OFFICE OF RESEARCH ADMINISTRATION
UNIVERSITY OF WATERLOO
INCORPORATING THE
WATERLOCO RESEARCH INSTITUTE

PROJECT NO. 704-12

2 /| A STUDY ON NETWORK PLANNING MODELS OF
’ CANADIAN DATA NETWORKS AND THE

i IMPACT OF INTERCONNECTION AND INTERWORKING ,

J

by

) J3. B. Field |
B. C. Ratz

J. C. Majithia

| SPONSOREL BY

Department of Communications
Canada

Under

Department of Supply and Services
Contract No. OSU77-88185

Dr. M. Sablatash
Scientific Authority

June 34, 1978




DD 6‘)0'{ LR A
SLUea6€ 20/




e -

N N WS s m hE -

SUMMARY

The contract background statement for this study was
"to provide DOC with the scientific information necessary to
develop policy decisions and guidelines that will benefit

’

users in Canada and insure a healthy‘competition between
the carriers".' The fundamentgi objective of the study was
to develop a model for the tariff structure of each
available data communications service so that statements
could be made regarding:
- the conditions under which a particular service
is most economical to a user,
- the changes that would occur if an interconnec-
tion of Infoswitch with the dial telephone network
and/or interconnection of Datapac with the Telex
network existed,
- the changes that Qould occur if interworking of
the Datapac and Infoswitch networks existed,
- the most economical services for providing the

data communications requirements of three specific

user groups, namely, Electronic Funds Transfer.

Systems, COSTPRO, and the systems identified by
the Government Telecommunications Agency.
In order to make statements about which data service is

most economical it is necessary to relate the chargeable

s i

items of each service to the characterlstlcs of the appllca-
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tion. It was found that for a full compa@asenmtﬁsi—;éizr
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parameters describing the wuser applications were needed.

The tariffs for digital and analog 1leased 1lines, Platapac,
———— S e SE— e -

{Efocall, Infoexchange and DDD telephone were reduced to:

e S ——

models based on these six parameters. From these models the

most economical regions for each data communications service
7
valuated.

In general, proceeding from high traffic volume to low
volume, for all speeds, there is a digital leased 1line re-
gion, follerd by Datapac, Infoswitch and the DDD telephone
network in that order. To estimate the number of users in
each region it was necessary to use information from the
Datacom'76 survey data base. This survey only supplied
three of the wuser parameters and the others had to be
estimated from general knowledge of user characteristics.

For several major applications it was determined that
LCatapac was the most economical service. In the balance of
the major applications Datapac and Infoswitch are competi-
tive. Infoswitch and Datapac tend to occupy the region
where currently leased 1line and DDD telephone costs are
roughly equivalent, and hence these new services give the
users a more economical service than was previously
available.

It was found that an interconnection allowing dial
telephone access to Infocall and Infoexchange would have
little impact on the distribution of users if the choice
between Infoswitch and Datapac were made on an economic

basis.
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A Telex-Datapac interconnection could significantly
reduce user costs but if it were of the interworking type,
it could result in Datapac capturing the Teiex customer
base.

The effect of interworking between Datapac and In-
foswitch was considered by afialysing the user costs for the
various application area. For those applications where
interworking seems useful there is insufficient cost dif-
ferential between the two services to make interworking
economically attractive to the users wunless it 1is almost
free. The major argument that we see for interworking is to
insure competition by preserving user freedom of choice in
those apélications where Infoswitch and Datapacvare competi-
tive.

The study of Electronics Funds Transfer Systéms was
hampered by a lack of data .on user characteristics. It. is
conjgctured that Datapac and Infoswitch will be competitive
for this application.

The systems identified by GTA are basically identical :
to general user time sharing and remote Jjob entry ac-
tivities. For both Datapac is the most economical service.
Datapac also seems to be the most economical service for the

COSTPRO system.

iii
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.CONCLUSIONS

Tariff and user models.

- Tariffs for various communications services can
only be meaningfully compared with respect to a
e

particular communications application.

- Fair comparison of tariffs; and selection of the
most economical data.communications, service for a
particular applicatioﬁ, reguires knowledge of up
to six application dependent parameters. Cur-
rently available data typically contains only two

or three of these.

- We recommend that all future surveys such as
"Datacom'76" and "Survey of EDP Telecommunication
Applications in the Federal Government" base the

survey questions on the user model developed in

 this study.

Most Economical Service Regions

- In general, procéeding from ‘high traffic volume
to low volume for all speeds there is a digital

leased line region, followed by Datapac, In-

. foswitch and the ©DDD  telephone network in that

order.

iv
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- In the Infoswitch region, 1Infocall’ is most
economical at the lower speeds and Infoexchange at

the higher speeds.

- For many applications the Infoswitch region is

Very narrow.
Vs

- Existing data on applications indicates mniore
&

terminals are located .in the Datapac region than

'
A

in the Infoswitch region.

" Interconnection: Infoswitch-Dial Telephone

. = Telephone dial access to Infoswitch will be of

economic benefit to approximately 10% of the ter-
minal users in the time share and enquiry-response
. .-
environment.

- Infoexchange-dial telephone interconnection ser-

vice will be at least twice as expensive to a user

as dialed Datapac 3101.

- Infocall-dialed telephone is competitive with
dialed Datapac 3141 for local calls, but can be up

to twice as expensive for non-local calls.

- Where Infocall-dialed telephone is competitive
with dialed Datapac 3161, the cost difference is
very sensitive to interconnect charges: and non-

tariff costs at the host computer.
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Interconnection: Telex-Datapac

- A Telex-Datapac interconnection for long haul

traffic would significantly reduce  the long

distance Telex charges.

- A full interworkiﬁé interconnection, including
local calls, would significantly reduce all user
costs, but would probably result in Datapac cap-

turing the Telex customer base.

- A Telex-Infocall interconnection would give
customers a cost reduction similar to a Telex-

Datapac interconnection.

Interworking: Datapac-Infoswitch

- Interworking between Datapac .and Infoswitch ap-
pears necessary to preserve competition. Datapac
is clearly best for many applications and competi-

tive for most others.

"= Interworking will preserve competition by

reducing the tendency for all users in a given ap-
plication area to adopt a single service for "com-

patability" reasons.

- The typical data communication cost of a user
for whom interworking may be of benefit, is in the

order of $100 to $150 per month per terminal.

vi
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- Provided there is no interworking charge, inter-
working would.typically yield a saving of 18 to

20% where it gave a choice between services.

- If interworking charges exceed 25¢ per

kilopacket of data the economic benefit to the
’

user becomes questionable.

- The introduction of the Infogram service tariff

will alter the above conclusions only if Infogram

service 1s significantly less expensive to the

user than Infocall or Infoexchange.

Application Areas

- For time share and 'enquiry—response users,
Datapac and Infoswitch are more econémical than
the current leased 1lines and DDD telephone
network. Datapac is on the average approximateiy
20% less expensive than Infos&itch in -the asyn-
chronous speed region, and 56% less in the syn-
chronous speed regidn. Datapac is within 25% of
Infoswitch in those areas where Infoswitch is less
expensive; the <converse 1is not true. Since
Datapac 1s most economical for many applications,
and competitive for the balance, there will ‘be a
tendency for Ehe members of this ﬁser community to

adopt Datapac because it 1is most economical

vii
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overall. Interworking would eliminate this
tendency, and would make this afea more competi-

tive.

- On-line bankinq terminals currently use analog
leased lines. Datapac and Infocall costs are
I .
approximately the' same as the leased line costs.
Consequently Datapac and Infocall are both con-
tenders for this application, especially if there
is an increase 1in leased analog 1line rates.
Without interworking, one carrier may capture a
major fraction of this harket, especially if "com-
patability" questions are raised due to Electronic
Funds Transfer considerations. Interworking would
eliminate this "compatability" requirement and in-

crease competition.

- Air line reservation terminals currently use
analog and digital leased 1lines. Conversion to
Datapac would reduce costs for the analog line
users but would make_little change for the digital
line wuser. This application will probably remain
on leased lines unless there is a significant in-
crease in leased line rates. 1Infocall costs would
be twice those of Datapac and, consequently, the
presence/absence of interworking will have little

effect on user actions.

viii



- For remote job entry (remoté batch) applications
Datapac is more economical than the current leased
lines and DDD telephone network. Infoswitch is
typically more than twicé as expensive as Datapac.

Therefore interworking would have little effect on

user service selection.

Closed User Groups

j
- Based on the results obtained for the general
user groups with similar characferistics to Elec-
tronic Funds Transfer Systems it is conjectured
that Datapac and Infocall will be competitive for
this application. The data communications cost
will probably be in the order of $168 to $150 per

month per terminal.

- The systems identified by the Government
Telecommunications Agency have the same charac-

teristics as general use time share and remote job

entry traffic. For both applications Datapac is

the most economical service.

- .Based on COSTPRO traffic and terminal projec-
tions, Datapac is the most economical service for

this application.

ix
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SECTION 1. INTRODUCTION
The following sections present the details of a study

of the tariffs for data communicatiens services in Caﬁada.
The purpose of the study was to develop models. for the
tariff structure of each available service so that state-
ments could be made regardiné:

- the conditions under which a particular service

is most economical to a wuser under existing

tariffs,

- the changes to these conditions that would occur

if an interconnection of Infoswitch with the dial

telephone network and/or interconnection of

Datapac with the Telex network existed,

—the changes that would occur if integworking of

the Data?ac and Infoswitch networks existed,

- the most economical service 6r group of ser-

vices, for providing the data coﬁmunications ser-

vices of three specific user groups, namely, Elec-

tronic Funds Transfer Systems, COSTPRO, and the

federal government communication systems iden-

tified by the Government Telecommunicatioh Agencyi

(GTA) .

In order to make statements about which data service is

more economical for a given user, it is necessary to relate
the chargeable items (according to the tariff) of each ser-

vice to the characteristics of the user. Then when two data
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services are compared, it should be possible to insure tﬁat
the tariffs are being compared under 1identical and, hope-
fully, reasonable assumptions with respect to the charac-
teristics of -the user application. | By AR

EC L l[(?‘g
It was discovered that available existing studies of ,g/ e

, . - ~7 R T g '\‘,(f::, e
this nature were carrler orxented, i.e., they were concerned -
o <<L__

- S S P
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Wlth the optimum method of the carrier providing future data

service, and it is not apparent that the analySes nor the
conclusions are particularly relevant to users. Indeed, the

studies ignore some items, such as access charges, which for

s P

some data communications users are the domlnant serv ce

-y R B [ ——

charge. Consequently, an investigation was made of the

e o it S P A

g;riffs to isolate the various charging mechanisms.
Upon study of the tariffs, and consideration of the

data communications process, it became apparent that a user
‘_._-/w——-—-—-—-—-'—-

application could be described by eight parameters (of whlch

s o A SR T ST L Pt s 1 gt 5

eV TR Y XS N,
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only six are 1ndependent) and that the tarlffs for the

LEAL s Famm i
e i VR AT ST ] heami it

—

A st v 7

various serv1ces were based on varlous subsets of ~these

o s SN 2

parameters. Hence,nln order to make a meanlngful comparlson
’;Ewttewmcost of two data communication services for a
specific application, it is necessary that |

1) both tariffs be reduced to a function of these

eight parameters, and

2) the values of the parameters-for the applica-

tion be available.

The first item has proved possible, although computationally




tedious, and in Section 2 and 3 are presented the background
and details of the resulting analytic modelsl for the

various data communications tariffs. - The second item has, \

NW p‘-")
however, proved to be a major problem. There are obviouslg}m3 <
two sources for obtaining the communlcatlons parameters of a é} R

, V2 ""1

user's applications - the ﬁhblic carriers and the user com-
munity. Neither source has been fruitful. ayf
The carriers do not .appear to be 1n a p051tlon to

P Sty s
provide significant data of the type required. This is, of A%%&&w

N [
course, partially due to the possibly sensitive nature of ’4aggw
| Gt
the information, either for their own business planning, or “fay“
—_
. R . . . . R . C .
for their customers business activities. However it is also <

likely that they do not have information at the 1level re-

quired. While the type of information needed will be
‘/__‘———-——"_ﬁw

v,
vy

defined in Section 2, the problem might be illustrated at

e I

this time by an analogy from the voice telephone system. On
the voice networks the carriers have a century of experience
on call duration and base their tariffs on expected call
duration. However, until recently, they had no reason to be
interested in whether vyou talked fast, slow or not at all
during that time. Hence they had little information of that
tYpe. For data communlcatlons an accurate model of the user

T T g T AN sty g ik vy .
i SN //

requ1res not. only knowledge of typlcal call duratlons but

P SV St v
[ - oS

also of the amount of “talklng » and given the very recent

RSO A

TR T

Y

7
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lIt should be noted that the models are fits to

"smoothed" tariff data and are valid for general comparisons
and sensitivity studies. However they seldom reproduce any
individual user charges exactly.
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development of private and public data networks it is un-
likely the carriers have a representative sample of all user

parameters for typical applications. For example an

—

evasna o,

analysis [6] based on the Eurodata Study d1d not consider

B U et TR S AT S SO ER ez
e

line speed and was forced to assume a message length

P

-

R )

s SRR RS L e
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Now turnlng to the user- communlty, very llttle general

R I

RN e G N e

R ]

1nformatlon is avallable. Most papers that discuss termlnal
f:;ermcna?acterlstlcs,wor network performance, are more in-
terested 1in estimating computer response time than in the
details of the communications process. This 1is wunder-
standable since most of these studies were made for 300
bit/s (or 1lower) communications channels and the 1line

utilization or cost was not a dominant consideration.

However, even the recent Datacom'76 [l] survey only asked

R —

T ST s e 33 T%-t)
users for total trafflc volumes‘ and llne speed but not
r,.-w-’*" e e s > Nl T e h "(‘_'
holdlng t1me, number of calls, average message length or
S — 8 . . BT

communlcatlons 1nten31ty. Slmllarly, most computlng centres

~ T ' Ty
¢ e

record 1nput/output data on whlch they bill, but not all the

IR e e —

oommunlcatlons parametersé It might be noted that the lack

e

of detailed information is not surprising; it 1is only re-

guired 1if the user has the option of choosing among several
transmission schemes and this option is a very recent
phenomena.

Consequently, in view of the lack of accurate knowledge
of user application parameters, care must be taken in com-

paring the tariffs and in assessing the advantages to the



user of various interconnection and interworking schemes. e%}bL

In the report an attempt is made to overcome this d1ff1culty

TRy

- T 7 g s T T AT ]

by considering the sensitivity of the results to the various

—- i

parameters.

The following~ section’, Section 2, d1scusses 1n detail

ooy
e TS i T e e R O B« SN,

the background to the development of the tarlff models, and
(_,,_,.-»mn- e e Mot s 25D —— N

considers in detail the characteristics of a user applica-

tion. Sectlon 3 presents the models for each. of the
‘n_\w,., 4 T Eaie NN o ’ »\) N
tarlffs, and 1nd1cates how the cost to the user varies as a

function of the various user application parameters. The
graphical results presented give a dgeneral view of the
tariff, and how it depends on the application parameters.
In several cases behaviour that is counter intuitive is ob-

— -
served, i.e., 1mproved serv1ce be1ng less expensive. Sec-

TTNTERATY,

s TR RN AT

Tt ——, e s S S

tion 3 concludes with a dlchss1on of tarlff sens1t1vity to

certain parameters, particularly distance.

Section 4 compares the tariffs for _the various user

S,

ot RN o,
Torrogen,

S 2 A Y

G .

e,

parameters, and contains graphical results 1nd1cat1ng the

e £ A st i e e Abaans bt
et

(reglons (partltlons of user parameters) for wh1ch each ser—

{w_\, s T R

vice 1s most‘economlcal These partitions were dJenerated
F?Z}“ various sets of user parameters, each of which
represents a typical user application, and which between
them cover the anticipated range of user parameter values.
Hence it is expected that, if a - given application 1is not

close to one of the cases presented, an interpolation

between the bracketing cases would be possible.

QY/’
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tion that.Datapac is the most economlcal 1n many cases.

Section 5 con51ders the effect of .interconnection. It

et i - s TR S I 1 e I A T 2T ST YT e K e R T e TR

SCoga

is shown that for a typlcal time sharlng (serv1ce bureau)
application that the Infoexchange-dialed telephone intercon-
nection will yield no saving to the user, but that there are
situations in which Infocall-dialed telephone interconnec-
tion ‘is competitive with Déﬁapac 3181 A Telex—Dataéac
interconnection would reduce costs to users, but could also

substantially reduce the Telex share of revenue.

———— o N — D IR D, mARIEL
T et E LWL SERL ML = .

Section 6 cons1ders the effect of 1nterwork1ng. The gﬁ(ﬂdxa

problem is approached by uslng the Datacom'76 survey/’aata ééf?‘?q

base to locate a large sample of users on traffic vs speed A

diagrams. This allows statements to be made regarding the
optimum service for a given application and the cost dif=-
ferential between services. From this it is possible to in-
dicate applications where interconnecting would improve com-

petition, and to estimate some of the interworking economic

factors.

Section 7 is a dlscusslon of the three closed user

A AR T S e e e

groups, Electronlc Funds Transfer Systems (EFTS), COSTPRO,

e e T A S

and thmw:systems identified by the GTA. For EFTS almost no

B

PR I E S — [ .

B T ————

]

information exists except for on 1line banking, Ahence the
'study.is restricted to that apéiication. For COSTPRO a full
discussion is presented which indicates Detapac is most
economic if the COSTPRO traffic data is valid. For GTA
systems the data is insufficient to clearly indicate

specific optimum applications, but there is a strong 1nd1ca—

e, i,

TR g 5
T,

e
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SECTION 2. TARIFF MODELS

2.1 GENERAL FORM OF MODEL

The total monthly cost*of transmitting a certain quan-
M&:—_-_ ~~~~~ L TTEATRG2R ‘)

tity of data depends, in thes first instance, upon -the total -

R

e e TR I N T T AT

volume of data, the speed of transm1ss1on, and the d1stance.

