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FOREWORD

In late 1976 DCA contracted with IDA to analyze the rate

structures and cost allocation procedures associated with the

two primary long-haul defense communications networks , A tJTODIN
and AUT OVON. This study reports the resul ts of the work on
AUTODIN. The purpose of the analys is was to evaluate t he
curren t structure of rates charged by DCA for AUTODIN backbone
serv ice s and , if appropriate, make recommendat ions about
adjustment s and revisions in the rate structure that might help

DCA to better achieve two objectives: an equitable allocation

of costs and an efficient utilization of the AUTODIN backbone.

In accomplishing the study we accepted as parameters the

present size and configuration of’ the AUTODIN backbone as well

as the proce dures where by user agenc ies select the serv ices and
equipment they need and contract with either DCA or the common

carriers for these services. The study deals exclusively with

the allocation of given costs through the process of setting

‘1 ra~es. An extremely important question is whether or not the

size of the system and its costs are , in fact , at optimal

levels. This study, however , makes no attempt to broach this
problem.

Af ter an introduc tion and summary , we discuss the theoret—
• ical rationale for charging for access and for usage (or traffic

s e n t ) ,  attributing to usage the characteristics of volume , dis—
tance and precedence. A model is developed for allocating

costs as a function of access and usage which leads to a con—

P siderably different rate structure than that currently used.

The effects of using the model on allocation of cost among

4 vii
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agenc ies and average message costs are exam ined us ing some
simulat ion techniques and some recommendations are made and
supported .
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I .  INT RO DUCTI O N A ND SUMM AR Y

AUTODIN (Automatic Digital Network) is the Defense Depart-

ment ’s data transmission and message system , The structure and

capacity of the system is determined by world—wide defense com-

mand and control requirements for certain national defense

scenarios. In the absence of such requiremen ts , the facilities
are made available to government agencies for defense—related

P official communications and perform an important role in the

day—to—day management of the armed forces and related activities.

The Defense Communications Agency (DCA) is responsible for

the technical and financial management of common facilities in

the AUTODIN network . Financial control is exercised through

the Communications Services Industrial Fund (CSIF) managed by

DCA. The CSIF is a revolving fund from which payments are made

to communications common carriers and other suppliers for leased

communications lines , switching equipment and other services.

The fund is reimbursed by AUTODIN users from their appropriated

budgets. The payments from CSIF for AUTODIN backbone services

in FY 77 are expected to be about $118 million . This is to be

recovered with anticipated billings to the Army for $111 million ,

Navy for $11 million , Air Force for $17 million , with other DoD

and non—DoD agencies supplying the remaining $6 million.

Under the current system of allocating AUTODIN costs , the

various agencies are required to es t imate  their  AUTODIN needs
In terms of the number of connections of various speeds (from

75 to 11800 baud ) by months of use for the coming budget year ,

On the basis of these user estimates and projected costs for

switch and trunk leases and O&M costs , DCA computes connectivity

1
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charges that  are desig~ ed to cover its anticipated industrial
fund payouts for AUTODIN backbone costs. The connectivity fees
are calculated as a function of the projected number of con-

nections for each agency but billing Is for the actual number

of connections. Since actual connections are usually fewer

than projected , there is typically a shortfall in DCA revenues

to the CSIF.

On the basis of an analysis of the economic , technical and

managerial aspects of the AUTODIN I system , this study con—
V eludes that the current method for allocating backbone costs

among us ers doe.~ not meet the criteria of equity and efficiency
and that It has perverse incentive effects. A system incor-

porating other principles of cost allocation is recommended.

In the following chapters , the rationale and structure of such

a system are developed . A rate algorithm and a computer ~‘lmu—

lation embodying it are provided and the application of the

principles to the future AUTODIN II system is discussed .

In the process of the analysis it became apparent that a

backbone rate system involving cost incentives cannot answer

all the problems of managing AUTODIN which face DCA and its

user agencies. Efficiency in communications cannot be guar—

anteed by a rate structure; reinforcing administrative action

and policy decisions are required. It is beyond the scope of

this study to recommend particular policies to supplement the

proposed rate system . Some policy alternatives are identifIed ,

howev er.

