ~· -

appropriate jurisdictional.pos,ition of_tne FCC in r~uli?-ting leased ~cess (27). I~ concludes 
' ' . ,. : ; 

that the FCC does have jurisdiction to establish guidelines for leaseq channel access becau'8 
j ::c ' ' ';. ~ .: ' : •' ;, ' '.'. - . i- : . . . ' -

of the interstate nature of some communications, now end in the future when interconnection 
- ·:· .- : , ·11· L ··, 7 --,.~~,; 7: t ?" 'J - ,_ -

of cable networks is in ~e. The ruttnp whif;IJ:. have """eiQ to: Jimii FCC r~latory 

jurisdiction are discussed in detail and can be shown to be ~licabfe given tHe true 
~~ ~ 

"communications" nature of.ttte.d~a,co~nicatipns...-v~,~e(1~u,ssion here. That 

is, instead of these services beiftQ "ahcilhlry to btoadcaaring" ,'""*V' at& in fact "ancllary to 

common carriage". This being the case, the ruling rn MidYlest \t.d~'ll,~~hMt~ ~hat leased 
f, •• -.,, 

access requirements were in conflict with the broadcast categorization of cable function, 

would not hold since there is no conflict between leased access requirements and common 

carriage. Fundamental to this approach is the treatn\4!Jfttof each Clll:tle 88f!Vi()eor Ghannel 
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, ,: , ~. -.. -.. _ ' .' 

separately, according to its function. Only in this way can the 8pproP,.iate regulations be 

appJ{e(f tcJ'~me services, without unnecessarily harrriiilg othEt:,·~~. L - '- : 

A ~Ive to cable ~ is the- vu~Dty et•-.. itcF9fal9 commen ·~ 

•1ation it leased: acoes& is·Gfferect. Prtemptfc)ft at1Mt1-* • .01.-nf~ftlfe ttf retUm 

regulation is the approach recommended by the industry. An alternative measureJfi tO 

enforce the model suggestion by Geller and Baron whereby each channel is regulated (or not 

regulat~fsep~r~tely, and ther~fore 8orne suliset of chan~:'rriiQ~t'be'.ofl~~'o~ a ccimlrion 

carriagl'basta ~ ttlteatenlng an•re..,._, '.,. - · • 

Fundanwotal questio11s arise ip)he i~pJflJTie~t&l~~ pf,~~-~~: 

· Who should set the rates on access to the a"ailable cMtlriel -:~. the cat:)te 
operator? The state f,lUC? The fC.9? ~~~ordilljl}C?. ~t. 1q:~ia shoul~, tt!~ rates beset? · - ·· · · · · ·· ·. · · · ·· · '· ' . ·- · · · 

l . ,. ' 

· How will leased access requirements impact the status of joint ventures between 
informlitioft'&ervice~'8Ad•cableop91'.etorafl 1 >:'' •11 · - . 

. ' , ' - .' ! C.:, . , ". ~ ( ' { ' - . 

· What provisions should be made in the event that the alloeated number of leas8d 
·'access· et\annets'beeome -croWded'F"ShOUkt'1th4J·1H~::dfi·t~ Aeceaa '· 
~r~eclb4l4•Mdl: ~ ~~Mt~1f11s:q,~ ~ · .. 
for servers will have been. proven?· 

, ' ' " , ~ '-' ~f- , - · ,;- ~' , :.i _ F. 

• How to -~ure eq&1al -,,_ment,.jor,. tttoae~ _...._ .tllat."ltniollL compete with 

se!"'i9~ ,ofter.~ by ~tl~ ca,l:>I«:' ~ra,~f:)r;. ~--~-,} 9!; ~.· ~· ;~~~91iC?.,tr.g equal 
treatment is a'regutatory swamp": . ' · '!':-Tf"S , · · -:-;-;,,..- · "" · · 

'•,.!1 ""' 

· What central head-end services are included in the leasing of a channel? 

•{. "."j ·. 

Gel~r "1~. B"-rroV:i pr.o~; tb.•t initlalJy prJ~i~a~rJ•~,t~r~ft~f~J~A1m~t su.PP.IY .~ 
demand. It seems reasonable !b.at this be att"~r ,~ ~,~1~1J9r~9., IQ.~. 

discriminatory or unfair behavior is detected quickly, and the need for regulatory remedies 

OM be.retMlluated. ttwouldwiltapo.._111911itra.>ttilW'RtJG'a1t0ollstllblltt~li ,..otr..,.t 

policy tor thesenew,~·unleqdiscrimldatot¥'P'1£ .... .._1~~· 

mixed aervlcea~bJ...._ .......... ..,. '""' .......... wtlbflbdtfoMlc •Wiii!•: 
political proeteMS ancUhadHint to•oilf'th'8:am•l1 .. 11· ,:-:tt11i11tbl9Jti. ltf~*'r ibOtlttlW' 

113Some of these questions will be addressed In the tolli>wll\o ~-on·~· stat8 cable P'oncy. 



public and private sectors. But, if the cable operator sets rates artificially high so as to ,, ': , 

discourage leasing of channels by competing service providers, or if the operator exhtbits 
_,· ,, - ' ' . ·. -, - - "-

other anti-competitive behaviors, economic regulation may be called for. One alternative is to 

implement a bidding ~sijtm, suC,h as hubeeo triec,t for satellite ~anSPOflders, whereby »oth 

the .cable operator and .-.er information~ bidfl>r .,..,Qf,a,eflannel, or a aubaet 

thereof. 

The cable industry presents a number of arguments against leased access requiremer'ts: 
- ' ' ~ . . ; . . ' . 

1. The cost of building a system is only jusNfiable iUt:le,oper .. Jlas coPttol over au 
revenue producing channels. 

2. Leased access requtrements burden the operator with added easts of managing 
individual channt)I$. 

3. Subscribers will hold the operator responsible for the quality of all services, even 
those over which the operator has no control. 

The first argument ignores the fact that each channel wiU be teased and therefore will be a 

source of revenue. In particular, on large systems where there may be excess channel 

capacity, the oppOrtunity cost on the oth channel ~ IQw.and thft operator i.$ likeJy to make a 

profit through leasing. In addition the ehanneHeasing rate w1f!:teftect any Additionat system 

cost that the operator incurs in providing the channel. Significant additional costs will be 

incurred by the operator when channel space becomes scarce. and the need to irtcrease 

network capacity arises. This is a capital and labor' intCtmsi~e Pf:QCeSS and wi11J1ave to be 

addressed by the local and state authorities. 

Although it is true that the quality of each service is likely to affect the overall subscriber 

impression of the cabte seMce, the' incentive to the new servttes ikouia: tit:t· equany high· to 

improve business and provide as good seriice as is nece&Slll'y. 

There is some hesitancy on the part of .PQtentill eervu. providets. to actively support Leased 

Chanoef Access Requiremaftl8,.due Jo the:petentiat negative impact on,ioint venttlfeS. tn 

particular, Leased Access requff'ement&:mighN11tabliah0a ~that would later be used 

to.preventexck.tsive Joint Vefttur8S between a cable apeqatal anda.aarviceprovider. 

Many implementation questions will be overseen by local cable authorities and are. ther~fore 

addressed in the followinQ chapter on p01icy guideaines. 
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5.3.6 Telephone company cross ownershli> 

The FCC adopted a ban on local telephone and cable, television cross-ownership 11
.
4 i~ hope 

t ' - \ ,: ' -~ . -:. ... ., :- l . '~; 

of encouraging "the full development of non-cable services (e.g., data services) that could be 

substituted for vaditioi;uil telephone se~jc~. II Th~ ~'~,".\.~8.(@l:.!elf111ho1MJ Co. ()#, 

the Southwest v~ U.S. 115
• It .is pp this same !?asis ~i,~ .,-aiQfil-.misht:be,r•icted~ 

exerting monopoly contrql over the facilitiea. 

1 . ~ • I ; :, 
1 ~ ;... 

The access charges to local loop faclHties are . of increasinq, i~P~rt~~ce. in n~~t of the 
t . : ' ' ) , t : I ' I •-. - , •.• ·, ,' - - ;. ' -~ j ' ' . ·- ~ ....... - - - i" J 

proposed separation of Bell Operating Compani8' (BQCs) from AT&T118• It Is ~ble tl)at 
• . , ;;. , .. ,. , • 0 1 .. ,_~!~'";;1_·.u.1..: ·,:.-.;·,'1, 1· J.t~ - :1t~~,\,·f·1;1 ·1!.r-, • \· ;--,..,,: - --. ;: 

the BOCs will be allowed t,Q enter the cable market. . 1''wro~tlvely the telephone COfT\P~ies 
~ . '!i: r· •· ·;. · .. ' _:..,:_) ",,._-___ T, < r-~_t}.tof;·b'u· ~~:.-' -:~-,_ ;~ ! :'j;' I .. ~j , ;_,,, 

might lease channels from the cable operator. It is not evident to what degree the telephooe 
'. : - • •. t. , ':";i ... ' ' :., .. i" /'_:S -. '~j'.~,.'i '.._, '-·.;~ .. ·~>:~ ·~a,;, ~{ · .. ~~i 

companies will pressure the state PUCs to more heavily regulate ~le. T_he aggressiveness of 
·, ·'; · ··: · ·~:,'.'''·.:~~i!'·~,.:;Hi.:J~~i 1_l\..J'n;·~.··· ~;,' · ~:.: 

the cable companies in offering high speed data servic~. will invariab'y affect this outcome, 
; ~· ·;». ~;.;~·-'· ."f ') ·~·~· tP :~:r~~;ti~. _, _-.. ; . ~·-'1..:.·,:_:, . , ~ ::r0: .. ;:~~-

but how is not so clear. For instance, if cable operators are. slow to offer these services the 
' - l: ,f ,,·11;' : .. ·.· . ·,:-·t:<:· :~~oj<~ ;'~': '" ·~·;~ :.-:;;": 

state or federal officials might open the market to the telephone companies. On the other 

hand, if the ~e oper-'tC>"S~essivefyentet tp~pa,t~~~tQ Clf1d ~ 
the telephone com~ies, the state. offi<;ials ,nUjht :.-fGfc;e!-~~Jlr:~lfltiqn,-un_, 

5 .. 4 Privacy ..... · Wir:etappingt lntm&foR, Misuse of' 1lhTI>nnatiaR 
• .. ;1{};:0-: .: .. ; J 

Centralization of the control over content and carriage also increases the dangers of privacy 
,,,) ,., . ' : u 

violation. All home information systems are a danger to personal privacy by the mere fact that 

tt)e)tcprovide a channf:tl ~;whi<t.!l-mk>rma,&top caftrAQW;ffiom ~·.mltt:a Ml1l~1tQ:-.:9 .... 

work,t. But the mpre dtrect~n~ "1~the -~~;..0 ~·tMf,_.. 

motivation th•~.is fQ(JR~n of~ ~yjpu4'l's:priVfACy..-JM~•,MMf\Pd~1~ QeeoFtbe· 

four type~ o~ exPQ8Ufe tl1" co~ ,W;k; Wit&.~-~ ~. ikiltfusiorlj: 

interception, misuse of information and . aggregation of individual or household 

114 47 C.F.R. 63.54~58; Report and Ofder in C>ocket NO. 1aS6Q, ~1 ~eC ~ ~,' a&i 
115

449 F 2d 846 (5th circuit, 1971) 

116
AT&T v. U.S., Consent Decree, January 8, 1982; Justice Green preMfirig 
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information [45]. The diversity of channels Jhff?Ji9
1
f) ,,ni9~,.~ .fwr~ntly commuq~ate with 

others h~ helped to shelter us from these abuses, i.e., telephone, postal mail, on-site 
. . • ~,. • C;> H ' '~0 ,. ·., , ··~( _,\.''_.; ';: • 

business transaCfions. 

Cable systems "·s)ose J)rtYacy prbbfemS, "ildme of' Vlt\leh;;*9; ·comrmm to many electronic 

cdtim'K.mieatlons, inf~. ··&Hd frilmi8mton· ·~anti s&me ·of whfch are particutar to 

cable. Problems which arise from wiretapping Off'catilt W~ nat1Ql:JWitdMtydiffererit than 

wiretapping on the telephone system.117 Encryption can provide a solution to large users 
'-'.! .~ -.~", . Lr"~).}['"{) onJ:-·13·-. -.~· .. l·) r::··,,i_~ ~:~J~!:· . ···_:~.~~i ;~_ ~J~.~I _>! <:2:;r-:·L:_;- .:·"'{ , . . 

whose volume of coroplui'lication warrants the cost of encryption equipment, but it is not likely 
.·.·,;~ _;, ·"'1,,_.~~~-'-~ .-,-.~ , .-... ~. ~-.· f\ :n.'{) ~ ;i.~:_)::>~l") ;_~·;}· c;:d . ..,.>.-...-;Q~i :~·--·~L1":~(<.J 11;_-~~·i i>. ·--~,;;,._:, ~q~_····. •._: .. _, . 
to be fea8ible for private residential subsCribers until incorporation of encryption devices such 
.;.:· :'. '-"' _.-.-:, -··f~O'.~:- .. ·.ct: -~.1d: '-(~.:,:1f.:J·-~·-7~j~t. l·)1~·.t:.-:::~. ,tfj~:;~; .. ,-~,1--1s1n-... ~1~ ?;:::>v .. :·,~ir :._,-:1 ;t,.. , · .. 
as the Data l:ncryption Staridard (Df:S) is economically practical . The network itself might 
J.":'. . 0 } 1. ~•£·~ '~;: _,.. .>: , •.• i' :'v~-1· .;·p:". .- (~! ~' tc ~~-n·~.::;;c ~--L_tL:~-;. ·'.jfU :; ,·! ~ .. 1:.· t" · 1 ~ -: 
offer encryption as a value added service, as a way of offtoading the front-end costs. 
~.__ , .. ·;._. . \~t·,_ .. . ·::_,: .· .... ~:-·1 ~'~;VJ _-Ai ~.:.-.J(:; ·. ,-<-.-tv 1 _-_r£:·~-.: ;a.ri~ -~:1"1~:.:>" _);~; ·.· 

Currently, the cost of operating this value added service is considered prohibitive for most 
~ . ·r j. :, • ,-~r~·«.·~. 1 f·.· ,; :~,_ ,.:;~~_,:·,il~ i'.·':: ~.}·:):··<12 .~.:;i~t ,:'"!h~.Jn~~ ,·., -··>~· :_~,·L . 

systems. In conclusion, the problems of secure communications and wiretapping are 
q 1:·'~ ,. . . ·~ ·,: L. ·Y:_ ··i ~ ·_.~L,:qy ·;.,.i,.,.-;_<__; ii !.:-.r:--1rH,-ret"1~ ·1G 1 1n~~.::~ ~~1:- -~-, 

compounded by foreseen 'Cable· data commuli~tion services, ~are not unique . 
... . ·.u----. ~-, ,h:i ·; ;· -.~ ~'.-_?t~ ):1 1 ;-,,",.-;(" ,:~. • 

tntrMibtt vfa-ttt• <COm~nmectfatw:w ,.,,,...., lifdae''8ti "1*n i'·"19&4 paranof••. 

St!COt-ftY•arid·ttorM~g"~.· a 1wel 81i'~'~iilrrvie8$ 8ltt'form a 

new avenue for the flow of informalft!m'Otlt10f~~hV~M,rldto~trc;genefatlcr'l'Of 

information, which is not regularly filtered by the residents. This fear has lead some service 