B s s VIO O
. 1 t T —
- e A I T IR o =y

In a flu1d analogy, these are the volume transported, and

the cross-section and 1length of a ' pipe. However, the
various services available from the. carriers, such ias a
leased 1line, circuit switching, and packet switching in-
troduce additional parameters upon which tariff- charges

depend. The first task of the model is to collect the total

e B e BT N g TS bt e

costs for a month's operatlon under- spec1f1ed condltlons,

. S IS S P S TS S TN T ey 1 v

R s T e e s T E

and to -identify any addltlonal parameters upon wh1ch the

s et T, .
4t s I AT s B oS T R T R e

B
different technlques depend

B T
\.c:—"—’"

It is carrier practice to impose a monthly charge in
: iy

order- to obtain access to a data network. This access

T i,

charge depends prlmarlly _on the speed of operat1on of the

s oes oo S s S e SEREL S LRI

TITEEITITIT R

NN Ty

T T e g

e,

2

access channel and whether} it is synchronous or asyn-

et ot St S ST

chronous.sp Other considerations can play a part, such as

EE NN,

various options and terminal equipment, but for the purposes

Rt R S s v s s

of modelllng we can cons1der that each end of a polnt to

£
_ 3T AL ST e T
rw’w" g A N L TS SETIRIETEE S e

po1nt communlcatlons llnk has an access charge, A(s), as-

g R R I e g e AN S g s Rt v T

,soc1ated with 1it, that is only a function of the nominal

line speed s, in bits per second. Accordingly, the first

LS o mET S TRITER

term in the model is 2A(s) when both termini are operatlng

RIS G AT I T

SRR Y

P
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at the same serv1ce speed. It is recognlzed that some ser- 4%“&3>"
[N e el e B2 4 o E B — R\AA\_“ »»»»» - 7 C:?
vices, for exampie_Datapac 3191, do not have the same access R

P

[

NI RSN —

[ - T - ) TR - - v

charge at the remote end.m Thls and the questlon of spe01al

i et e S NS il AT TR

purpose non-carrier software and hardware, will be ignored

’

until a later section.

Ve

The second component of the total charges depends on
TR

o IS i e A SRR T

the amount of network usage measured in a manner appropriate

2o R
F.:A_?“"'N ey R TR SRR )

to the service technidue employed. In all cases, this
e
measurement will involve at 1east the length of the com-

R

e A I o
i Nty e g s O T TR e e T

munlcatlons link. 1In the case of a leased 11ne, usage 1is

SEE S — -

o penn vty

o Dbt D

charged dlrectly in dollars per month depending upon the
length and capacity of the line, regardless of the actual
traffic transmitted. For packet switching, the usage charge
is expressed as a rate in cents per kilopacket that depends
on the distance, so that the total monthly cost will be
proportional to traffic volume according to a packet count.
In. the case of circuit switchiné, usage is charged by the
total circuit connect time during a month, according to a
rate that depends upon the distance and the speed‘of the

service. In the model, we desxgnate these dlfferent usage

T SR e o) NP A et 585385 o e

functions and rates as_U(d;....), where dependence upon

.,,,-,.-.;:.w;.;.-:m‘m“"“““'_ v B

e T TR TS S e g

S

PR

varlables 1n addltlon to dlstance 1s lndlcated in partlcular

cases.

R .

" In order to add the usage to the access charges, the

B S

usage must be converted to dollars per. month 1n all .cases,
r“"“""‘"\_...._____m _— iAo TR NI ST R ST

by some factor, K, deflned accordlng to the service tech-

e S i e A s« 1 e




nique involved. The second term in the model is then

Maszg 2N e IBEETRNA e e = AT

KU(d,...) dollars per month, where ~the factor K is most

it - TR RSN Sy

1mportant in the comparlson of dlfferent communication tech—

o CmAS e e st e e o T

= o i J—— SO - e e OO S

nlques for whlch the usage rates are deflned dlfferentlv.

I

In several cases of carrier serv1ces, K 1nvolves
/,,-—-—-“-“‘““' S e sz e s s S SRAT RN L

Q@R s F AT B e,

parameters that are unlque to that one serv1ce only. Thls

e A s L P R RSO

s T

means that comparison among services, or between usage and

access charges, depend upon the value of a unique parameter .

and hence can be made quite arbitrary. This question is ;;E

i
cons1dered 1n detall in Sections 2.4 and 2. 5 Flnally,;uln

P

=

R TIETSAT n,
PINEE

some cases there 1is a surcharge for each call set up ac-
~ ' s Y. o ST ————y
<_cording to some rate, N, whlch may be a constant per call

(Datapac), or a function of distance (telephone). 1If N is

in dollars per call, and the average number of - calls per

PN, s 2t . - e T M T RIS ST e, S S
AT estin T R TR B .

{month 1s "n ' then Nn becomes a thlrd term 1n the modellmww‘;q

r S S i e i T

dollars/month = 2A(s) + Nn + KU(d,...)

R e St a

[ JENURE—————
e G

o i

ST T SRR T tII I3t e ag e
\&u [P R T T AT L A T

2.2 MODEL PARAMETER DEFINITIONS

We now define the variables and parameters employed in

the model, together with the units in each case. The total
) S e e
—

tarlff is calculated in dollars per month ("$pm“) for a par-

~ e, T AT ALY
RO v o
e — a5 VTS B LRSAL

tlcular application under spec1f1ed conditions. The amount
of data actually communicated during the month is the traf-

fic volume, "u", 1n bits per. month while the speed of the

e -..—-»c;.:.:r:n: S

line used is "s“ in b1ts per second.“ The distances between

e




10

points on the network have been calculated as the direct

T e e e,

(great circle) distances from.?ch?IFHQ lat1tudes and

e st S S NPRIMETC S OERT G

e SN -

—
-longltudes. These are tabulated in an Appendix and are

bt X

referred to as geograph1ca1 dlstances, “d" in miles as J /%4f
@“ i 0 5208 T s \»... . 11:‘:_ il N R e I YRR FEIE e ‘”“‘j d? C‘(P t?';) /)5
dlstlnct from c1rcu1t route d1stances. Thus, u, S, and dr pl o T
i G T i s / - : |
. Ve

are three 1mportant var1ab1es of the model for all data com- W ﬁvogg

munications services. In addition, there are a number of
parameters necessary to describe different types of applica- - ;

tions. For packet switching we have the average packet
T ' T

e e

length, "b", 1in bits per packet, while for c1rcu1t

|
l
s ]
|
1
I

e 34t st ) e

i ey 1o

/Fw1tch1ng, the connection t1me, "c", in hours per~month is

o T s

R UL B — s " T e Ly e o g e Yoy Nt e e ey

the basrs for charglng.

RISt
We have already deflned the call dens1ty "n" in calls

S —— e e e
{===e . = e NS

per month to which we now add the average call duration, or

S, e
R S S T e

= AT omeg,

the. holdlng time "t" in mlnutes per call Because the

analy51s involves comparlng different communication methods
under a variety of appllcatlonA types, wherein some
parameters appear only in some cases, we have found it es-

Nnnrmir AR I e,

sential to def1ne an a di

_____ o
Mw_““““m_ B ,,,_‘ s — R T :—*"'“—"*‘—‘"‘—‘"‘ A} P‘“““" = e ) /.»
the communlcatlon 1nten51ty wh1ch is a d1men81on1ess LW' |
Xg_—u-—w_._: B R R e ‘< PRSI IS NPV

parameter "1". Th1s parameter measures the extent to which i

e, — S s A
a communication facility. is used in comparison to 'its ~max-

ez FRETERE SN

3 Bk fa T
imum capac1ty.M«wThe c0mmun1catlon 1nten51ty is unity for a L//
Ve

half—duplex connectlon used at rated 11ne speed contlnuously

R TR s eI A A

R TSI s e g CEETIILT o,

w1thout _pause. - (This definition was chosen since half-

[ TP EESS Tassens Lol

duplex protocols are used in most computer communications.
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If a duplex channel is' used at rated llne speed in both

wroen e

dlrectlons simultaneously..a.. value of two s obtalned for i. . ‘

i e |
s e e e e

However such appllcatlons are rare and we w1ll proceed as if

e s e e SO ——— e oy

EH max1mum value for 1 is unlty ) Thus we may deflne the V |

communlcatlon 1nten51ty as' the ratio of the time required |

- for a communication at full'?ated speed relative to the ac-

tual call duration or holding time. In terms of the other
quantities defined above, this is, E

u/(6@ns) min/call _ _u [2.2.1]
t min/call 6dtns

i=

An alternative definition 1is the ratio of the actual data

- per call to the capacity of a call of the same duration at

full line speed; viz.,

(u/n) bits/call _ u
60 ts bits/call ~ 60nts ) [2.2.2]

‘i=
Through this intensity of line use parameter we arrive at an
effective line speed, (is), which is the apparent line speed

[N A
of a.call in terms of its data content and holding time;

" namely,
js = lu/n) bits/call _ _u bits/sec.
60t sec/call 6dtn N o [2.2.3]
P e —_—

Equations - [2.2.1], [2.2.2])] and [2.2.3] are the same, of

course. e - -
ﬂ - [ e RN N

n all, we have defined eight quantities. of interest; viz.,

(gv s, d, b, ¢, n, t, 1)

v

However, they are not all igﬁepen@ent because of equation

i ————— s e e

[2.2.1]. - In addition, there is a relationship implied by

T A
" B
NP N
iy
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the definitions; viz.,

connectlon t1me = 6ﬂc = tn . mins/month [2.2.4]

1 R s
e

, .
Therefore, it follows that only six of these quantities may

erves e

be spec1f1ed 1ndependently, and of these, two must be the
S
distance, d, and packet length, b, and of the remaining four

there must be at least one of (t,n) and at mostk two of

(c,t,n). Therefore, there are a total of eleven possible E;;r“

’seleotlons of four. 1ndependent variables from the set of (u,

- - A

S, C, N, t. i).

e

Sometlmes, other descriptions may be derived from the
above, such as the packet call length:
packet call length = u/(bn) packets /all

Finally, the holding time, t, may be separated into a "com-

munication tlme" whlch 1s (tl), and an "idle timeé" which is
e T T -

t(l - 1)

B

T TR bR TR T R S LN T VI B, TR LA T TR e T

/"*"

2.3 UNIT COST ISOGRAMS \ ' _

The model of equation [2.1.1] represents the total

AL R O

/tarlff cost per month. This can be normallzed to the same
Qe i e AR S TR T R oy

volume of transmitted data to make cost-effectiveness com-

parisons. Such a unit cost, in dollars per megablt 1s ob—'

o eI AT TR

N

tained from: ‘ "“““*k\\\

——— 7 ’
ZG = ($pm) lﬁs/u’/ _ ' <[2.3.1]

Considerable consideration was given to the <choice of the™™*

“3

-,

i,
\'\‘»5 \s

i
Y

parameter space for the display  of cost and performance

behaviour. - We have selected the direct and obvious
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variables from the user's point of view rather than derived

guantities; namely, the quantity of data to be processed, u,

S Snie

bits per month, ~and the _speed of transmission,, sh_lnmbltsS

s i

R A

per second. ThlS space is shown in Figure 2.3.1, where both

. axes have logarithmic scafes.' Traffic volume covers the
}range from lﬁs bits per montH (12,509 characters per month)

to l@lg

bits per month (1,258 million characters per month).
Now both axes represent variables in equation [2.2.1]
so that every point in Figure 2.3.1 corresponds to a value

. . ﬁ]
of the products, (tin), or, (ci). Because of the 1log-log LAL%“

P e f&ét'@&,(,/c{,

plot, contours of constant value for these products are e
straight .lines as indicated in Figure 2.3.1. A constraint

on the maximum wvalue of ci of 73@ hours per month or the

[ PR A s AL AT ey

maximum value of t1n of 43 8@0 mlnutes per month, places ‘an
\"=-._H BRI gy e Y 0, AR

upper bound on the avallable space on this diagram.

The cost per unit traffic for a given carrier service
can be plotted on this volume-speed diagram. Especially in-

teresting are contour llnes of constant un1t cost according

(“*‘ T e

iy

to equation [2.3.1]. -Such a diagram of unit cost "isograms"

proos . st ST L S = 2ty ey e vy

- llnes of constant dollars per megabit - show the sen-
sitivity of transmission costs to volume of business and
line speed or performance.

Two abscissa scales are shown in Figure 2.3.1. Syn-

e e
iy,

s . \
chronous data transmlss1on employs 8 blts/characteri; whlle
W\-“mg et gy gt T TR SR R R TS R T Bl ks vy
asynchronous data transmission uses lﬂ blts/character. From

Pt I

the users point of view, therefore, the nominal 1line speed
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for asynchronous transmlsslon must be derated to 8@% to glve

R (T e £ 3T T F AT ST e o ¢

ariRsae.

comparable capac1ty. Accordlngly, the asynchronous portion
ngwtné -absclssah\zn Figure 2.3.17 has been moved an ap-
prooriate amount towards lower actual data rates. Alterna-
tively, the abscissa may Jbe regarded as a continuous
(logarithmic) scale in characters per second, upon which are

marked the nominal line speeds in bits/second for both syn-

chronous and asynchronous modes. Equations [2.2.1], [2.2.2]

cand  [2.2.3] now yield the following constraint on the

variables:

o
g

48 tins (asynch: s < 1208) [2.3.2]

u 3600 cis

60 tins (synch: s > 12040)

u 2880 cis

Moreover, the calculated values must lie in the allowed

- ranges. For example,

e
g

i 1

I~

2 ¢ £ 73@ hours/month L”///

A

o
P

5n~5‘4380ﬂ mins/month v

s £ 56008 bits/second L///i
11

S
[N 2N

=
tA

u < 1.5 10~~ bits/month & 5(00@@@“/{"'5({};{7 [2.3.3]

130

USAGE COEFFICIENT

fro
. L ]
[F=S

We can now specify the usage term of the model,
KU(d;...) 1in equation [2.1.1], according to the carrier
method employed. As already noted, for a leased 1line,
U(d,s) 1s directly in dollars per month so that Ky = 1. The

traffic variables are bound only by equations [2.3.2] and

S o B A ETTRATIIY )
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. [2.3.31. For packet switching we have the usage, U(d) in

cents per kilopacket so that it follows in this case that:
w—vl———'ﬂ“mm'

Again, in circuit switching, the usage, U(d,s), is a rate in

R ey
e TSI »

cost per connected minute each month. Hence we have in this

s
s

e Gt / e Y [

e

e

K, = u 18" °/b - [2.4.1] &7

-

case: ’ &/////
K, = 68c [2.4.2]

Y,

Finally, if a circuit switch network is charged on a traffic
M— - ' B e et o e

basis, say dollars per 106,000 characters, then a minimum
amount of traffic will be assumed as a base for 1line

occupancy. Therefore, the usage rate will depend partly on

traffic and we have U(d,u,c) with , in this case: - dﬂ/ﬁd“/;‘;

K, = u 18-%/8 ' . [2.4.3]

4

" Note fhat in each of these equations there are parameters

which do not appear in the factor, K, for the other methods.

A comparison between different carriers, or different
communications techniques can be made using the models of
equations [2.1.1] or  [2.3.1]. However, because of the

unique parameters involved in the factor, K, the arbitrary

assignment of the values of these parameters 1leads to an

equally arbitrary comparison. - Thus, any comparison of costs
or performance which does not specify all the conditions
must be regarded as incomplete.

'Finally, if two such contour diagrams for different
services are superimposed then the points of intersection of

isograms of like value form a 1line that partitions the

OB

7
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- defined application types, has not had sufficient research,

17

diagram into regions wherein one of the two services is the

more economical.

The Valldlty of such a partiticn depends upon equiva-

: T - e sy
lent conditions belng assumed for the two services; and,

T A T e,
e e e P e b AT i IR YRS S

this may require as31gn1ng values to parameters unique to

S
"

each service. For example, circuit switching 'with an

sumed _average call duration can be compared w1th packet L//
' s

TR v B i

Ty

sw1tch1ng with an assumed average packet .length. Clearly “

i i AR ok S i oy BT i et PR

the equ1valence of the assumptlons is_important. Moreover,

o PR SRR AR A T = e v i an

a common parameter such as' communlcatlon 1ntensqty .w1ll ///

L TR 5 S YT
PSRRI Tt

usually be kept constant 1n a comparlson of serv1ces, but.,/j

deeper 1n51ght mlght show that the intensity.indeed .is- dlf-_x/
N e

ferent for dlfferent “services - nnder the same application
conditions.
The problem of adeqguate data on the values of a com- ‘

plete set of parameters which are sufficient to permit

\

authoritative comparisons of tariffs and costs for well

Sections 2.2 and 2.3 give the parameter set, and in the next

section we indicate how representative values may be

described for some applications.

2.5 APPLICATION SPACE PARAMETERS

We have seen that six quantities must be specified in

order for presentations and comparisons between tariffs to

~be meaningful. Also, the calculation of unit costs involves

o
o

Q
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unique parameters in =@ some cases, such as, average packet
length in the case of packet switching, that appear in- the

factor K in equations [2.1.1] and [2:3.1]. Accordingly, we

describe an appllcatlon of data communlcatlons by a p01nt 1n

Ty e T

ey e T

s e AT S T e e -

e T T+ T YR TATI T TTT e T R )
the three dlmen51onal :"appllcatlon space“ of Flgure 2 5. 1 L/

through typlcal values of the parameters (t,‘l, b) -

Figure 2.5.2 1lists values of these parameters for a
number of common applications as examples. There are very
few sources which give data that is complete enough for our

purposes. For example, the »only user usage varlables

e i G oA ST A s

recorded 1n the Datacom’ 76 -[1] survey were "u" and ngr,

R

R
sy arss e T

Lo

Case (a) is used as a "central value" in the following
Section 3 on tariffs to illustrate the analysis. Cases (b)
and (c) are then used to show sensitivity to application

type. Note the range of communication intensity values for .-~
m -

W

Cases (a), (b) and (q). Caees (d) and (e) represent the

same type of systems and a similar application, with the

variation in parameter values apparently resulting from the

< S
within similar cases, the 1mportance of more precise and

LTRSS SR rrpm AR WA T D ST s AT RTINSy ¢ R S Rt R s e

complete user characterlstlcs is apparent. Cases (a), (4), #
N e e o o et el

(e) and (f) are derlved from publlshed data wherein an at-

heavier 1load on the one computer. leen such a varlatlon j;?f
o\ f

A

tempt was made to hide the values by presenting only means
and variances. However, the - authors overspecified their
results and it is possible to extract the required values.

Cases (g) and (h) are typical of many sources which are not
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adequate for present purposes because the specifications are
incomplete.