V 
The selection of a system for allocating costs involves a

number of sophisticated trade—offs. In one sense , AUTODIN I
is like an economist’s public good . There is no cost to the

network for one more message or for one more access line——at

least at this time . Capacity is determined by commai~d decision

to meet military requirements and these potential needs greatly

exceed current demand . Since capacity exists to accommodate

4 2
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more messages and lines , the ob jec t ive  of the U . S . Government
should be to ensure th~.t as much traffic as possible is placed

through AUTODIN I. If an individual user should find that a

commercial service is cheaper for some particular application

(although this seems highly unlikely given any reasonable rate

structure), it is still more expensive for the agency to use that
service , since the AUTODIN I costs must be paid In any event .

Any rate structure must be perceived as fair by the agen—

p d es——this is not commercial marketing but cost—sharing . Effi—
• V ciency versus equity is an old dilemma in economics , and a final

pricing structure will require some policy decisions by DCA.

However , seven conclusions can be reached at this time .

• Efficient use of the system requires that usdrs choose
both the appropriate number and speed of access lines.
Placing all charges on connectivity weighted by speed
obviously provides very strong incentives to choose
the lowest feasible speed and to minimize the number
of access lines. A zero access charge , however , coul d
lead to more demand for high—speed lines than the sys-
tem could handle. Thus, initially, at least , a con—
nectivity charge should continue to be assessed but at
a considerably lower level than at present . The access
charges considered in the study would collect in the
aggregate approximately 20 percent of the total system
costs.

• The majority of revenue should be collected on the
basis of usage . There are two units in which usage
can be measured , messages and line blocks. The choice
between them Is a matter of judgment but a combina—

p tion of fixed fee per message plus a charge per line
block seems reasonable.

• The costs of long—distance service benefit long dis—
tance users. Others can be excluded from these bene-
fits. Therefore , long distance costs (trunks and
associated access lines) should be charged to long
distance users. The payment for long distance should
be collected through usage fees , not connectivity.

• A surcharge should be collected on FLASH messages. Use
of precedence interrupts and delays other messages and
these costs should be paid by the FLASH user. The sur—

p charge can be either a lump sum per message or an addi—
tional cost per line block. The lat ter would prov ide

4
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an incentive to keep FLASH messages short. The former
would recognize that  the mere fac t  of in ter rupt ion
imposes a cost , regardless of the lengths of the FLASH
message.

• Rat e se t t ing  and b i l l ing  should be coordinated to l imit
CSIF d e f i c i t s .  We recommend that  e f fo r t s  be made to
develop better forecasts of system use so that the
rates can be set on the basis  of more accurate  projec-
t ions than are cur ren t ly  used. We also recommend that
billing be done on the basis of actual costs rather
than p ro jec ted  cos ts,

• DCA should address the issue of acquisition and con—
• figuration of off—system equipment and services. It

may be that  new policy decis ions ei ther  by DCA or
others In the DoD wil l  be required to assure e f f i c i en t
integration of AUTODIN with other communications activ—
ities. Attempting to solve all problems with prices
alone may not be sucdessful.

V • An integrated charging system should be developed for
AUTODIN to include bo th AUTODIN I and AUTODIN II when
in place. This pricing should recognize the inter-
dependency of the two systems. We further recommend
that consideration be given to implementing procedures
to permit  charges in AUTODIN II both for d is tance and
precedence.

Some of the e f f e c t s  of swi tching from a ra te  s t ruc tu re  in
which all revenue is derived from connec t iv i ty  fees to one in
which 80 percent of other revenue is collected through charges

on line blocks are i l lus t ra ted  on the fo l lowing tables . 1

Table 1 compares the current rate s t ruc tu re  to a proposed
hypothetical rate structure .

If the proposed rates were adopted , the share of total
V 

budget paid by each agency would change, with the share rising

for agencies with higher than average usage and fewer than

average line connections without identifying the agencies .

j Table 2 indicates how the shares of major users might be

expected to shift.2

1The tables are based on F? 76 levels of estimated message traffic and FY 78
backbone costs.