providers to give the resident the capacity to tum off all monitoring services at will, but In 

~~~C>tittl it""8JtMI n: ....... tr..,.... .. tela.'~~·~at• llkelyJthaf 

the only alternative to intrusion for those who are cognizant of it, will simply be non-
." . · . . . . ;-~~(}; ··; .~~~;~·: 1"j;: r -~ · .'fHJi; ,· tf~qp~f.'' ';9V{) : .. ;~~G:} r:.('i ·_ ''.r": 

particiJ)ation. 

A-teSs·idtNtt, jbtlt''t'#ofOt.tna f(HM ot:tntrt.tefon!;will'«Jm&'fi'cAAif\''the mlsdse of lnfOnnatton 

cotfec*f trtsm tie hottle. ,; Aiff'tfN..._ 'M'blltht 1JMonliiVblM~itffio1th9'"1ewtnv 'habfta· of· 

i~ ~rit>efst Ori~'tttaf ·;w~..,ali!MYlfhfi~dlt'lhclUdeihe' 

infOn'liNltren r8'rievat, MC:tlir••~l'la6ftw ohliil:Jititltifi.UThW~bttidrff' &Ooreaiite and 

117 
Although, a described in ~~ ~:3~~ Wetaomna,~. ~· ~.,~ ~ ~y .... on sharedchannelc:able9)'8leml. SC">l:~ ' ..... , · • • '~,.u--"'.. ·· · ;;;~m.~ · · ., ... , · · · 

118To some extent, it will not become practical until the Nlidentlal "*"*'1'.t1itiit~({~ for eecure 

communications, i.e., that there la a ~,19. ~l!R"-"::~J" ~~< ·""·' 
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individual data by marketing firms alone could lead to unfair and tnvaslve generation of 

special interest mailing lists. The misuse of information by crf!dit and tnSUfance bureaus is 

already a:n issue of pubftc concern. ·prevention of the itl~ of 6lbtlt1data wouttt benefit from 

strong·er and more enforceable· gerieral legislatlort 9\Jt'li{addftion; ~a:use 'of the ease with 

which 'vatuabte Information can· be. gathered on ·cablE! $YStems; and ~au~' trilS lnfonnatton 
i .~·, .. ' .' . ·· ·, • I · '', i ' i- 'f'· · ,- '. . · ' · ;..> ' · .· ·. ' • < 

can be gathered from points other than the he~-erid,· ~-~s ·m1ght"requrre close 

monitoring by federal and foca1·•auttiorfties. this wttt be 'in ttie{ri~rJJst·'of both 'sbbscribers, 
·;;· ' ,•:·~I"• --~ ")J3 j(~~·:'.·; -.,~·. ., 

and the service providers, ~ $81Yice& Vt'~; ~~ly ~r,·i~~. Jf the dientele 

cannot trust the security arid privacy of th9fr c0f'Hm~:1 ~ Amex '•ha$ pro'posed 
•[ ~ t 

the code of privacy shown in Figure 5-0: 

Warner Amex code of privacy ing by the subscrlbff that imormatiorl 
contained therein is inaccurate. 

Warner Amex_Cable Communications has prepared a privacy code detailin1 the 
ri&hts of sutlsC:tJbtrs on iia tWo-way da~ retevisioii eni«. 

• Any incli\idual subscriber informa­
:; oa.,..lbelttititltf•for.anly Id tlnll .is. 

is. ~sonably necessary, r.g .• 10 verify 
•Warner Amex sbaU e11-plain lo its (no,n-individu.aq data c9ncc:rpiu ... l¥1J .. ,\l!P'., ... ;l . '·'·'"':.. . ... ,, 
mbscrlber! theirtfdrmatiOiii'latliCring .Ubsc:rilltr servtdeWfor u.a·•iii~lo;"•· , · ·~ · 
functions orthe cable communications ing new services or improving existing • Subscriber mailing lists shall not be 
llllPVic:IJ:tleiq:providi:d:o • wsvipa ~a!•~!""~~~ .,ip,adl;,.f..:\'.ail-.blc.Jo t!ii~d pou.1~s-

such &~ii data avaifal>lc li>iluril' ·'WWntitr'afllflailct'df noni11'iliated . 
• Warner Amex shall maintain ade- Rafties-.wlltt~~~ !lffjlja.led <!.Ll\G.P· with ~arner Amex-wi_1hou1 first 
~it~• toen~•*'PIB'i-- affiliated wlAl'~'AmC&~lf..'! ~;~1Jcii•S.~O'.'fflt1l tht op--
cal security and coniidentiality of any out fint ensuring that the identity of portumty t~ have their names removed 
subscriber informati911. . in(l;i-eJs,it~ ~ifffnt,: 1,/r4>tn,~.Jists. , . ;J:; ... 
e ·warner Ainex subscriber 8'.gr~~·- the data provided. • Warner Amex shall comply with 
ments sliall inch1pe the (9\lowin&: . . ' Wa,rnct1 Micx •'! fefim- 1'CMSll a!llW:Abl~ {eclc,r.al...st~~ and local laws .. 

lndividu~(~~bsc~'iber vicwfng'~~ to make any" ini:liv11fual iubscrfber . m~lifi'iu~r \tfivaey11nd shall . 
. respon~s ll)a,Y, be ~ognized onl,r informati_qn availab~ 10 &9_.\! \!eerr!lJ rgent adhere to. applicable industry codes of 
-here~to,ennlfbilli~' aaelld«-m \tie a~ ot~fftti-· <~.:\vhic81 :AnW&q~ onnt&ance 
to render a subscriber service. Any pulsion. i.r .• court order. subpoena. If subscriber privacy. 
111Gh i;tlf"1!n,.wn !1¥Hl~!MI· t.•et :~qesi. f~~~" i..i~t~ta~ ,,~:l9'ii1t ;WWIS·wl)~pa14icipa1t-in 
strictiy co'iitldential unlm pu61li:i- made. Warner Amex will promptly providing services to Warner Amell 
ti on. i~ an: inhcr~n.t. ~art. of tile . .11°'-!b'. .. lbe,J,!'_~rjber,"°iot IQ.1Cq4>J!d~. . ~~i~ ~'Ill ~r~ltl!ire¢.to jidhc(c 
semee ff'.~ .. allft~iflt • ,._ ctnrl#permnmr·to &'io11ylliw.' ·- 'toitie'cllmt-nY'~'~fflrl~acyanlt 
show pri1ewinner). •, Su.l>~ri~,rs Illa¥ exiu1!il).e •nd c.qg)'. . 111 Warner Amex arrangements re-
No Other. indMduililbted. illfo1Ma.~ any iltl'Or'ift8tioil'ft.vc~~ Wttiiet' .. rtii(l ~mceslfllllt'C,eeificall~1 
!ion concerning viewing or responses Amex pertaining to them al Warner incorporate this Code of Privacy hy 

~:.:rh~~~~n ~v:~ ~"!~cf:.::~:'i! ::::s't!'~~ :;~t::; t;;cx shall continu~usl\' 
and given. a_deituate OfPo/tunity <;opying •C!>S~. JIWl ~· ~ by the n:~lN !Wl'i JUldalc i'5 C9\1e of Privacy 
ndt t• part1C1pate. · • · " · n~t: WBTl'itli' ~'shiifl ~rec:1 ro ·tte;t 1:U'fttnt wtt h 1echnnlog1cal 

• Warner Amex may develop built such records upon a reasonable •how- changes a~d ni:w applications. 
' ! : '.~·, _:: • ,,- • ',, - ii:·· "):I ' ' , 

Figure 5-1~ Warner AmexCode.of,~ · 
(CabloVifipn

119> . ., . ''.oi . 

Although this code is an important step in industry recognition of subscriber rights, it does not 

adequately addr~ tvf P parii£~~. sou(c• of,pQ~~flt., ~~r--i I~ tfle. Cflbte. pPerator sells 

119
Cab/eV'8/on [65) 
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information ~rvic;e~. ac~~ to market informa~pn y1,b,iph is ~ifically_ restr~ted. frQm ott\er 
- . ' * ' ' i.. ~ ' ' t' ., '1 ' . , j , > 

parties, j.e.,"individy~I~~ il).for:m~on con,~erf.'illg viewfog_ °'' r~" •. can pro\fide ttie 
: - '. '' . . ' ~ •' -· ~· . ,. - ' , . • . . - • . • ' ' ' . ' -J \.' 

operator with.a, ~o~~ive:~var:i~9e.pV!f-ot,her i~f~iQ~,~ryic~·::1 r,,aat~.i~e ~s ~e 

storage of d~a in a,tpr:"1 that JtJ tra~ablf tQ iq~ivt~paffs. If )ntqr.q:iati,Oll: js• i:\qpo .t>q_ u~ for 
PWP,OS~ ,9~er ~han bi~ •. som,e a..~izen -~mluRllJ h~• ~~~_.tt111t. otf:l8i~ ,ll;l'Qrm~_Qfl .. only 

be stored inJ~~tist~Hy ~~eg~~!o~J'Wlt. :·. 

·_:All in.formaJ~-~l~f~-~AAt~~ri~b}'.~~·-f~C!V _ .. 
by any independent access corporation, other than bilbng mlormation, 
Shalf·be stOfleef~~at~ MtilNfwet~ 
i&tp~iviq~s.~t~~~~@'k>f,WlfMtn, 
consent of the subscriber... · 

5.5 Summary 

Federal cable tele~sion reg111lation grew during the 16ieo'e aAd e8riy.1970's. cwminating in the 
'• ,,. 

1972 Cable Television R8j)ort ~ C>Jder, Since .. tmu:slKt·197Jt$ f~ll,latff;lt1 has sub$ided. 
,_ • < '• •• ,. :tt • . 

Throughout thiscy~lf, reoUJatory:and ~uta~~r~ns toeu&ed on-calltetelevisk>n as 

a one-way video ·distribu~ 'tttchnology. Ne~,<· fu~~~1~ulatory~ that 
. ' •-", \ 

remai_ns unresolved, nam.etv cable televteion's statutt."~'.f1·.com~n p~rrler or broadq~er, is 

also the Jssue of mQ$t~Qnttic.$.nce·~tf1e appff<:.atiO;!' of.·~te ~~911.~~~~ to two-way 
data communications: Sbucwral reg\&'8~ have l)Mn.Qr-opQited'.t({Siimi- the potential 

" .. :- ,,.. ,.; .. 
for conflict of interest on 1he part of the -- ope1 ~; ~~ ~~tk)ns ~ assure equal 

ace~ to the distr.lblJtian 'medium while at the ..,.~~.lsOlatiJO ~.reliled decisions 

from govemment inteMtfttioA. 8$paratiQn$. ~ th1a cORllGt,"bul··the-.cable industry 
• ;,. • > • • •·.q ,[ ;;, ' . "'."'.:- -.. __ J . 

believes that such seve~ ~ion wilt leave"Cllbht·~~ if:'·~"~~tcalty ~certain 

position. _Leased cbannei access iS.a "°''*' •tit•·ttt ...... ~ons tt14.ti8 mare acceptable to 

the cable industry but which might entail men cumberso~ nate-setting or monitoring 

procedures. We support -prcmpt··conatl\ICtioft 1lf ·atr.Vc11Jra1r__.fations that will establish 

cable television as a local distribution ~luW.:· ~le to a multiplicity of voices and 

listeners. 

In the final Chapter which: foHC>\i/S;" we' integrale ·'ttte · *h=nkat; .aid ~oiatory lnfonnatlon 

presented thus far into policy recommendations for city cable authorities. 



Ch~Pl~r.~.ix; .. ;-,-
_.. • . • ·,, ·~. ,· • - ~) ..• :t,_ ..... ' ~ .,, ii .- ·,_ 

~u·~~1~0;ea.!tor, '11-Y-~!~-:u;t~,I ppl,~qJ~-s 

6.1 Introduction 

In the introduction we discussed the applications that might motivate cities and cable 

operators to implement d._i'1 ~oioeltne ~~OD rt•tt.·1tll9Y'*"7 .nei_tN>~ .kt 

subsequent chapters (see Chapters 2, 3, and 5) we discussed the technical capabilities and 
,... • , - , ' > • ' ! , '• , I ~ ' '' ~ '. '. •'•; · ..,, •; i j' ; h, .' • • i . ' ·-, t ,) ' : > ,· ! 't "'• ~ • ' ~ ' ;. \."",.j 

operational mechanisms that 'are needed to. implement·. these appHC;ations:· the 10ca1 

government; iwt1l a designated <:abfe -autttority; IWffue~ t1Wd8fl'i0n·tit1\t' Of)emtlon' of thetcity 
·--·~·l ~,r~ ;:~., ... . J.,· -- ·~ - '-:, ! _.~: ~: __ • ,, .. :,·> ;·, -:, . i l~t:,· '.-, 

cable n~\~~rk .. througti the fr~chi~ing PfQCe~'r,inter,~1-.~~yi~~ 0,l ~~9np~c~1 . :and the 

refranchising, process~ There :are· ;many. ·*1Uife"1entai..,.1oor1oer111 tmich the;ltocaf, ·cable 

authority .Julit. consider at mese times. Doe• rO 'l:>(i1mcar ina ;~~n~riiirl C'onstr~lnili; 'only a 

subset·of,th4rae ('..iUl be~ and impJenwlt~.: •• we,~\0..6\4d·~ authorJtles in 

identifying e!nd ··addressing tfrose ~ents i tl'iat -we- Ot gretlteSt1'Cd~ence to the 
•' •' ~-,;,. :.;:·,J_·<r_<?~ t\•:' ',fl'f:.:"·"'I{" ',_.:''.:.;, ~ 

impleme"~~on -~data COIJlJJUJPicatiQ~.W'1f~_Ulal wi~nrtt ~l'llffiM'1~ gpa!s .. : 
'ii 

Data communications Clt!iJ)abitity ie'vilWedr:as·tt\e,~911ttlf'~oture Of the able 

network because it is the basis for provision of information and trarfsa~tion' 1en..ices to 

resi~nts, ~ t~~I~ as high ~d -~~I-Im ~ ~'~~9~~~~~fttiQp.~ ~ ,o,r1pr)dng .to 
institutional u~~~'. _,It is ,11S?t; ~!~~, .t~ G\V~~i- ~~~nJ;,!~e".c),~,;'TI~!- 'prm,'illate .d~t~led, 
specifications for this infrastructure in order to achieve the community's goals. 

A. ~ L ~ ~. ~F';.- hf1;·, 1: :·:l·::-)·-~)(: ~'(· li-~}1,, ··1;.; ,._ 

In this cp~pterjwe di$cuss the reiev~p~e .Qf ,da1' c?~u:l;afG~ ~~~ tQ 'the satiSf,ctlon 

of city 1goa1s. -We JirstAdentiftl panialillar,Ooallt18D<l·-..-l\ei,,~hpimdrons1far use and 

operation :ot cabie '1etworks ktr d .. ' cotHMtmiciltibh ~:,·1 \IN~ ·~\M8W'ancr ii.)ghllght 
-, ,, · }, :.{ ,.:-~,·~·~ -:-.~ ... : .. ··~.-\~}~'"":·1~-~ '·.~ ...... r ... i"'.J?: 1"- "1o . .::::.}1«./"":-x.: .• 1"' --1~ ,. • ·~' 

the t~.~~iltties ~··~aJ.-~~-~~'*1\it ~-i-e.;"9r,the;dty to 
realize ·tf1fte· 'goals, nt ·th~'ft)le•1)f the Catife :~fi'ilsdielffl'\I iand _.~ the 

::~~: ~·. - , ... , · - ;,. . , ... r:- ~:.,:·j. .·_; ?_~8jH'"li<, ~ .. ~::.'frJ'1~tuu-9"f 1.e::)in;!~)::d ~i1~ .. ' .. : ~~~ ". ,-:,;", 

implied capabltities and mecha~i&ms.. :~· r,t"~ ~-J~l~I~ ~ ~ ;3; for _,._rther 
discussion of technical details. 

..:. -.r .• '. 
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Throughout this chapter we present ca~s in wllich it migtlt be appropriate for the city cable 
,: 'i- -- ' •'' ' j • ~ 

authority to exert external pressure8 ori"the c~a ~rafor. We wish to emphasize to cable 

authorities the detri~nt that coulq be caused by qvercommil!inQ, ttle ~le operator. 

0vercommittm~nt can ~~su1t-1n attdi>eratoftti~t~~\iJabfJ t&:a~lle; M~Alhti~·&r is unable to 

complete construction. Over-ambitious specifications may also discourage the best· 

equipped vendor from bidding; leaving only the uninitiated or dishonest vendor to bid. 

Therefore, the authority should be prudent in its demands. 

6.2 City·goafs and the rote of data eervic••· 

Two fundamental city goals can be served by data communications services: 
. e.· - - - ' . -, 

1. To.provide residents with en~ facilji-8,andi~ -.,.wiJJ~Ul 1~.~ 
"quality of lite" and contribute to the economic statys 9( Jhe city. Hoflle 
rnformation servfc8$ ea1{t>fovide· cc>nv~~.·~tmiihineht, ~ec~·to o&Eitul ' 
infonnation,. and formal1edlJ88tian,:<:fA· ~y; cM>le1Elafiaionr·l:l8twOJk; ls.:an 
economica,t and pQwerfMI ~~a~s.~ tr'n~~ t~ sen(~.<• C,bapter 4). 

2. To provide an envirmment that is a'lftactiY& to ·the ~community and 
thereby ~·~tes~.the "fe.OQtholth&~.of t,he,~~;~~imy. Jo"' 
cost, business communication facilities and services enhance the overall 
business enft-ohment; ··partictnarlf tn'irgttt·<Jf1~~-t'Me1 of ·camin'~hU:Mtng · 
office computers. A two-way institutional cable network is an attractive 
alternati~.to the·....,hontu~•'•'Y:•tlcteabhaclliiwbatltm{..,.. of:C*fortl'NlfJCe 
and economics. 

Once a city decides that 'these hlcilftleS «re in fact &si'rable, there is a second 'tier of three 

goals which c«lncerns tke tyJ:H! 8hd·qoatlty of 5enllte <ffteV.itd vri m~ t8cnitwi$!' · 

1 . A maximum number of servers ·· information and service providers · · should have 

a~c~ss t<? th.e facH!t~ t!1.~ei?C?r.t ~~,~~ ~i~~t~~1~';\~;~i lf>J~~~W.~~ f~~~~m , . 
of the press: one' riletor Tft' · j)fornotinG''su~n~·trWOfti ~rs' auriri~f8Qua1· access ·to ·' 
the "public''< ftllldiaby, •diversity oouoiCJllla,f e>tlll is ifllti tllWcablsaplerator ahoutd 

~~it~ri:e.::~~~~h:i~~~~!~'!~~~~~r~~1~~ 
reafi'le this pl 'ia struetttta,~~~ ~1Wii1i!iifliibMs·.tttat1Wif!fimmate 

~~~-~;~m;=:: 
120

Cable authorities may find that additional economic regulation Is needed to ensure the effectiveness of leued 
access policies, aee Chapter 5. 
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2. The maximum number of reside~ and busin~ inJb~ community,sbould 
have access to services at the mifrimlfflt"f'easonable rat88'(i.&.1Rltes that.areelose · 
to the marginal cost of providing service. The plotential monopoly ~Y<!~Qf the 
cable operator might iallo~iftct-'eperator to 9'tt prices above m~rginal, cost. 

··Therefore, the city sho.td ~promote com~ttttve rate levels arid structures 
through promotion of'. compefing se~-~vtders and transm~on media, 
where possible, and through 1 mon~nt:::~ ~-~'.'~Oli,Js not 
feasible. In addition, it shou!4 not endou_r'g~ •verbLildin~,\vfl~r8iUlt In . , , r~,-~,. -··-, .... ~ 
excessive subscriber rates. · ' : I · ... 

3. Tbe city ehoukf not •• ~! prec~ fr0fll..,.en.i0¥~ ·~~ ... i ~: ~UJSe bf , · · 

=°'~~~:./~~.:.:1~~~1Pr·.:.~.~.~ .. t8~~ 
'the long-term, as oppo&ctd to'.'~lc functions ~d · ; 81· I~ #Hl~"?ort 
term. The city must ltndea:stOO"H technoto'1Y i9Qtty !*> .-maa:ttte 
proposals of the oper&Jor and to formulate demtands M will etfor(:e:.IOng~term 
yet' reasonable investrftent ~·'?.11.~.~. • part of the ~~, ip_o.w'.t.ic(Jar, network. 
corifiguration, reductiqn of' ~am noise, ~~~·r addressirn1 
capabilities. , · · 1 • • ' : 

Data communications requirements must be balanced With other community goals relating to 

cable television; namely, infl,uence over programming decisiQns, rate setting, channel 
\·· ·,'..) ;<\(1-. . )'. }::' _ :: ''; ,·;_,__;lf~J;~~,.-;~:·,~:!L. I'.· {} :_~1.:,-~- ii 

capacity, and local origination f-~· . " 
~- \ -,' 

>,( • .' •'' \ 

6.3 Entry points fOf,.,QJ.JJn.iP~R~I ipp.,ut 

Cable pol1cy ahhe 1oea1levet iS'trad1tiomltfY fi>~teti"llrtd'f~tecf'lia 'the 1rantflislng 
process. The 1oear cable a~hbrttfiCi~tlW~~filriff~~_,tiijb1~1~tS;lt\ a\~ 
for propesaf ·(AFI:>) ''and.)~~ ~am;1iM8ng 'the ~1,;u ~·~ratbt$~ The cai>le 
~etwork criteria prop¥ by the city are then modified through a 8'ries of ~otjations with. 

., r • • : • ;r-. ? JI <- -· '. ".•i";-~c···~~' .-_-"!. i-'; -:'~--- ,-! .. r• , .. · .. , ,..,~_'._-·-:,·;' - - ·1 t.,.. ': \~ :._,, -,, ·~ ; 

the cable operators (8"- Ft~ure e-o). . · " . . " ·· :. .. '·' . ' · · . . 
' . ~~·:~.)~,-· .. , .,- it ·\·:'~.:J ;-- ~._,"t.;,·' d) '.(\~ 

By the end of 1982, most of the major cttles'·fn'the'U.~'. WiltftaVi'~eC:tthta ftahchlstttg 

process. Thereafter, local governments will use interim reviews and refrancbising..proceaaea 

as the forums for establishing cable policy, In particular for overseeing cable~ 'llnd 

expan~n.~ FiQW.l~Elt~,~ .... 0). . i .. {. ,,, , ·t·-:.;'z . . 1 :.~r 

Fn~,nchlses gr!'J1ted in ~ mid ~ It~\ H~f;Sq'~ ar«t~~QjJ ~Y! for C:5>.?tfact re~Cll· These 

systems are primarily six to twenty chantitl·netWefk9·teotllld ~ atea&',' ..... cable was 
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Figure 6-1: Cable televiSion system franchising (Cable Televisio~: 
Franchising ConsideratltHJsWl)'r ''· ' 

installed because of poor over-the-air television signal reception. Systems located in densely 

populated areas with large potential cable markets will be rebuilt or upgraded into higher 

capacity systems, particularly those currentty ln th~ M*;t} ~ f:I laftrier range::· th~ "°eas 
.th~t are spa~ly populfJJ~ pi;i.not offer}~~~,W'?i~~PV1¥'·~e~ '8 .. w~rant ii:wt~H~ti9P of ,nigh 

capacity two-WI»' SY.~- Theretort, in, U:l~fc~~Hl"~·,~i. ~rat~ are unlik,~y t~ 
install the higl:)er cost taciliJies necess.11ry tor twO-W.f'X d4ta. com~.ni.cJti9na ~ility 122

. 
' .,. 1¥t. 0 '; ~,.' 1' .· .• ''-''.' :"';...i. ,- , ',~· .. . ! ' • ' 

The post~1972123 franchises typically have 25 or ~o;~:ch~nn~ ~d therefore many of these 
systems do not require rebuilding. Instead of developing speclficatioris"for a riewsystem, the 

~ble authoriti~s will !JSe tbe refranchi$ing pr~,~: 

121eaer, w. (8J 

122
1n 1980 there were 358 systems of 30 channels and above, 758 ~-C,, 3'.1to ~ di~nriers, 103 systems Of 13 

to 19 channels, 2,793 of six to twetve channels, 151 systems of below lliJI channels, In the United States (48). 

123
1n 1972 the Cable Tel8Vision 'R~i1 8nd drder ~t&bfilhed ~.,·i.iiui~ta tor~ networks tot an 

new~ tAallfGUld ll8M over ,15QO ~ .. ~~. 
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1. Ensure that franchise promises have been·1~pternent8d. 

2. Propose new system capabftttles. 

3. Establish or modify operational procedures. 

Most ~f the po~t-1972J,ranc~ises also _provided,for in~~~":' ~~~~Y'8 9,Y. ttie local :~~!h~ilY. 

These revi~w~ can ~-so be, used to moflitor cable;PR8'°"t9r:PQ!:'2f'~e},n rn,'1ting fro/"~ll~ 
c .-.> _,, ' ' • ~ ~~' ., '·, . .; '• ~ --~ ..... - ~,- 'J,_ J, .,. - • 

agreemen,ts>i .n,ego~~te fpr addm~~~ .~pai>illt~.; ~~~~o~~ 1~6~aqnel for commu~IW 

meinbers to express desi"-8 to th~ ®'f'&tc:>r. 
~ . . -· - . . - . . ·. . ' '' - ' i - • ..l .. - _; ) - •~: 

Affhough interim reviewS ltnd refranchlsing negot18.WC;ri'81

'are .• ,, -~ways similar to the lniti&J 

franchising proce6s, the ·scdpe Of issues io bfi~1~9a:;~ :c&tsi&rably narroWed. For 

example, instead of ov~rs,e,~r~Q,_}letwo~ -~~tpn ~~- ;g~~~~~~~ .t~~. ci~~~)?versee 
upgrading, or at most rebuilding, of the existing network 124• In addition. if the oable-operator 

has performed well, or if the franchise is an exclusive one, the city might forego the operator 
. "~ ,,.:;--~, :,,·J. -·. J{1· 

selection process. 
.,{. 

Despite this narrowed ~.,~ntiaf'issues remalw tor;N etty ~able alithoritf to address; 
L,j ·: -<. -:.-<.; . ~' · -- '.::Vil i~ _ .. ,:,~·:.t,'_ 1 ,. ,'1\ -,1<...~rn ':-~- · _,.. " ' 

in particular, unsatisfactory or deficient operatigqN;¥9R~1~ ,~~qical ,.cap,abilities 

(see Figure 6-0, phase 6, performance monitoring and operation). Many desirable technical 

capabilities were not imp1em&,t~ in_ the ~-g~~w,.··~~ '~p~.;,~~Y,· .~r~.· etther 
~. ,( : ·"·-·· ~;,._ ~': ~ ,.,.~ .. , •. JJ . '•'" ·''· \,.· ,,._ ,} .• t 

unforeseen or consid~too.rifiw.t>y.·UHUlllll•:·aperetOl'<·Utilt"J ... 6i·evaiU(lllion,ef new 

services). Most refrartci'ri!slng' demands 'do· ·not Waif 'the' i h~ \'~~ ··ttaat · fnftlal cable 

installati?n ~oes. _Therefore, ~-e~ndi_ng u~on -~~~(~if~ ~~~~t ~.~~ter~~i~, !'(~i~r~tor 
might be more able and willing to Implement capabilit~ ~ich have longer payback periods 
•, , · I .·,. ~· " ':'. ~ • ·•{: .. ,,,~ '\' ,-.,.·,·;,"'.,'{ 't ·.~~'.tf"):f) "{"f'.i.~.. f·' 

(ibid, phase 6 negotiation of syStem expansion).'. ~Isa, dependi~' up0n ·the ~hie pe"etratlon 
• ._,' . ·' .~·; .. -.1 • ~-~~> ~, e; , "r 1, r1 ';'. ~?~' ; ~·~,·· .. ~\·!·;;;-·l ,~=J1".3'Vr ,:.iu~~,.\.; ·~~·;;:'h.:_: 

figures on the existing system, the operator may actively seek neW features which will attract 
e "'<' '.' . ~ .'e . :.1~·1: ;r. ·~,·.('' ~- ,.:qr:; 

new subscribers. 