Average Average. Commun-

_ " Packet Call ication
Application Length Duration Intensity Reference
Type in in
character minutes (1)

(a) Enquiry 20 719 g.24 Fuchs &
Response Jackson
(light to 1978 [2]
moderate)

(b) Remote Job 256 45 .80 Sec. 6.7
Entryv

(c) Costpro 219 2.3 6.01  Sec. 7.4

(d) Scientific, 45 17 B.36 Jackson &
Med ium Stubbs,

1969 [3]

(e) Scientific, 39 34 8.15 ibid.
Heavy

(f) Business, 16 21 g.40 " ibid.
Moderate

(g) Point of 128 1 ' " n/a Bell
Sale Canada

[4]
(h) Time Share 50 n/a 9.1 Nova Scotia
, Comm.
Study,
1977 [5]

Figure 2.5.2 Application Parameters

With the ch01ce of parameters (t, i, b) and varlables

....... = EITH TR A ey
e, TR

(u s), the quantltles (c, n) can be calculated from equatlonAr

Pz

Passares SR =

[2. 3 2]. m;ygg dlstance is requ1red for the speclflcatlon to

N

e TR

be complete, which permits the sensitivity of the results to

distance to be easily investigated.

&

V.2 Cm!‘ o

3
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It is a straightforward matter to employ the analytical

models and derive alternative presentations to that one

chosen above. For example, one might wish te display

results on a diagram of holding time (t) versus 1line speed

(s). However, for the reéults to be meaningful,

- also specify four of (u, 4, {, n, ¢, b) including, "

\ermi

and one of "u" or "i". 1In the following, we tak

ticular application to be defined by the parameters

one must
dll’ Ilbll’
e a par-

(i, b,

t) and retain the wvariables (u, s, d) as the basis for

display diagrams.

It 1is important to draw attention at this point to the

use of average or typical values for the parameters

(i’ b’

e

f quure

t), to define a point, in the appllcatlon _space o
etz snrppmr P TS M Lhr cact pac

2 5 1. A much better descrlptlon of these parameter

s would

B s S ENTNN IRk § ALY E.

be in terms of dlstrlbutlon functlons, whlch would

e T RS T T T —
. e T TR AT S 9 —

volume probablllty den51ty over a reglon in Figure
These would require extensive observations on the n

data communications related to the various app

. categories. Several of the tariffs contain disconti

N —
(WSSt SEOSeS

“

such as minimum charges and priority service, which
more realistically brought into play if, for exam

dlstrlbutlon of call duratlons were avallable, rath

o

yleld a
2.5.1.
ature of
lication
nuities,
could bei
ple, the

er than

i P o hatosir e DL = TR TR ey

the average only. Slmllarlyr mﬁbﬁm distribution

e e

packet 1engths would prov1de a better descrlptlon
N st arcs i ey T T

1nvest1gat10n of Packet switching total tariffs
. =Gl n i

of data
f?{,,.._ _the

than the

//ﬁ

—
average length. There are other types of packets

o

requlred
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for call management that have different length charac-
teristicsrand do not actually carry data payload. These es-
sentially overhead communication requirements are not in-
cluded as packets subject to tariff charges.

¢

2.6 TARIFF MODELS

The tariffs for the wvarious carriers' services have
been modelled by analytical functions. This permits

mathematical manipulation and general comparisons, as well

as the investigation of the sensitivity of total unit costs.

to variations in selected parameters. The models use smooth
M

analytic functlons and therefore can only approx1mate the

- oo oy

- .

tariff tables. Forw example, tariffs are quoted for themwm

standard line speeds, and these values may be Ffitted by a
continuous curve. This curve has values for line speeds in
the regions between the standard speeds, where, in fact,
services are not generally available. Also in many cases,
especially in dealing with distance, the rates are presented
as plece~wise constant. The technique used here was to take
midpoints in the intervals and the break points at their

ends as comprising the "truth table" to be fitted.

et g amie B0 Gedeesr S e i e

. PRI g e

N

The analytical functions employed are | based primarily

upon exponentials. In partlcular, tariffs generally

s AR IT e A N,

saturate w1th distance, ‘and comparisons are very easy 1in
different cases since the constant in the exponential

reveals the rate of saturation. (Note the anomaly in equa-
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tion [3.5.8] compared with [3.5.71, [3.5.9]1, and [3.5.18].)
The general technique was to make a simple first approxima-
tion which would give the essentiai’shape of the relation-
ship at a glance, and then. to add a function to reduce the

error to an acceptable value.

ll/
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SECTION 3. DATA COMMUNICATIONS SERVICES

N,

St S e N T, ___..._._"'-v‘ R

3.1 INTRODUCTION

In this section, each of the data communications ser-
vices 1is analysed and theﬁcomponents of the tariff model
identified. Analytic functlons approximate the various
tariffs and facilitate comparisons and manipulations. The
tariff is calculated first in dollars per month from charges
for 1line access, A(s), modems whereeapplicable, M(s), call
charge rate, N(d), and usage, U(d;...). The terms A(s),
M(s) and nN(d) are directly in dollars per month where n is
the number of calls per month. Finally Ku(d) is addeo to
the other terms where K is chosen in each part1cular _case to

= AR AT S SR 7N L PRI s e LI ‘-,t'jj"
f"*— AR
make KU (4) have the unltswof dollars, per _month.., Egquation

L CCNIRSL LS S S ST MR

[2.1.1] 1is the result. From Section 2.3 and eguation
[2.3.1] we obtain the unit cost, G, in dollars per megabit
transmitted.

The. tariffs for usage charges divide clearly 1nto asyn-

PN A NV
Ttug,
\

chronous and synchronous llne speed _services. Generally,

s Do T 0t T TR e 3 T —
o N ~a

129@ b1ts/second may belong to both, so that two tarlffs may

}r

i WIS L

rexist at thls speed. In most cases, two analytlc models arelmw
§1§en, one for the asynchronous cases, namely, Aa(s) and
Ua(d), and the other for synchronous line speeds, namely,
As(s) and Us(d). In those cases where the usage function is

different for communication branches off the main mesh, the
ﬁ_,_’,;_::;m———:a wv-wn_,_,\

add1t10na1 formula requ1red to descrlbe the off-mesh portion

et T e s AT UIRIN s et Yo T Py T £ BT TP R4 ¢ a1 S VAN S PR,

is des1gnated U (d)

AR L Sy e
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The geographic connections for each service are impor-
tant in determining distances in particular cases. Maps
give the connections or virtual connections for the dif-
ferent services. These maps follow from an examination of

the published tariffs.

The tarlffs are presented 1n graphlc form as lines of

FEis et i T e

SN,
constant un1t cost, or 1sograms, on the u-s dlagram.

(S

Beglnnlng w1th at least $lﬂz4 per Mblt, the values for "G"

e e de

are decreased by the factor @. 7@7 for each step thereby

yielding a logarithmic G-scale.  The decreasing unit cost
isograms -occur with increasing traffic volume. Note that

for

G = 1024 $/Mbit

6.

and a traffic volume of 10~ bits/month, the monthly charge

is $1024 also. Similarly, the point corresponding to

G = 8 $/Mbit

8

and a traffic volume of 18- bits/month has a monthly charge

of $84d4. In every case,;the 1sogram graphs have been drawn

ol DERRony T T ——

&

v ) > oo i

for case (a) 1n Flgure 2 5.2 and a d1stance of 3ﬂﬂ mlles.-mw

PRTIRt SR T ¥ T T

RN A IR s e TR

If these condltlons are altered, the 1sograms may move. In

a second diagram, a few lines of constant G are chosen and
replotted at other distances (such as 34, 168, 1008, 3088
miles) . to show the effect of distance. Again, keeping the
distance at 300 miles, a few lines are replotted for cases
(b) and (c) of Figure 2.5.2 to illustrate the effect of dif-
ferent application parameters. Further comments on sen-

sitivity are found in Section 3.14.

>
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3.2 DATAROUTE

Dataroute is a[?givate leased line servi;Q provided by
the Trans-Canada Telephone System for the transmission of

digital data. Full duplex communlcatlons at speeds up to

Sﬂﬂﬂﬂ bits per second connect major 1t£;;‘er District
SE?VTEg Areas ngzTﬁ—wgigerv;ng Area conSLSts of one or more
exchanges. Other channel leasing arrangements are available
between exchanges, such as Multicom Service and a Wideband
Service, but for the purposes: of this study, it is the
Dataroute Service which is important. Other data services
may be required, for example voice or teletype-grade cir-
cuits, to enable exchanges outside the DSA's to access
Dataroute Service.

The important feature of the Dataroute tariff structure

Pasi s AR

is its 1independence of the volume of trafflc since it is a

e T—

i T
TR § ARV T

line 1eas1ng serv1ce. The cost does depend upon Sspeed of

e

transmission and distance. The basic model is in the form

Pt

of equation [3 2. 1]

— P e
ot 1

N RN S M o Toe T R B ’
Spm = 2A + KU [3.2.1)

T TP o R P S p e e 0 S AN LR e e,

where the constant, K, does .BgimWQgEﬁﬁé Aupon the trafflcv

N R it T TR DT STy Wt gy
e RIS

T

volume dlrectly as ‘it does in packet and circuit sw1tch1n§
;;;tems. There are, however, three rate schemes: |
a) a day rate (up to - 13.75 hours/day)
b) a night rate that is 9.6 x (day rate)

c) a 24 hour rate that is 1.3 x (day rate)
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In the model we have adopted the daf rate, and set K =
1. Tariffs for the night rate and the 24 hour rate can be
modelled similarly by setting K equai/to 9.6 and 1.3 respec-
tively. However, the daily connection time required at a

given traffic volume, speed, -and traffic intensity is

hours/day = u ~(synchronous) [3.2.2 a]
189512 1is

or,

hours/day = u (asynchronous) [3.2.2 b]
87610 is

Therefore, if the value of the expression [3.2.2] exceeds
13.75 it becomes necessary to go to the 24 hour rate. This
is done by setting K = 1.3 in the model, and the connection
intensity parameter "c¢" <can be used to determine the ap-
propriate value of K as given in equation [3.2.3]: |

K=l if 8 < c < 418 |

K=i.3 if 418 < ¢ < 738 [3.2.3]

When the expression [3.2.2] has the value 13.75,
equivalent to a connection time of 418 hours/month, we ob-
tain an upper boundary for the day rate region on the u-s
diagram. (See'Figure 2.3.1) The region is enlarged to the
boundary line at 738 hours/month by switching to the 24 hour
rate. The basic model will, therefore, have a discontinuity
along the 418 hours/month line. Of course, the 24 hour rate
could be employed throughout, but the resulting unit cost
will be higher in that region where a day rate is also

available. Similarly, if the region is below 297

]
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hours/month, the night rate is available with K set at 0.6,
if this would be a convenient service. This has not been
done in the basic model. .

Access to the Dataroute nethrk involves a charge
dependent upon line speedl for both asynchronous and syn-
chronous lines which can be‘épproximated by:

A(s) = 314 + 185 Arctan ([log 6400] [log(s/6408]) ...

exp(-s/450) [3.2.4]

c e

s
19

The approximation can be improved by separating synchronous
access service, As(s), and asynchronous access service,
A (s). The latter is then:

A (s) = 37.81 exp(s/1685) [3.2.5]
and the access charge fér synchronous service 1is, approx-

imately,

[}

As(s) 3.2 + 179 Arctan([log 6784] [log(s/6784)]) [3.2.6]

| The Dataroute tariffs provide c¢ircuit measurement
tables for determining the distance to be used in cal-
culating the usage charges. These can be compared with the
Qeographical distances and the effective circuit . map
deduced. The result 1is shown in Figures 3.2.1 and 3.2.2.
In any particular case, the circuit miles can be estimated
by summing the dgeodgraphic miles along the paths on these
maps.

The usage charges for a leased line are independent of

traffic volume and are a function jointly of line speed, and

" distance.
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The model consists of two formulae for usage charges,
one for asynchronous line speeds, Ua' and the other for syn-

chronous 1line speeds, Ug- However, only one tariff exists

at 12080 bit/sec, and it turns out that Ua is the better

approximation at shorter distances (under 681 miles) and US
lf .

at longer distances. For asynchronous speeds the equation

is:

s [0.85d - 0.638 + 301 (1 - exp(-d4/773))...

U =
2 %00
2
eeo + d exp(-(d/3159)7)] [3.2.7]
"2—1" -

>For speeds from 1200 to 50,000 bps, the rate table does not

display a pattern that can be easily represented by a simple
analytical expression. The method used, fherefore, was to

approximate the usage charge by a function designated "Z" of

"distance only which represents the usage at 9600 bps; that

is,

Ug(d, 9688) = Z(d)
This was then modified by expressions in both distance and
speed as required to model the tariffs for line speeds from

1200 to 50,000 bps. . The result is:

Uy = (V + WXY)Z [3.2.8]
where
2

vV = 1 + s + s

22.321 106.264 x 16° 4.63 x 18°
W= 1 [4860 + |s - 9686| - |s - 4800]]

9600 |
X = 1.57334 + 0.28581 log (d/300)
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_ 7,
log Y = [1.3163 - 0.1537] log (d/360)]] log(s/96080)...
eee + [B.67378 + 0.26954|10og(d/390)|11logllog(9688/s) |
72 = 0.12d - 49.3 + 2182 [1 - exp(-d4/5I1)] ...
... + 58.42 exp(-d/39.2) + d exp(-d/1436)2) [3.2.8 end]
_ 401
- Note the appearance of 308 mjiles in these' functions. Dif-

ferences taken in the original tariff rate table at any par-
ticular speed, also show a discontinuity at Athis distance.
The minimum monthly charge 1is that for. 16 miles, and
therefore smaller distances maf not be wused 1in equations
[3.2.8].

Unit cost isograms can be obtained from this model ac-
.cording to the eguation:

¢ = 108%2a + kU} - [3.2.9]
u : . .

Figure 3.2.3 shows contours of constant unit cost for a
typical application. At a given line speed and distance,
the unit cost is iﬁversely proportional to the traffic
volume alone, so that from equation [3.2.9] we have:

1log - G + log u = constant |

and

G u [3.2.10]
Thus, the contours in Figure 3.2.3 are evenly spaced. The
discontinuity at a connection time of 418 hours/month (the
lower of the uppet boundaries) results from the different
values of K required according to equations [3.2.3] and

[3.2.2] as explained above.
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The fluctuation of these isograms with distance is
shown in Figure 3.2.4 by superimposing lines for five dif-
ferent distances with the same unit-cost. In Section 3.10
the sensitivity of the tariffs to distance is expressed by
the vertical shift in a conséant unit cost isogram caused by

a change in the distance. Fér Dataroute equation [3.10.1]

becomes:
Au _ KleJ6 ou
A G od _ [3.2.11]

To express the fractional change 1in traffic wvolume that
maintains the same unit cost under a change in distance, we
have,

Au_ _ K . dU ’
Y 78 + KU 04 [3.2.12]

Now the right hénd side is independent of traffic volume and
the fractional change on the left hand side means a constant
interval in the logarithmic scale for u. Hence, the similar
spreading of the isograms in Fiéure 3.2.4., It 1is also of
note that gg decreases roughly exponentially with distance.
Similarly, in Figure 3.2.5, the variation of the unit
cost 1lines over three different applications is an example
of the effect of the application parameters. The leased
line service is not sensitive to communication intensity at
low traffic volumes, but at higher volumes and low intensity
equation [3.2.3] may be brought into play. Thus in Figure
3.2.5, the 8 $/Mbit line must use the 24 hour rate at inten-

sity #.01.
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Figure 3.2.2: Virtual Dataroute Circuit Routes  (Southern Ontario-Quebec)
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TYPE OF SERVICE - DRTAROUTE .
10 DISTANCE 300 MI

INTENSITY N/A e
PACLLENGTH  N/A ,»”’

CALL.DURATN  N/A ’#/’,

10

1ty e

\

b
O

(AR NN
i
AN
—_——
(0]

o

90.51

1=0.01, 0.24, 0.8

TRAFFIC VOLUME (BITS PER MONTH)

107+
& - 'i=0.01, 0024’ 0.8
10 ° 7 -
10 > t—— — : : — .
o o o o) o o ) oa) o
=i ) fan] [ (o] [ Q [w] 2
] o [ (SN oI CO [Am] (&Y )
LINE SPEED (BITS PER 'LC N )

~ Figure 3.2.5: Variation in isogram 1ines for applications

(i=0.01, b=1680, t=2.3), (i=0.8, b=2048, t=45) and (i=0.24, b=160, t=19)
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3.3 INFODAT

Infodat is the 1leased 1line service of CNCP for thé
transmission of digital data. The cost 1is independent of

the volume of traffic and depends upon the speed of the ser-

.vice. and the distance.

The tariff rate structure is identical to that of
Dataroute so that equations [3.2.1], through to [3.2.12] all
apply jto Infodat also. However, there are some differences
bétween the two systems in the Serving Areas available, and
in the actual connection paths available.

Again, the circuit measurement tables 1in the tariffs
can be compared with the geographical miles and the effec-
tive circuit maps of Figures 3.3.1 and 3.3.2 deduced. Some
differences in the cities served by each system can be ob-
served by comparing these Figures with Figures 3.2.1 and
3.2.2. The path between Thunderbay and Sudbury is par-

ticularly noteworthy.
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3.4 DATAPAC

The Datapac service 1is a shared data communications
network employing packet switching techniques. The charge

for the service 1is comprised of a monthly access charge

—
based upon the speed of serv1ce, and a usage charge which

et e o oS TR T At - B bt St s s e T2 -

depends upon the number of packets transmltted in a month

U R e st b ok e A T o ot e et B e T £ im0

and _the dlstance of transm1s51on. The usage charge does not

= 2

e

AT T s R

depend upon the llne speed and in this way it differs from

e AT s - [

the leased line and circuit sw1tch1ng methods.