— 2M “agency” is a group of similar PDC account ntmibers.
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Ta ble 1. SUBSCRIBER RATES
Current (100 Percent Connectivity) and Proposed (80 Percent Usage) Systems

Current Rate Structure Potential Rate Structure

Connectivity Charges: $/Month Connectivity Charges : S/Month

Low Speed $1 ,624 Low Speed $ 279
Medium Speed 4,873 Medium Speed 837
High Speed 7,580 High Speed 1 ,302

Line Block Rates: i/line block Line Block Rates: ~/1ine block

Local 0 Local 0.86
Area 0 Area 0.90
Inter-Area 0 Inter-Area 0.99

Ta bl e 2. PERCENT OF TOTAL BAC KBO N E COST PAID BY
“AGENCIES ” UNDER TWO RATE STRUCTURES

4 --____________________________________ ______________________________________

Present 100 Percent Proposed 80 Percent
Agency Connectivity Rates Usage Rates

Three A 30.5 27.7
Highest B 16.9 14.1

p C 20.6 19.6
Second Three 15.1 23.2
All Others 16.9 15.4

Another  i n t e r e s t i n g  comparison is that  between what a
subscr iber  might be paying for AUTODIN services and what he

~ would have to pay for an equivalent amount of commercial commu-
nications. These figures are shown in Table 3.

p
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Table 3. COMPARATIVE MONTHLY COSTS FOR A IITYPICAL II a
AUTODIN I SU BSCRI BER

AUTODIN I Revised Rate
Structure

_________________ 

(80 Percent ~sage) Conr~erclal Equival ent

CONUS Messages $175/month $ 954/month (Maligram)
Overseas Messages 249/month 1 ,367/month (International

_________ ____________ Telex)
Total $424/month $2,321/month

aLow...speed access line at $279/month, 292 domestic messages @ 14 line
blocks , 239 overseas messages @ 21 line blocks.
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P II. A MODEL FO R ALLO CATIN G A UTODIN COSTS

A , SY STEM CHARACTERISTICS RELEVANT TO RATE-MAKING
V 

AUTODIN I is one of a number of communicat ions networks
main ta ined  or supervised by DCA . It is a secure , store—and--
forward computer—based message processing system composed of a

number of’ switches linked by high—speed trunk lines. 1 User s
are con tinu ously connected to each sw itc h as a te lephone is
always connected to its exchange. The current 1300 users

range from slow—speed teletype terminals to computers.

The AUTODIN I user enters a message with one or more

destinations into its switch. The switch accepts the message in

its entirety, logs it and stores it. In accordance with re-

quested priorities , the switch then transmits the message to

the destinations as circuits become available. Once the user

p has entered the message , it is the responsibility of the host

switch to make delivery . Re file cen ters are used to enter
messages into commercial channels for non—AUTODIN destinations .

The AUTODIN switch is a computer which processes messages 
V

according to programmed conventions . The CONUS switches leased

from commercial firms are capable of storing messages for for—

V warding in drum , disk and tape secondary memories. The magnetic

core data memory of the Accumulation and Distribution Unit (ADU)

is (in present configuration) the first capacity limit on the

system . This unit interfaces between the central processing

unit (CPU) of the switch and incoming and outgoing channels.

p

~Currently 17 swItches ani 
Lu truck lines.

4 .~V
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This is necessary because incoming and outgoing t ransmiss ions
are at different rates. When a message c omes into the sw it ch
from a tributary user, it is stored in ADU data memory until the

CPU sends it on. When the CPU transmits the messa ge to another
switch , the receiving ADU data memory stores the information

received from the originating CPU in order that further trans-
mission can be accomplished at a speed compatible to that of

the receiving subscriber ’s equipment .

Because the magnetic core storage elements are scanned at

a fixed rate and because the CPU operates at Internal speeds

faster than sending or receiving subscriber equipment , di f fer-
ing amounts of ADU data memory are required for differing speed

access lines. At present , all leased switches are configured

w i t h  ADU data memory capac i ty  of approximate ly  23 110 l ine b locks .
The current protocols assign up to 6 line blocks of memory to

all low—speed channels (75, 150, and 300 baud), up to 18 line
blocks to med ium—speed (600 and 1200), and up to 28 line blocks

to high-speed channels (21100 and 11800 baud) . The amoun t of
memory absorbed by low— , medium— , and high—speed lines is thus

in the ratio of 3 to 9 to 114. These ratios are used in the

calculation of connectivity fees. The leased switches can

accommodate 250 trunk or subscriber channel connections ,1 but

83 high—speed connections or 130 medium—speed connections would
exhaust the ADU memory capacity.