124
For the remainder ol our discussion refranchillng will refer to those systems that only require upgrading .00 

contained amounts of rebuilding. The refranchlalng proceaa for aystema which require extensive rebuilding or 
replacement will be conaidered identical to an original franchieing pr~. 
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6.4 Community requhern~n,ts 

Two-way capability and leased access policies are necess.ary _,o 11nsure implementation of 
- ,·- < -, , -

data communication services that will serve the spirit of the community goals discussed 

above. 

The application of cable television networks to data communieations presentS complexities 

and uncertainties which exCeed the '~xpenise of m6sfcity ~'re'authorities, as well as most 
" ;.): - _ ·- ~-- - i .., ,- - . ·· "_ r 1 ·-; -.; , •.,. _ • • ;.~ ·': , • 

cable operators. As Baer and Pi1nlck. point oJt; 'techniCat· st;eclticatr'oris and. operatronal 

procedures which were acceptable in the past for 9riieitaf ~ri.~t ~'V1$16n are not n~eSsarlly 

adequate for data comrnun.icati(UlS ap~ll~C?t'tions (8)._; I~ ~itWP•::~ t~.r~er capi~al investment 

nece~ry contributes t? the finanpial bµrden of both tt1e QJ>era.tor and su~riber. 
·, f , .. : ·: . : · , , o ·, , • ; -, • '. -~ .;- --" --~ i ; ' ~- • . : 

The heart of the pr()blem, ~ th~t :~ cabl~ sys~m ~9~ ~9!'SJ~ f~f TV, . 
entertainment may Simi>fy not be'good enough.for many'ooif~enrertainment 
, services. . , 

Communities have no easy solutions to turn to. Since mo8t new services 
are, by definition, untested at this time, franchising authorities 
cannot specify a cable system design that will meet all future 
requirements. I~tn~ -~~iMP-~IW•.,;p~--•d& 
they require, the more the system will cost above one oriented 

. J)tfmarifytoward entert&irnnent ~. ;;i ; ' . ; i:, . 

Most.cities have, not, f~c~d lt]e que~t!pn,~f ~~P "'!~I ~Y ~If .. · _ .. 
additional cost. .. (ff) ffie &dded·system·cost cannot be JUstlfied 
mltialy,1ftanchtsing'auiltditie1-.0Ukt 'lil~ltQd;many, 
future serv~~ffll$Y• dirlJ;~Jp ppee>r,~~~ 

In the following section we draw on details provided in earti~~ ·chapters to qualify and bound . . ' 

the rather dreary picture painted by eaer,
1
• 9t. al'. Their '8tatem~t is representative or 

uncertainties which. were per/asive in 1e7s, many '~f ;hici{ ~n n~w be resolved. The 
. ~: ; .• ; ' t '.,. ~ -

technical and market uncertainties cre~te, financial· uncertainties which inhibit investment. 
";. 
' ' 

This discussion should serve to encourage such investment, where practical, and to promote 

intelligent construction and operation of the facilities. 
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6.4.1 Technical requirements 

Two-way capability is the most fundamental technical requirement for data communications. 

As we S&w in Chapter 2/twO~way capacity can be hriphtrttented In many different ways, 

resulting in widely varying capabilities. Theretore, mahy'citles wftt;finl1if1nsufflcient to 'specify 

merely "two-way capability" in the review, refranchising, or franchising processes. The extent 
., " . ' ' . :- ' ' • !', t;' '' . ' " • ,_· .. 

to' which the cable authority should establish the technical specifications for two-way capacity 
r ( • • ~ '.' ' 

is unclear; but, cities must at least deepen their undt)rstanding of these i~ues so as to 
. ' ' ·' ' . :;, : c •• ,, ·.,. . ' , .. d.:"' . -~ ' . . 

prepare themselves for evaluating the cable operator's plans and performance. In this 
'. . . - . - ' ( - -'. . - ~ , - ; :· ' ' - . - ' ·-. ~- . l . ; . 

section we highlight points made in Chapters 2, and 3 in J~e context of formulating local 
' • c. _,-: 1.- ~ ' ~ ' 

policy. We refer the reader to those chapters for further discussion of technical ~etalls. 
. . - , . ' 

ThEf'.FcC has identified four classes of cable television channel, the fourth of whlch refers to 

upstream transmisston:t26·. A.Class IV channel is defm~·~ ''(a) sign·ahing path provided by a 

cable television ·system to tranSmlt signets of any type from a '8lJbstribe1' \erminal to another 

point in t!Te cabte system."' This definition does not" $f>eC1ty ma~y ca'pabnities that are 

. hecessary'to"tmptement the data communication sclleme$deSc:rlbed tn ·ch'apter· 2. Not.alt of 

the re(iUirements discussed in the following secuon·neecrbe·ift~hdatEk:tbY' th'e·cab1e authcirity. 

The eable operator Will find many of 'them attractive. enough', to ·ac:tdpt without external 

pressure, and others can be' 'added incrementally. But, the authotffy shotifd' undEtrsUU1d ·the 

technical trade-offs sufficiently to Identify those capabilities thaf~re"· fundamental to 'ihe 

tmpleinentatioh of data communications services, that cannot be added lncrerllentalfy; and 

that therefore warrant tong-term inve5tments. 

If the operator is motivated or experienced in two-way data communications, then the city 

might' corlfidentty leave ma,,Y of the detailed speelflc8t1orno. thtt oS-fitor: "But; 'the city. must 
make certain that the proviSlons agreed upon are ~lffed in en"dugh detail fo en'surtf that a 

system results wt\tch 'wilt accofhmoci&te the types· Of' ~ce8 ~fid by the cotnWiunlty, In' 

addlti0n to those desifSd by the c8bte operator. 

1~ne first three classes of tabfe television channel are defined as fol.Ow: l"Cf.S·1 channel carries one-way 

~a that •e rece;veo '?1 U:. ~r· o~~~1air qr in ~ py '!lf'qw~~or py c;li{fP'Ct COitf*llon to a 
television broadcast station; a Class II channel carries one-way slgnjla that can be received by a television broadcast 

~~houune..,.Qt.an~iatydecodtng ~.W11t .. are dpart ~·· ~ttath: au.a 
Ill channel carries signals that are intended for reception by equipment other than a broadcast receiver, or by a 
receiver that is equipped with special decoding equipment [15) 
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6.4.1.1 Engineered for data 

In Chapter 2 we identified the cjesign param~ters that must be implemented in order. to 

accomm~ate data communicatiQl')S on a cable.,tell:ly;sion netwprk_._ We review them here. in 

the context of franchising, refranchising, and interim review pr~. 

The two-way communications capacity available depends, in the first instance, upon the type 

of two-way amplifiers used. Subsplit amplifiers are typically used in residential networks and 

will accommodate four upstream TV-size channels.' Some cable operators may prefer to 
: ~ 

satisfy two-way requirements with a hybrid system which u~ the standard tel~phone lines as 

the upstream channel. Many of the transaction services envisioned for the residential network 

require only limited upstream transmission. The limlted dat~ rates economically achieved 

over telephone lines (typically 300 baud, see ~ction 4) will be ,,adequa~ for these 

applications. In particular, hybrid fac.ilities will alto~ th~ ~le.QRerator toplfer pay ~levision 

services without having to implement ... real" two-w.ay tranam~on ~apabilities. on the cable 

network. In the long run .• we envision applications ~twill require larger b,~dwk:tths.in both 

directions (see Chapter 1). In addition, as we discussed in Chap~er;•· it is not desir8ble to.tie 

up the only telephone line into to~ home. Some. cities do nQt ~¥talon heavy. usage of. two·w.ay 
,.. ' < ' • • ,. • ' 

services in the near term.. 8!"d wouJd therefore.agr~Et to the~ of hybrid facilities to fulfill two· 

way franchise requirement$. It should be noted tpat in so doing the cities may signifipantly 

reduce the cable operator's incentive to implement "re~" tw9·w~Y capabilities in the future, 

namely by enabling the implementation .of pay-~r·v~.w. ,Services ... Th~ authority should be 
. - , ·,,, ' . . ' 

aware of the limitations and implications of such..a d~i$on, wbile appreciating the positive 

economics of the hybrid approach in some instances. 

A primary requirement for two-way tr1;1.nsmission, in ~iUon to the presence ot two-way 

amplifiers, is. minimization of the. insertion noise ,Qll . LIP$lf:eam ,channels. This is achieved by 
' . ·;·· . '·"· . . 

minimizing,Jhe cable le0£1th betw~Q the head-e~d qp(f ,tl}e tartbe$t subscriber. The ~tern 

configuration should resemble a hub, with r~ia!IY ex~p«;iin.Q trunks,. a,a opposed to a 

christmas tree or snake with long winding trunks. In larger communities sub-hubbing, 

multiple hubs interconnected by microwave links or cable trunks consisting of lower· 

attenuation. higher,cost CQ~ial cable, may be ~ to ~ver: ·the ext.ended geographical 
. . - .• - ' , " -· ·, , '. ' 

area. In the case of refranchtslng, system configuration deciSiorts are . constrained since 
;·:: . . . : '. ' ... - . ' : , 

facilities are already in place. If the system being. upgraded to accommodate two-way 
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:.~·' ' 

transmission is poorly' configured, other mechani~ •or reducing ·noise on the upstream 
" ' ' -, '')('-, _- ';; -·;· ;:,,·,;, ;,,,, __ , -' ,-.' - ' 

channels must be brought to bear. These engineering details' are pmnarily lrfthe domain of 

the cable operator and should, be recognized as such '6fftife\~lil>i~~~tJ. al.It, th~ aulhorlty 

~euld __ do w~ll .tp understa~d, t?,e1 ,,iJl:lpHca'~)O,~:~ ~f, ~~~,)~~~~~J~~:-W'ra~t~~ ~; 1t~"t 
q~rat?r ,~rform8.f.'G~ _c~n :,?e ,int~llig~ntly --~~~~r~;, 1 f~r: ,~~~~~l-,~~~~j ~ev~~Y'm~ ~~ 
prop~ -~~~le ~~o~ _1~y,out, the JU~~~i~,~q~l~c~1Rf,?P~'l!1 ~grM~~~t'n~ ~Y .m~~~~le 
hubs ,'m~ ot~f:!r ~~ign c~~!~~- i,y~r~t' Qr Vltlr~'."P~~,~·'.,,f,~~~\r~~~,"1 '~R~rpt; troll\ th' 

N~w OrJe~~- ,~le f~ar;ac~i-~ ~~!f:~_,,,tx~m,J?lif~, ho~; 1~~n~1I '.'R~~v,1~19,~~. llllght, ~ 

inGorp,Pr'~~ l~to ~fr~~ph;.,.d9(i1J~nt [20):._ ,,1,. ,- , '"''" _, • ,,_ 

If n~~~~ry t~.R!eventthe ~~l!~·~p,pf.n~i~u a,,p ,~!fr~~Q'\~1 • , . , _ . 

products; the area shallbe divtaed 1rito sec~tons, arid sub-trunk& run 
toa~M*t/MM't .. aree.i1~.,......_1iuohw,, _; 
addressable taps or switches may be utilized. 

As we discuss in the Sections 2, and 6.4. 1.2, the last provision, which allows the use of 

addressable bridger switches to combat insertion noise as an equivalent solution, may 
~~ . .. _) dGf;(, ! 11~C1·~·1 b!~f; vfsLd•:,: _.,- ;.-_ ~·· 

preclude the use of some addressing schemes. ThiS is an example of the need for thorough 

underStandin~f of ~nlcdl;fsstles Mt~"',... ciiSie>tlMtttdifty .- ' ! ,; 

6.4.1.2 Addressablllty and access methods 
i, ' ~~ ~ ~~ . :. 

' -
' 

A<iqre~ilib' i& Jl~ed to ~Pott, ~7~c:,v;p-!, tekt-¥,~. ~!fr~ :>t~-~ _ tll~. ,~s,c,ri~ 
in~face'i"~* ~ft0Ufy,Jl\euse,f.UA~~4'~.~,~~Qf1~"81-~'-f1'e'h~<l>i~~r~ 

was discussed in Chapter 2, t~n~~ ~e .. ~1~~~t.f~~mtv.-.~ 
performance of communication services on the network; in particular, it determines who can 

speak torwh0ft\11i.,_:cabl•~ora"areinot>tmma:lllltMiJ11tt61i~<t0 irwat'lrr·addr.aing 

capabltities Whlth1wilf'·8CC0"""°'*8 -..to-any CloMln~tMtoau.WtMJ.matttet 18 as}tlt 

undeveloped.- The:ClllDJe•...,.._,muet ~ • --.:an0'*81tee' of ,1heir.aommunlt\f 

to eatabtish lh• immediacy etdelfta'hd·; oq>oftJnttal.......,, for:IWlt .-.111r irr*> dOlnV• 
autttorltfelmuetbe'daNfutnciuo tiwnxtaftd,the 0...,.-atDr lltWi unproven'"'*"'8t.' , ' 

Mw.iy technical co~n~ o(ad,dr~bQ~,G81,l,Q.tJr~ ~,~;I,~~ p.n_;BP,.incre~ 

b~,is. _i.,e.:" int~rfac,.u9~,~~~ §Q~~ ~-~1~'-H~i~~.S~i~.~ 
cable plant that might prohibit implementation of particular access methods. For example, a 

contention channel cannot be implemented on a cable system that depends upon bridger 

switches to limit upstream noise. Contention channels must be continually open for 

109 



transmission and are incompatible with the on and off switchinQ experienced on a branch of a 
- • • ~J _, • • • • • • • 

network that uses bridger switches. Th~refore, thc;t provisions, in. tJle New Orleans franchise 
. . ·, ' ' .·},··--, '. : ,}; ; ,; ' 

mentioned above may prove lnadeqv~t~. 

Multiple two-way access methods can be uSed simultaneously 'on' a single cable system 

through the use of multiplexing techniques. But, giVen ffi~'slTlall Size of tfie existing mark~t. 
initially there will be at most one data;cof\1municati6ris based '5erVice,''usiii'g a single access 

,, , .. _ ,.: -~;;'_'-··: '.·" ';~·:~~ ·_ :··'~'''~ . ~ ·-'. 
method, ort each residential network The citY faces a·-ctfoicEf between palling, hybrid, arid 

contention access methods; the trade-off is limited funcli(jh vtifisus ·hlghe~ :Sost (~ Chapter 2 

for comparisons of access schemes). lnstitutionkf~iWS~s Whi.~h' ~ij '1argeiy dedicaled to 

communications servic~ •. ~ opp# t~c~for,m~~~~P,. ,~rvices, ,C.,1,1 .#~~, ,~m ;~upport many 

access methods simultaneously; ·the methods· .....Oc\Wll ~~ be- ee.ter•ned aeco~ing to 

the demands of large users. 

6.4.1.3 Reliability and maintainability 
. . T': . ~ 

The level of service, i.e., tran~on ~ormanct:,and o~er~U system availability (see 

Chapter 3) expected by business data communications users exceeds the level of service 

expected and delivered to subscribers on a typical residential network. Si'!"ilarly, expectations 
:~ ""~,: : ~,;;-~f, ·~-' ' ' ; 

of residents will increase as the residential services provided over the cable evolve from 

entertainment servtces to. hOu~ld bUs1neSS •. and' other-1dkffea8ioi1at services .. ™ cilbfe 

operator should be sufftctentty Coricemed about Setv1Ce'l!le1Sentation 1o make the necessary 
provisions because of the pOt&ntJat: Impact t>n market ~Ct. 

Reliability measures <:onaist of built.in redundancy and ~.QClabilitiee, •a& weff 81 

ucurity provisioAs tor isolation1anddeniatot. aervie&1tio~or,:mahnctl0fting units on 

the network. As with other fadora -meAtlooed.,. the IOQQteta ftBWt!e . of the iflve&tment 

necessary to :impicwe service rnioht deter the : operatoJa •frrilm :tlllkino· the neceaaary 

provisions. In addition, aa W. Beer notes. " ... it i&-*'••b' llMlia.l&tiand·. 9KJ)efl8ive.m ''add' 

reliability to a system at a later date." [8]. We do not suggest that the cable authority attempt 

to take on the task of de&igning the netwbri(toflhe <>litre~:· Aatffef,'the authority should 

raise such tssoes and gathefenougtf exPertise to wao•)the·~' ot'tHe'cabt$ operator. 
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6.4.1.4 Cornmuntcatton services 
~ ... . 

The cable operator should have the capability and commi~nt 'io ~ff er both communication& 
. . ,. ., • ~r~.T·;.;::._M".. , ., , ;· , I~ •'· , , ~: \, ' ~. 

and information services. On the institutional loop most op8rators do Intend fo offer 

communication services, and the facilities are being designed accordingly. Although 

subscriber-to-subscriber communications on the residentiltf~IMlly•be•prem811Ur8 for 

most oemm~oit~~~~wjll •re~i~Alf ~-~~lea ~r,~ ttJ& 
cable operat()r, -e.g.;. ~ ~; ioforma~:,sfJf'Yi~r~<;411#~&! .. ~ ~vetl~Qltl~tal' 

a~itls. The t~ ·inkMtrU~M :flec'W••nr~,-1-·:,q4)R)JJW@~,,.,!"~ff Incl""" 

rnany-«>-IJJeltY ·ad'""abWttv •.. 1.~.·hiot:tet It.~,~~~ '*Yfr.~ic~ol\ :~ 

subscribers and multiple serv~~e.;in ~'-M~8~tr~~;.("8 ~~. 
2 and 2.1.2). Communication services require that the operator not involve itself with the 

content of communications; i.e., the operator behaves like a specialized common ~n:ier. 
. ~ :·. 

As with the telephone .System; inatitUtipnat uae.'-.'.W811Hf1e,•i.cm)QJ AttachilJil privately 

owned eQUipment iR addition:lo!tftat I.eased: ftoM tll8 cable oP8f'll60f, •1toqg u ft does~.· 

diar0pt,.orrdailu1p the: netWf31.k.::.~ies,ahoutd aRCOU1agttil"-9*a&e.eto-:0Uer nit80Y WYicM 
typ~rnot;ust priVatemmtneAaOR'-the<in~,nlllWOJk.·lllMHtli~,tfJ)alf~.U8fJf81 

who•generaUy do .notrttQllil.-::privat& chWela, torBl.Mfit hm181Rfiotta~ H.t,edd,ition to !tar.,: 

firms wlUcb: :generate~eneuoh traffic·:to:jds~~ •~• ;~niiP"~ .a tbe 

netwOfk ls welLA.?..._r.ed ''°' , data. ~~iOM. rMll8Ctfioation .~k 1particutW.-, 

commuoica&ione~aacanoce~'onWl.experim...,t..a ......... Wbaaie. 

·\ 

6.4.1.5 lnterconnectlon 

lnetitutionaL~s wiU.r~• ia•qpftfleGt~~--~l~~ vt~il~f~ntf8l lfsem. 

w;M:des"nter-000Qe0tiqft,~tu1'1i9h~ ~;~·~,:~~pt,l~ ~; 

i8 neoeliSll¥'Y; hQl8f. itvel G@~~.pr~-~~i~1M\4;ifm>l•RMHl~ In 

cwcift' to. aflt)W1;;tfftP"6 llW#lY-: \p:~'4~R·•·' ~· -~-~o~:.i~itjea ~quid 
PIMticipat@,in.~;-Wi .. , ">,rWJW~~i~nflY~ if\;W~)J 

today an industry-oriented process. 

The numbe.r .and, ~pe (uver.~th,.,~Jlir:, I~! orj~i~11~0~. ~~). '!' J?P~~~ ~~~~p~nn~ted ~.tJe 
specified by the authority, leaving final decisions toc:•'.,...hlll8;''llt ~.,1Witft 

restrictions on cordant · 18QU111tioo; (eee. Ghepter 5} •.. ~C91n~sG(, .facilffi4'& (e:'Q., 
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microwave links) and operational procedures can be implemented on an increment~ b,asis SQ .. 
' : ';-; ,_ .,. :•· - : ' 

long as provisions are made for city input. The cable authority can also enforce a timeline and 
- '" . ; ' 

reserve the authority to review channel selection. 
·.,, 

6.4.2 Operational-re;tuireM,eOta 

The appfication of cabltrnetWorkS to dat&·communicatiofts requireS morelhan upgrading' the 

technital capabifities offhe system. A!fdiseuased fn Ch_.. B; tJ8e! of the eabl& for data 

communications appticattons'bhir the dfstit1ctton between cdmrft6n catfier.!llnd btoadcaSler. 