The basic form of the model 1is given by equation |

Zépm = 2A(s) + PKU(d).—+.Nn | B [3.4.1] / ! 1

where A(s) is the access charge in dollars per .month.  The

usage charge, U, is in cents per kilopacket (10600 packets of

—— gy

s pi S Y e T T —\-,'—(/—ﬂ"' : eegret T S, ) el "2
\

up to- 256 characters each) and is itself the sum of two

parts: one 1is a constant determined by the grade of the

Datapac Serving Area; and the other is_ a function of
geographical distance. The constant, K, indequation [3.4.1]
converts the rate in cents per kilopacket to a monthly
charge depending wupon the traffic volume and the average
packet length in bits. Thus for‘Datapac: |

-5

K = (u/b)1g [3.4.2]

The quantity n is the nomber of virtual calls establlshed

SREESS e

( per month,..while N is the fixed service charqe in dollars

T

e R ST v et

for establishing a v1rtual call.

amatenilt AR A S kL
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For regular service which applies up to 256 characters

AL B L ;..:.a:-_-:._____)

per packet, the factor "P" in equatlon [3 4 l] is unlty.

g R Y T S s At e S A KU TR T e ¥ iy

However, 'for “prlorlty serv1ce“ whlch is avallable on

FTRTHEL L TR RIS sz B T PR

25% charge. The ba51c model, in default of other spec1f1ca—
tions on prlority service, adsumes all packets are reqular
packets according to equations [3.4. 3]-

For 1924 < b < 2048, P = 1 only o §H 12 -2 =f 2T 6

For 8 < b <1624, P

1 reqular service

P = 1,25 priority service [3.4.3]

The Datapac network consists of 14 switching nodes:
namely, Grades 1, 2, and 3, which are the higher volume
centres equipped with digital facilities. These are vir-
tually mesh connected 'since the model for the rate  between
any two iccludes the geographical distance ohly, and not the
actual route. These rates are shown in Figure 3.4.3, and
the distances' in Figqure 3.4.4., All other Datapac serving
areas, (Grades 4, 5, and 6) are each connected to one
switching node on the mesh and from thence to the message
destination; These unique connections are shown in Figures
3.4.1 and 3.4.2, wherein Athe virtual mesh network 1is
omitted. The route between any two areas will consist of at
most three legs. Points within the same Serving Area, if it
is a switching node area, require no map leg connection, but

if it 1is an off-mesh area, two legs will be required,

namely, to the switching node and back. Points in different

/7

packets up to 128 characters, P is 1 25 to 1nc1ude the extra
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node areas require one map leg connection, while

points in different off-mesh areas require two or three map

.legs, depe

node or not, respectively. Besides the usage

nding upon whether they share the same switching

¢

charges for

distances between serving areas, there is a usage charge for

each port,
a route,
the area.

are used,

d

sending and receiving, in each serving area along

including

the ends, that depends on the grade of

For the purposes of the model,

average

figures

but they can be replaced by the actual charges in

a case involving particular geographical

‘grades are

known.

locations

whose

These points are illustrated in Figure

3.4.5 for the Saskatoon to Red Deer route

four areas of different grades.

which 1

An approximate model for Datapac access char

given by equation [3.4.4]:

‘A(s) = 36.2

+ s [1 + exp(-(s/1237)%)]

s .

25.1

However, synchronous access is available for service

nvolves

ges 1is

[3.4.4)] ? a@huc&%

speeds

1208 bps and above through Datapac 3000 Access Arrangement

and the access charge in these cases is given by equation

[3.4.5]:

A_(s) = 35.8 + sl + exp(l -(s/892)%)]

25

[3.4.5] 7 — [/‘*

This applies to service points in - Serving Areas which are on

the mesh of switching nodes, and also to Grade 4

Serving

Areas off the mesh, but not to Grades 5 and 6 Serving Areas.
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ASynchronous access to Datapac is provided for under
the "3181 Access Arrangement". Several options are
avallable regarding the nature of the access. In the model
of equation [3.4.6] below, dedicated access is assumed for
line speeds of 660 and 1200 bps since this is the only ser-

vice available at these speeds.

Aa(s) 115 : for s > 424

]

However, at 300 bps and below rather than the fixed rate of
a dedicated access, equation ({3.4.6] shows the charges
dependent upon connection timé appropriate to The fixed
éharge of $35 in this case represents the monthly charge for
a business telephone and low speed modem (see Section 3.7).
Due to this division of the asynchronous region ipto dialed
access and dedicated access. there may be a discontinuity
in the asynchronous access charges at the arbitrary sgeéd of
424 bps. = This will appear on graphs showing batapac
tariffs.

Access to the Datapac network is also available over a
1200 bps asynchronous polled-device channel under the "32¢01
énd 3283" arrangements. The access charge and NIM rate vary
with the protocol used, and in addition, for points outside
a serving area, there 1is a monthly charge based upon the
distance, i.e., independent of traffic volume and usage.

The Datapac usage rate cost, in cents per kilopacket,

depends on the distance between the serving areas, the grade

35 + u/3200@si for s < 424 [3.4.6]
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of the serving area, and the access mode. Although the
tariffs include the NIM charge for asynchronous access as
part of the access charge, the modeél includes it with the
usage, since it is a rate and the resultant charge depepds
upon the traffic volume. éonsequently there are two usage
equations, depending upon wﬁgther the access terminal 1is
synchronous or asynchronous.

The usage charges are modelled by equations [3.4.7] and

[3.4.8] for the mesh switching nodes.

Us(d) = 28.4 + d + 55.86[1 - exp(-d/487)]...

0o
ees — B.0876 d exp(-d/243) ‘ [3.4.7]
APUa(d) = PUS(d) + 25 [3.4.8]

The 25 cents/kPac in equation [3.4.8] 1is the ©NIM charge,
which is not subject to the priority rate. The constant

term, 26.4, in equation [3.4.7], is an average over Grades

-1, 2, and 3. The charge in a particular case of two cities

can be obtained from Figure'3;4.3 and substituted in place
of 20.4 in the model. The appropriate amount is the average
of the two self-charges for the two cities involved.

Service areas off the switching node mesh are each con-
nected to a mesh node, and. over this branch a different

usage model épplies; namely:

U

os 28.6 + 1.2 d,

PU,, = PU__ + 25 [3.4.9]

equations [3.4.9] apply to Grades 5 and 6 serving areas and

again the figure "28.6" is an average to be replaced by the
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appropriate value (25 or 30) in a particular case. Grade 4
usage charges (without a NIM) &a¢e according to equation

[3.4.18]: ' -

Uo = 20 + 0.4 do [3.4.10]

2

The unit cost 1isograms will depend upon the service
7

speed, the distance, the average packet length, and the

traffic volume. If an average packet length is selected

‘which is appropriate for a particular application, then the

monthly cost for various access speeds, distances and traf-
fic volumes can be calculated from equation [3.4.1].
Finally, the unit cost in dollars per megabit of data is ob-
tained by dividing the equation [3.4.1] by the traffic
volume, u, in bits per month:

G = 18%{2a + PKU + Nn) . [3.4.11]
u

Lines joining points of the same unit’ cost on the "u-s"

§

\
‘diagram show the effect on Datapac charges of changes in the

line speed and traffic volume. Figure 3.4.6 shows a set of
such unit . cost isograms' for a particular application in
which the average packet length, b, is 168 bits or 20
characters.

At lower traffic volumes, the access charges dominate
fhe right hand side of equation [3.4.11] so that the unit
cost is inversely proportional to traffic volume »énd equa-
tion [3.2.18] applies. Thus the contours in the lower half
of Figure 3.4.6 are evenly spaced. However, at high traffic

volumes where usage charges dominate, the unit charge tends
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to become a constant based on the per packet rate. 1In other
words, the surface represented by the unit cost contours
becomes flat at an isogram value of -

G = 19 P U(d)/b {3.4.12]
which on Figure 3.4.6 has a value of $3.74.

The effect of distance can be illustrated by superim-

posing the same unit cost isogram for different distances as

shown in Figure 3.4.7. In Section 3.10, the sensitivity of
tariffs to distance 1is 1investigated through the vertical
displacement of the isogram contours that results from a

change in distance alone. For Datapac, equation [3.14.1]

' becomes:

Au. = u2 * d._.U.

Ad  2A(s) b-18° 94 [3.4.13]

It 1is .evident that the fractional chaﬁge in traffic
volume required to maintain the same unit cost under »a
change 1in distance, is proportional to the traffic volume
itself. Consequently, a~change in distance results 1in a
spreading out of the movement of the isogram contours that

increases with higher traffic volumes. Conversely, at low

.traffic where the distance-independent access charge

dominates,:the unit charge is less sensitive to distance.

In a similar way, the effect of increasing the average
packet length from 28 characters to the maximum of 256, is
illustrated in Figure 3.4.8 by superimposing the same

isograms for the different packet lengths. 1In this case the
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vertical displacement (downwards) with an increase in packet
length is
Au _  -u?u(d)

Ab 2a b? 1g°

[3.4.14]

It is evident that the fractional change is proportional to

traffic volume, and also that it is more important at

~shorter lengths.
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Figure 3.5.4: Switching Nodes Distance Table (miles)
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3.5 INFOEXCHANGE

The * Infoexchange Service is the circuit switched por-

tion of the hybrid circuit and packet switching network, In-

£

foswitch. The charge for  the service is comprised of a

[N o

charge based on circuit connec

N e egmmrae s 2

distance, and speed of service.

tion minutes

FHIRIVR e eyt

pér month,

. The basic form- of our ﬁodel .is given in equation
[3.5.1]:
Spm = 2A(s) + KU(d,s) ' {3.5.1]
A(s) .is the access charge in dollérs per month and the usage
charge, U(d,s), 1is expressed as a monthly rate per ciréuit
connection minute. In this case, the monthly charge is ob-
tained by téking K to be the connect minutes per month;
hence,
K = 6f8c | min/month [3.5.2]
There is a minimum charge for each call based on an assumed
minimum duration of half a minute. Since we are dealing

/ ) B e i LY - . .
with an average call duration and not a complete distribu-

tion of call durations, we can invoke the minimum charge

only when the average call duration falls below the minimum.

The minimum is obtained by setting K equal to (n/2) minutes
pér month. The charge is based upon the total minutes used
in a month, and not on the number of messages.qr intensity

of use when connected, nor the number of circuits set up 1in

Teza LA S A U s oo A
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the network. However, there is a high volume rate that ap-
plies to those connect minutes in excess of 680 each month.

This high volume rate is 2/3 of the basic rate rounded to

‘the nearest cent. Within this round-off, the high volume

rate is.included in the model by replacing equation [3.5.2]
by equation [3:5.3]: g
K = 50c + 188 - 18 |c - 18]

if 2t > 1; otherwise K = n/2 [3.5.3]

where ¢ u/3600si, synchronous

or ¢ u/2888si, asynchronous

The totai éhargeable minutes'are averaged over the number of
accesses provided in a collective number group to obtain
"cv,

The access charge, A(s), applies to ‘levels. 1 and 2
serving areas (mesh points), no specific charge being ap-
plicable to level 3 areas. Over a wide range of speeds (300
to 9608) this access charge can be represented approximately
by equation [3.5.4].

A(s) = 27.50 + [1 + exp(l - (s/945)2)] [3.5.4]

_—

32.8

- However, the synchronous and asynchronous services have dif-

feren£ charges at the same speed (12800) so that the model
can be improved considerably by distinguishing between these
two kinds of services. The access charge for synchronous
service (1208 to 9660 bps) is given by equation [3.5.5],

while that for asynchronous service (118 to 12860 bps) is
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given by equation [3.5.6].
A(s) =100 + __1 [Is - 2408] + (s - 2400)] [3.5.5]
Aa(s) =70 + 1[|s - 300} - |s - 668]] {3.5.6]
39

The rate centres of the Infoswitch serving areas are

. shown on the maps of Figures/3.5.l and 3.5.2. Levels 1 and

2 are derived from the Infodat network with the addition of

Lethbridge, Brandon, Thompson, Fredericton, Jonquiere, Sher-

-brooke, and Oshawa. It has been assumed that the centres in

Levels 1 and 2 are virtually mesh connected, and conse-
quently, that the wusage between any pair depends upon the
geographic distance between them. The tariff indicates the
so-called "Vertical and Horizontal method" is used.to cal-

culate the -distance. We were informed this corresponds to

geographical distance.

The Level 3 serving érea centres are the "off-mesh"
rate centres and are shown as being connected to a Level 1
centre. The off-mesh usage model applies only to the leg
which jbins'to the'mesh, after which the mesh usage model is
used.

The usage function in the model depends on both access

speed and distance. For points on and off the network mesh,

- it is a decreasing per mile charge with increasing distance.

The mesh usage function for access speeds up to 1288 bps,

both synchronous and asynchronous, can be modelled by the
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equation:
U12 = #.0833 + 0.346[1 - exp(-(d/658))] [3.5.7]
Similarly, the mesh wusage functions for the higher syn-

chrénous access speeds, 2400, 4800, and 9668 bps, are

modelled by equations:

U,y = 0.1142 + 6.565[1 - exp-(d/1155))] [3.5.8]
Uyg = 0.1678 + 0.6957[1 - exp(-(d/659))] [3.5.9]
Ugg = 0.2058 + 0.865[1 - exp(-(d/642))] - [3.5.10]

These four formulae for mesh usage at synchronous speeds can
be combined in the following equatiog- as the mesh usage
model: v
U(d,s) = [0.14061 log(s) - ©0.3539] ...
... + [6.56086 log(s) - 1.3618] . [1 - ...
... exp(-d/ (646 + (log(s/2847)) %/65))1 . [3.5.11]
Equation [3.5.11] is easily extended to all values of access
speed, including asynchronous, by replacing the speed
variable with the expression:
(s) = [12008 + s + |s - 1288|1/2 _ [3.5.12]
The usage charge from off-mesh points to the nearest
Level i rate centre depends both on access speed and
distance.  For the three synchronous speeds; viz., 1280,

2400, and 4800 bps, equation [3.5.13] can be used as a

model.

u (d,s) =s? 7% 6 x 107 + p0a9 ...

cee + 4 - B.14 exp(-d/l6) | © [3.5.13]
579
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Asynchronous épeeds below 1288 can be included by replacing
the speed variable with the expression in [3.5.12].

The wunit cost isograms will . depend on the service
speed, the distance, and the monthly connect 'time. This
last introduces the traffic volume, u, and the comhunication

intensity, i; through the equation

c u/3600is | hrs./mo. synchronous

c u/288@is hrs./mo. asyndhronous [3.5.14]
In this way, the appropriate intensityiis selected fof a
particular application, and then the connect time is deter-
mined for every point on the "u-s" diagram, and hence K by
equation [3.5.3] in the model, [3.5.1]. Finally, the unit
cost in dollars for edch megabit transmitted is obtained by
dividing equation [3.5.1] by the traffic volume,h"u", to ob-
tain a result identical with equation [3.2.9].

Figure 3.5.3 shows contours of constant unit cost, or

isograms, for one set of application parameters as applied

to Infoexchange. Again, at lower traffic volumes where the

access charge is dominant, then equation [3.2.18] applies as
shown by the unit cost isograms. However, at higher traffic
volumes - where the usage charge becomes important, the unit
cost véries inversely with line speed, because a lower 1line

speed means a longer connection time for a given volume of

data. VFot negligible access charge, but ignoring the high

'volume discount rate, the fractional (i.e. per cent) changes
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in unit cost with line speed is, approximately,

AG s = s dU |
GAS- Tads ! [3.5.15]

In the region below 1200 bits/sec liné speed, the usage rate

is constant for a given distance, and the access charge has

two values only, one for 300 bits/sec and 1less, the other
s

for 688 bits/sec and overi Accordingly, the slope of the

unit cost isograms in these regions is,
2

Au u U12
As 120ais? [3.5.16]

This quantity is negative in these regions and everywhere at
higher traffic volumes where usage charges dominate and the
increased connection time at lower speeds results in higher
unit cost. Thus, at higher traffic, higher 1line speeds
reduce unit costs. ‘ |

The effect of distance on unit cost is illustrated in
'Figure 3.5.4. The vertical displacement in the isogram con-
tours resulting from a change in distance is given by equa-
tion: [3.18.1] which for InfoeXchange‘becomes:

Au u? Ju

Ad T I26is A(s) " dd [3.5.17]

Again,.the fractional change in traffic volﬁme required to
maintain a given unit cost when the distance is increased,
is proportional to the traffic volume itself.  Thus, the
corresponding contour spreads out more at higher traffic

volume than in the region where the access charge dominates.
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The sensitivity to different application types as

‘described by the communication intensity parameter, 1, is

illustrated in Figure 3.5.5. A decrease in intensity re-
quires a longer connection time for the same speed and
volume, resulting in higher unit costs. If the unit cost is
kept fixed as in Figure 3.5.5, then a decrease in intensity
and 1its accompanying higher usage charges must be compen-
sated for by a large increase in traffic volume, especially
at low speeds, to reduce the per unif cost of access. In
this service, the unit cost is strongly dependent on the
communication intensity of the application, except perhaps
when the intensity is close to unity.

This: can be described approximately by a sensitivity
relationship of the kind of equation ({3.4.14] which for
infoexchange is: k

Au  _ _ u?u(s,d)
Ai 120 (s)si? [3.5.18]
or, since U(é,d) and A(s) vary only slowly with s,
Lo ol |
Ai si? - [3.5.19]

Thus we find - in Figure 3.5.5, that the displacement is

larger at lower speeds,lat smaller values of intensity, and

at higher traffic volumes.
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3.6 INFOCALL

e

The access charges for the Infocall service are the

e
same as for Infoexchange. The model represents them by

equations [3.5.4], [3.5.5], and [3.5.6].

Since Infocall charges on a character basis, for the
M%v

S
ey

purpose of our model we will take

10%K = u/8 characters/month - [3.6.1]

and include the minimum (no traffic) charge in the usage
functions.

There are two usage functions for Infocall, U_ and Us

a
for asynchronous and synchronous transmissions respectively,

between mesh points, and similarly for off-mesh points. The.

distance dependence is the same for synchronous and asyn-
chronous transmissions, but the minimum traffic charges are
different.

The mesh usage charges are given by the equations:

U, = 0.40 + 0.80[1 - exp(-4/631)] ...

a
eee + 0.15 [lis - 30| - (is - 39)] [3.6.2]
- 2s1 | .
U, = 0.40 + 0.80(1 - exp(-d/631)] ...
... +0.15 [lis - 2408| - (is - 240)] [3.6.3]
2s1i

These include the distance dependence and also the minimum

charge communication intensity. For example, in the syn-

chronous case, the usage depends on the distance alone if -
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the intensity 1is over (248/s). However, for intensities
less than this minimum, there is an additional charge which
is proportional to the difference betﬁéen the actual and the
minimum intensities. If the intensity (and hence the traf-
fic volume) is set“at zero, }.e., the no traffic condition,
then equations [3.6.2] and [3;6.3] must be taken with equa-

tion [3.6.1]. The result for the usage term in the syn-

chronous case then becomes:

KU, = 8.15 1808 66c

19%

and in the asynchronous case:

KU, = 8.15 180 6dc
‘ 104

The charges for off-mesh or Level 3 points can be
treated similarly. The dependence on distance is different

and- applies to the connection to the Level 1 point in the

- mesh, after which the mesh charges apply. The expressions

for usage on off-mesh distances, including the effect of the

minimum intensity charge, are given by equations [3.6.4] and

[3.6.5].
o 250
2si "
Ups = 0.42 + d_ - 0.45 exp(-d/20)...
250
2si
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/

Here again equations [3.2.1] and [3.2.9Y‘apply, and at
the lower traffic volumes we have, again, equation [3.2.10].
Howevér, at higher traffic volumes where the usage charge
dominates, the unit cost tends to become a constant based on
the per character chargerraﬁe. In other words, the surface
represented by the unit cosEKCOntours becomes flat asymp-

tolically to an isogram value of

G = 1608 U(d) {3.6.6]

T
which on Figure 3.6.1 has a value of $8.78.