Although the vast majority of the messages are narrative
V traff ic , bulk computer—to—computer transmission constitutes

a rapidly growing share of total volume . Plans exist for a

second network , AUTODIN II , to complement and to some extent

‘The eight goverrinent-owned switches in Europe and the Pacific operate
V sanewhat differently, utilizing a dynanic assi~~n~nt procedure en~1oying

V Line Thaffic Coordinator processor un its to interface input—output channels
and central processing eler~~nts within the switch. These switches can
accamiodate 100 to 200 access lines, including trunks, depending on how
they are configured .

4 8
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replace AUTODIN I. AUTODIN II Is a packet—switching network
V designed for computer—to—computer  c ommunicat ion . Packet —

switching Involves high—speed switch—to—switch transmission

at 50,000 bit s per second . Messa ges are broken up into
“packets ,” each of which is transmitted separately by whatever

route is available to the addressed switch and terminal.

V Packet—switching requires that a direct logical connection

between sender and addressee exist for a packet to be dis—

patched ; unlike the message route with circuit switching ,
however , the specific path may vary from packet to packet . The

V system permits the maximum use of the capacity of multiple .-

channel high—speed trunks. When AUTODIN II become s operational ,

a substantial portion of AUTODIN I users will be connected .

Eventually the AUTODIN I switches will become service centers

interconnected by AUTODIN II.

DCA is responsible for AUTODIN I network management but

the equipment In the United States , including Hawaii (nine of

the 17 current switches), Is leased from Western Union , as

are some of the trunk lines (the others are leased from other

carriers). DCA must pay for the equipment and services annually.

It does so from its Industrial fund which in turn receives pay-

ments from the using agencies.

The Communicat ions Serv ices Industrial Fund , out of which
AUTODIN, AUTOVON, and other commun ications services are paid ,

t is a revolving fund , replenished by transfers from the customer

• agency appropriations . DCA acts as the agent for various DoD—

related units of the Federal government in paying for leased

communications services. In FY 77, over $390 million will have
been paid for communications services. Of the $390 million ,

$118 million will have been for AUTODIN backbone costs. 1

1Apperxlix D gives detailed breakdowns of backbone costs for recent years.
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B. CURRENT PRACTICES

AUTODIN cos ts currently are allocate d exc lusive ly on the
basis of charges for “connectivity. ” DCA bills each user

monthly for t he number of acc ess lines (c onnect ions to AUTODIN
switches) he has in place. There are three different charges,

depending upon the speed of service. Slow—speed users, who
V connect with equipment transmitting at either 75, 150 , or 300

b i t s  per second , are charged the lowest monthly rate. Medium—

speed users wi th  600—1200 bi ts  per second or greater pay the
highest  month ly  ra te .  The three rates are in the ratio of 3

to 9 to 111. These rat ios  derive from the technical character-
istics c-f the first constraint on switch capacity, the ADU

memory.1

Users are requested to project the number of access lines

of various speeds that they expect  to require  over a twelve—
month period. DCA then converts  these  pro jec t ions  of access
line requirements  into an equiva len t  number of “weighted un i t s . ”
A high—speed line for one month is equal to fourteen weighted

units , a medium—speed is nine and a slow—speed is three.

Once the total number of weighted units is arrived at,

it is divided into the projected backbone cost to obtain a

monthly cost per weighted unit . This cost is then mult ipl ied
by three to arrive at the monthly charge for a slow—speed line ,

by nine for the medium— speed charge , and by fourteen for the C
high—speed charge.2 The total cost for an agency is calculated

1This assumes a Western Union leased switch with eight quadrants of m~nory .
Other limit ing factors on switch capacity are the number of access lines
(Its access line termination and trunk tenninations) ar~I trunk tennina—
tions at 250 per switch and the throughput limit of approximately 250 ,000
baud .