Therefore, in establi$htng tHe , regime kW data, the cities mua\wacktMU -structural and 

operatfonal issues· in order;to f!hsure the beat U9e of-~. ·-. '· 

6.4.2.1 Leased Access 

Leased access provisions-.Ve been mcluded In many.:franchiSe·-cofdracts, but as with two· 

way requirements, their meaning Is uncle• ·wltho11une matltanlsms·to implement them. Jn 

Section 5.3.5 we di$Cmaed' the'importanae.; of feaediiUC&D,fO.i tfle1;~ .:.of:data 

commumcatlon: S8MoeSNla cable. C8t*!f 1dpet"llllofttha¥eishoWIB'OOl18idemble ...;stance to 

leased acceM JM'C)vfsi~ but unHke "'8tlttilce to::utllaicity~itis>not prtmarlp due to 

the financiaHy b\:lrdehaome ftatOte-' the•teqUeSU:1t1np1e•ntat_. teased :acc;es&.daalll'lela' 

entaits minimal costs beyond ttfe· op~. coat:of ather:;c:Mrw..,"Ul68!-~. Given ·the 

abundance of ch8Rnet$; ett ·newer 'syatamarthia· oPPQRunity; coatia.::not~Jet.'.tsiglr, altbough as 

the demand for services grows, this opportunity cost will grow. Regardless of the opportunity 

cost, cable operators are wary of the inflexibility that leasing of chann~ !!1\R~~· 

The cable industry as a whofe'is eoncemed'abaut:ttiEJ'JM~ aet'bY'leUed channel 

access; namely, legitimldng pri)gratttmfrlt coMel wetW~--~mt1aciHty 

by a second patty; and'~ift'a1netmefwtiftKreiVtilbletlfdlihk\on c2tMJ;. ''°fflheidea 

of first·come, first·~·Mii cabte·1tte'liislon · pwtt,~'flMdmlntflMlfs·-wfiatifealltflJ'ff'HHlr'tl, fa 

pretty distastefU1"127• '~dtttpfe·~em apePM6fi, TOf, ,,.._ad.,.Wl'Oky not'-to offet, 
, .;; ' 

'f~ opportunity cost Is equ8t ii>'~ revenues which could ~ ·l;een ~'had· th8 cfuihrj,1 been uaed for 
MOther~~tt·pay.~.-... . . , "' 

121Larry HoWe, Vicie'Pfe8ident; ATc; •riiltlpleaystem-'ator. Olld lr~Wif0nif51t.' 
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leased access, only to offer joint ventures. This is in support of their belief 1hat, m accordance 

with first' ameooment rightS, the operator sttOutd retain amtrot OYer·all progtaniming on'lts 

facilities: Othel'S In the industry feel that ff 1Eftlse6·accesa· i\fl~lecte<I; the ri9k ·~ greater tMt 

cable operators Wlff"be ·forced tnto eommon caR'tet: etlitue12'.''. Stnl others m th& •lndtdry 

consider leased access as an attractive source of revenue through leasing fees, and of 

in~reaSed subsc~iber ~~etration d~e to the enha~ced ~Ices avalliilile. 

In many cities, .np .. one has yet requested tQ ·ktue a cbm1~·' JA'\is. siwation,wiU begin to 

change when data services are implemented. Data, seemingly more than video, lends itself to 

entrepreneurial endeavors;''not~i~he diversity' ~f p&rti8S' ;l~t~;~tea''in' vi~eotex and teletext. 

This is partially attributable to the atJUify· 'to tattM andi charge. IJ99Ql:idilectty.: . To. date, the 

newspaper industry has expressed the most interest in leased ace~. They are joined by 
: . ' ·~ '. , ~ ~ . : ,; .. ~. - ' 

security companies, other information providers, banking institutions, and local broadcasters. 

The American Newspaper Publishing Associatiori'''(ICNPAJ!: 're~k's''that' more 1han 60 

newspapers have arran~w .. ~ local cable·~~~:~9 pro9r4JllJ!WV'~.~.a~.verti~ing 

services. Of these, 48 use one or two channels on a full-time basis. Joint ventures between 

ttie · clibte ·ope-tator and. ·the 'newspaJ)Ett eccoorit" llW f3' et ·theSie, · .. '8Aef teased aecess 

arrangements account ifot tt\e remaining 35. Othet"S'QJJel"&W bn a ~I Ql!fgfnatton baais (52). 

example of a,~ access provision UJ;.ttie,N8w.Orle4f'S.,ff~r;t>~~~re•s(the ppt,ntial 

conHict~.of ~terest .~ the cable ope.rak>r, but ~, rwt ~~-, priciwt, or technipfll 

mechanisms for its sof~ {Note. tt)at ~.a ~c~~~ ~,cat;>~ ~ator. the ~r~{lc;h~ 

contract explicitly states that the provision of leased access by the operator shall not 

contribute to itS being dassified ~*common oamw.} (20):· ·• ,;( · 

Grantee sMfl Offer leasecl'Clri!rtnel9ef'Vtee on ttle Home ~· 
N8*wQ~ to ajl.~i~~and )nsti.,..ti~QJll .~[~ ... ·.· -~: . . 
non-discriminatory rates and on reasonable terms and conditions. 

; ·drantee'shattriOt use i\Spijsitf6n•a't8b1~ &>mtriurilCatlbM'~ri'I ' 
QPenMatDl'~tu11Ede88Eld·~-rviott1qiM"lllH>liNni~Y ' 
wish .to °:ff~r :~ r,.rvi~e ~e;'n~tj~i~;~ith ~~~~ ~~,~~ ~Y- Gf.~· 
Nothing contained herein sfialrOe construed' as requ1ring1.JrSfi'te&to 

·· c>perare·a acommaaati rter nor ahtdM3raa1ee:kdllemed tDbMlngaged 

. 
128

Stephen Effros, executive f;lirector, Comm~nlty Ant~ Television Association (C~TA), cited in Ca~leV1-lon, [52] .. . . . . . .. . .. . 
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In such operations. 

In the recently aettted Bostqri lqn~ise. the loca4·~~ ~ ~tee.I ~' ~ill.linal4J qua,! 
comti°' of mterestoy giving;~_.ot OV8f .oP4llWi'!'~ ti ~~~~-j~an~ ~8"1mittt): 

thati&entirety aeparate;fromthe~operewr, -~~.T·~~,Co~~QJ\~ _ 

-·)-, C ~"L :'t· .. -" ;1·· , • <. 

A number of difficult issues must be resolved in order to effectively implement leased access 
.. · · ·· _.; '. '::'·• ;·1·, :r. -.:.__)r·~. ~ ' ~ , 

policies; in particular, we will address the following questions: 

1. What shoUtd be lnetuded in a leased ctYannel, 1!9~. WNch "86cMf1diaeMces?-
' '! ; f ,_- 1 ;' ; . ; . ~._.; ... ·--~~ • ~_. • 

2. What role s.hould the cable authority play in the rate·setting process? 
: -· · · · ·' ' ' ' - ·: .. ,t ;tr,;"; ;:}(·~----<-" 

4. How long should the leasing period be?· 

5. How many Qbann~ls shaulfi.. .. ~leasEKf? 
. - . 

6. How shoulddetnantt·be accomrnodatecf onee it exeftds Sbppty? 
,.: -

The authority. and eperatc>r mLBt identify wht9h ttplliw er• to ~,-ifl~'."'~ti,ie~ of •! 
two.,way channel; inri>Wt~r. whif;h '-9~ l~W.-.-~,q:~ 941lbe·J~ 

channel services. On some systems, the channel will Include only the frequency translation, 

and sigl'lal procesijfng'Cfone atthe' ~ef;d. ·'6\-dtht;t' wattitns,:'~ -'entt ·addntl8in0 
capablftttes,· 'tocated • aHhe·tre&dend;' may·· be"ebft~'llit:pa;t'of*IG·~nnel a8Nlce: 

1'he deciSion strould;be;58Sed on wtttch capab~'~;t>rmiie¥i& need''h'r·,~ tG 

ettec~ly eotni>ete vott11 the'cabfe ~t«ln'i)t6Vidlt\gfil ._tftt awflce;'" -, '· ' '' · -•· · r:: 

The cable authority must address ,the ~, .,IROIJ~c••.l'-..,,~d>~h- r~~· 

subscribers and com~.,...... -At w~*tJIM~:S.~~~,~~~tion is 

ordinarily preferred to ec~{'Onffc ··~~;''lilt, tt-tH.f :~r'8f••f'eBS8d_lja:aCiee'Si8;'' some 
, . ~- ·. n_,_. . · .~···. ,, · :.."~, .:t:tt~,.;~fi"· :~,-; i.~ti,:.;; ~-1~,;,r. ·l: _ .·"r~ .. ! .. :< .. ~ .. _~i~ 

monitoring of rates~ ~-to.~ffl., .. ~:·~,~ ~' ~~u~a~, ~g of 

channel access by setting:ratea'~tl0191htfh.•~.-orily-~81e:..,.-io what 

degree rates should,;¥l~"-<>r t~,;~ .. t'.'~ret;~T~~~,~~~~~n~,a~-~~~ecfpn to 

establish efflcient.Jatawtllch aredosem-G0&18ecmat>ttw8~·0PW«d0r per 

community, competition is limited to that posed by alternative media. In the case of residential 

communication services, the competition is the local telephone company;"Tn'the-rnStituliorilil 

market, both the tel~phone company"W bi~ ~18tC8rrier$';<W ~ 4;2) are 8C>Ur~ 
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of competition. The authority's decisian should be b8sec.furr the pre$eft'ce artd strength of the 

competing media in their'cotfimunity; Wfrite'W:riod!S diSttftMlon medtal'fflght be in operatfon, 

the comparison must htf.n\.,tHie~ rilediifthat~tt;e:itlme1matket:ForlnSt&nee; two· 

way video teleebnferenclng ~· not fe~kt-Over ttte~tfftg teteiimhe"lebaH<>OfJ ·plant; nbr 

over any of the alternat1vert6caHflstribtitton~ffledt&,ifurteflttl)4'lh•'~ ·snnllirty.,:,mest'of the· 

alternative pay-television services (HBO, STV, etc.) wffl''flf6t ~ 1iii' M' pey~pe,-..view or 

information services markets because they lack two-way capacity. 
c "". ' ., ~i: ! ' ;.•:. 

The gbat In tmptementing tea&d·acceas m·to affOw &.·diversity dfihfbrmtttton service provtdera 

atce8S to the cabtenetw6rk frdl numtter th8¥With1HcWI ~·Wf ~'f>rt'$Caua'fterms With 

ttie cabte operator; 13eeausa lh$ eab19 6peratoMS:,..lf·itfiff1Wrri8tH:in'ieMCe pt<J'Mer, f.e;, 

complete separattor1$- are riot eriforCed, ~&W' ·ar~ 1 fteed$d <t<t pmeht ~ poterittar 

co'Aftict Of lnte~st-'from .dtstOrtlrtg' teaijfngd'f~1~ &.tJO\Jragii'\~ aS~.: : Then#Ofe; 

anyprtclngmecttanism shbuld-strW&fbrtfitHdttbwing~..- ·· ·'• h · · · 

· Competitive
1

service provider~ are nO't di~ourag~ fro;,, ~si~g the cable television 
mMw<>rk Wherl1tls'the ;mosftectmicilflf'apP..DJ)H*9'~1 ava1tat>l9! · 

' ; ' _•! :,.~ .·~{d ·j~-~ :- ~-~ '·,·~: .'•~~· ~ " ~_, •;,\ ~ ;I 

. · Co"'petitive service providers face the ~me costs in prov~in~ their services that 
,_,,~he Cable Operator doeS lh s*ovidttig·sirnftar~rVt&i1• ; ' GI .. > ' 1 

• ;'I· .l ; . ' 
''l 

· All ~rvice proviQe~ ... re tre;lteQ, !airly, (W4 fJ<\lil~ly1 > •. 

• The cabte opetater tties notit:fxtraoutxces1We1 ~itadufl"ta • tm>nc>i:;oty ·power 
ir}.the ~t. ·~~i•prqf~ ~ld_.L1Rf!ut¥r1W:1~M1t~r#,ll(t,~ould 
inhibit demand and !'Xtension of network facilities. 

, ;r , •"1-"' ; _f r, .'. _. l : ~ \.~ i ~ '. '' ; ' i· •. I °, • , 

·The prieing atructufe ahoelt!d~, 400'10IQio,_. ~-~ 
use o! scar(;e resc>urc~ sµ,cf1 ~ u~~eam ,~~;~~~m:JKl ~~j~~· . 

The pricing mechanism used to set' leasing f~ sl{b~1cfb9 ba8Ekf3b-ri the premise that the 

cilble oi:>erator is maild~tfkt to re•'tr~lfjij(f nu~bf~tln~, •.. ftilUi elln\lhat~'~ 
~' the'incentrve for 

0

th&; ~ator1 ~d sef!>"ee~fiO;h\;ti~~ t6 diaboiiragt{cci~ttng seMte 
provider8. 

- , ,, 

129
1n those instances where no leased &cc.-ifhllMt dalJllUS-~••utHdld ~ ll'le-Ol*U>r might be 

allowed to use the channels on a short·tem'I baela. 
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second is open bidding. Extensive ~onomic anal~ ~d evaluatiQn of pricing m~hanisms 
'. . •-' ,, . ,·: \,·' ·-· } ' 

for. leased access chai:mels ~ beyond .tha scope of Jbis rePQl'.\.)'1e ~lieve that ii;iterim leased 
' • ., ' '.• '!t'J 1:-' ·· .• ··'''·' .. 

acce5$ policies can ~ implemen~ witl:louttt}O[~ ~,lutjqn,pf ~ i$$u~s; and if need 

be, that they sh<>Wd. But. in tl\e,. JQnQ:,~'fb-,. as,,~ "'~~ fpr in(QrmaUon and data 

communication ser'(ices ~elop, .lt\e.,Jf9~C8. ~1~J9PlexiW of,the. markets w,ill,make 

r~gorous prici119 mechani.sm&1'18C..-Y· 

Most parties, both operators and city authorities, agree that the complexities and 

inefficiencies, . of tr~t!Qnal rate of retw-n reg\11@4iQll· :"'~~dee~ ,-f'f9K.'fit'i (see ChiW~. 5>· 
Neverthe~, .the .probi,:mi remain• fQC o,~,r;atf;D ~,~ 1~, ,&Gcess ra~ •. ,and f~r 

authori.tie$.~~ monitor their ~ness.·.Rate ot.r~urp ~daf#fffl!::J~ppJj~ to cable tel~visioo. 

le8$8d access cha,nnels-(not to #18 enpr~,~. n~J'~) fequjr~,,~latipn. Of 'lVerage 

variableaosts, ._nc;t.of a fair:fig&,JI'& fQ(,th.~~~.~~t;~,~~vj~~:Po~ a uniQue 

problem for regulators that is not~ in, ~'1Qne J~;, namel:Y,~ l!'l~ .rna-::ginaJ ~ 

function is not continuous. Marginal cost is close to zero when the channels are empty but it 
.. ~ .-~ ~ " .>'. . ,··.:.::::- -, ~··;'~;~',.,_ :~: ' ' '' .. ! ; ·;:_ 

increases discontinuousl~v~ aigpif~jh .Wh4'''l Ml& ~""ti?;~i.~~,because the 

c\lst of installing additional facilities is large. Therefore, so long as there is additional capacity 

on existin~ facilities, marginal cost ~}~'1 !#fle,sti~~.l~ri}~k~ -~~' ApR pricing on the leased 

channels based on average cost allows the cable operator an equitable return on its facilities. 

In this instance ROA regulation succee<f8·1ri ··p;•iW.ting' tht o;>erato'r ffom exptdtting its 

monopc»y po~, by pr.fQiA~ ,ac~;t}igfl-~ye, 1~lllt.caat•,•• -~. ~ RQR price 

may be tower than -the ri\atf<et c"'8tin9 -price/ ilf!niincf 'Gaff'~ ~ arid some 
:· ,,; Jt./;\_,.~.~r,'~·.j~ , ··,i:_..~~~~.~{:;·.,_, ·~ ~~·:. 

mechanism, such as a lottery, is needed to allocate the limited available spectrum. When all 

channels be-come'~, ft'fatgif•aH10st 'i& ·StJdd-..-.,itttan·Mnag& coat, reflecting 

the high risk assoclat&f' :with inst~ffln~" new P,~,\l~natia "~OR :~eguiifion· that. requires the 

operatqr to B:Ccomffi9da~e_actdi!ional ~'1}a~ ,,_ ~ ~~i~$: ~cm, ~Y~f;CJ~~ -~~t, i~.PP: longer 

eq~jt~le. In_ ~ditipn, tbe m~r~ipal ~Q~f/Y~~~qn f~f,_. ~'f~~ <~ ~.f;>~n~lr~i:n l;lCC,~ ~II 

differ _on sub~lit systems due to rel~tively ~~ce, .u~t"'1 ~(\<;ity~_Jn,.conc;:Jv$i9~· ,~OR 
• '· .- " .......... ,.,,.,,~ ,,,,_.,, ·<'' ,,>I..••·-·'.'-·' "'~l .,,,. -~~ ~ -

regulation for cable television leased access must take the discontinuity of the marginal CO$t 

function into account, which complicates an already difficult task. A bill which is under 

consic:Satk>n-by·tne M11•~'1Uile&t81State..-~~~ ..._.ctfannela: 

No charge shall be made for such leased capacity beyond the cost of 
the Operator of providing it, including an allocated share of suppOit 
of public·acc~plueawnellal•,,..dretut'ft.i-·.·· 
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Note that the Massachusetts senate bill does hot specify how this cost is to be determined, 

nor how construction-costs for additi~~al facilities ar~ to be accounted for. 
" 

As an attemative :to traditional ROR pricing, cable authorities ·mlgtilt· choose to mandate 

marginal· cost pricing Without actua11y engaging 1n •rate ofi'f.etom ifllCPllalion. · ln this way; if 

abuses are encountered, a basis· for: action wilUae tn' place.· Mlr'nbera otthe-cable lndualry 

have proposed that if marginat cost is used as the ·basla for te88ing·fees. the cable operator 

should be paid a .percent of tross or.:net ·revenueato accoum fot,the SUbstantiat capital 

investment made in the home. Others argue that price must refteottlle.:opportunitJ:aocst of 

leasing the channel. The actual opportunity cost is difficult to determine; although one pay 

television channel may provide. large revehue streams, it does nett' ~essarfly f611ow that an 
additi~nal paytelevision ch8:~fi(tt '~nf"irso f~um -such' high rev~ues: .Alternatively, 1he 
opportunity cost could be equal to the revenues generated on the le~t~lucratl~~ 'channel, 

since Jt is that ~hannel tha~ Y_JO~ld t:>e. ~perseci1e.d.-~X th~ ~~~l~~!i.~~tion: , A C()mplicating 

issue is t~at ~Qf'le channels are t~<:hnic';ll~X un~pit~~le (o~_vi~o~:~u,tr(;:~~.~ u~ f~!;,~ata. 

These factors rr:tust be taken into acc:ount when calculatin_g)he9pportunity co~' of a channel. 
), •• • ' ' < • 't, ; 

Bidding, or auctioning, is a pricing methC>d that does nof dJ!~hd 'ori Accurate estimation of 

cost, rather the charges sh6utd reflect market detnailti:'BiddiitQ ~n ··i>e·· fmpieri\ented In a 
'.-- . -· , ... __ ~···'-~-··~--~- .. __ , .. , .'.~~. -~---· · . .,::._., 

number of ways. For example, the Operatof eari'5Etf an initial rate and service providers 'can 

bid the'price Op ~r down. ~nti11 all channels ar~ le~ :When th~1i~nQ: perTCXS is over:' both 

new and existing 'service providers lm:! tor licc8ss, gi\Ang ffitlt"exlitiria'·>~c$ a chance to 
outbid newcomers and thereby ~~otect its 1n~ifient; this Sti6Uid P,eJ~Hf inwstment from 

being inhibited as a result of uncertainty pOsed bY tfie ~· Joceas: Ch~rge$ for up&trearn 

access on reSfderitlal subSPlit systenis shoulct'ti&;~lof.~ ff,ifl tflo$8 '1crr'aawflitr~am acees8, ·10 
' ' ( ' ' ' ·' 

encourage elfident use Of the relatively sCarce upstream bandWidth. " 
J - ':if";"'' 

Bidding does not rwt4Utre •es much· govemment interventionJn'1b89ettillg. of rates. But; neither 

does bidding prevent1l'te'accrualof mOftOPOly·prelitata1lMt operater;·Nor>does.tt eHminatettl& 

retatMJ advantage· of the ciperator as· a arvice ptewtcler;c~- operator does not face 

the same access costs as do the other service providers. On the other hand, if the cable 

televisio,n medium is not in high demand, then the oper;~tor may be forced to lease acctMS& at a 
. .) . . -~ ~ ' . f .·: -·. ~ - . ' -- ' - : ;:-. . ' -. . 

rate below·aveMgecost-or~nat ooat,:and therefor9;.8etow. ltsiewn·.fX>et~'lnttle long-18rm 

such a situation should not persist; if it does, theft..th.,.._ the~, fOf'·ieaeed •oesa. 
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The competing service proyiqer~ mu~t .base ~h~ir t;)ids
1
pri !S!i!'.!lij~ of m~rk~t d,~mancj fQr their 

- . ..• . c • ;_ ' ·., - -- . ; ~ ...-,-.. ;(,· _. ; ' ' ! - . _ •. ~ ·. ' : 

respective services .. T~ m"rket dF~and ~~t~~~,9i~ ~' i~~Ra~c.ount T~!"Y fa~~ors: 
number of subscribers, penetration level, and the price elasticities for use of the cable 

medium by service ~ra-13Q. Tbereita ver)l fltw ildo1mation1Md data .. eomnuoicatlon 

servtce provider&•tn operation. which limits QUI'. ·~·.to.cakn.date: Ile~ Allastl~ Y 

tnese elasmtieaare Ullderedmated, $hen .~onapetingi:ear¥iaei:111tavidera ·wilt . bid the ·leaaecl 

access rates too high; resulting ifti excessive GOllS:1b>eenfi.c•,~;,These higlt ooata 

would be passed, on to' $Ubscribers, end. ·M>ukl :reatdl in ......... ·ad>ac'1111ef rates, and 

suppcessed market demand ••. 