The effect of distance is again illustrated in Figure
3.6.2 and the results fér Infocall are similar to those for
Datapac. Equation [3.18.1] appliéd to Infocall yieldé:

LA = u? 9y

Ad 16 x 106% a(s) od  [3.6.7]
and. the figure shows the corresponding spreading out of the
contours at higher traffic volumes.

The effect of different application types as described
by the communication intensity, i, is shown in Figure 3.6.3
which is analagous to Figufe 3.5.5 for Infoexchange.
However, here, the wunit cost is independent of the com~
munication intensity provided that the latter exceeds the
minimum intensity. This minimum is (248/s) for sYnchronous
service and (30/s) for asynchronous service. Thus for an
intensity of 0.6l or greater, the unit .costs are the same if

the line speed exceeds 24,000 Dbits/sec. Similarly for

. intensities over #.24, the unit costs are the same for line

‘speeds over 1000 bits/sec synchronous (i.e. all cases) and

over 125 bits/sec asynchronous.
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We <can express this by defining the intensity below

which the minimum charge is invoked, as:

il

i

o 38/s (asynch) o [3.6.8]

249/s (synch)
Then, the displacement of the isograms with changes in the

'
communication intensity for aifferent_application types 1is:

f%% =0 Pi> g
Au —u? JERRSE [3.6.9]
A@A A(s)si2

Thus in Figure 3.6.3 we see the displacement, Au, increase
with traffic volume, and also increase at lower line speeds

and very low intensities.
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3.7 PUBLIC SWITCHED TELEPHONE NETWORK (DDD)

The public switched telephone network can be used to

communicate data to and from computers at up to 9680

o

bits/sec speeds. In fact, it offers one of the most

AL AT A k2
e AT I R
mv,_n. e

vavallable, w1despread and standard access ports for many

applications, although it suffers in some ways through the
use of exchanges designed for voice rather than data. The
speeds that can be achieved are related to the cost of the

modem used to couple a terminal to a telephone. Speeds of

proammsnmars

up to 4860 bps are common, whlle hlgher speeds have a hlgher

modem charge because of the communlcatlons complex1ty.

et 3, e i,
RN

Accordingly it is necessary to 1nclude an allowance for

o

e

N
RTINS e reraevm v

the modem cost, whlch is an essential part of the- access ar-
;angement, along with the tariffs in order to make com-
parisons more realistic. Also, we follow the practice in
this .section of using twice the one terminal charge to ac-
count for both ends of a 1link, although in the case of
telephone access to a computer facility, a one terminal
charge may be more appropriate. Finally, we take
= $25 | |
as a representative access charge in terms of monthly rental
for a business phone, and add the modem cost |
M(s) $p;n

which,. of course, is a function of line speed. From data on
over 200 commercially available modems, we find, approx-

imately,
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M(s) = 10 + 60[1n(s/20885) + |iIn(s/2685) )] [3.7.1]
although variations by a factor of two are guite common.
Taken with the other terms we have
Spm = 2(A + M(s)) + N(d).n + K ©0(d) [3.7.2]

as the expression for the monthly charge. Since the usage,
U(d), is a rate per connected minute, we have for this

model:

K = au [1 - [1 4+ |s ~ 20851/(s - 2085)1/10] {3.7.3]
48s1

We have two sets of tariffs available; one for the Trans
Canada rate schedule, and the other for the Ontario-Quebec
region (except HF radio exchanges).

Thus for the Trans Canada telephone network N(d) and
U(d) are modelled by equations [3;7.4] and [3.7.5] respec-
tively.

Ny (d) = 0.198393 exp(~d/152) [3.7.4]

Uy (d) = 1.85[1 - exp(-d/516)] + _d_ exp(~(d/265)%)  [3.7.5]

542
For the BRell Canada region in Ontario and Quebec, N{d) and

U{d) are modelled by equations [{3.7.6] and [3.7.7] respec-

tively.

N,(d) = 0.18 ~ (d_+_16)exp(-(d + 16)/143) (3.7.6]
563

U,(d) = 0.50[1 - exp(-d/103)] + _d_ exp(-(d/70)%) [3.7.7]

362 '
The minimum charge of $06.20 per call has been ignored on the
assumption that calls from terminals will exceed either two
minutes or ten miles (or both). The uait cost equation in

dollars per megabit is now:
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] ‘
G = 2(A + M) +Nn+ KU, [3.7.8]

u : T

Contours of constant wunit cost, the isograms, are

displayed in Figure 3.7.1 using the Tfans Canada rate model,

and in Figure 3.7.2 using the Ontario—Quebec rate Model.
Over large regions, the slopé of these contours is negative
indicating a lower unit cosg at higher line services. This
is because the access and modem charges are constant through

the asynchronous region, so that higher line speeds mean

"shorter connection time for a given volume of data. In the

synchronous region, usage charges dominate at high volume,
but at lower traffic volumes the increased cost of high
speed modems results in a positive slope to the isograms.
The sensitivity of these two services to distance is
illustrated in Figufes 3.7.3 and 3.7.4. In both cases the
displacement of the contours in the vertical direction (Au/u

on a logarithmic scale) is proportional to (u/is); that is,

I‘%1;_&_1;1_ ' : [3.7.9]
s1

Thus we see that the displacement is greater at lower line
speeds and higher traffic volumes.

Similarly, the sensitivity of these two services to ap-

. plication type as described by the communication ihtensity

is shown in Figures 3.7.5 and 3.7.6. Here the fractional
change (per cent) in isogram displacement with fractional

change in intensity, is proportional to, but opposite in



sign to, the connection time; that is,

AN P § -U
a AL € ST

Again, the Figures show a greater displacement at

speeds and higher traffic volumes.
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[(3.7.10]

lower line
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3.8 LEASED ANALOG LINE

Voice grade inter-exchange éﬁannels are circuits
available with a bandwidth sufficient to carry telephone
speech, or modem and data. fhe bandwidth is wider than that
used for teletype circuits._/

A modem 1is necessary to access leased voice lines, so
that equation [3.7.1] is used here also. The usage charge
is independent of traffic volume, line speed employed, and
call frequency or duration, and depends only on the distance
or length of the 1line. Two tariff rate schedules are
available: (1) Trans Canada Telephone System, and (2) Bell
Ontario-Quebec rates.

'For TCTS we have:

Ul(d) = 20 + 2970[1 - exp(-d4/666)] + ...
... 1.5d exp[-(a/113)%] + ...
... B.63[1a ; 400 + (4 - 408)] expl[-((d - 4@6)/7@7)2]‘
| [3.8.1]
Also, for the Bell Ontario-Quebec region we have:
Uy,(d) = 32 + 2800[1 - exp(-d/686)]1 + ...
... 3.1d exp[-(d/113)?] + ... |
.. B.48[1d - 6061 + (4 - 688)] exp[-((d - 6@0)/85@)2]
[3.8.2]

The unit cost equation for this service becomes simply:

G = 18% (2m(s) + U(a)) [3.8.3]
u

Contours of constant unit costs are shown in Figure

3.8.1 using the TCTS rates, and in Figure  3.8.2 using the
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model for Bell rates for Ontario and Quebec. Now from Equa-
tion [3.7.1] it is evident that M(s) is constant below 2049
bits/sec, so that from [3.8.3] the isqgrams are the horizon-
tal lines |

u=10% M+ 0y [3.8.4]
At higher line speeds, the isograms are essentially linear
on a log-log plot with a positive slope of:

Au s _ 500400 [3.8.5]
u As 2M + U

This means an increase in per unit cost resulting from the
higher modem cost.

The sensitivity of these services to distance 1is 1il-
lustrated in Figures 3.8.3 and 3.8.4. 1In both cases the
fractional displacement in the vertical direction (Au/u on a
logarithmic scale) for a distance interval; ANd, is

Au 1 du [3.8.6]
uAd  2M(s) + U(d) o4

Again, this will be constant for line speeds below 2009
bits/sec, and will decrease at higher speeds.

Equation [3.8.3] involves only the three variables (u,
s, d) and none of the application type parameters (t, 1i).
Hence this service is insensitive to communication intensity

and Figures 3.8.1 and 3.8.2 apply for all and any "i
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3.9 TELEX AND TWX

Teletype facilities are usually considered as a low
speed keyboard type of data terminal. This may be suitable
for a local user who wishes access to a data network; on the
other hand, it may also be suitable for loné distance com-
municétions depending on the characteristics of the user's
data traffic. For this reason, the distance-usage function
is of interest.

Teletype tariffs offer a wide variety of access and
terminal options that depend on choices not directly related
to an operational variable of data traffic such as speed.

The speed range for standard teletype access is 110 bps and

less. . A generally useful analytical access model - for this

service is not possible, so that terminal access is
represented by a constant monthly rental.

However, usage charges vary with distance, and a simple
functional representation permits comparisons with other
services. Therefore, we can approximate unit charges with
the model:

¢ = 18%ma + ku(a)] - [3.9.1]
u

As usual, the distance function charges 1less per unit
distance over longer hauls.

' in the Telex network of CNCP a basic access charge
would have a minimum of $187 per month which includes a
teletype; but this could be increased substantially through

a variety of options and supplementary equipment. The usage
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charges are those of - a circuit switching 5ystem, so that we
have:

K = u/48si min/month [3.9.2]

together with a usage function, U(d), which is 1in dollars

per. connected minute. The distance dependence for the usége
is given by. equation [3.9.3], which approximates - the
published tariffs in airline miles.

U(d) = 8.94[1 - exp(—-(d + 69)/819)] [3.9.3]
The toll charges are also published between 23 rate areas
which apparently represents a.geographic grouping applica-
tion of the distance table.

The telephone systems also provide a variety of 1local
and. long distance teletype services. Half-duplex teletype-
grade leased lines are one option whose distance . dependence
can be represented through equation [3.9.1]. Here the con-
stant, K; depends on two factors, one is the day or night or
24 hour service and the other is the Schedule of service.
These are given by equations [3.9.4] and {3.9.5] respec-

tivly.

K.= K,K, where K, 1 if 8 < c < 418

1.2 if 418 < ¢ < 730 [3.9.4]

Kl=
K = K1K2 whe;e K2 is taken from:
Ont. Que Trns. Can.
Sch. 1 1.09 1.04
Sch. 2 1.09 1.08
Sch., 3 1.26 1.16
Sch. 3A 1.68 1.59 ’ {3.9.5]

The usage function in the Ontario-Quebec region (Bell) is

approximated by:

Usy(d) = 8.268 + 684[1 - exp(-(d-23)/339)] | [3.9.6]
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Similarly, the usage function for tﬁe Trans Canada Teléphone
Systém is: |
Ul(d) = 8.12d + 726[1 - exp(-(d - 41)/417)] [{3.9.7]
The telephone system also offers a "Teletypewriter Ex-
change Service" (TWX) for teletype communication on a mes-
sage basis. In . this case, usage charges‘depend upon circuit
conneét time, and hence equation [3.9.2] applies. The
distance usage function 'is very coarsely qﬁantitized in the
rate tables. There are about ten different rates whiqh are
used to describe the-éharges between the telephone area code
regions of Canada. Nevertheless, by employing representa-
tive average distances among these regions, the distance
dependence. can be modelled. (This will not, of course,
reproduce the rate table without geogfaphical regionaliza-

tion and gross gquantization of charges.) The resulting

. analytic expression for usage is:

U3(d) = §.308 + 4/3258 - [|d - 253| - (4 - 253)]1/1688(3.9.8]"
If ﬁhe usage is high so that the access charge can be
neglected by comparison in equation [3.9.1], and taking a
line speed of 116 bits/second, we can derive the high traf-
fic asymptote for unit cost; namely, ‘
G = 189 U(d)/i ‘ [3.9.9]
Obviously, 1line use intensity should be close to unity to

minimize unit cost when connected.
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3.19 TARIFF SENSITIVITIES

Given a user profile as a point in the (i, b, t) space
of Figure 2.5.1, and a distance, d, the analytic models have
been employed through equations [2.1.1] and [2.3.1l] to draw
contours of constant unit cost (dollars per megabit), or
isograms, on the u-s diégram. As a starting point, we have
taken the "Enquiry/Response" characterization from Figure
2.5.2(a) and a distance of 300 miles as the "central
values". Then, for each of the. tariff models in the
previous sections, a sét of G-isograms was drawn on the u-s
diagram using these centre values for application type and
distance. - These show clearly the variation of unit cost
with tréffic volume and rated line speed for a given user
profile. Although the lines are drawn continuously for con-

venience, only the points corresponding to actual rated line

speeds can occur in practice.

The first question asked is about the sénsitivity of
the tariffs to distance. This has been clearly shown by the
movements of the isograms when distance alone is varied. To
do this, we select one isogram, (a value of G) and a value
of the rated line speed (a value of s) and ask for the
displacement of the isogram iﬁ the direction of the
ordinate, u, resulting from an increment in the distance.
This is the quantity:

Au
Ad

In the sections on the tariffs, this was done by superim-
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posing isograms with the same G value but for other
distances as well as for 300 miles, giving the set (30, 144,
300, 1069, 3000) miles.
In general, the sensitivity to distance is given by
equation [3.16.1]:
Au _ KoU/dd
Ad  G1e~®

We have neglected the call set-up charges for Datapac and

- UJdK/du [3.10.1]

public telephone services and used the simpler form of
[3.2.9]; viz.,

G = (2a + kU)18%/u [3.10.2]
Now we observe that there are two possibilities for the
usage conversion factor, K; namely, it is independent of
traffic; say Ko' as in the case of Dataroute and Infodat; or
it 1is proportional tb traffic volume, say ku} as in the
cases of Datapac and Infoswitch. Thus, |

K =K_ and dKk/du = § . [3.16.3a]

o
or K = ku-and 0JK/du

k = K/u [3.160.3b]
The appropriate +values of k can be obtained from equations
[3.4.2], [3.5.3], andV[3.6.l] along with [3.10.3]. Equation-
[3.10.1] now reduces to two cases corresponding to [3.10.3];
namely,
Au uk au (a)
2 ) [2a + KOU] 35

- u% gu (b)
2A dd [3.1@.4]

The former becomes [3.2.11] for Dataroute and Infodat, while
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the latter yields equations [3.4.13], [3.5.17] and [3.6.7]
upon substitution of the appropriate value of k as noted
above. 1In all cases, the sensitivity to distance depends on

the sensitivity of the usage function itself to distance;

namely,
U _ A6 u
0a  Ad k1g®

and this decreases with increasing distance approximately
exponentially. Equation [3.18.4] also shows the increase of
the distance sensitivity with the traffic volume, an effect
that has been noted under the individual tariffs.

Equations [3.16.3] distinguish between two classes of
services depending on whether usage is proportional to traf-
fic volume or not. This in turn, determines the relative
dominance of access charges and usage charges, and leads to
an analysis of the shape of the unit cost contours which is
important when comparing services. The unit cost isograms
in figures 3.2.3 , 3.4.6 , 3.5.3 and 3.6.1 are for
equally spaced intervals on a logarithmic scale for G; that
is, each line is an increase of G by a factor of 1.4142.
The corresponding change in the traffic volume, or vertical

increment is given by
AT Au G

AG or, =g e on logarithmic scales

If we use the form [3;10.2], we obtain:

Tl Rl T
u G U dK 6
=g l? [3.10.5]

We see - immediately that for case [3.18.3a], equation
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[3.2.18] follows; viz.,
AU _AG
u G [3.18.6]

and the isograms are evenly spaced throughout (see Figure
3.2.3). For the services included in case [3.10.3b], equa-

tion [3.10.5] reduces to

u AG Y [3.18.7]
which depends upon the ratio of wusage ' to access charges.
Consider first _the low wusage case where access charges
dominate, say below one megabit per month of traffic. Then
[3.186.7] approaches [3.10.6] and we obtain evenly spaced
isograms. Secondly, consider high traffic volumes for which

KU ->> 2A

‘Now .the separation between isograms becomes very large as G

tends to a constant or asymptotic value which is derived

from the per unit traffic tariff. From equation [3.10.2]
and [3.10.3b], this high traffic asymptote is

G = 18%u - [3.10.8]
which vyields egquations [3.4.12] and [3.6.6], and [3.9.9],
upon appropriate substitutions for k; namely, (P/blﬂ_s),
(16_4/8); and (1/5280i), respectively.

Another question of interest is the sensitivity of the
tariff structures to different application types and user
profiles. Again, this can be clearly illustrated by the
movement of the isograms as a point.is moved in the (i, b,

t) application space. 1In the sections on tariffs, this was

done by fixing the distance at 300 miles, and superimposing
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selected isograms with given G-values but for different
points in the application space. For example, besides the
enquiry-response point of Figure 2.5.2(a), we used the
remote joblentry values of Figure 2.5.2(b) and the Costpro
value of Figure 2.5.2(&). These three applications cover a
range of communication intensity, of call duration, and
packet length.

The usage conversion factor, K, is directly related in
most cases to the parameters of the application type. When
K is a constant as in Dataroute, then the unit costs depend
only on line speed, distance and traffic volume. See Figure
3.2.5. We can investigate other «cases by using equation
{3.16.3b] and calculating

étl=ﬁ_tl
DAk 27 ' - {3.10.9]

For example, by substitution from equations [3.lﬂ;3b] and

[3.4.2] we <can derive equation [3.4.14] for Datapac sen-

sitivity to packet length. For Infoexchange, we take
Ak = -1
. .2
Al 601i°s

with equation [3.10.9] to obtain equation [3.5.18]; viz.,

AR 'UZU or —u2U
2

Al 286012 38601 %s [3.10.10]

where the second expression applies for traffic volumes
great enough to invoke the high volume discount. The sen-
sitivity of the isograms, that is, the vertical displacement
Au, increases with traffic, with lower intensities, and with

lower speeds. These points are illustrated in Figure 3.5.5.
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The sensitivity of the tariffs to changes in various
quantities can be expressed in other ways; such as the
resulting increments in the per unit cost, or in the chargeé
per month. Comparable results can be derived from the
analytic models given here. The method of ths section has
been to display the sensitivity as a displacement of the

constant unit cost contours.
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SECTION 4. COMPARATIVE SERVICE PARTITIONS

4.1 PARTITION DIAGRAMS - BACKGROUND

The ability to produce wunit cost diagrams £from the
analytic models permits comparison of the vérious data com-
munic .tion services at any point on the u-s diagram fpr a
given user profile and distance. Then, if we superimpose
the éets of isograms for two aifferent tariffs and identify
the points where the isograms with the same value intersect,
we obtain a. boundary which is the projection of the inter-
section of the two tariff surfaces. On opposite sides of
this boundary, the two different tariffs have the lower unit
cost. In this way, we can partition the u-s operating
diagram into regions aécording to which communication or
carrier tariff is the most economical.