··!' 

DeSJ?iW the fact .that bi~ing does. not achie~ S<>.~~ ~t\h~rR~if~i~ .. !~t~ ,~~ve, it i~_ a po~it>le 

altf#rn~tiv~ to ROA r&Qul~!!~r·. e;ddif1$1 has ~'9 ~,~.Op~ ~-'°~~t~9.d for leCffl!l'lg of 

sat~U~te tr~n~n~. .'11 ~' .• , , . , . 

there are difficult and im~ortant Implementation que8ti6ns
1

whfofi are commbn to all ¢c1'ng 

schemes. These include ihe' p~op&f'1easing'tirne-~~i0d, ·~ 'ffiit handirn~ 6t·trans1tions 't(om 
one 'teaser to th~ next: i.~ .• ·u;hat ~appens to tt1e"cli8t~rs 'rit 8n '1riibi~~iibn se..Vice if the 

service provider Ip~ ~ renewal . t)'d? . Units of l~~ng .f9.r cQmmunicatipn ~rvices, mf,JSt . 
. '. .' , t . · :J\"t ~ '-' ~ \_.; t , ' ' • _. '« - ' ' • 'o ', 1. · • ' ,> '- '! ,. . • I . •' • I! i ._, ~ J }-t • _. ' ' 

acc~mmoda~e o~-Q~~ap,p ,i11Jt~.~~i,tt~~t,. ~c9~., "n ~!i~.t~ q~~t~q ?r~~~µit, 1 ~cp~. On· 

de,r:i:iand ~c;cess is sµit~ ~o q two ~~he~ wit~ 1 41 ~xe.d. ~ctff. '~and a usage sen.IJiti~e 
.~, .. \· _ _,_ .--. ·••. , ,.,1... ;. ,. :) 1uo-11L.,tJ •. ) . ., .Jh.4·"~---'' ·. "'\-~- -· ·- •._ .. _,,_. '· 

f~e b~ Qn packet$. 8)Jrli.lar tp 1 t~:l~,qri~i'1~: ~IJ~,·Yf~h3,;R!!fF!':2t1~tr,igc,!9r ~~~e, L~~i'J~.!?.f 
ctu~n~els on tfle ~~cteP~J!;f10~0rk, ,t() infor"l~M~o~~~"..f~,~ <U~98~~ of cont~'ct 
length. The info1:matio.n provider Q(ld,,$uJ;>QCri~r ~~ flab.tlity, vffl_ile tt:ie c~le operator 

,·: ...J < 1 • J-~ .~~,.' L .,,; ·~-':.·:f •:-'-,} ·'' <;1 .f<~J:("l 1 tf ~:·-~9,-..:li. !JP.i_"> .,- :· .. ~ P'! ,'c·-;.:' -

typic,~!Y desires, fl.t'Xit?ili.'¥: "~~~ ~!Ute loog~r"IJ'!!r~t~ .li~4f. t~, ~~~iq~r1: IJ;':~~: r~Y,8}8 
~hree years, w~ :~~~l.Y Ii~~ to lo:o.k at a t>y.s~~Al.~P,f~f _,,!~'rJ~r~(~~'n!IJR ~~~e.th~t will 

pay us back in two years.·;:~1:, T~!3,copm~~f"f~~ ~?:;~~% ~~·~~tR?O,~?rns.'>-11. 
the part of the cable operator: the length of the payback period, and the length of the 

commitment made to.-.Y,eiagte ll8l'ViDe. Onwflt80tutioft~for.Jheeahort...,.:a t0tal• the 

operator and service -.ptcndder.t(l decide *"8 ..... ,, .G91118Hfl)DY'4he Qll"9 ,-.thority to 

assure that community .-i. ... ming· met'. and ttWlt MJ compl•ta»n .. tbe;part ·ot aetVice 

130Price elasticity al demand is a measure al ihe effect that an lne~ ~ ~ in price has ori denW.d, I.e., 

if demand lahlllfllyelast&:tben·a ..... ••••9'.,,.... 1111t;t(la~·Jlleo••••tnde1Nnd.· 
131Martyllfhifiiyi Cox Olblt; clllffh~atbNMMDrt, (92). 
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providers are addreS,Sed, via interim reviews and .. if ne~~ ~,~·. ~n the long~term, tf 

demand for two.way qapaci~ continuei> to ~ceed ~pt.~. ~en£~<~1e,.,ator wiU find it 

economically f~Qr~ tp. e~nd ~c;~.J~ ~~q~ SG4"'"~ ~~,{~~ the uncertai~l)' 

of S8JYice provider~ and subscribers. Eventually, th't ~ . .i~p ~~)~ome. c:onvi~ 

that the informa.tion services market ~. ~ff~!eotly,.~ve ~,,~ls~q~omplew. separations 

acc~table. .···· 

• ' ' .,, ! ' ~· ' • > 

In addition to the rate policies, the authority must ~etermine the n~mber of channels to be 

leased. Geller and Barron (27] propose the followi~·channel assi9nment ~herne132: 
. . . . .. . . i· .·· .· J. >·.:: · .. .J. I::,. :··: . 

-30-49channe1$Y.st8~:·.5~10%pl~~ , .;; 

- 50-99 channel systems -- 15-20%. 

- 100 or more channel systems·· 20-25%. 

Subsplit, single-cabl~. ·two-why cable networks 'Ohfy 'arecoriut\oddte ~four to five upstream 

t&1evision channels. But, a $ing1e tete~i~on · ·ch~l'ret ·Bi~ ·t>e ~~~ osing fr&Quency 

division multiplexing (f'OM) fo aceomrnOttite' ·tm~ltl~ ~~ ~t~ $e~tce proVlders (see 

Chapter 2). The authority must also establish procedures for accommodating dehlal'id when tt 

grows to exceed suf'.l~ly. Tra~~ronat,comij\~ri, ~~J~W~v,~~~toJ~<'.td:~~re ~cllities to 

meet demand. Unlike th•·~ P!OmPIPVs"- QWU'tWM Qfr~itt•\i>WMt voiatclrcuit, 

but an entire cable of 50 or more channels, i.e., thN~rOt apa~and cdst afe large. 

Unlike 91eCtrie l.itt1ities,there·'fk& nd=attttriia'M
1

~ ~~ OW~httc;: Ofl4oad <:lernant:t 

tintifa crftieal mass i's reached which waf't8htts ·'MYJ COK~ lli1Wfaffion, 'hf~ of ritfw 

tacH1t1es cai1f'11ot"be·~·~•·ratepayeY1fllW>60ttb6t N 'Ste:,"s1l'thtfl:as$'Wittt:cthet 
utiHttes. ff 611611f apera10rs a"9 fOrci!d'Wl!:~;fieW Cliftaritt,' ttrey rnay.diseolirlije 

t1sageso ss t6 t0resta•• ttrit'(faplt8f in~t itl'ft8Wlpttrit 1Thtritmuat bi'per,t up derriata(j 

before the''cabte ~for can, 'Or Shbultt, )Osttf'f 1~ ifi,.frisiittidfbn· of. t!iddttfonat ~ 

taditities. One 1lltemattve16-jilddh1g neW;~ii ·m&iq~tMf bf the'·9kf~g·Sp9ctrum. 

fhis Wduttt require 'upgradinO :<:A atf ·rnoatttn~lfjrMlrft~'iitf-*»ti 'frr'tei'ld9nceai~tfif8 

could be feasible tot11nst1tutfonat at>~n&~;~r~:itiiftW,iif'\foMWntiofi·aec888 sdh8nle 
which makes more efficient use of upstream bandwidth than does FOM might be used to 

. :. ,., , ·-1-Y"'t, :...~~:> 01 .)V~~~~;;~""~L~;.S'.~~P:"~.~.$r~(it~]~{L~ >?- 1 
;- -'·:;.-, 

subdivide a single upstream channel. 
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A possible short-term strategy for eabte authorfttes ts to enforce'&t'timeHne tor Implementation 

and announcement of rates' ·tor teaaed access chafnie1s, bUt' to'Withhold judgment on 

additional rate and"access poffcfea. The c8bte authority and ·w, opiflltdr;would;agree upc>n 

interim review· pri)cedures Whereby those market imp8rfee~~l·rrifght· be· ~ed 

during the specified experin\entat pe;tod could ~ rectffled with aPProPr'fate ·pricing polldlee. 

During the experimental period, the cable authority could collect data on the rate WW.,• 
well as the non-discriminatory, first come first serve acceaa policies of the cable operator, for 

,·;-.. :·, l.. : ( 

use during interim reviews. This strategy would a\fold the uneertainty and burden of 
'· , ', • '~ ''· _,_-· , ,- . -T; i .. ' 

continuing intervention by the cable authority, while giving the c)perator the incentive to price 

access fairly enough so as to avoid rate tegoMtion M the1frne·of ifttil'tm119Vlew. 

6.4.2.2 System expansion 

Cities typically set prov~Jons for assurln$J adaptation J~f new tec,J1,nology which becQl11" 
~ . .v~ ,. , ~ _- -·"'- ... .,., . . , .. 

available, and economlc~ly teasiblQ, duriog theJ'1'ffi
1
,C>f tPe. trapct'!'8&· Th~ following Is . an 

' ' '"' - ;_ . '- . •. . 

exampt~ of a "st~te-of·th~·art" etaµ• tAker!. fro~1',Rf'OPQSed QiH b&fo,re th~ Massach~ 

state senate (40]. 

All C~ TV operators. in the, commqn¥f'@lth s,flftl!,m~~, ~V\W,~• 0(1_,~ch 
of their systems, any serifices that the same Operator makes avallable 
on any of itS'~~ wMrWW•r iittiatedt,~llH!iUdn•e.Woeer:. 
become av~ JrOJI\ time.to tUnei 

It uses as its criteria fC>f: state·of·th•~.n. ~hnolOQ¥.~QP.~.l>¥·"1~ ~~tor on other_sy$tem&. 

The assumption is thet the ~ator. wiU off'-" ~,9'W. l~.h~~ only ~ is ll$e4ac:i rtQ 

cqmp~ with. other operators in the C®.-.r9f·•~~~tJh"'.,pr;9vj~~<>9i~empf$,!IJ 

gr:ant old. fnu,1ch~s the '80lfit treat11'9lll.•t;'&wrfr;~~. ~.,~.~~~®'. tbe ~ 

,rem obsolescencft. If. th~ provisio°' arft finffl~~ ~!;i~ might be 

discouraged fro~ including new ~hnol()g"'- QJ' ~¥,~O~~~ly QBc,e,.,the ~ 

franchising proqess is over Qnc;f U.comR&~ifH;l,,"',it~l,C>t1'•··~-~r,oew ~sin• is 

reduced. The authoriliea ~ou~ ~· fof .Q;l.~"'1dfe¥i~~~'l't,1nitY J'9fil~.- for 

new technologies dudng interim At~ pf°'*~~~ ....... 

As we discussed in &tction' 6.4.2.1 a parti~~IBri~i~~~x'pr~ a.:1ses in regard to 1easect 
.~~~-;~JU.-.: . 'i ~ , ;:. ·':· : 

access. To what extent is the operator obligated to accommodate increased demand that 

exceeds its existing channel capacity? A procedure for detecting and reacilng to this situaiion 
shouldbeestab.· iished. Th' . 'oCeciu···· m .; de.' t~-.i ;~.·;j,_1-:.;~,;. •' ..i.;.:~-...A.·'·· .. b r bed. alevel .. .., . •l>r .. r:e ust. eci~,~94mtUP~r·~ a.s eac 

120 



adequate to assure coverage of a fair Portion of the·new plant AMhe same time, the city 

should discourage the cabte operator from ~11tse1J·as a ·resuft: of mismanagement 

or overzealous external pressure. 

6.4.2.3 Separation of institutional and residential networks 
,, "1': "c '-·~'. ·-: ·'1(: '..: 

Some cities require '·hat the institu\\9~.al ;n~tw9rj( _be _nprov~~ ·:9per~~ed, .~d 1Tlfl.~ll9ed 

through a separate but affiliated corporation ... so that the costs and revenues of su.~tt service 
, ~:. ;: \ 

can be differentiated from those of the Home Subscriber Network" [20]. This arrangement 

can serve to protect against. any eras atbsidizatjOrt b&twi!en residential. andt institutiOnal 

services Which mighl otherwise occur do to diJqtrencesJiR> the elastieities of ,the- respective 

market demands and franchise restrictions on residential subscriber rates. Other cities have 

taken this one step further by requiring that the institutional system be operated by the city as 

a municipal utility. No such systems are yet in operation, leaving us with _Uttl~ empirical 

evidence as to the relative merit of these approaches. 

6.4.2.4 Operator liability 

In preparation for extensjve-use· of institutional netwct* senricea, cabte.autborities must define 

the liabmty of ·the cable cperatar • proyjdjng,a,18Dable (MJSE),•inaitUainable (MTTfl) •. mid 

secure network to subscri>era,. · information:....WCea, end· ~iQatiorl ...,., Some 

customers will require and b& wlllmtUo pay fol _,,.,thafLotiaar81 tihia$fobtem is not unique 

to cable networks and is llDt veated:·in:depththete~·.f.Ol·-the MOlll~ pert· it is unlikely 'to be 

adequately addressed UlW services are in-·~ uae.. i , the .pri¥acy. and seaJrity 

problems diac:.ussed, itt Sedidn 2.a.2.2 leadaome ta: th~luaion. thaUhe:1lllbte aetwork not 

be used for sensitive services that might be targets of maliciousness 133• 

6.4.2.5 Privacy 

If and when residents and business users begin to mistrust the privacy protection offered by 

the cable facilities, it will be in the operator's interest to provide a high degree of privacy 

protection to maintain and encourage use of the cable facilities. Unfortunately, in the 

133 . 
Saltzer, J., Suburban Data Communications via CATV -- Preliminary Thoughts, Working Paper, Laboratory for 

Computer Science, M.t.T., May 1811. 
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meantime,· damage to indlv~.a privaoy end U... bardeniPg of, :waaatiefacteJy :practioea oan 

occur. Therefore. tne.eablft:auaa.1ty,~.n•f'dqu1om,_.~PRlCMcee .. :as:welaa 

provisions for future review by the city. Privacy provisions ••ukMrioludetbotb.:protection'of 

data stored in centralized facilities, and protection of communications transmitted over the 

cable. The privacy guldell,,,, p,r~p,~ !>Y"f ar~tt~~~;:~~f.~R'!!>'. ~ ~~,~~m on ~! ~ ~f 
the cable industry (see Section 2.3.2.2); although these provisions do not include desirable 

restrictions on the storage of lnf~rmltldr(iri"'a if8ffli'~~h ·•·Mrt···l)J, tra~ed ro· :partlcutar 

lndlvlduals. 
:it '':l~,~~;._-,,, ·.f-~ _;_-;; -i'··· 

Although 'adequate treaUnent~oMtu sublHt fs.beyGll!ld ttursdfJe'.Gf;:thftrtepo~i we hope to 

emphasize that Jt ta a·aocial·and economic ,;ot1cy11Mue1tbati~•>it8flatve pUbticdebate 

and research. '' ' : 

6.4.3 State policies 

Currently, only eleven states regulate cable. Consequently, cable policy is established 

primarily at the local level. As systems interconnect, jurisdiction will move into state and 

federal domains. State governments play a potentially importarit ·µ6re;iii ·~tab1rshing stilte­

Wide guideltnes' 8AO standarde ·fof';'callfe hetwoftuiLfiftlllllfld:.,8ff1;_..ted:thfoughout the 

shlte. ln addttton~·V.etate;~ olftoiilHy:~...-.taat ..... nuts:-.._...,Flty'needed to 

govern .cable 134• State11overnmenttit:JiJadllb• ,......, ·oo~,:1fNJhnitat ·expertise. and 

resources, not avaUable1at th•;fOoaMevet,<.W aM 1be at~;<;1lfia coukf..imprwe the 

qualityof decision-m1dW19t-PflV9'f'l•waf)forif._;~~am:t·•hllps·tte1p 

to isdate Cllblepeltcy iroin ~ ~,..._ ....,..._.lk>rMtevance tei·.,.,_mt 

which:'ft4Mtrth81eS1Jilrhpaat deellll!M ·dUe'. fl»'1ther:~ Cllt•-~·1CRtat cab19'fraAdlfalng 

process. •.:.z---- : 1: ·~ ' -

. '. 

134 . .· '. .. . 
It puts them In a stronger position and protects agalnsl the precedent of thttlDUldlWdetiliOn. 
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6.5 Summary 

We address local and state policy m,akers in emph_'!$i_~ipg the importance of establishing a 

suitable infrastructure for two-w~y - ·aata coni~J~i~ations. Because of its desirable 

applications and the need for advanced network planning, most cities should assign high 

priority to the data communications infrastructure which consists of both technical and 

op~rati~r:i.al r~quirements. Neverthel~. de111~J.1cf$ shQuld ~ ~~.r~~ by «¥1.~nder$tanc;Sing 
• ' : ' ' ' < ' , ' 4,. . . , ,· '~·~' .... ,, . ' .. ·' .. 

that increa~ demands ill .<:>!1-~. area of ~t?ystew. ~~~~t_y impl~~· r~4~~~ dem~nd~ in others, 

because of capital constraints, financial PWde~10r\~\J~ri~r;s. a1J~4n~otiatipg_strategies. 

The cable authority must also decide to what· eMtent it stteuld, or must, partitipate in 

implementation specifications. beyond the level of general infr~tructure. In m8king this 

decision, the cable authority shauldbe aware of which ~H>eincorporated into 

the initial cable design and which can be" iri'tiffetnentect'·'tn' -latel stages~ witllO-u't. incurring 

prohibitive costs. It shoufd .understand the costs anct itfade,offs • ':Btlcourage. the- cable 

operators to make some compromises on near term cost minimization in re.tum tor longer 

term capabilities. But, at the same time, the authority must be prudent in its demands and 

avoid overextending the cable operators' resources. 

The operational infrastructure for data communications primarily consists of structural 

regulations whieh wit edMwalefy sepatale the ;.cQntent181ld ~Junctions comb1ned In 

the cable operator. Leased-access~ which;aetMjqe;aipo_rtlon ol-tbe cable~ 

for o~atiQn on a aammon· Qal'f'ier basis,-preaent-art :attrQClive..alerMtive-•for red11eing the 

conflict of -iotereat Po88d-1by -the c;at>le--:aperator'&-atfJ\bjned ®fl_. md carriage ,functions. 

The pricjng scheme ~to leased d\Mnele .._...,. aarektNv aeteeted to eliminate the 

incentives and abtlity o_t the c;abfe operator to behave1m Mtantf·oaD'llNlitive manner. 
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Chapter Seven 

Cori~lusip'fis · 
,, .. ·' .• II. • ;~ ... 

Cable television networks appfied to data communications ate unique and valuable munr~tpal 

resource; but their utifitY'will be deterinin~by ~·)dt.~'drtifitvitt9s, and~rvic~ providers, 
,·_' ' ~-. : :-_ • ' . . ;l l~.; nr. f';i.~""_.·-. ·11 . >-,,~~ .'"·'" _,; ;1 ·, ;-·~-. 

that are accommOdated. Maximum utnization requii'eS: · · · · • 

·A. WM:hnical infrastructwe-that-.eommGdams·mulliokt,..,,.,. .. al'\OA·~ of 
service charact~riatlcs. ., 

· An operational .infraatructure that ensurea· ~ ,llHeaS: to a· multiptieity. of 
service pr,Qvlder.s.and CQmowngtiQn uecp, . . . . . 

• ''•l - l .- ,'_, -··1· ., , ' t 

The efforts of, both. the etty cabta«ithorttlesmd the' Ollble1ndu8trf.we necessary to oonattuct 

these infrastructures. 

7 .1 Network plann~ng 

The accesa scheme used will detennine the future 1tal:JHl&yot·•'8fMtrtt•tor switched any·tO· 

any commumcatlona. Currently1 twoi-way com----osn:1111•ttatone>eWed,ottn terms 

of poHing for residential"~ and •polnMc>pt>int· R>M'..._ fOtt 0tnallllJloftal ,.....,.., If 

cable .ts to tulfift Ha poteAltal as:a dat8 cemmunioatlanl;MedlUttt,,i~ tnult'be;dettgned 

wttn the technicat caipablHtta ·tor tm•11•ttng· . .,,.t111dMe·fcbM"*"~ tecmnlquee 

such as contention, ahdi G)A.. ll!>Mltt.· t!ventu•tYi lddlltbnaf;!..,.._.1fJMfdprofdC:Ots Wllt·m 
needed to support interconnection of cable systems with each other and with other networks. 