This partitionin will de end upon the application
KQ\__¥P g P P' ) PP

RN S vt

Sffractgflgtlcs: 592@5141{ aqd EQSNd}stance (dt In qectlon
4.3i we show examples of such partition diagrams for the
same' conditions of user profiles (Figure 2.5.2) and
distances as were used in.Section 3. The sensitivity of the
partitions to distance 1s investigated by repeating the
exercise for 30 and 300060 miles wunder otherwise 1identical
conditions. Similarly, the ' sensitivity to application
characteristics is investigated by repeating the par-

titioning for cases (a), (b) and (c¢) of Figure 2.5.2, all at

300 miles.
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The partition boundaries may be quite sharp where the
tariff surfaces intersect at a  steep angle. This is
generally the <case at the higher traffic volumes. On the
other hand, at lower traffic volumes and lower speeds, the
intersection angle of the surfaces is generally small, so
that the position of the bounderies is much 1less precise.
Indeed, it can happen that several services differ in tariff
cost by amounts well within the modellin errors, and hence
are indistinguishable (see Figure 4.3.5)

The analytic models of Section 3 form the basis for.
these partition diagrams. The partitions are less sensitive
to distance than the 1isograms because all usage charges
saturate with distance in a similar way. On the other handg,
the application parameters which were introduced in Section
2.5 appear in any investigation of the partition bounderies,
and again, the values for the set must be specified com-

pletely for -any comparisons to be valid.

4.2 PARTITION BOUNDARIES

" In order to show the qualitative dependence of the par-
tition boundaries upon traffic volume, line speed, and the
application parameters, it is useful to have an approximate
description which wuses only the main terms of the tariff
model equations. Using equation [3.10.2] we define the
charges for tariff "i" 1in excess of those for tariff "j"

under the same conditions to be

6  s/bit [4.2.1]

Bij = (G; - Gy)10
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Then by'setting Eij = § we obtain an equatipn for the tariff -
boundary. The values for i and j in the subscripts are ac-
cording to:
| i,j = l.Dataroute/Infodat
2 Infoexchange
3 Datapac
4 Infocall
Dataroute and Datapac may be compared, for synchronous

speeds, by:

blg u
As an approximation we can, from equation [3.2.8], take:

Ul = s 2(4)
9604

so that the partition boundary, is

Ujq = 10bs _ lﬁbs/D31 [4.2.2]

2o
Us

where D31 is a function of distance only, and U3 is of the
order of 0.65 for distances over 100 miles. From this, we
expect the boundary to have unit positive slope on the log u
vs log s diagram, and to move towards higher traffic volumes
for applicatioﬁs with longer average packet lengths.
Roughly, we have for synchronous line speeds,

ugg = 208bs [4.2.3]
Some sensitivity to distance will appear at ~ shorter
distances where D,; increases, until [4.2.3] becomes

Ugq = 50bs
which represents a downwards displacement of the partition

line by a factor of 4 in traffic volume.



Infocall and Infoexchange have the same .access charges
and equation [4.2.1] becomes (using equation [3.5.2]):

_U Uy

B )
60is  8x10

24

which yields a vertical boundary at

4000
Sog = 37 ln(s/BQG)D24

[4.2.4a]

2319 Poa

1 [4.2.4Db]
where (a) 1is for line speeds in the sYnchronous region and
(b) for line speeds in the asynchronous region. Again Doy
depends weakly on distance (increasing with increasing
distance) and is of the order of #.2. Note that the parti-
tion 1line is a vertical line on the diagram and that the
line speed separating the Infocall and Infoexchange regions

varies inversely with intensity. This assumes the intensity

exceeds the minima given by equation [3.6.8], otherwise

 minimum charges will apply in 1Infocall which further

decreases the boundary value of s.
The boundary between Datapac and Infoexchange is more
complicated because the access charges are different so that

the distance usage charges cannot be combined as in the

above two cases. Setting E23 = f§ we obtain:
60is blﬂ5

which reduces, with some approximations, to

= 600is(1+s/589)

u -r
23 o, - 6510,

b1g4 [4.2.5]
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From this, we expect the Datapac-Infoexchange boundary
on the log u vs log s diagram to have a positive slope

between one and two in the interval of synchronous line

speeds. Finally, if we equate equations [4.2.2] and [4.2.5]

we have the condition for a vanishing Datapac region at a
particular line speed. When this occurs at high traffic
volume and line sped, then the Datapac region vanishes into

a Dataroute-Infodat to Infoexchange partition boundary. It

turns out that this applies to all line speeds above that so

obtained, and that the threshold line speed is proportional
to the ratio (b/1i). We observe the evident basic sig-
nificance in describing a user profile of the ratio (b/i).
It occurs again in Equation 4.2.7 below and will be noted
again iﬂ Sections 5 and 6. Accordingly, the intersection of
Dataroute-Infodat, Datapac, and Infoexchange bouhdaries are
at a point whose s-coordinate moves with this ratio, as well
as being dependent to some extent on distance.

If the boundary given by [4.2.4] is above 1200
bits/sec, then there will also be a Datapac-Infocall parti-
tion boundary for synchronous speeds. Setting E = 0 we

34

obtain for the boundary:

-~ 5 —
Uy = 2x10 [A3 AZ]
lﬁU4 _ Ei |
8 b [4.2.6]

This boundary depends upon line speed which appears in the

difference between the access charges.
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At low traffic volumes, the partition boundaries become
vertical lines representing a separation based‘ primarily
upon access charges. This yields Datapac below 388 bits/sec
and Infoswitch above 1268 bits/sec. At a line speed of 600
bits/sec, Dataroute-Infodat have the lowest access charges,
but to these must be added the distance usaée charges which
apply regardless of traffic volume. Consequently, the
amount by which the Dataroute-~Infodat regibn penetrates into
the 1Infoswitch region at 668 bits/sec depends upon the
distance, for distances over 110 miles. At distances less
than this, Dataroute usage and access are less than In-
foswitch access at all traffic volumes.

The wupper limit on traffic volume is given by equatién
[2.3.2] and yields the diagonal boundary with unit slope on
the: u-s diagram. The partition boundary betweeﬂ.Dataroute—
Infodat and Datapac also approximates a unit slope -line
given by equation [4.2.3]. Thus under some conditions these
two may coincide and the Dataroute-Infodat region will
vanish. = By equating equations [2.3.2] and [4.2.3] we find
that the condition is long packets or low intensity ac-

cording to:

3tin _ .
b > =55~ = 18ci

[4.2.7]
If [4.2.7] pertains, the leased 1line services 'will be

uneconomical in the synchronous region.
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4.3 PARTITION DIAGRAMS

The expressions given in Section 4.2 for the partition
boundaries are only approximate, and are intended to show
how the various boundary lines depend upon the parameters of
the application type or user profile, and distance. In the
synchronéus line speed region as the traffic volume in-
creases, the appropriate service generally is Infoexchange
(circuit-switching) then Datapac (packet-switching) and
finally Dafaroute—Infodat (leased 1line). The leased-line
region may vanish for long average packets and short inten-
sity according to equation [4.2.7] as shown in Figure 4.3.5.
Similarly, from eguations [4.2.3] and [4.2.5], we expect

that Datapac region to vanish for high speeds and Infoex-

‘change to be bounded by the leased line services when the

average packet 1length 1is short as in Figure 4.3.1 but not
when it is long as in Figure 4.3.4. The set of Figures
4.3.2 to 4.3.5 have a region superimposed on them wherein it
is economical to employ the Trans Canada telephone system
and the required modems. The boundary of this region is
subject to the assumptions regarding modem <costs and. is
therefore much more approximate than the other partition

boundaries shown. It is noteworthy, nevertheless, that in

- many cases (Figures 4.3.1, 4.3.3, and 4.3.4) the telephone

region essentially covers the Infoswitch region.
The lower traffic volume asynchronous region is more
influenced by access charges, which generally‘ favour the

Datapac model (equation 3.4.6) at speeds of 300 bits/sec and
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less, 1leased 1line services at 600 bits/sec and under 119
miles, (Figure 4.3.2) and Infoswitch over 1180 miles for
higher traffic and for - asynchronous line speeds over 690
bits/sec. In all cases, if the traffic volume and intensity
are high = enough, the leased 1line becomes the most
economical.

Examples of partititon diagrams are presented for those
cases in Figure 2.5.2 and for the distances used in Section
3 to 1illustrate unit cost contours. Thus, Figure 4.3.1 is
for user profile Figure 2.5.2(a) and 368 miles. Figures
4.3.2 and 4.3.3 are under the same conditions but at shorter
and larger distances respectively. Finally, Figures 4.3.4
and 4.3.5 aré both at 300 miles, but for cases éf Figure
2.5.2(b) and'2.5.2(c). These figures illustrate _the sen-

sitivity of the partition boundaries to distance and ap-

plication type. They are drawn from the analytic models of

Section 3, not the expressions in Section 4.2. Neverthe-

less, some of the features deduced in the previous subsec-
tion are illustrated. The boundary at a particular speed
between Infocall and Infoexchange which 1is expected from
Equation 4.2.4 appears as a vertical boundary in Figures
4.5.1,.to 4,.3.4 inclusively. Again, these same figures show
that the Datapac-Infoexchange boundary 1is steepér in the
synchronous region as expected from Equation 4.2.5 than the

Dataroute~Datapac boundary above it, according to Equation

4.2.2.
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SECTION 5. EFFECT OF INTERCONNECTIONS

5.1 INTRODUCTION

.In this section we consider the effect of a dialed
telephone-Infoswitch interconnection, and of a Telex-Datapac
interconnection. In each case the apparent advantage is al-
lowing a user to access a more economical digital communica-
tions service via an existing widespread local distribution
system. Two points are of interest. First, what reduction
in costs, relative to available services, would such an
interconnection offer a user and second, what impact would
such-a connection have on the distribution of users between

competing services such as Datapac and Infoswitch.

5.2 INFOSWITCH - DIALED ?ELEPHONE INTERCONNECTIO&

If access to the Infoswitch network were available
through the dial voice telephone network, then Infoexchange
and Infocall could offer a service that in many ways would
be similar to the Datapac 3181 service which allows "dumb",
character mode terminals to access the Datapac network.
Such a service is of potential use to many users, especially
those supporting time share computing applications with many
remote terminals.

This type 6f interconnection is oniously technically
feasible, since it already exists for Datapac, and is not
significantly more complex than the widely available dial
access ports £for computers. Hence it could be quickly

provided by the carriers if it were deemed desirable.
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.To investigate the economic feasibility from the user
viewpoint of such an interconnection it is necessary to
select an application. It would seem that the most common
application for such a service (or for Datapac 3181) would
be many slow speed terminals accessing a central computer.
This could be either a time sharing system or an enquiry-
response system. We will assume that a total of kl users at
intervals access a central computer capable of ac;epting k2
simultaneous users, where k2 < kl. Further it is reasonable
to assume that the terminal speed is 300 bit/s which is the
maximum supported over the voice network by Datapac 3141.

The charge per user fof such a service would be the ac-
cess charge for the service, A_., the network utilization

ti
charge, KiUi’ and the user's share (i.e., l/kl) of the ac-

-cess arrangements at the computer, or

$pmi = A, t KU 4 (Aéi + x(':i)/kl [5.2.1]
where Aéi is the total carrier accesé charge at the com-
puter, and Xéi is the total computer communication hardware
and software rental at the computer.

To judge the economic feasibility of such a service it
must be compared to its competitor Datapac 3101 which can be
described by the eguation |

$pmd =Aq t KqUg + nN + (Ac':d + Xc':d)/kl [5.2.2]
where nN represents the charge for setting up n vwvirtual
calls. énd the other symbols have meanings similar to those

for the Infoswitch model.
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Before proceeding further, it is necessary to postulate

a value for -the Infoswitch access charge via dialed

- telephone. Since the facilities required will be very

similar to Datapac 3181 it is reasonable to base this charge
upon the Datapac 3181 tariff. Fof public dial access to
Datapac 3181 the access charge is listed as

1) a 25¢ per kilopacket surcharge -on all

packets,

2) a 25% surcharge on all packets for priority

service, and

3) a 1l.5¢/min (8.9 ¢ dollar/month) connect time

charge. |
The 25¢ charge is common to all Datapac 3181 access charges
and ;epresents a NIM usage charge. The priority service
charge is common to any priority system and it is-reasonable
that users in this class.would want priority service. Hence
it appears as if TCTS considers an access charge of #.9 ¢ to
be reasonable for the use of the dial telephone facilities
and the answer-back modems at the NIM. It is therefore as-
sumed that this will generate sufficient revenue to cover
the cost of the answer-back modem at the NIM, the interface
to the NIM and any additional load placed on the public dial
switching office by telephone access to Datapac. Thus it is
reasonable to assume Ati = m(@.9c) as an access charge to
Infoswitch over the dial telephone system where m is a small
number, greater than one, but probably less than two, to al-

low .for  the extra costs of accounting for revenue sharing
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and for ‘devices to protect the carriers' equipment from each
others' equipment malfunctions.

Now, to study £he conditions under which Infoswitch
with telephone access and Datapac 3181 are competitive we
will define a relative cost ratio R as

R = $pmi/$pmd [5.2.3]
and examine 1its dependency upon the various charging
parameters. .

Substituting equations [5.2.1] and [5.2.2] into the
at 25)/b'ahd Nn =
§.085n, yields the result:

m(@.9¢) + KU + (Aly + X )/ky

6.9¢c + ulg > (1.250

gt 25)/b + G.QGSn + (Aéd + x(':d)/k1

[5.2.4]
It is uséful to re-organize this so- that all the access
dharge terms are grouped. ‘At the same time we can sub-

stitute u=2880 cis and s=388 to obtain:

CR(U, + 20)
b, d
i
KiUi/(lﬂ.sc) + x
[5.2.5]
where
‘ 8.885nR (A'. + X') - R(A' + X! )
Xx = 6.0833 (m-R) + + ci ci cd cd
19.8c 10.8ck1
[5.2.6]

The term x represents the effect of non-tariff costs (X(':i
and Xéd) and number of users (kl) on the relative costs of

Infoswitch-telephone and Datapac 3101. If all the
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parameters 1in equation [5.2.5] are held fixed except for x
and R, then a reduction in x reduces R while an increase in
' x increases R. Since a smaller R indicates a more competi-
tive Infoswitch it follows that small values for x are
favourable to 1Infoswitch while large values are favourable
to Datapac. It is therefore necessary to estimate the range
of values that x may assume.

First it may be noted that ckl, which 1s the average
connect time per wuser times the number of users, must be
equal to the average connect time per port times the number
of ports, k2. Further, in a well designed 8ystem}the number
of pqrts.k2 will be chosen so that during the busy period of
the working day almost full occupancy will occur. Thus for
4 to 18 hours per day for 20 to 22 days per month one may
assume all k2 ports are in use, while for the baiance of the
time very few will be active. Hence a reasonable approxima- -
tidn for ckq is:

lﬂﬂkz < ckl < 2ﬂﬂk2 (hour /month) {(5.2.7]
If a value in the above range is substituted into equation
[5.2.6] then the quantities Aéi/kZ’ Xéi/kZ' Aéd/kZ and
X(':d/k2 appear. The item Aéi/k2 is the Infoswitch access
charge for a 380 bit/s link, namely $60/month. The item
xéi/kZ represents the rental of a low speed communications
port on the computer, estimated to be $58 to $24¢0. _The

value Aéd/kz represents a Datapac 3000 access charge divided

over k2 virtual channels. Recent studies [7] have shown

that a 78 to 90% utilization of a Datapac 3000 service is
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possible. Hence it is reasonable that a 2469 bit/s service
could support twelve 398 bit/s virtual circuits whose
average communications intensity was #6.5. This gives a cost
per virtual channel of approximately ten dollars. Hence
over the range of speeds availablevé value of $5 to $15 is
reasonable for Aéd/kZ' The item Xéd/k2 represents the share
of computer port hardware and SNAP software chargeable to
each virtual channel. For k2 in the range 16 to 20 a
reasonable estimate for Xc':d/k2 might be $168 to $288. These
values are summarized in - the table below which shows the

median value, and the limits most favourable to Infoswitch

and Datapac.

favourable favourable
- to median to
Infoswitch Datapac
A'./k Infoswitch access - $ 66 -
ci’ 72
charge
- X.i/k, computer access $ 50 $125 $200
. port cost
Aéd/k2 virtual channel $ 15 $ 10 $ 5
access cost
Xéd/k2 SNAP software $2080 $150 $160
m telephone access : 1 1.5 2
charage factor
Table 5.1

Probable access charges
- Substituting the median values from this table and
c=150k2/kl (the median value from equation [5.2.7]) into
equation [5.2.6] yields:
x = 0.239 - 0.182R + 3x10‘6anl/k2 [5.2.8a]
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It may now be noted that the term 3x1ﬂ-6anl/k2'is negliblé
since even with a ky/k, value of 18 (the Nova Scotia study
[5] used 4), and an n of 1088 (one call every 10 minutes for
an 8 hour day, 21 day month), it is only 15% of the #.182R
term. Hence,

X = #.239 - #.182R [5.2.8Db]
is a reasonable approximation for the median access charge
term. |

If the conditions most favourable to Infoswitch are
substituted into [5.2.6] we.obtain:

k = §.166 - 0.233R + |0.026 - ﬂ.ﬂSﬁR! [5.2.8¢c]
while the conditions most favourable to Patapac yield:

x = (0.347 - 6.156R) + |0.060 - 8.024R| Y [5.2.8d]

The switch term in the above equations is due to the most

favourable 1loading on the computer access port(s) changing'

between light load (ck, = 1bzk1) and heavy load (ck, =
Zﬂﬂkl).

Before considering the specific Infoexchange and In-
focall situations it is instructive to first calculate
typical Datapac 3141 chargeé so that we have a background
for Jjudging the actual magnitude in dollars implied by
various R values.