The noise and ingress on existing, as well as future, cable systems will be the largest technical 

hurdle faced in implementing two-way, quality data services. The use of bridger switches, 

while quite appropriate for a polling architecture, is not compatible with distributed 

networking schemes desired for city-wide business and residential communications. 

Therefore, other methods of reducing the noise on the upstream channel must be found. One 

seemingly appropriate method, is the use of digital regenerator$, in parallel with some of the 

124 



return path amplifiers. ,·tn addition, aggressive maintenance ·procedures must be 

implemented. 'Ingress ·trom 'interfering· Sources •is greltty'tneteaaed by teaky conl'i4'Ctors. 

Most connectors must·be tightened once or twice per-:~to in~ lJ'C)f>ef'lkting. 

The high cost of installing cable will be overcome .by,~_.prof~ity Qf Pay TY services. 

Simllarly, catJle ~sf.em$ will~ upd'1ed to meet ftanch~.~~Dft~~ ieqµU;~~ents. In some 

areas new cable ~t be laid. ill, othe~. onJy ty/O·,Wi4Y IMJlR!if~ ~od,uj• n~ be in~led, 

and the ~nq. updated. AU. cppagu~ipn plann,ipg.~QtJ~ ~ jnto.; ~coµnt the r~~ively 
- , - ~ ~ . ' - ' - - . . - '. : ·- . ~ . . .. . . 

low marginal cost of addbtg ex~ capacity at,ft\e time .of C9n:at~~,i~fh,(~her original or 

rebuilding construction) as compared to the high marginal cost of ~i;l~,,apd~i(lnal .caeacity 

after construction. 

The proper architectur~s and media (e.g. cable V$ t~qne~mr. f~ure ~c~pn, videotex, 

and data communicaUo~ services is irrevocabl~.~Jp tne~~~s.tba.t~velop. The 

use of wideband media c~lq weU be.overkiU for ~extu~:Jr~~pp.~f,l'Jce.~. LiMwise. the 

use of phone . lines is. vqaceeptable for ,heavily useQ. iqteracti~ ~e; oi:.,f~~mUe services. 

Potential information ~~ provider$ ~st.~ a.#leugpUµJ ~ment ef wttat •. is likely tQ 

be needed, demanded, aDd accepted in the,n~ ~ 10. anQ lq,years. 
, . - .. · . . ' ;, ' '· ' . ' 

7 .2 Strategies for the cable industry 

The challenge; facing.~· cable inQustry. is to estat>~ a conum.m~on~jnfrastructur~ ¥ 
. . 

will &JP1~x>rt. 1ar,,varietY of ioformatiOn ..,~ ~, ~unaito" ,sery~ •. aa w~ll ,a 

entertainment Sttrvices. lnitially .two-w~y .eommuni~c~ility be~, fil'bspribenl. (06) 

users).aJld .the heade.nd,w,iU be adeq~,SUt,.swi~.~-~·any commuo-~ion will .t.l!o 
need~ to ac;,co.m,modate future growth .. 

In the long run, to be competitive, an information service must be deliverable over a 
, ~ j .· ' " 

multiplicity of communication media, since the availability of appropriate cable or telephone 
,' ' > -· _:jffi. ;' __ ;.•· J . . '~ ·-~~''' .· . '.. _;~ . . 

facilities will vary from city to city . Likewise, the communication services offered over the 

cable network must accommodate many services from a multiplicity of sources. The cable 

industry should encourage the growth of other information service providers, since the 

success of all information services to the home and business rests on the existence of an 
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'.t ' 

information marketplace which ls.lif,Uraoti~e In the aet11fg11e. ·-'8c~1~ .'frYiGEt~ wiU be 

acceseed ~ia common inwrf1Qean4~ lef;i-.,._i,..~(fiQiel\tly.attr-=~ve 

and varied to warrant tbe;i~inwe ....... lG#le • .w~,.,_~ •. ~~itvcOf 
services on the network, cable operators should encourage resident-to-resident 

communication' applicatt0t1s'.GP9tsan-to-piWson' ·ar tntertst·~uP :·~oirih1u'fttcatfon9•'1s the 

primary appflcatlotl ·Of mosfe>tlMiHO computer hetworNl/M' ~aflM<~~tc'·bUlfetfn 

b0ard8 used by trotibYist. te. ~SKl1 CbW.puw OWnfil. Mont "*'1<'er ~ ta~. fit.It tt 
is fikety that there wftU>e a mirket~~f\· ~'arn&\0'~9'*81t' 'St!dt :81911'¥ic88 

will place addetfl)ress\Jre' orr 1he opeiatofto'ahtlW~ ,._, lOtthi'Pf'iV..cy dSPeCtS 

of cable communbtfons. ,; 

In addition to in-house research and development efforts, the cable industry should 

encourage' devefdt;Ment af 1 dtttM' r>teic:es ·necessary rte-··~ 'tftttii> ~inMtrttfCatloh 11ervrees 
economicallY vnible; irfl:fart~lar; 'aftoidilb'fe ~' terW.inata;and~f~elopment: '~ 
of the majo,; cable corTipd~~~Nri atet'ilr11MQ1J&ftt JiHtutEttl'WYfh ~data 
communication ffrtns to· gaih the m~f'f' rieeded'l1'~ 11" ;ttmt•flikt:i~8Mi>tes ·are··~Mlf 
Instruments 1Md Sytek, 'in(t ScleritlftC Attimtl''.nd ·~· ~YKtb< '~: il'NS1$'J>toY!Cflng 

the cable industry with the teehnk:id ~ror~1l1Htjt fie·~·C6l~rlle'a6art.'ffrms ·with the 
large amounts of capital necessary to produce equipment on the scale necessary for the 

cable television industry. 

In both the residential and institutional markets the operator should offer multiple channel 

t1Pes "'~ broadcast, p0m!Jto·s>Oh1f. rtlfQtl·1~; <tt>W1~L~ltiB;:~tJ1u1a1~.:;i',:th ttte 

tnstitutronaf·market, on-dt!mancf'dbriifriu~ort'~1~l'f.>e\~8int~··to 

d'edtcated PfiVate 11ntt$ervtce. ·en~eiriliftd1~1s ~ ·••rMHtMt?niftfifW\!Jf wnlff 
bllsinesa 1:tttrwniunicatiorf8 and 'Pfb~:~:.<>Nf61afiffh6'f;ftiftlY, lh9 ~ 

nature of cable network communications is suited to ~~1-\W'c'Ofint'lb~; 

this f~atu~~ gives' !t a, co":'~t•t.~ve ae~~~~ ~ ~~~c,~~~ '~f ~,~ci~~~ies~ ~~~'~ff 
structures adopted by the cable operator should also accommOdate intermittent Li8era. That 

~!i :,. :. - 1 .~.. •• ;,~: ''/L>t1i.&:;r C ~?J:-~1 ~~iiliE . ..G~bf·,HYl t!OitS;,...-tJ!Jf:'~~·po.,, ~ _, " 
is, charges should be based on the data volufT!e, not the connection time . 

.r' 1""' •• 1 •: .~ ••• iH"-f~fr,r· ~· ·::tnt --~8Tv\,··:.i~~} ~ '.)! --.<·s~t r,·,·J·:t ~~;, 

,;I 
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7 .3 City policy 

We address local and state policy makers in emphasizing the importance of establishing a 

suitable infrastructure for two-way data communications. Because of its desirable 

applications and the need for advao~~ 11etwprk p~Pft.iqg, mp,$.t cifies ,bouJd assign hi~ 
' • ; >. ·-~ ' • ' •• .;, J ' "' • ~' •. • • -, , ~ • ' ' ' - ' 

priority to the data communications infrastructure which consists of both technical and 

operational requirements. Neverftetess-ideinand81sttoutlt fie:modetated'by an und&rStandtftg 

that increased demands in one area of system capabititY•mpfies r«J\1oechtemands in others, 

because of capital consU"ai~. fma~ but,den on,~iber~ aeg<)ti~ strafelies. 

The cable authority must· arso ctecitie to what extent ft shootd, or must, participate in 

implementation specificatipns,, beYOnd the leve! .of ~p~ral tnfr~ructure. )n m~ng this 

decision, the cable authority shoutd ·be·ll'Nare.of1which Clf)8blittea•muattJe incorporated into 

the initial cable design "~d which can' be impl~~n~~/.111 i~ter -1ag~s~)Yithout in<;urring 

prohibitive costs. It should understand ·the: c~ and; trade-ells ~and) 'eRCOUrag& the cable 

operators to make SOM& eomprol'tllSes Ori near .~rtii ~~r lnlnimi~~.n i'rY"r~.m for longer 

term capabilities. But, at the same time, the authority must be prudent in its demands and 

avoid overe><tending the~ operators' resourccta.1 ·· 

The operational infrastructure for data comn:tuoiCP!ioas 'prima~ily · ~pnsists ot a structural 
' . ·. ,, t.···.' 

regulations which will adequately separate the content and carriage functions oombined in 

the cable operator. In a speech before the National Association of Telecommunications 

Officera and AQvisors.(~JOA) 'oonv~ti~1'35, N .• ~.--~ - ~~that 
might arise if thi&seperaOori1'9m>tllChifMid: ·· 

... cross supsictiziJlg, ~·J?l'pgl°W", co,s~ frp~ #l&:~~1;w·s con~n: .. · 
costs and reven.~~/rrd~'~ ~~Ql~,!e ~~r,Qfi:J·~·· . " . ., 
services when a competitor seeks fo use the facility, or ... simply 
limitin~ ,the cep~lY# ~ifJY~·iSQ n~~ 8'rYict4'S.~,~· 
o.nthes~m. 

As a society we often hesitate to intervene in market operation as a means of directing 

technological de~etopment .. But; in ,'tfiis !n~.llfl~,,:~~·!K9iht~\J¥,h~~~. r~~~~ft that 

support of the atolUat;quodn i"81f.;wilf: :1c1etemtine'' '.lilel devalopmentiof able tefeitision 

1~Her, N., Speech to NATOA, October 23, 1981. 
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technologies and markets, as much as, If not more, than aup~rt ot .. new .atruatu~ 

regulations. 

7 .4 Suggestions for further i'esea1rc'h° 
.. 1 ' - !. 

Further research. in the foHqwlng •• ii,-.· r~rJQ,lM·-.w,~f '*'"'and the ;indu•tFY. to 

effect uie infraatructw.a descrJt¥KS abe>ve • 

. Market· i+esearch 1s needed to·iinStJte' cab1*· orMt&tor8 ·Of 'a flnanclalty secure · 
environment in which to invest. This is particularly true of the residential market. 
This,rese~h~t .~'88~VflqpffWnM i~~ -.i~~ation 
an. d transaction se. '1'4;~: The.. '?~le ne~rki:i. 9!1 .. ~~' ·.z~~W.~~~-~~,. m~r:-i~f~lons 
medium' that wlff ti""' ISUbSt:~ With' ·acn· · °'mk -arra' wnn ·lliMeac providers; 
without aftor..._ homeitem\inala.aad~at8_..• ....... ~wMt•;oCJlneed 
for ~uch a Ii~~: )n :~~ti9n:JN~ .n~~~re ~fJ ltJt'8:i~~j~AH8R~ ~~~~s. WiY, 
determine the relafive attractiveness or cable iefev111on as the C'ommumcat1ons 
link, versus tne t~ -.at 1bOP ffJ+v tffff~fOtNOh•ftMltttth .g'taphJca). 
Th~.traffic.~wier~ .P.v th~ ~~i;•lliJp,,~q;i, ~-·~ ~P~~-9f, .. , 
the various access schemes described. 

,,. 

·Experimental research is needed A~. >~u..,.UAllriza:;V\e .tecbnioa! 
limitations of upstream communications via existing cable television systems. 
TechniGal mech.ani~s for co.~'~!n~ ~'!e.F<?b~~s Mci)h.,Jr,reJ~~~ ~os.j~.~n 
then be · evatuated 1md · · ~plf~' to ''&te:Y~ows ullf. rebiiira\ii0· --yg~us upgrading 
eKistiAt networica. ·• '1ic ',[~" .. , ;,JL. 1.,:;;~,t·c ,. ,', 

· Higher level protocol standards are ;neeQ,(\d to s'up;;c>rt ·~!ecti~ and efficient 
networking~ Deiletopm•rJt :otr1 adequate bOf•'.;fldt1 ·~~iO';'fjt()taeots is 
necessary, along with general reiearch into tl\8~~~' 

· Soun_d leased ace~.pri~~ ~-~anl!I~ ·~~1~,~~lif"#Cc.btr1moda~ 
growing demand, effieiemty' and' With commt1Rft91~~.' • · · 

, - · . : · : f:'! ?'t-01 .. ::·.(~ ·~~1t:ts·~:··q('J::'; ·:~ · .,., , 

- The potential tbr pfiYacy abuae, wHicli IS'i11fe11$1tf$(Jfit'the'ta¥0fiSbW.-e computer 
and communications technologies, is a social and economic policW ·rtsue that 
deserves extensive public debate and research. 

· City authorities anc;i comrnun'tlef~ ~9na ~~ J~f* r.Ah~~ ooe~~-· m~ 
address methOds lot m~ng 1fie8e iemcn ·an<t 'f8Ciltt~·n~~l&b1e tO the 
informatioa poor; a.-·• t•Jnf..,,......Chti,. ..... atittal.Jld~naJWltae ·' 
of the services, as wetl as opportunities for increased "technical literacy" to those 
households with access, will otherwise only aerve to widen the gap between these 
two groups. -· 

-...1· __ ;._: 
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Appendix Ac 

Provider Industry Structure: 

. ,. 

-1'._-\ 

The cabte1industry is currently u,entertatnmerttdiilt~ .OO~iNAgJndustry,·nota 

communiea*>ns induStry. ·· :rhe.:'~~ ~date lllllil!lioeat:oMr~:oompriaes>:a 

number of participants: cable operators, cable and components manufacturers, modem 

manufacturers, LACN vendors, in addition to the information service Hf8~~~~pvhp .will ~. 
both customers and suppliers. What follows is a snapshot of the cable industry as it looked in 

January of 1~2: dl~n th~ riPld changeS i~ #li~ fl~:;~ r~~~ r~ard
1 

thi~ only as rr 
representative samp!Et, and shbuld co~sutfii~·~~-i>r~ 1c;r~~;&u~~n'tt~roHnaflon. : ,. 

,,: "':;; '. , 

; ' . : ~-" . 

A.1 Customer Premises Equipment C~·~;panies 

There are three types of firms that manufacture cable interface units: those that design cable 

co~verters. for residenti~f use, tll~&e that ~1Q~'F=oM infeiiace ~ri~s" t~tin~itutfona1· ~arf<ets, 
'~ . ~ :· ~:~.- ~~·~ ~.-,'~;;-: ' '"'i-'~' ... ·.1 div .. >"1'."i,:,~ :">>'·~cne.~·r fi~)f; :ir~ . o'~fild,''· > 

and those that design LACN interface units for private eommerctal netWofkS. Wfille the 

converte/ ~~nufactJr~rs··~ave an. ~vl!ri~;i.th~~ ... g~ 'tt,ii~ ~~riliihg' of·~~· 'r~entiaf 
~ark~t: 'the m~em manufaclii~~ ~~ sr0~ificarit1y i=\~~&~f~x~rtise 1in ihe'ffeld of 
data co~mu~ications. :Th~tACN fna:~uf'~h.ar~fl~ve tfi&;.;.~r~~k~iaitftd"dl~~butecf ~ 

, . . I Ci' . . . . 
ne~ork exi;erti~;: but't~a~ ~J''experi~~ in' the

0

·ar~ ~;, i>u~·r~ci~: ~1"~e&'id;~tlal 
se~lces. The followi~ disc&Jssioo of the' k~y:Pt~~'i1f~':m:li~t~ wik'e;en1~tify: the 
different approaches taken in addressing the residential and institu.tiDnill. twO·WJlY d.ata 

communAtionemafi<eta,. ,, 
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A.1.1 Converter Manufacturers 

A.1.1.1 E·Com 

E-Com Corp.136 manufactures both polled (TRU100, TRU500) and FDM (TRM202, TRM159} 

modem8.. The polled AlO(iel$ opet~t~ r"r; Q~ an,ct'~ Mz~, .. ~~~ieve 
data rates of 0.384 Mbps and 0.300 Mbps, respectively. The typical price is from $50 to $125 

for residential terminals, and $200 for commercial terminals. The FDM modems can 

accommodate both point to point and point to multipoint communications. They operate at 

9.6 Kbps over a 100 Khz channel,(W)981bit8Ahz}1•and;1~-~~over:a 1:.5 Mhz. channel (1 

bits/hz) at costs of $750 per circuit end, and to800-$68111.PH'!OirCl.Jit end._.rnped¥ely';s7• 

A.1.1.2 Control-Corri · 

Control-Com 138 
,_ a subsidiary of Burm~p.; ~~ . Sims ,In~.. h~ dev!!IO,Ped an advanced 

! • i I t. ' ! , , , ; .... ' · , ·; , f' • . _; !," ~ ; • 

communications network ,based Of1 cable_t~h~~p1~~1 .Which th~X~~~~.i~plernented in_private 
' ',J,· • ' • , • • - ._. j : ~ - ! ' ~,,,· - • .• · • . :) . ' ,. ' ; ' i - • ·- •' • 

areas such as the Disneyland Hotel. Currently they are developing a two-way data system 

which will make extensive use of "area microprocessors" (intelligent bridger switches), which 

in addition to reducing the upstream channel noise, will perform network management 
;" -'t - ~ ~ ·;.. f ; .;": . . . .., • ~ .. - :$ ·r:- ~ : t~:, ' 1 . :, •. 

functions. 

The system will offer 9.6 Kbps service, with '° aggregate data. rate of 50 Mbps. The polling 
_: ~~-:; -~·- ~' ··; ,··(· 

sequence to all area microprocessors will take less than 1 se<fOnd. 80% of all upstream 
! ~ - ~ , ~ -~. . - r·_ :~·;1 - , .. __ )/.._' · ·1·'· ,·; - .~ 

communicatioris is expected to be .home n"IP':'it.o~~~-'dat~ \Y~~c~ .. d~ n,ot need. to _be 
, ,, : ).; ;·-.. ,;JibV'~· ,;;· ':::!~ .• : : .. 1· ',. _. ·; ... , ~ ·, _," 

communicated to the headend. ,Rather, the area microproc"8Qr acts as a subnetwork 
' 1. · • '·· :·,- • · · ;!:t:,1;,.~ 'l.' ~ ·;; ll_J;~~:.J£\. ,: , r·. ·• , -

headend wtiich receives all mon,~oring signals from,,~~ un,~.~-; ??IY tr~nsmi~ ~~se- tha~ 

requir~ servi~e to the headend.. The effective upstream bit rate for each user is expected to 
. . .~.- .· · ... ·: ·<ti~ ." ' ·=~ ~.·:h~~' ·; ~d~J '·,~·?;~1:~. ' · . .,' 

be approximately 1 Kbps~ More advanced ~etwo~ f8'i,U~;:~ l\'SO ~~ ~ of the area 

136
1ntormation on E-Com systems is derived from a speech given by R.V.C. Die~. E·COm Obrti.\ entitled, 

"Digital Data Transmission on CATV Systems", at the canadlan cable Convention, 1en. The President of E-Com, 
Robert Dickenson, was one of the prime developers of the data aervices offered by MCTV. 

137 
E-Corn equipment brochure, available from E·Com, Stirling, N.J. 

138
1ntormation on Control-Com developments Is from Personal Communications with Jim Crocker on November 2, 

1981. 
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microprocessor, for example jamming detection. Logic for the interface unit is implemented 

in a single customcllip. 

A.1.1.3 Tocom 

Tocom has over 10i000 units of subssiber equipmantause1in tlite U:S. and,canada. They 

offer security, teletext, and-,intenictive:datattWieW1ulltng.11ipellllg aoceM control scheme. 

The Tocom 55 Plus was fflivered,:Jn June 1ea1 139~·,f&:55~0A is·& two.way <home 

informational terminaJ adaptor. :which, aftws, li5 ,tetataxt 't1hanmds, in additiOn to interactive 

data retrieval, formatted screen data entry, and.,entertaiftmianVteleYision. tt· C>Sts $260 in 

volumes of over 10,000. The 5510A uses a color graphics display with internal RAM. There is 

both vertical blankinginterval (VBI) letefext, :ind'fUlf cka11ffit1M6f9~~- , 

The two-way interactive features include a builMa retum;traf!iSmltterwhicb'tlan communicate 

with the headend on up to three different return frequencies. The terminal supports opinion 

polling, subscriber response, pay-per-view, and channel monitoring. The system S4Jpport.s 
if" ,r', 

aggregate sampling via polling for collection of audience statistics, but does not allow 
- .. . . -.. , , . ., ..... · .. -i'j':·:·,'--,-.. _-,,. __ ~--riJ~·:.,·-.. -~ .. '. ! ·.}\ 

individu'a1 monitorl'ng, and does aUow the lJS'etfo diSalite tfle mcmitoriniffunctfon. 