Substituting the values of the various parameters for

Datapac 3161 into equation [5.2.2] yields:
$pmy = g.9c + ulg~> ' 'y
d c tu (1.250d + 25)/b + 0.065n + (Acd + xcd)/kl

[5.2.9]

Dividing the above equation by the connect hours per month c¢
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yields the charge per connect hour,
Alg (lo.8Uy + 20) 6.0805
$/connect-hour = 9.9 + + +
cky (b/1) (c/n)
[5.2.10]

In the last term of this equation (c/n) is the holding time
per call (in hours). Unless the holding time is 1less than

one minute, which 1is unlikely, this term will be insig-

nificant and may be dropped. Now, substituting the range of

values given by Table 5.1 and equation [5.2.7] into the

above equation yields the results shown in Figure 5.2.1."

From Figure 2.5.2 time sharing and enquiry-response systems
have a b/i value in the range 306 to 20668. The exact values
for four typical systems are indicated on the figurel Thus,
typical Datapac 3181 costs will be $2.50 to $4.88 per con-
nect hoﬁr for zero distances (i.e. same Datéﬁac sérving

area) increasing to $3.08 to $7.00 at one thousand miles.

5.2.1  INFOEXCHANGE - DIALED TELEPHONE

For Infoexchange the usage function is KiUi = (60c)Ue

| (ignoring both minimum usage charges, i.e., all calls are

assumed to be longer than 30 seconds, and large volume

reductions). Substituting this into equation [5.2.5] we ob-

tain:

R(Ud + 20)

b
' 5.555 U, + x [5.2.11]
where x is given by equation [5.2.8b, ¢ or d] as desired.

It might be. noted that Uy and U, are purely functions of

distance. Hence, the only user characteristic that enters
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.the expression is the ratio b/i. Further, if x is suf-

ficiently small, the felative cost ratio R will be directly
proportional to b/i. This indicates short messages, high
intensity traffic favours Infoswitch while 1long - messages,
low intensity traffic févours Datapac 3161. This is not

surprising since it is the classical circuit-packet

switching division.

-To examine the relative cost R more closely it has been
plotted as a function of b/i in Figure 5.2.2. The values of
X given by equations [5.2.8b, c,d] and distances of ¢ and
10008 miles were used. The usage charges for a Datapac Grade
3 D.S.A. was used.

Since probable b/i values lie in the range 369 to 2000
it is oBvious that even under the most,favourable_conditions
Infoswitch~telephone will be twice as expensive as Datapac
31401, and that factors of 5 to 8 are not unlikely.

To obtain an estimate of the dollar cost we can proceed
as we did for Datapac 3181, substituting for -the wvarious
parameters in equation [5.2.1], and then dividing by the
connect hours per month to obtain the charge per connect
hour. This yields:

i %Gy

$/connect~hour = #.9m + GﬁUe b Lk

ckl [5.2.12]

Substituting the values from Table 5.1, equation [5.2.7] and

Uo = 08.10 (local calling) or 0.38 (at 1866 miles) yield

values between $7.50 to $9.58/hour for local calls and $23

to $25/hour for 1060 mile calls. The dominant factor is the
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utilization charge, and hence the relative costs developed
earlier are almost independent of the dialed telephone ac-
cess charge for the interconnection.

It might be noted that high volume reductions cause the
GEUe terms in equation [5.2.12] to reduce towards 4@Ue.
However this reduction is not sufficient to alter the con-

clusions above.

5.2.2 INFOCALL - DIALED TELEPHONE

For Infocall the usage function K,U0, is (ulﬂ_4/8)Uc

(ignoring minimum usage charges). Substituting this into.

equation [5.2.5], yields:

b _ R(Ud + 20)

i iUC + x . [5.2.13]

The only"difference between this équation and [5.2.9] for
Infoexchange is the replacement of 5.555Ui_by iUC.

For local calling the value of Uc is $6.15. This
results in»iUc being less significant than the x term, and R
becomes essentially only a function of b/i (as it was for
Infoexchange). The result is shown in Figure 5.2.3 where R

is plotted as a function of b/i for i values of 8.1 and 1.

It is obvious that the variation due to i is less than the

1

variation caused by the non-tariff access charge items. In
the range of b/i likely for time sharing or enquiry-response
systems R could 1lie anywhere in the range 6.5 to 2. (The
specific ranges for the b and i combinations of the four ap-
plications given in Figure 2.5.2 are marked in the figure.)

Hence, depending largely on the non-tariff access charges
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and the interconnect cost, Infocall (local calling) with
telephone access is likely to be equally attractive to the
user as Datapac 3181 from a cost viewpoint.

For non-local calls U, starts at $6.56 and has in-
creased to $1.00 at a distance of 1600 miles. This larger
value for Uc has two effects. First, it increases the value
of R, and second, it makes R strongly dependent on both i
and b rather than just the ratio b/i as found for 1local
calls. The result is shown in Figure 5.2.4. As before the
possible range of R for each of the four typical applica-
tions is indicated. The R value could be between £#.8 and 2.
Hence, while it is possible that non-local Infocall will be
less expensive to the wuser than Datapac 3101, it is not
probable.

To obtain an estimate of the actual cost we can proceed
as before, substituting for the various parameters in egqua-
ﬁion [5.2.1] and dividing by the connect hours per month to

obtain the charge per connect hour. This yields:

'
$/connect~hour = 4.9m + 14.8 iUc + —Ei—i—fgi

ckl [5.2.14]
Substituting the Uc value for local calls yields total costs
between $1.78 to $5.008 per connect hour. This consists of
$0.98 to $1.88 for connect charges, $8.24 to $8.64 for
utilization charges (i between .15 to 8.4), and $0.55 to
$2.60 for computer access. These values confirm our earlier

- calculation that Infocall (local calls) is comparable with

Datapac 3141 in costs to the user. They also indicate that
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this competitiveness is quite sensitive to the value of the
interconnect charge factor m, and thé non-tariff computer
access charges. |
| For non-local service the increased utilization charge
causes the connect time cost to increase to $3.00 to $7.70
at 1600 miles for typical applications. While this appears
to overlap the Datapac 3191 range the maximum and minimum
for the two services do not occur under the same conditions,
and it should be remembered the relative cost ratio varies
from 9.8 to 2.4.
(Aside: Since 1local Infocall is handled as a circuit
switched service, not as a packet service, it is effectively
identical to Infoexchange in its service. It is therefore

interesting to compare the connect charges. The only dif-

‘ference is the utilization charge. From equation [5.2.12]

it can be seen that the Infoexchange utilization charge is
$6.90 per connect-hour. From equation [5.2.14] the equiva-
lent Infocall charge ié $1.62i, It is obviously not in a
user's interest to use Infoexchange for local calls if In-

focall can be used.)

5.3 TELEX - DATAPAC INTERCONNECTION

The Telex network was designed for slow speed message
transmission and, since it is a circuit switched system
handling bursty traffic, it 1is possible that a packet

switched service could provide more economical long haul

‘service. Hence it 4is. desirable to see what benefit an
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interconnection of Datapac and Telex would give to the user.
There are two possible forms that such an interconnection
could take. In the one form Datapac would be used as the
long haul service in a fashion transparént to the user. In
the second form Telex and Datapac would serve as an inter-
worked message network.

A detailed analysis of the first fbrm is not possible.
It would require full details of Telex traffic so that the
number and locations of the required access ports to Datapac
could be estimated. The cost of providing these ports and
hence of providing the 1long haul service could then be
evaluated. However some boundary conditions can be
established quite easily. Currently Telex rates vary from
l44/min to 94¢/min‘according to distance. The 1local areas
which have thg 144/min rate are quite large, approximately a
160 mile diameter about a major city. Hence, any long haul
activities would be between major cities and have the lowest
Datapac‘rates. As will be shown later, these are small com-
pared to Telex, and as an approximation will be ignored.
Hence the~to£él charge could be not much more than 144 /min
which is the local area charge, and should at most not ex-
ceed a local area charge at each end of the call, namely
28¢4/min. Whether this would result in significant savings
to the users cannot be stated without knowledge of the
distribution of Telex charges between access and usage
charges, and knowledge of the geographical distribution of

traffic flow.
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The second alternative assumes that Telex and Datapac
are interconnected with a common address space so any ter-

minal on either network could call any other. Such a mode

of operation.could be provided by having Datapac switches

‘provide ports to the Telex network that were very similar to

Datapac 3181 but also having the ability to orginate calls
on the Telex network. Such a service should not cost the
user significantly more than the present Datapac 3101 NIM
charges. One method of evaluating this configuration is to
compare the cost of a Telex-Telex call with an equivalent
Datapac-Datapac cail.

Before comparing Telex with Datapac, however, it is in-
teresting to compare it with Infoexchange and Infocall. Both
these services could be wused in their present form to
provide a message transmission service between Eerminals of
the same speed, and hence in a sense, are competitors with
Telex.

In Section 3.9 the tariff for Telex service was

- developed. It may be expressed in the form

$pmt = 187 + 6dc U, (d) [5.3.1]
where the $107 access charge includes a- model 33 ASR
teletype, and may increase significantly with various ter-

minél options. The similar tariff for Infocall, assuming

that a terminal is used exclusively for sending or receiving

messages, would be

spm, = $60 + T + 10 %u U_(d)  [5.3.2]

assuming 118 or 389 bit/s operation. The term T represents
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the monthly terminal charge. A terminal with a capital cost

of approximately $2000 would give a T of $58, 1leaving the

essential difference in cost between the two services as the

‘difference in the utilization charges.

To compare equation [5.3.2] with the Telex charge we
must convert the traffic volume u into an equivalent connec-

tion time c. First, recall that u = 3680cis. Secondly, we

note that a-good typist generates 60 words per minute. This

corresponds to 5 character/s or 48 bits/s. Thus, for a gpdd
typist the effective communications speed, si, is 48 bit/s.
(Note: - The minimum charge thréshold in asynchronous In-
focall is 24 bit/s.) Thus equation [5.3.2] can be  reduced
to the form

Spm, = $60 +T + 60c([0.03U_(d)] [5.3.3]
The raﬁio [ﬂ.ﬂBUc(d)]/Ut(d) lies between ﬂ.i at short
distances and .04 at long distances: Consequently the

average utilization charges for an Infocall message service

‘would be less than 10% of those for Telex.

A similar analysis can be carried out for Infoexchange;

the results indicate that the 1Infoexchange wutilization
charge ranges between 78% at short distanées, to 58% at long
distances, of those for Telex. Hence while Infoexchange 1is
less expensive than Telex, Infocall is the superior alterna-
tive. .

Now, we will consider Datapac. Datapac, as currently
available, does not offer any service that could be directly

used ‘as an alternative to Telex as  Infocall could be.
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However, if Datapac 3181 services were modified so that a

call could be placed.to another dedicated Datapac 3181 ter-

"minal, then such a Telex-like service would be available.

(Indeed, it would be superior since the terminals could
operate at different speeds.) Assuming dedicated 119 or 380

bit/s service, Datapac 3101 tariffs yield a cost of

Spmy = $60 + T + lﬁ_su[(Ud(d) + 25)] + 6.005n  [5.3.4]
b .

Making the same substitutions for the traffic volume as ear-

lier yields

2.0805
t

.24
spmg = $60 + T + 6022 ]

{16720, (d) +0.25} +
' : [5.3.5]
where t is the average call duration time in minutes. Com-
paring the result to equation [5.3.1] for Telex indicates
that the only significant difference is the utilization
charge. If we assume an average line of 30 charaaters, i.e.
b = 240 bits, and an average call duration of 1/2 minute,
i.e. 5 1lines of 38 characters at an effective speed of 440
bit/s, then for a Grade 1 to 3 D.S.A, the maximum utiliza-
tion charge for Datapac is 1.4% of the Telex charge. Most
of the Datapac cost is due to the 9.065 n term. Even if the
charge per kilopacket were 58 times higher (remote Grade 6
D.S.A.'s), the Datapac utilization charge would still only
be 10 to 28% of the Telex value. Datapac 3181 would also be
less expénsive than a corresponding message service using
Infocall.

If an interconnection of the second type were made

available, then Datapac-Datapac users would enjoy more
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economical service than Telex-Telex, and Telex-Datapac,
purelyvon carrier services required, should 1lie someplace
between. Hence it would seem that users would switch to the
Datapac service due to (1) lower utilization cost, (2) wider
range of speeds available, (3) wide range of terminals

available, and (4) the possibility of using the same Datapac

3181 access port for some other application part of the.

time. How fast this switch would occur is not possible to
predict as it depends on whether the access or utilization
charge is the dominant feature of the users cost, and. on
the convenience of changing current user office procedures,
including such simple things as new Telex/Datapac numbers on
company stationary.

It should be noted that CNCP could provide a similar
low cost service to the users by integrating Teiex and In-

focall.

5.4 EFFECT OF INTERCONNECTION - SUMMARY

The interconnection of Infoswitch and the dialed

‘telephone network would offer the wuser three services,

Infoexchange-dialed telephone, 1Infocall-dialed telephone,
and Infogram-dialed telephone service, all of which would
serve the same customer base as dialed access Datapac 310l.

The analysis indicates that due to high Infoexchange

-usage charges dial telephone-Infoexchange is not competitive

with dialed Datapac 31#1. Hence while the !availability of

such service could mean lower costs, and increased con-
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venience, for a wuser committed to Infoexchange for other
reasons, it is unlikely to seriously influence a decision
whether to use Datapac or Infoexchange.

Interconnection of Infocall-dialed telephone appears to
offer the possibility for lower costs than Datapac 3101 to
some users, particularly those who are making only éalls to
a local host computer. Data presented in Section 6.3 shows

that approximately 28% of time~share and enquiry-response

users fall in the local call category, and that approx-

imately 67% of enquiry-response users operate in the 110 and

300 bit/s speed range. Hence, one might expect that approx-

imately 20% of the time-sharing and enquiry-response .users,

Qho are the logical users of a dial access system, will fall
in the region where dialed access-Infoswitch and dialed .
Datapac 3101 are potentially competitive. “

If we assume that the actual non-tariff costs are rela-
tively uniformly distributed across the regions calculated
earlier, then we might estimate that for one third of these
users Infocall is significantly better, i.e. up to 58%, er
another third they are essentially the same cost, and for
the baiapde dialed Datapac 3161 is best. Hence it is un-

likely that the presence of a dialed telephone-Infocall

interconnection will significantly alter the distribution of
— T e e Y A

‘users between Inchall and Datapac 3141.

T ——

-

" Dialed telephone-Infoswitch interconnection will ul-

" timately allow dial telephone to Infogram service. Since

the tariffs for Infogram service are not yet available it is
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impossible to predict its effect. If the tariff is similar
to Infocall then there will be 1little effect. If it  is
similar to Datapac then dialed telephone-Infogram would ob-

viously be strongly competitive with Datapac 3101. Hence,

one may conclude that for the tariffed services, Infoex-

change and Infocall, the presence of dialed access will make

"

1igEl3_EEEEgE“ES_ng_figiSEiiﬂgiigihE?ttern. Whether dialed
access Infogram changes this depends on the (unannounced)
tariff.

The interconnection of Telex-Datapac, for long-haul
traffic only, would appear to offer substanial usage cost
reductions for long distance users. What fractiqn of the
total customer base this represents 1is not possible to
predict. A full interworking interconnection between the
two services 1is seen as leading to Datapac eveﬁtually cap-
turing the Telex customer base due to significantly lower
utilization costs. Alternatively CNCP could start a program
of transferring Telex to Infocall (or Infogram) which @ould

offer the user similar savings as a Datapac interconnection.
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SECTION 6. EFFECT OF INTERWORKING

6.1 INTRODUCTION

To consider the question of interworking, and its im-
pact on various user groups, it is necessary to view the op-
timum application regions somewhat differently than was done
in Section 4, In Section 4 the analysis was made for a
ggﬁgg%:gg%; at some specified distance, and there .was a
discussion, of the sensitivity of the boundary between the
optimum regions for the various services to the various user
sensitive parameters, including distance. 1In this section

we are interested in the boundary location\given a group of

users with common interests having some geographical

distribution. It is assumed that this group of users must

use - the same communications service because of their common

interest, and the question of optimum service for an in-

dividual user does not arise provided the average user cost
is minimized. Interworking potentially could yield a lower
average cost by allowing the individual to select whichever
communication service had the lower cost.

It will be assumed that at a given speed the average
communications intensity i and average message length b of
all users in the group is the same. (This is véry likely an
unreasonable assumption. However, no data exists that al-
lows a more appropriate mddel_to be constructed.) Now, for a
given speed the boundary between the optimum regions  for two

services exists where the sums of the monthly charges over
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all users in the group are equal, namely

1 @ [6.1.1]
where $pmpj and Spmqj represent the monthly cost to wuser j
of communication services p and g respectively.

Replacing the total monthly charge by the service and

usage components yields

m

+
> (apA K

m .
U = + .
i3 p T KpyUpy) =2 (BgRg * KyyU

351 q ai’q3’

[6;1.2]
where it will be noted that the access charge depends only
on speed and hence is a constant, independent of j. (This
éffectively ignores dialed access Datapac 3101 which has an
access charge based on connect time; this could be handled
by treating that component of access charge as part of the
usage function.) We will .ignore any nN term 6n the bas;s
that it_is normally small.

In equétion [6.1.2] a, and aq represent an allowance
for the-access charge at the computer end of the communica-
tions 1link. - For single wuser point-to-point connections
these co-efficients will have the yalue two, as there are
two access charges per iink. However, for multidrop ser-
vicés, or for any of the switched services, where a few com-
puter ports may service many terminals, the per terminal
share of the access charges at the computer is smail and the

ap and'aq co~efficients could approach unity.

It is now necessary to examine Kpj and qu more

closely. = These terms are either constant (Dataroute, In-
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fodat, analog 1leased 1line) or functions of'u, i, b and s,

- It was previously indicated that for a given speed it would

be assumed that all users had the same average traffic
intensity and average message length. Hence, for a given
group: of users, these terms are not functions of j but are
either functions only of the traffic or are constant, and

hence reduce of Kp and Kq respectively. Thus equation

[6.1.2] can be reduced to

m m
a A +K_1 Y U =aA_ +K_1 3 U_.
PP P 5 j=1 PJ qgaq S iy j=1 PJ [6.1.3]
or
A +KU =aA + KT 6.1.4
% T Tpp - %ga T Yagq [ ]
where ﬁb and U_ represent the average utilization charge

g

. over all terminals for service p and service q respectively.

Since the utilization charge 1is a function of distance,
these terms require a knowledge of the distance distribution
of the terminals for calculation.