Screen-formatting functions are supported for interactive transaction processing. Data entry 

is accomplished using formatted screens and a small keypad. 

The 55 Plus'System also fn'CtUdes headend tad& etktled the'P'rdgramming Ct:mtrot SyStem 

(PCS); $155;000. tt eontains ·subscriber ,anw f,\'Oftliawhnilfi(tiid8ta 'b8$es ·which ·can'·~ 

mainlained via operator consotes. The-POS1~~at«M·:eantttif informatit)n to'th& 

Headend Vidtwd3roceasors(HVP'k'$9,000 per dt~1 ~titl ~- -ltmsbi 'tJrovides, rf refum 

path for two-way communications. The HVP buffers and transmits the teleteXt;ltilta'i(Jii the 

VBI. A Selective Data Retrieval processor operates the full channel teletext. 

The Screen Composition System is used to enter the screen formats for subscribers. 

Communications with external computers for home information services, is supported via a 

processor which forwards external communications to the proper off-network site, and 

returns responses to the proper subscriber station. 

139
High Technology Group, "Interactive Technology Review for Cablevialon's Boston Franchise Application", 

April 16, 1981. 
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A.1.1.4 Pioneer 
' ;~ j j 

Pioneer developed the hardware for the Wamer-Amex Qube system. See Section A.2.1.1 

A.1.1.5 Jerrold 

Jeno Id ,control&· over half d the. Q.l&tomer •JH1'ft'IW: _..It (OPE~1 l1Ulrket for, the cable 

iftduatry .. In addition to .eecwrity,.·enteltlllniwt.:;.illDd:1Jitdli11•1JJ9feld.:offera Cbmmuntec>m 

which iaatwo-way ~UingJIC<*I commutlicattc.a)'lllee:far...,_pm-.view'ancfopinloft polltng 

applicationa. Theimedified~-cm11>$~CllinNnuotc:at81 wlthitNi headilnd via a 

seou°" interlace unit. T•eDCtJs·alao'offered •.. ,,.,: .. - · · >: <' ,, ,, .. 

Activities in the field of tw,9'.W.,Y;;<iq~ ~~v.~,~e>l~H'igQf~ve .. J~1'8:~ljk.(ily to ~~"°ge 'ltlith 

the recent investment in Sytek Inc, Jerrold's parent, General Instruments. The planned 

' : q~ ' ' 

A.1.1.6 Oak lndustrlea 
' J 

Oak industries dffvelqpeci,~h,e interfape ~nit u~.~Yi (;<f?<.9~1eJ9,~ t~eir l~ax ~~~m~Se<?tion 
" : ' ' ._ : ' • ··' • • • • - • ., '·- • - • , - ' ' ~. J ,. ,l ~" ' • 

A.2.1.2 below). 

A.1.1. 7 Scientific Atlanta 

Sciel;ltific; ~ta m~~r., ~. diM~~3~ ~1' ,~.~ ... ·as ~ 
cony~era. T,he l'Mtwest;§Fi~~~r~ ~Jpa~\t~~'~.,;res:c~r~ ·Pef~ 

upgrade. tQ ,rtlCeiYe Wld·.ti;Wl~ ~~~~. TIY8i~~~i(je~·AY 
AMD.4X: lru;;.

14
.
1 ~4·Vf.iltbe -~IU~V@h~~ed ~~\tlfS••r1@C~o(9r.~~;·duetry vi4 

Scientifio Atlanta. ; ., .. --· : 'J 

140 
C.bl• Via/on, December 21, 1881, pg. 133 

141 ~ $ection A.1.3.2 
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A. t.2 Modem Manufacturers 

A.1.2.1 Mitre 

Mitre designed the network equipmenUor the firat:true: breaclD&Q<U>aaed local area network. 

Qrigin~Uy it was designed· using a TDMA access;~ and: cunefrtly ruoa~a contention 

$Cherne as well. The ~stem runs on a dual 300 MQz(laQie systent~erone cable·was used 

for upstream and .the other fo1"doWAStr~oatnmt1Aicd«mtb eKolutiiYety. Miffe. a non-profit 

corporation, does not commerciaUv seH its .equipA18fltiJ~&Jt. dOM '1ta:tense :ita designs. Current 

tiGensees include~ ~nlft'MilOicatioos G.o~ali.o,rt,,•·aubsidiary;of.Ji,IA/COM. 

Although designed by ~itre private net\fJ9rks,. the tectm<?'ogyj~ ,now beil')g adap.ted, by 
· · 'l ' '• - ·' :'i.o;.. " ···'. . .. _. _r > I 

licensees of Mitre, to run on urban cable sySttfY\$. 
~ ' t • ; 

A.1.2.2 Local Data Distribution 

LDD 142
• 143• 

144 an affiliate of M/A-Com, h.as recently. c9mpl~l~ Jl. ioirit .expe~iment with 
·-·"- . ·'''·"-:., ·• ,. ' . 

Satellite Business Systems, and Tymnet, in lac.al distribvtion over both cable and, radio .. The '. -_ · -.. · -- · - · , .. · ·~:-·;, ·s· ~ 1 _·~ _, :· ~-~r1 c· --~ ~ 

CARAVAN145 involved two-way data commu~icatio~ o~er the ,in~tit~tional cable facilities of 
\ ' . -. . " ' .-~ - ·_ ~ .' ·!'"~-;- ' - .:,"· ~- l ' . -, • ' : 

MCTV in Manhattan and Viacom ,Pab~~vi~i<;>n_ i~ Sa~,.Fra~G~~9· .~ ~f.ir~ember, 1981 there 

were two cable subscriber stations in Sa" f rancitK:O -~~. ~'l JlY~~~9~ di~ance from. the. headend 
• "' ~ . ·, • . . ; • " ; .1. ~ . , •. ~ " • ' • " ' '' ; 

of 10 miles. The MCTV cable system in New_Y_ork had shc,su~~ibt,lr sta~ons. 
• : ~ " : " ;. ' .. ' I ~ ' • . i ; . 't , >- < t ' ' 

The cable headend transmits all,. downst~eam dat~,,in a JDM J~~.i~l'.1J9 af ~ subscribers in _the 

high f~equency band. SubSC::ribers r~on~t~.~~~: ,, .T~~~ techni9"6 in. the loY' ~r~uency 

band. The headend. is linked poinMp;point ovEtr.m~,~!~ ~.,a ~em~cr eartb station for long 

haul traffic. The system uses a 1.5 Mhz channel for 1.8 ~· ~g,r~ate data rate p .2 
.-:~·. ~ .. '.,.: ... 

142
Richmond, R.L., Digital Communications Corporation, •Aeaa11ttMtenti11111t1B IR. U>cld Data Distribution", 

Working Paper available from DCC, Germantown, Md. 

143 ;, · . ., ·: ;.' " , ,. ' " . ·: '; . 
"SBS, TVMNET, LOO CO. Report Succes8 In Local-Loop Demonstration Program", Press Release No. 81-39, 

Tuesday, November 24, 1981. 

144
Swinton, W., Tymnet, Inc., "CARAVAN: Experiment in Wideband Local Digital Data Distribution", National 

Telecommunications Conference, 1981. 

145cable And Radio Architecture for Value-Added NetWoitca. 
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bits/hz). Channel allocation and switching providing full conwti.wit)t..aptement.i.'dtbe 

headend. The cable equipment used is approximately 30% lower In cost than the microwave 

radio facilities which were also part of the experiment. 

Digital Communlcatlofts.C~ another subeidiatydtlltA~com-;;alnd the designet al the 

modemswedbyLDD,.tfa8.~nata1ledc'8\Qbm1ft~tillCOliW,tt2i«J01-.,mmtteti~ 

community .... lrvlng,·'TWue.,, TtMJsyabM Ot'Slllta on -i~uftd triple trurlk, one 

subsplit,'and two midsplt;- ·it ta c:ronffgUtled!lfl •a-.t .. ._.'tlffd.1110f#iWlttY-being \IPfifaded to 

provide dual distrit>utlon «>OMM: capatJIHIY~e\IWM~ ··lhe~1ptMPMldfor 

the network includft'ftl&idential ¥U.leoleX1l•_.,. --•••ldllta~~ Of v8llfAI 
grades for small, medium, and large businesses. All services wiH be based on the DCC TOMA 

technology, with 9ome 'additfonal 'p~ntrig 8Qu(ptnei1f~ \Je'l. 1 l~~iSSiori -~ wl11 be ai 
.,rr•=·t~v- · ·i·-~.· • •:·; .. · .. ,·:nu·· ···· · 

high as 1.544 MBps, and will offer full conneeliYftY'betw88n aU6aCrlt>81i. 

A.1.3 Local Area Computer Network Vendors 
' . - . . \ }.' '"' . ' . . 

The past three years have wHnessed the develoi>ment of a new, and still very small, industrY of 

LACN vendors. These compan~ deSign; ~tw6rking'·eq~l~ffo~·'diver&e' dlgttal devices 
,._-1::· •.. ; , ; ''J~H· _,~;~ .··-, . :i ~- ·?;. ,,.'\ f ~ i·. -!: :;~ , ' V1;\ ,' '·\.-· - , . 

and computers which are spread over a contained area such as an office building. the state 

of the art distnbuted nefwofk prOducts ci6·not cofuEt fr~fu 1t;~·~Miriuf~tu;ers ~~~ h~ve lo~ 
t>een making modems tor rntiilstiiah:m1e ne~c>rb ~t1tf~W.l 1ffi&'cl<>'~''i>V-r.ew· corril>anieS, 

growing out of the mini- and rniCrd~prec~iri<fu&bY. ' • J. ! ' ,! ' 

Both the industrlaf modem 11\anufaCturers an(f ifitf LArlN;. ve~&s are gearing up for 

producing high sPeecJ data ihterf~~~; unltli~1u1~t,!j.~ify ~~ri,~~~t1oris.:: torJ''and Pollihg 
equipment is wid~tY av•n&bli,\¥h1re'C:OniGi.tf6nv~ ti:9M~"~Ji-f'~·sli~::·~~ty In.the 

Sytek and General Instruments are jointly developing an advanced data communications 
~ : · , : - , ~ C • ";~(· • ;.· , ·JU : . , ~;P , . 

. ::.~ ' . ~ ' 
1460. Silverman, P. Freedenberg, D. Schoen, "Architecture Analyels for the Las Colina Aaeociatlon 

Communications Network", EASCON '81, Washington ~-1 · .. ,, , .,., :;, 
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system for cable called Metronet147 • Sytek is a communicatl&M-oonsufting•flrrft-which has a 

growing line of broadband based LACN products on the marke,\,.J~~l.APt".~.~~ LocalNet 
I,. <f,,,,,) •• •' '"'' '_ ' 

and uses a contention, CSMA-CD, access scheme: Loca1Net20 runs at 0.020 Mbps, and 

Loca1Net40 runs at 2Mt>ps:{0.33 ·b~/ht). G'en8ra1·1n~trd~nts ~ntfy IH~e'St~'l\{t~vily in 
,. -·' ; ~ , ~ ~ r:" -, .; 

Sytek. General Instruments, through its Jerrold subsidiary, has extensive experience in the 

cable industry: Jerrold controls over haWrif ttte'Cabie-'ttit~terldde unit, and ttfsffibution 

electronics markets. The cumulattve .. m~•~ -~~ ~·~~ ~.~of 1980 was 

11 ,850,000, 52% of which were General Instruments products 148 . 

Sytek, where the R&D activity for Metr99.etJs:~n1:8r~ .•. J~ ~~U l':'.!f1e ~arly pla[1ning s,tages but 

they have set out requirements and a general architecture for Metronet with impressive 

foresight. For this reason, the details of the Sytek design<tblilfo~i>l>IW;litEidilitinEki ~low . 
.... _ ~ ·-~~rt1' -'~ ,.: 4 ·:) 

Sytek has designed Metronet under the following assumptions: 

· Concentration on data traffic. 

· Equipment should opecete on ~i\ ~·~H"8 :• .;ilfi .t-ihz in each 
direction (4 upstream and 4 downstream channels of.6 Mhz each.) 

· Primarily small business and residential customers. 
. :.\. 

· Bandwidth should be assumed to be scarce. 

" 

- The network shoufcH>e ~ned to.~i\h$lad~r•W~f1\8M9;. 

- User interfaces should be IEEE 802149 ~ • ., 1~,,_om itseH is not 
designed to follow any standard. · 

The Network Requirements are defined as follows: 
;• 

· Large subscriber capacity-· 50,000 to 200,000. 

. . , .. -,.,~,, ·., .' J·~f~, ~-_:;'if:. -~,':::~ ':'.i.' '·' ·~;,:, 

· Adequate expansion for 10 years, without any increase in bandwidth. 

147 
lnfOrntatk)ft:'lbdut·MltW>ltet 18 4Mve~HtciM pinlonld'COIMM'~ _.·Rebert' MatNalnltl at s,tek, on 

November, 1, 1981. Metronet is strictly in the planning Md delign stages and is not an announce6 ~t or' 
offering. 

, .. , . 
148

"Record Levels", cablevlslon, November 2, 1981 
'",,~- ': - " -; . 1. ; 

1491EEE 802 is the draft local area network standard. 



· Ada~lity to new aarvk(el.. . 

. Non-disruptive e;cpanaion . 

. · P~P'W!;S~itched, w.1~ 8Jn~.tm~m ,a~~ ... ti~ ~·ter ~·c~ ms., n~ 11\0re 
than 1 "lb of the time. 

· <AAographical. ex.tent .• ss tb4m .4() '° .6Q.~~ 1,~~.: 
. A'esiderltfat netwott<woutd use prtmarify estUtA~CO. ~" 

t - rl • 

· Connectivity of any two subscriber nodes • 

. Point-to-pblnt, fun duplex; ~8nr'l:ec1fon~ ~b~: 
,1 ' ' 

i1 ,·· 

· Sl1PPOrt up to 20 Kb11~ per OQCl,e. 
- : _,,.. ol. ·.:' 

- Off-network nodes with proper Interfaces to serve as gateways to SBS, public 
switched networks, etc. - ·' ·• ,. · •9r:r);ft;\· 

· Control requirements: 

~ ," '_l 'i ~.' _:~2,> 1¥~\ .i_) ~· 11 ;!_; 1 ;_,·., 

• Identification of source and destination node for each session 152
• 

• Control of illegal use of access and bandwidth. 

• Protection from physical attack ·• vandalism (detection, isolation, and 
repair); Tfiettidetet'tten1deftlit'; ancflft~.c,. .. · 

-,. :. 

- Pricing, flat rate per access or per packet. 
' ~; 1. 

- Diagnostics •· Check channel and equipment; Time-outs . .. 
·; . . 

Network services will include caller and callee charging optiQ.r:tS· polled service accE!SS, and 
••• :::.-' c ~·-· ,- ,",'~\f; ·_:;.;;c3t\·.''. , .. _·:·..,.: .. )._: , -·- -~·-, 

150 
As was discussed in Chapter 2, contention access protocols IUCh •that propoaed by sYtfik, S>feienta a trade­

off &mon9 dis~,.-,.'····~·~·~fftillllkM .... ".~ ..... 1he 
data·~· .. - . ·" .:, ... 

151 Sytek's bias towards this technology should be kept In mind becai• of their establilhed expertise in the .... 
152 ~-./1·· ·~. ~. ·.-s: ~~·r;~t, r ~- • ,·:~f: .. :; ~ · ;_, Z; -·, 

0 

This capabiHty will carry with it the pcmible need to iegulate the U18 of this data, a with the talephone 
company. ·' ,1 .· .,, -- ,.. .;·1 "'- :. =1 
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videotex usin"' the AT i T ·Presentation Level ProtQQd (PLP.). Value added services will inetude 

translation, speed buffering, and keydistl'.ibution., Svtek.~:tllatmost ot the informamn 

will not be considered worth encrypting with the obvious exception of banking services. 

The network architecture will be based on a.diatribu&ed intelligence approach, in line with the 

LocalNet architecture. with some ex<:et>ti<>ns. Because the network -will not be owned. used, 

and operated by a single org8f'lization, as is the:.cate with MO$t\lACN:-s; theHletwef.k will·~ 

some centralized wnttot of oommunicat~. t(I:., teaHte the,·.:.netwofk moniteling· and 

management necessary. 

Virtual circuit initiation wiH occur on a persesaion.baeis. Eaeh AOdewill:have:ainard wired 

node ID, and a .commonly k.nown node address. .Jhe'headeflli will establish ,network 

authenticity through use of these keys, upon receipt of out of band requests for virtuaf circuit 

establishment. 

The 25Mhz will be divided into 100 channels each supporting a data rate of 0.1 Mbps (0.4 

bits/hz). Each node is assigned a home channel .. wnen•aseseton·is ~sted th&headend 

wiH verify the autt1enttcHy. of the source and destinatlc>A1•check tNfftc loading; and •then:stgnat 

the source to switch tO the destination node'• Mm"te,channet, autnntng•-it is free, AfterU. 

destination ·is notified, the headend Data Chanftel·· AcCttsS'Momtof!t(DCAM) wilt exit the 

process. If any charmet becomes unusabte, tne·OO~wllftllfdtlatta• the comfnuntcatiOns on 

another channel. The projected cost is $50,000;for:tftei"1tacteftd. :'Jhta.Jsiatmost 20 times the 

unit price of the LocalNet headend. 

The expected usage traffic is 1,000 to 2,000 simultaneous sessions per channel with 60 Kbps 

throughp0t:atpeak load. ' 

A terminal with sophisticated graphics capability will be sold by JerrQld. It will be based on a 

Motorola 68.000 microPC~11and 1/4 to 11~:;~ ot~~, ,Wmtfl.th~,ma~ket grows 

large enough to warrant a VLSI version, the price could drop to $200153 • Sytt,k feels it is 

necessary thatthe costper node be kept in th~. S20q,r~, w,~~ ~;h9w mu~p a«:f~r_essable 

video converters currently cost. Sytek would like to keep the monthly.~ f8e in the $20 

153
No estimate was given for current, LSI versionS but aimllar de\!ices such ,._,#'8 Badiq, Shack ~S/80 sell for 

$4,000. ' ' ' . 
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range. Given 10 channtill with 1,000 ~-1>9' !chan-.<tfte~ should be'abte to 

·BCCGmmodata'a·15 mln&Me•Meaton1Jet.average ,........aibeorlberP*'day • 

. , , I 

Sytek is still establishing its plans for an institutional network.. Currently the targeted 

custOmer base la teaud· llnn uan. sytelti tlllla:tMat -..-vilft.itian11U:.-hviH ·EtYOlve ·ffm> 

transport aervtcea between ttA'eN alt•·.,., .. 1•·-nn.pmts~~.·iie. 
:private 1tnaa111nadlllltioH,-llWf: ... mat·•·~iMIWCltkwutd;endJUJl1~'u•chpdmarily 

aan.altematiW velcemedkifn.··,ffbf:lhe:1n.........,.•llllU'k8t, llllthdfCMA lnd:CSMA-00 •• 

possibilities for the access scheme. 

It la clear tbatSyleik ilntutgntng a communlcJatk>na.trtatenHntentlec:Mor.the use of.multiple 

"S8'"'6", al:ld not a Yldeo.>Mtettainllnent; Of!:~'network'Wlitn•angle server, as 18 the 

Qlrrentmodel. 

A.1.3.2 Amda1t 

Amdax supplies 11.WCh of tile. point~int FQM, imerface :eqwiptMnt.;tor. MGTV. Theae 

lntetfaae1umta aa:e uaeGI 1n-..r firat~te.-LACN 1JWG®ct·whidl n~a~ecH~'DM 

.sceas.acheme. Mora,feoent!VI Amc:ta1Hu• annaunoed·~1wnichiuaeaa,~IDW 

acceea:.·schell91a.r:ca...,..and;lll•wide1~a. · · ·T•••oeetta:••anct taeit·producta 

onto cable-stems a he•llitMd • •ClulWB ....._,wjngilltd ~ contra«;t with 

A. 1.3.3 .wang 
.0;_1 

Wang's LACN, Wangnet, uses FDM to divide 350 Mhz of bandwidth~info;~~~peodent 

bands: 

1. Interconnect band·· many s)oint-to-~int chann~ us)~g~FOM' ~t d~ta rates up to 
64 f<bP&~fieq-"ty IMd'fffO&tM;<St.~ • ..a·'9.&~·agi..,.Wledern, 
llt2$1)). ~; ~ _;;' ,'•; ' )-'\. ;:,·1 i;, ' ;:,..1"' ;:·~-' ~'-:'.. '.'," ·_., ;:");'"'""· t~· ... : ;: ) 

'2:Wangband .. ii '1~ -- ccm•ntton' cH.snnet1~iCh ffin8'o\ier18" MhZ (b:eet 
bl ..... ,. .... *4~\.._,·._.,' ... ·,~,· ·.•. •''.·',,,,,,,0· ·'·'·,·'.. · ... , ... ,···· .. ' ..,.,.......~, ~ . ~ ._ . .r.._! t •' ',, 

3. Utility band .. for survelllence, instrumentation, or teleconferencing. 

Wang useti tw0 tabfeS, ,tJni for up81teari1 ~on '1d britt,for downstream. tt CQ.vers 

areas up to 10 miles in diameter. 
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A.1.3.4·1ntera~tw.Syeteme/3M 

IS/3M1las sokfbroadband ~municatfon sySt~ ~19111: Thttfr' Sy!tems are intended 

for use as private· b\CN's but are applfcallte tri;utt)in~~ heWiorl<S:· TI\err syatems are of 

two types, TOM and switched FDM. Low speed FDM modems for 'bbth p0i'ttt;ft1:'po1t1f and 

multipoint applications offer data rates from eoo bps to 9600 ~. and medium speed modems 
.. . .~ ~-.. · 1u:, ·-.~'>>':' . i~!f'"i , ~~~\,,¥w, :·'.~:.:'' ·.:1 ';-<'.;;_,;··,. __ " ;t-,_. ···~1L6 ;.-.:. ·2:L:'·~·'">: 

from 1200 bps to 96kbps. IS/3M also designs and manufaptures higher speed modems for 
:;. ~;,~,, · . ~·- ··. ~rJ:>·;·>-'1 t-tri1 '9rtli,i.i'··

1 :·~ ~-<·,f~nq ·--, ·.t ~~!~; ·': ,..: 

OEM applications. Many LACN and private firms buy rt-modem ~rdwl]lre from IS/3M 'or.use 
•• ::~ • 1 • ·-·. ~ ··-( : , .·::- ··~ n-:jf;u._{ '._~1?rtUQ~~~)1 tt'.f.'. .1~,cl1'"u~ ·.-." !'"'!(-; ''~---\ .·; 

in LACN's with more complex communica\ion pro~C?Cols. 3M ~as r~i:ttl>' an?ounced. a A 1.5 
, · _ , ~ r · ··:r~. _ · ·, · '.~'.;;·::.}·) r:::~ 4::; ':'1~-1. ·,, ~· ... 1 i . ·:: " 

Mbps rl-modem for$400. 
~-. • ' l • ; 

A.2 Services 

A.2.1 Cable Operators 

Currently over half of all cable networks are owned by small companies. sy$\ems ln the larger 

cities are incnHISingty ;being1:~ated ·UAider·...,~·,,at a; lfewnbfg'"firme cillfed·. 

Multipte·System Operators 4MSCY&li'. l'flftft:0lllllllld.aM'__..11S Ilk~ to· ~'.and 

speed up overtbe next 6 years, as more of.·the·Dlc:Mriltctwfletfc'*'9 up fotlJfenffial. At that 

time it w41M>e in~dtftcult tont1eamat:i•MM ti>"°'*',.w With the'·Gftei'inlS Of M 

large, ·weaithyr:MSO'Si'' lie targe.~·MSGre wtldolflf itbi A!JtNM•1tfft> ~· kJti two·wa)'· 
;• \'' 

A.2.1.1 ·warntt'r·Amex 
l ....... . ~. 

Warner-Amex, jointly owned and operated by Warner Bros Communications and American 

~esa, .offM 1¥11mteraotive cabte.aarviC6i:aHM;OUBE.. t actron,a1JJO)tiag .coeas pr:uk>COI. 

T~.sysa,m; h• 32*°'1Q·..-.Cribans and tlle,Qble..,a z '.!t0&.80'U•MeB W4 •. 1Qlt>ecwasJbe 

first·iP~two·W&Yff8idelt...,.oebhH•~..,,ewen..10Cla)Q._i,..,,cof11P1111ot:a · 

The headend computer is made up of three Data General Ecllpse S.:m>'t. (16~bit 

multi~~·~~·~·~,:~~~:~~;.~!~Ji~'.~';.~~.·~~,,·~r..,a. 
interactive services: response polling, aecurtty monitoring, and pay-per-view television blllftg. ' 

154Cablevlalon, October 12, 1981, "Qube Under Fire.", pg 73. 
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The Ou be system relies heavily on the use of bridger awitcmea. to :control . the Impact of 

insertion noise on the upstream channels: .this mftt0odJ$'.F~l\l~.)Vi#l#M3.PPUing .acces, 

scheme used. Qube developed thia tech~ue whicb,rnus sirJCtt ,,beep impleniented in other 
• ' '> ' . - - . . ' ,_ ' ' ' ' ' ' -· , ' ~ . . . 

two-way cable. instalJations. 

All subscribers have addressable terminals with 4-bit microprocessors. Three to four times a 

minute the terminal is polled by "na~". The terminal r~ond~'to ~ f~w commands: status 
· .. - .'c:,'-~ :"',· .. ·-.,;?_,·:r\ .. "<)1\~-.,,.~'l:,' ·· ·_ ·~-- .?_{, · 

(on/off), channel number, last response button pressed on keyboard, and OK for security 
' < • I ' ' 1 I: " ',,; _j { • • "1 :r ' ', ~:·,. -:(;.·· < ' • :'- ' ,~: : 

monitoring. The interactive terminal is called a BT1300 and transmits and receives at 0.256 
.{J~)t«--·.:' ·:.,' _; ; .i . : . :-

Mbps. It costs from $245 to $465, in quantities over 30,000, but is expected to drop to $200. 

Packets of 1 K to 2K bits are permitted. 

The price to the subscriber of the premium channel, which includes full palfing.oapabiifties, Ill 

approximately $15 installation and $4 monthly. 

A.2.1.2 COX Cable 

Cox 155 U. operating an e>tperimen\ai,19ystem ·oaied ,tndaxcUNera4>lMl.Data Exchange) An San 

Diegot .California. AdditionQJ.~•or..-.~ io :Atleaa, -New Orteans..Omaha. and' 

Tucson. The hldex system i~ one ,Qf ·a few two·W&.Y;: tutly;>tn•active' Wdeotex system8 

designed for cable. The netwPl'.k~ ooeiate,jCU~.QH¥bpa1'W:data~anmtts, using 0.3,Mhz 

spaciRWJ (thr"1-6Mhz channels; 0.1 s.e bitl!Mha>,• ~nt~thannelBwilhoparate at 16, 

to 17 dB below the video oarrier.pawer~wllic61,,&Jk>w;thln t0'1be.:Ant10it three loweJ chal'.'lnels 

which are not normally used for video because of interference in these bands. The upstream 

channels will operate between 5 and 30 Mhz. The uncorrected bit error rate is specJfie.cJ at 10 
:.:. ~~::.~a'>. , 1 ~~, ~·i ." '.~~ l ; 

-s, and the corrected BER (with cyclical redundancy checking, and retry) at 10·12• 

Cox uses a fully redundant Tandem-Computer for ·headenct control. llhe estimated per 

subscriber<aaare of theHheadeild·lxed .oostlt:Ja $M. l'ne traffic ~ ~Of:ttre Bj8tem was 
estimated•·uaincra·simpler•odel;to.aecommodate•·.,.,_,d~'ll&ontintltJ:..saf~'~r 

155
1ntorma,lion '?~~ Co!•~)!Wa~~·~ t;w~r_., of·~~-9fl:~~ 18. .188~:1t• 

M.l.T. Communication Seminar on Home Information Sy8aama, •well• from peraonal communications on October 
14, 1881. ' , ... : ; . ·d~)~ ,· 

156Some of the lndax systems will operate at 0.028 Mbps, such as that being installed ln-Newerteens. La. 
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month per subscriber. It is expected that 90% of Iha data witUra .. I downstream, and the 

remaining 10% upstream. The T~m ~,ex~,t~,tl;>.,h~q~<:<>~e,~r..~tion ~el¥ two 
seconds. Accounting for a 4-hour busy !iouc, -~~ a -~aki~ COQditlQn of.~~ of the usefS at 

, '· ii , .,. , ' ·' · . ~ . , . ,., , . r : · · _ 

any one Ume, it was ~~cuJ~ th_at the S).'StQfll 9ou_~ ~~~y~l~W}~:-Vi~wi~ ¥PP,roxi~ 

5,000 one-way pages. JhiJ}s considerab,~~ lllo/~ P~<lban ~~er,J?hQ~\-p&s~ vi8~e_>i;~Pf' 

teletext systems can provide with the.same_r~~tirp .. '. _ 

' . 
The home terminals are microprocessor driven and are therefore fairly expensive. Estimated 

costs are $320 dollar~ per _subscriber terroinaJ w.i,t~ ~llFQ~~~ti9n_~~~m\i~s, A,Od_,~1~ 

for twq-way .capabili~~ without data. , The d~~ ~fi?",~~J~c;~ with .the cont~ntion 

protocol, CSMA-CD. ,UsjJ1~ this meUlod, it is ¥§~ -~itt ~~~Wis _qa11 ~- run at ~% 

efficiency. Approximately 15,000 could be served on a 16 processor Tand~ $YStem, and 
·-.''i·--t . '· 

100,000 on a system with 1 O data channel pairs. The two-way interface units are being 

supJiliecfby .. Qak Communioadons., 

In total, Cox estimates that it will cost appcox~t(!&~ .~9ll,Pfr :s~~i~ tp Qffer two-way 

lndax services. A~"~ for a two-way~pdd,:;~,~·~·~le~em is,'500 ~ 
subscriber, placing Cox's total system costs at approximately $750 per subscriber. 

Cox will offer a variety of services, including Electronic Bank~>thd8tiopiping. TfWt'software 

is being developed by,Ji~1 ~ divi&ipn~ ~~ ~r 1T!'¥t,~e QQt&C~ will il\,"6m 

act as a carrier between the auQacriber$ a,gd ~J1e~~-.i1f~· ~ w.UJ,~ &a"19jnte~ 

to the ~scribers' banks. ~oppins.se~,41(1C;t A~'~f~'.·ch800,el are pr:qposed-.aa 

well. 

Information data bases are connected to the headend ·~a X.25 lines. Information which is 

frequently acceuecf~atchaa the UPI-news~_,. ~~, .... e,;ti~ct. 

In addition to a residential lndax system, Cox is installing a 20 mile dual cable midsplit 
~ . . .. . 

institutional network in New Orleans, as part, ~!,.,~- -~S-~-~ ~r,~~~n~., "'f.he 

communications service on the institutional network will be owned and operated by a 
.. .:: · . · - ''--:,.::";.·,i,, .. : . .,.<te .. ~.;.,· -~·L,.._.~~· .-,_._ -'~r.:.~;ns~··. i. ·.,_. 

separate affiliate of Cox, Comfine. It is not yet determined what aervices will be offered at this 
-'·i:" 

time, although some poinMo~i:;01nt higlf Sl>8(!d'1dait& eom1Ytun~6ita 'and ·te1eeoffle;ren_s;jng 
will be included. The suggested tariffs range from $37 for 1.2 Kbps to $1000 per month fpr 

·' ~' ff'' ' .. :~: .· 1'"J~·;. \, ~.\ 

over 19.2 Kbps service. 

141 



A.2.1.3 Times Inc.·· Manhattan Cable 

MCTV offers the only non-experlmenfaf dtlta commuritcattoh service via cable, and has been 

dotng so since 1975. MCTV is a wholly owWecfsubsldfary· of'Tlme, rne., one of the JargeSt 

MSO's in the u.s. McTv currently serv~s four lft'tor ~nks in MWlhaftan at data rates up to 
t.544 Mbps on a 'dedicated cSble that rtlns' the :~ Mttes between Mlnhattari~ c:toWntown and 

midtown financial centers. The linkf!J 'are: StrtritiY. 'FDM;" and ar~ offered as a 'teased-Hne 

alternative. 

MCTV guarantees maximum down-time of 18 seconds per day157 and' a bit error rate no worse 

than 1 in 1'07;. ·The downstream ·chann~ts'are operated from 160 to 36o Mhz: wtth 5 to 11 o Mhz 

used upstream. Standard data rates are 2.4Kt:ips; 4.S1<bps; 9.a'k~.;19.2 Kbps, 0.056 Mbps, 

and 1.554 Mbps. 

The monthly lease rates range from $220 per month for a 0.0024Hbps line to $1000 fora 

1.544 Mbps line158 . Installation charges are $150 to $200 per end, depending upon the data 

rate. If the site is not near the trunk\=itbfe, constnidti~n·may be: needed \o reach the building 

with additional drop cable. These cansttoetlon cbsts courd· prove J)l'OhftStttve:1se· . 

A.2.1.4 Rogers Cablesys&epM 

Rogers CabteSystems 160 is currently develdping a packet data ~rldot upstream carriage 

of Videotex and home computer commtmtcations servft«Ho1htfl\om&.' ·TriUls are' beinQ run in 

Oregon, and are schedufe<t.far a Minnesota 'sYStertt ilS well.··~ pfl!iifs to setve 10;000 Per 
network, using a 8 Mhz frequency allocation, for a data rate of at least 1 Mbps. Rogers wfll 

also operate over a previously unused part of the lower video spectrum. 
, : ~ . . ' . 

Minnesota Cabfesystems Southwest (CSW) Is~ Mfit System wtitch witt service over 56,000 

157 This is equivalent to 99.Bni netwoB availability. 

158 
MCTV, Manhattan cable Communication System, Monthly Leaee Rates, June 1, 1980 

' ..... ,"'• "" 

159
1ntemati0,_ Reaource ~opment Inc;" "LO«;al ~ .-,c:t ~ ~ CQmm!JniC41ions", Report # 158, 

October1980 . ' ' ' , . "' ·.. ' .' 

160 ·, '. ' ' ' .. 
lnformatiOn on the Rogers System is derived from a speech by T. Chlslett of Rogers C&blesystems entitled, 

"Enhanced Two-Way Residential Systems", presented at EASCON, November 18, 1881. 
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homes, on over 700 miles of plant in 5 cities. A sepa;~·166 mffe histitutfonal and business 

network win serve teleco~tio•l ua.ere. . JelidetM•Wf::• will ,be avaitable, with up to 

10,000 pages at;ceesible. Rogers.Mfill.Q#fer: both iQ~e,~.~··enared" Tefidootermillala. 

The radial hub configured 400 Mhz system uses "intelligent" bridger amplifiers. The code 

operated swnches at each of ~ trunk amplifieJ'S, .gates ttte _.19Bffl transmission \Of that 

trunk which is io the 6 to 12 Mtt~,-bafld. The centfal:<\00\puter conttoualty scans.the switehes. 
' 

An entire system scan ·tak.e& a total of 6:aeconds. 

The business network will interconnect educational, governmental~ medical, and bu~iness 
, ' - ' 0 • ~ '. • " : ~ ' - ':"" ' ' '~. 1 

institutions over a separate radial trunk system. Interconnection with Tel~net via t.he. h~adend 
~ ' '. - : . ' ... . ~ 

is planned. Rogers expects the institutional network "to become the high-speed local loop for 

various satellite carriers wishing to service customers in the area without the penalty of very 

expensive land lines or installation of earth stations at eai:h;titatldn.• . ~'' 

A.2.1.5 Sammons Communications 
. I 

Sammons Communications has an operating information retrieval service via cable in 

Highland Park and Univers~ Park. Te.~. a. -Dallelll .subwb 161 . , Tb49re ,are .approximately 

12,000 homei:t in thiuarea -"d a l&ligepercemaoe ~ mcome.e~ives •.. 

. , 
The system is a 35 channel 300 Mhz subsplit system which began operation in December, 

1979. All service$ ar.:t ~n a.PPtle<i-- ~th ~-~4c>waalrttJtm.daua1rate,.aftd 2B Kbps 

upstream. . The system ia .expoot~· li>:-tiandle -~ ieualomtn/.Pef' .-cand. • ·Gurrenttyi,1he 

services offered consiat of. prot•qn&J -•,~ofttad?:tiW"~POJIN; Joues13ill Rrineekm, 

New Jersey, .-ld Belo ln&ormatiGff.SeFVice, wbicb itta··.o~ or1emettJocat service.,JtJa 

expected that. most ~at infanpation 1seryk:ee. in Ille nes Munt wiff ~ oJMred 1through 

Dow Jones.... although .it •· PQll6ibte. ti>,,~~iNc:lttYH~*-·system's·t.ee.dend,. All· 

comm..,nicatipos with the headenO•e-<:ltr~'Y" vi•:iueGO <baud, teleptJane linft.. • la~­

the upstream requests are accepted both via the upstream cable channel and via the .. 

telephone. The hardware is provided by Tocom.182 

161 
J. Caddy, "Active Information Retrieval in CATV", EASCON '81, Washington, D.C., November, 1981. 

162Section A.1.1.3 



A.~.2 Transaction Se1vi.c• Provider:• 

The :banking, catalog lboppi~~and trav.t mdu-.. MttntefaMec!f ·In cabl&'a a1ifnedium for 

transactton aervtces·fbr conaumenaNrHlddftfOnltW bM\MltaMeabl9 il'fllitU~ netwonatae a 

medium for communication with commercial clients in downtown centers. 

In the.~ono nm banks are;i\dikety to tum over control· Of nt8ifdttnlilllt·erv1ce offerings to the 

cab1e•operaior~ tn 1he lhortrun;;jOtntlvemures:are1~1MtWeeh;bank§J and "~ 

houses" such as Homserve. Those industri• .,._.aiad lftith4f ~·Wl'tlrket•wlHeel 

compelled to enter into these ventures as a way 'of testing and promoting the market. 

Homserve 8nd Bank One we currelit1Y ~~EtlopiW~"~·~i~~fuentafsyste~'to be .:Un bver the 
CoxCablelndaxsyst8m.' ::· ·)~ .. :::•... ··.L .. •:i::· 

f; . -"; 

A.2.3 Information Servic;~ Pr0,~ld~rs 

Information service providers currently consist of a select number of banking institutions and 

professional data base services. In the future, they '1.JLWt !ff~n~ .. l?~, ~:~~j~ii;ig }.irmJ ~d 

retailers, among others. 

ln:llCldltlon·tt\ere are the, profeSskmat data' bases~' aar NM<•·Le•i Dialog, ·etc:.· Theae 

firms will benefit fraM the:1ftc,.ata In _..fW,thtfr•IKfdil!iMt:lt#iWl'KtWiliS)lay 8i1'actlve'Fofe 
in encouraging such development. 

" i" 

Much has been written abouHhe ~: aervtc• -.rw~tn4!i"9i'1t>Sr19 eflfle world, most 

notabty;:Pntafel i•Uhe·U.K.lA.....,,.•tft•Fr~;~ ..... rtefd4M1~a; ti'all three cbea'IWt 

sen1c89; tJae:'a':centratlyiorpi'\llitf.-Md cOCMWelied~! ...... fO~ fliM''base" ftlcilitfes 8fe 

madeavattable:teiirUOl!matton~'°" 1~..,cow...,,~,;;flrM~. W serve;·~ 
and 19 ttpam•lst _,, the P'f.lf:" 'Jhct·· U18. 'Jlla& lttf:flr!ri 1btff1A'fa°P'fti!ltl)r~ ll Yldeotex 
standard, Ptt1t.whichtt-WOUW._toWttfe!~wr1MC•l~..,6 'a ~'netw&fflis atSct 

being~.~ ta·t8stttottiid~M:#w ~~--~- iUch'Ml4nfdfWH1tlbn 

,...~ . ; 



A.2.4 Communication Service Providers 

Telenet, Tymnet, Graphnet, SBS, and MCI all have a stake in the "last mile bottleneck". At the 

same time that their services will be greatly enhanced by an improved delivery medium, they 

might also find the cable companies alternative digital communication networks offering 

competitive value added services. 
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Appencjiw· 8 

ACM ·· Association for Computing Machinery 

BER ·· Bit error rate. A measure of transmission reliability, the number of bits incorrectly 

transmitted. 

CATV·· Community antenna television. The original name for cable television. 

CSDC ·· Circuit switched digital capability. A new capability proposed by the telephone 

company for digital transmission over existing local loop facilities, see Chapter 4. 

CSMA, CSMA·CD ·· Carrier sense multiple access, and carrier sense multiple access with 

collision detection. A contention access protocol for sharing a single communications 

channel among many users, see Chapter 2. 

DAV ·· Data above voice. A technique for transmitting digital data signals in the frequency 

spectrum above analog voice signals over local loop facilities, see Chapter 4. 

DTS ·· Digital termination service. A local distribution technique using digital microwave, see 

Chapter4. 

FCC ·· Federal Communications Commission 

FDM ·· Frequency division multiplexing. A means of obtaining a number of smaller channels 

from a given frequency range by dividing the larger channel in frequency. 

IEEE·· Institute of Electrical and Electronics Engineers 

LACN ·· Local area computer network. A communications network for devices within a 

campus-sized area. 

146 



.LADT·· Local area data transport. A nadMt·U81d&ytt'8 phone company to describe services 

based upon DAV, see above and Chapter 4. 

MSO -· Multiple system operator. A cable operator that owns multiple systems. 

MTBF ·· Mean time between failure. The mean 1ifne bet~ faft'ures of a system component. 
iJi -.,,, 

MTTR -· Mean time to repair. The mean time between failure of a component and repair. 

NATOA -- National Association ofTelecommuilfcattoriS~aitd'A'dvisors 
' ~ \ , !{:~_ \ • . • . 

NCTA -- National Cable Television Association 

NT/A-· National Tetecommdnlcations and'tnforrnatlort A'gency 

PSTN -·Public switched telephone network. Traditional telephone network. 

TCM .. Time compression multipleXing~ The transmfSsfon~Od ·uSed to implement CSDC, 
r- . ,-,',-1., -

S39 above and Chapter 4. 

TDM ·· Time division multiplexing. A means of obtaining a number of channels oVer a single 
.... :; ·. . . • ' , ., ' ~ ~ • ~ i ; . . ' . . 

frequency range by dividi~the ~~~in time. 

TDMA •• Time division multiple access. A means of sharing a channel among many users by 

allocating different time-slots to different ~ 
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