It should be emphasized-that ﬁb # Up(a) where d is the
average distance since usage charges do not vary linearly
with distance. For a particulaf service p it is possible to
speak of a representative distance dé such that ﬁp = 'Up(dé)
However, since the shape of the usage function with distancé
is not the same for the various services, the representative
distance for different services for the same user group can

be quite different. ©Now, assuming that Kp can be written as

uF (valid for all services except Infodat, Dataroute and

p
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leased analog lines) the expression
A - A
y = g ” %pTp
jole| '
F"' L
P Fq [6.1.5]

can be developed as the value for the equal cost boundary
between two services.

At this point a comment fegarding the interpretatipn of
the above equation is in order. Figure 6.1.1 lists the

various conditions that can exist.

service q best
below boundary

alA - aA
g q PP
F - | - g +
P g |

|

+ | service service : service g
| g is g is best above
| best best boundary,
| service p
| best below
| boundary
| - R
| |

0] | service identical service
| g is p is
| best best
I
[ _

- | service p service service
| best above p is p is
| boundary, best best
I
[
I

Figure 6.1.1: Optimum service based on access
and utilization costs.

It should be noted that while a A - a A is only a

q4g PP
function of the two services and the speed, Fp - Fq is fre-
quently a function of 1, b and s and hence its sign may

depend on these parameters.
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The following sections will <consider the charac-
teristics of various user communities that were identified
in the Datacom'76 study [l]. (This is the only survey which
contains a sampling of actual user data relevent to Canadian
‘communications usage.)

The user communities that it identifies, and for which
it contains a significant sample of users, are
- time sharing/enquiry response
- airliné reservation terminals
- banking-terminals
- remote batch (RJEi
'— peripheral-to-peripheral

These wuser groups are analysed’'in detail in Sections
.6.3 through‘6.8. First it 1is necessary to develop some

general equation for evaluating region boundaries.

6.2 USER GROUP PARTITIONS EQUATIONS

To obtain the boundary between communication services
for a user group it 1is necessary to evaluate equatibn
[6.1.4], generally in the form of equation [6.1.5] for the
two services in question. For convénience the relevent ser-
vices, and their Kp values are listed in Eigure 6.2.1. {The
-service numbers correspond to those used in Section 4.2.)
Substituting the values from Figure 6.2.1 into equation

[6.1.4] leads to the following expressions for the partition

boundaries between the various communication services.
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éervice Name Kp
1 Dataroute/Infodat 1
2 Infoexchange u/ (48is) (asynchronous)
u/(60is) (synchronous)

3 Datapéc 10-5u/b

4 Infocall 10”7 %u/8

5 Telephone . u/ (48is) (asynchronous)
6 Analog Leased Line 1

Figure 6.2.1: Usage charge co-efficients for various
data communication services

6.2.1 DATAPAC-INFOCALL

The boundary between the Datapac and Infocall  regions

is given by the traffic volume.

, 8x1ﬂ4(a 3- '4)
ul, =
Mg, 41 - 80 10 U )
b U4 [6.2.1]
(I£ ay = a, = 2, then for a single wuser this equation is

identical to Eguation [4.2.6].)

Given that 1@’253/54 is usually in the order of unity,
and that the average packet length b is normally much equal
to 88, the approximate location of the boundary is where the
difference 1in access charges is covered by the (higher) In-
focall utilization charges.

Where Datapac or Infocall is being used to service many
terminals from a single host computer then we would expect

that a

3 ® a; = 1. Then if A, is equal to A, no Infocall re-

3
gion exists. This is the situation  for dedicated access

Datapac 3101 service at 300 bit/s or less.
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6.2.2 DATAPAC-INFOEXCHANGE

—

The boundary between Datapac and Infoexchange is given

by
U,(1 - 681 _s  187°T.)
b 1000 T, [6.2.2]

in the synchronous speed region. Replacing the values of 60
by 48 extends it into the asynchronous region although, as
was shown in Sections 4,2 and 4.3, this boundary is not nor-
mally of interest there.

We note the appearance of i/b in this equation; Only
for a small b/i raﬁio, i.e. short messages and/or high com-
munications intensity) is the second term in the denominator

significant, and as in the Datapac-Infocall case, the boun-

dary 1is the point where the difference in access charges is

covered by the (higher) Infoexchange usage charge.

6.2.3 INFOCALL-INFOEXCHANGE

In Section 4.2 it was shown that this boundary occurred
at a particular speed. Substituting into eguation [6.1.4],

and noting that A2 = A3, and that for a particular user

group it is reasonable with these two services for a, = 33,
we obtain
. —
S34 1333 22
1 T [6.2.3]

as the  boundary (assuming it falls in the synchronous re-

gion).
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6.2.4 TELEPHONE-DATAPAC

. The boundary between telephone and Datapac is given by

W e 48si (a3A3 - aSAS)

35 © 2

65(1 - 48i s 10°°0
b 1008 U,
assuming that it occurs in the asynchronous region. Again

3 [6.2.4]

-we . note the presence of i/b which indicates the second term

in the denominator is normally relatively insignificant.

6.2.5 TELEPHONE-INFOCALL

The boundary between telephone service and Infocall is
given by
48si (a4A4 - aSAS)
U5(l - 0.61 s lg4)
1000 Ug

Ups =
[6.2.5]

It is probable that the value of aq and ag would be the saﬁe

for a given user group.

6.2.6 TELEPHONE-INFOEXCHANGE

The boundary between telephone service and Infoexchange
is given by

60is (A2 - AS)

us. =
25 =

[6.2.6]

Charges for synchronous speeds have been used as this is

normally where this boundary occurs.
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6.2.7 DATAPAC-DATAROUTE/INFODAT

The boundary between Datapac and the digital leased

line services is given by

= 5 _ =
ujy = ble~ (a Ay ashy) + Uy
Usy [6.2.7 a]
In the synchronous (Datapac 3000) region Al = A3, and for

many applications, i.e. dedicated point-to-point service or

multidrop type service, a,; = aj. Hence in these situations
o b16> T,

‘ U, [6.2.7 b]

For asynchronous (Datapac 31061) applications A3 > Al, and

for short distances the boundary Ean occur at quite low

values. In f{ae asynchronous region where the computer

probably services many terminals a; = 1 will normally be the

case. On the other hand a; may also be near unify if it is

a multidrop service but could range up to two if the digital

leased 1line connections are on a point to point basis. The

net result is that the (alAl - a3A3) can be either positive

or negative, and with a; = 2 and a; = 1 to 1.5 could lead to

near cancellation of this term, again vyielding equation

[6.2.7 b] as the boundary.

6.2.8 TELEPHONE-DATAROUTE/iNFODAT

The boundary between the telephone system and digital
leased lines is only of significance in determining the par—
titions before Datapac and Infoswitch became available. The

boundary is given by
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48is [(alA1 - aSAS) + U1]

ul.
135 U, [6.2.8]

in the asynchronous region.

6.3 TIME SHARING AND ENQUIRY-RESPONSE APPLICATIONS

The Datacom'76 survey contains a sample of approx-
imately 2000 terminalsA of the time sharing or enquiry-
response type.2 From the survey it is obvious that these
terminals are being wused to access central computing
facilities, and that each central facility is servicing a
large number of  terminals. The distribution of speeds and

communications services is shown in Figure 6.3.1.

communication | | terminal speed
facility | total | 11¢ 300 600 1200 2400 4800
' | ‘ | _ :
I | ' -
telephone | 837 | 253 547 - 24 - 13
l |
| |
multidrop line| I
(analog) | 321 | - - - - 282 39
l |
| |
multidrop line| I
(digital) | 77 | - - - - 77 -
| |
I |
point-point | |
(analog) | 152 | - 56 6 13 7 79
I |
| |
point-point | I
(digital) | 667 | - 532 30 - 58 47
l l :
| 2854 | 253 1135 36 37 424 169

Figure 6.3.1: Time sharing/enquiry-response
communications service distribution
2This sample was arrived at by deleting non-Canadian
locations, and terminals with missing or obviously incorrect
data that could not be estimated or corrected from the con-
text.
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It will be noted that 25% of these terminals are 308
bit/s units that access the central computing site via dial
telephone links. |

By comparing the number of communications 1lines (and

hence computer ports) to the number of terminals one obtains

the values shown in Figure 6.3.2.

analog digital
average no. of terminals 2.9 ~——
per telephone
access port
average no..of 7.0 11.9
terminals per’
multidrop line
average no. of terminals 1.7 3.1
on a point-to-point
circuit

Figure 6.3.2: Typical concentration figures‘for
time share and enquiry response

~ The third item in the figure, the number of terminals
on a point-to-point circuit, requires further consideration.
Intuitively one would assume one terminal per circuit.
There are two possible explainations for this anomaly.
First, there may have been multidrop circuits reported
without qualification as multidrop; secondly, channel
deriving may have been utilized to obtain several point-to-
point channels from the same circuit. Both reasons are

probably wvalid but there is no method to distinguish them

from the available data.
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In view of the large number of circuits that are
clearly single user point-to-point, plus the large number of
telephone wusers, it was decided that the most reasonable
model for this class of users was to assume it consists of
point-to-point usage only. Few installations seem to have
the distances, or the number of terminals, or the light load
that makes 1line sharing (multidrop or channel deriving)
economically attractive.

To analyse the wuser characteristics further it was
necessary to develop the distribution function for the
distance between a terminal and the central computer. To do
this it was necessary to assume that the distance distribu-
tion is independent of traffic and speed distributions. -
Scatter plots of number of terminals vs. traffic and
distance did not exhibit any wide variationéithat would
argue against this assumption. The majority of data is 1low
traffic and/or short distance which makes hypotheses testing
difficult. Intuitively one believes that the need to wuse
the compdter would be independent of the distance, and while
higher communications costs may discourage redundant usé,
they are not a sufficiently large component of business com-
puter expenses to seriously alter patterns of required
usage.

The distance distribution was developed by using the
source and destination points in the Datacom'76 survey data

and calculating the distance between them. Where a general

.geégraphic area was specified the major city in that area
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was selected. This gives a good model at long and medium
distances but the data 1s seriously distorted at éhort
distances due to the size of the "local areas", i.e., Toron-
to area includes Kitchener-Waterloo, and Barrie. The sig-
nificant difficulty with these large sample areas is not the
error in the distancg, it is the existence or non-existence
of special 1local calling rates for some services. These
services are: telephone which has no 1local call usage
charge, Infocall which has a local call rate of 30% of that
for short distance non-local calls, and Infodat/Dataroute
which does not provide local service.

It was found that overall 48% of the terminals were in
the same area as the computer and hence zero distances were
obtained. However it was noted that 27% of the digital
leased 1lines, for which local,éircuits do not exist, were
calculated as zero distance but must, in fact, be short
links. It was also observed that the distance distribution
of the non-local terminals was essentially the same for all
three services. Therefore it was assumed that for all three
services the same ratio of short links to non-local 1links
exists, as in digital leased lines. This produced the
results shown in Figure 6.3.3. The approximate overall
distribution is 30% local calling, 20% short distances (say
approximately 25 miles) with the remaining 50% distributed
exponentially with an average distance in the order of 6@0

miles.

Using the distances calculated from the Datacom'76 sur-

vey, -with the above local vs short distance correction, the
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local fegion non-local
local short
telephone 488 93 256
digital line - 198 546
analog line 97 190 _276
585 391 1078

Figure 6.3.3: Distance distribution for time
sharing and enquiry-response terminals

average utilization costs for the ¥Various services were cal-

culated and are recorded 1in Figure 6.3.4. The digital

' leased line charges could be calculated only for the non-

Zzero distance distribution. The analog leased line calcula-
tion assumed a minimum distance of 20 miles to allow for

local loop charges.

Now, substituting these charges into the equations.
developed 1in Section 6.2, the optimum service regions are
shown in Figure 6.3.5. Both boundaries between existing
services and the new services are indicated.

Since the applications in queétion have a single com-
puter serving several terminals, the per terminal share of
the compiler access charge will be small and it was assumed
that all ap were unity except for leased lines. For leased
lines it was assumed that a full access charge would be
necessary at both  the terminal and computer. (This would
not be the case in the line were a multidrop circuit.) In
addition, for comparisons using digital leased lines the U

p
values for non-zero distances were used. Dedicated Datapac



Service Symbol Value Value Conditions

(all (non—-zero
distances) distances)
Dataroute/ U, - 57 $<300
Infodat - 114 s=600
- 225 s=1200
- 386 s=2400
- 636 s=4800
Infoexchnange U, .169 .196 s<1200
.220 .250 s=2400
.340 © o .390 s=4800
Datapac 63 39.2% 45.0% (Grade III)
Infocall U, .531 .683
Telephone ﬁs . 345 .482 Trans-Canada
Analog Line U, 376 1078

*not including 25¢ NIM charge. for Datapac 3101 service.

Figure 6.3.4: Average utilization charges for
time sharing and enquiry-response

3101 charges were wused for s < 1200 bit/s. Véiues of 5 =
2560, and i = 0.25 were used as being typical for users  in
this group.

From Figure 6.3.5 it will be noted that most of the
potential Datapac region was originally in the digital
leased line area. Infocall only has a small area falliﬁg
largely into what was a dial telephone region before the in-
troduction of the new services. Infoexchange does not appear
at all. The boundary between Infocall and Infoswitch is
near 24006 bit/s. However, in the region where infoswitch
would be expected, dial telephone is less expensive by $éﬂ
to $40 per month. The Infoswitch~Datapac boundary 1is very

close to the telephone-Datapac boundary. If we refer to
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Figure 6.3.5: Optimum service regions, Datacom'76
Time share and enquiry-response applications,
. (b=250, i=0.25)
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equation [6.2.6] and Fiqure 6.3.4 we note that the dif-

ference 55 - 53 is small, especially at high speeds. Hence

the 1lower access cost favours the dial telephone system.
From quality of service, reliability and convenience view-
point Infoswitch should be better, so Infoswitch may be
chosen rather than telephone due to these non-tariff fac-
tors.

The monthly costs are marked on the'figure at the boun-
dary 1lines between the regions. Between these boundaries,
costs vary linearly with u. 1In Figure 6.3.6 the boundaries
from Figure 6.3.5 have been reproduced, and the "average"
locations of the time sharing and enquiry-response terminals

have been added. These "average" locations were obtained by

~sorting the terminals in a given' speed group by traffic

volume, then dividing the sorted list into ten approximately
equal size groups and finding the average traffic volume for
each group. If the averages of adjacent groups were very
close these groups were lumped. The resulting numbers of
terminals at that average traffic and speed are plotted in
Figure 6.3.6.

It can be seen that while the terminals orginally were
scattered across the digital leased 1line-dial 'telephone
boundary- the bulk of them now fall into the Datapacrregion.
The exceptions are primarily at the high speed end.
However, many of these terminals were on multidrop systems,
and weré probably operated at that speed for bolling

reasons, rather than user requirements. Based on their
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Figure 6.3.6: Optimum service regions, Datacom'76

Time share and enquiry-response application,
showing numbers of terminals
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traffic volume they could be operated at a lower speed quite
satisfactorily. Hence, some of the high speed applications
may "migrate" to lower speeds'giVen~the cost advantages.

It will be noted that the Infocall region has few ter-
minals. It might pick up some by the "migration" discussed

above, but it appears that overall Datapac is the least ex-

- pensive alternative for most time sharing and enquiry-

response use. In Section 7.3.2 an analysis of GTA traffic
indicates a very similar pattern for interactive terminal
applications. To illustrate this further a region has been
marked in = Figure 6.3.6 where  Datapac  and In-

focall/Infoexchange are within 25% of each other in cost.

It will be noted that this allows Datapac to cover every

terminal, while Infocall/Infoexchange still only covers part
of the area. This indicates that some applicatiéns will be
strongly biased to Datapac while the balance could go either
way. . Unless interworking is available to allow a free
choice in the latter region the tendency will be for these
latter terminals 'to also be Datapac,Aultimately.leading to
this whole applications area being Datapac. It might be
noted that the boundaries are relatively insensitive to the
b and i values. Reducing b to lS@\bits moves the Datapac-
Infocall boundary up by a factor of almost two, but only
makes about a 20% change in Datapac-~Infoexchange boundaries.
Doubling i moves the Datapac-Infoexchange a boundary up by a
factor of two. 'These changes do not_sigﬁificantly alter the

fraction of the terminals in the Datapac region. to il-
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lustrate

the cost advantage that Datapac has, for the group

as a whole, the average access and usagé charges, by

are shown in Figure 6.3.7.

become very significant.

At higher speeds the differences

speed average Datapac Infocall Infoexch. Telephone
traffic
110 2.9x18%  686+7 68417  60+371  35+758
=67 =79 =431 =793
300 8.0x10° 60421 60453  60+376  35+767
: =81 =113 =436 =802
6017 2.5xlﬂ7 1154192 89+495 . 88+1751 35+3575
=307 =575 =1831 =3610
1206 1.9xlﬁ7 115+56 84+128 80+227 35+462
‘ =165 =208 =307 =497
2400 >3.2x107 133+56 160+213 160+196 52+308
=180 -=313. =296 =360
48@% 7.2xl@7 230+114 175+481 175+390 1264397
=344 =656 - =515 =473
Figure 6.3.7: Monthly communications cost for
average time share-enquiry response terminal
6.4

AIR LINE RESERVATION TERMINALS

The Datacom'76 survey contains a usable =@ sample of

approximately 3000 airline reservation terminals. The over-

whelming majority of these units are currently connected to

their ' host computers via‘multidrop lines, primarily at 2400

"bit/s, as shown in Figure 6.4.1,

If it is assumed that all terminals operate at 2409

“bit/s and that the distance distribution from the Datacom'76
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speed telephone analog digital total
(bit/s) multidrop multidrop
12090 - 166 - 166
24090 20 634 2289 2943
4800 = _157 __54 _211
total 20 957 _ 2393 3320

Figure 6.4.1: Speed and communications service type
distribution for airline reservation terminals.

survey applies then the average monthly utilization charge, -

if all circuits were digital leased lines, would be in the
order of $800 per circuit. The equivalént cost if all the
circuits were analog leased lines would be slightly more
than twice this, namely $lBQﬂ.

It was observed in the survey data that each analog

.multidrop circuit has an average of 7.1 terminals, while

each digital multidrop circuit has an average of 61 ter-
minals. The above information, along with access charges,

was used to calculate the'averége monthly communications

-cost per terminal. The results are summarized in Figure

6.4.2. The = access charge for the analog line is the modem
cost as given by Equation [3.7.1] and, as was indicated ear-
lier, - is subject to <considerable variations due to dif-
ferences between modems. The average access charge, per
terminal, at the computer will be small, given the number of
terminals per circuit, and has been ignored, i.e. all a, =
1. (The 1large difference between the number of terminals
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