2The procedure for calculat ing rates requires first the cmputation of the
number of “weighted units” implied by service plans. The estimated total
backbone cost is divided by total weighted units to derive a “weighted unit
cost,” then the weighted unit cost is multiplied (continued on next page )
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on the basis of the actual , as opposed to projected , number of
lines of each speed the agency has in place during each month.

Since the actual number of lines invariably differs from

the project ions , so too does the amount of money collected by
DCA d i f f e r  from the actual backbone costs. Any shortfall or

surplus for one year is added to or subtracted from the esti—
V mated costs of the next budget year before a new set of line
V char ges are ca lcula ted .  Cur ren t ly ,  no charges are levied for
V usage , distance or precedence.

In the following discussion , we examine the rat ionale for
and implications of a substantial change in the current method

of allocating backbone costs. A model for allocating costs on

the basis of usage, distance , and precedence , as we ll as con-
nectivity, is developed and tested.

C. CONNECTIV ITY  CHARGES V S .  USE CHARGES- -A  THEORETICAL
p DISCUSSION

AUTODIN capacity is determined by potential defense con-

tingencies and is sufficient to accommodate both more access

p

(contd) by 3, 9, and iLl respectively to arrive at the connectivity fee for
slow— , medium— , and high—speed lines. The weighted unit cost is calculated
as follows:

p Let B = annual backbone cost in dollars
S = quantity of slow—speed connections (in months connected x

connections) (weight = 3)
M = quantity of n~dium—speed connections (weight 

= 9)
H = quantity of high—speed connections (weight = 14)
W = weighted unit cost in dollars per month

— BW _
33 + 9M + l L u H .

3W = slow—speed connectivity fee

V 
9W = medium—speed connectivity fee

114W = high—speed connectivity fee

4 ,
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lines and more traffic than at present . Backbone costs are

largely fixed and would not be changed by adding or subtracting

relatively large numbers of subscribers. As a result , the

question we wish to examine is only indirectly one of pricing

services. The main objective is to find an equitable and effi—

d ent method for allocating costs. The pricing process is one

• means to this end . The goals to be achieved are maximum utili—

zation of AUTODIN , the creat ion of incent ives for users to make

V 
the most efficient choices in acquisition and use of auxiliary

equipment and in the employment of personne l, and the achieve-
ment of an appropriate degree of equity in the allocation of
costs among all users .1

V If all users had identical demand schedules and no non—

backbone auxiliary equipment were required , costs could effi-

ciently be allocated by having a fixed charge for usage——i.e.,
V 

the appropriate pricing would be much the same as currently

exists. However, when demand schedules differ and other equip-

ment Is required , such a pricing system can lead to inefficient

resource allocation. Some customers will attempt to avoid

the single , re la t ively  high , f ixed  charge for access and in
the process pay for equipment , resources , and a l te rna t ive  ser—
vices that , from an overall point of view , are redundant .

Before examining the system as it ac tua l ly  ex i s t s  and
making particular recommendations about cost allocation , we
shall d iscuss  from a more theore t ica l  point  of view some of

V its economic cha rac te r i s t i c s. The most important character-
i s t ics  flow from the fac t  tha t  the size and total  costs of the
AUTODIN backbone are f ixed  and v i r tua l ly  independent either
of the number of access lines or of usage. 2 This has two

11n the accepted tennino1o~y, a “user ” is one of the services or an agency.
Wt en referring to inlividuals or offices actually sending messages, we
shall apply the term “direct user .”

(42As we shall see later, the mei~ory capacity of the switches could be
exceeded if all lines were made high speed .
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Impl ica t ions .  First , the current marginal cost of carrying an
addi t ional  message is zero ; second , the current marginal cost
of an additional hook—up is zero. (We emphasize that we are

talking only about bac kbone costs , not the cost of having access

lines.) If one were to observe the classical economic dictum

of setting price equal to marginal cost , there would be no

V 
charge for either access or messages. And yet the costs of the

V system must somehow be allocated to the users.

In a sense , the current system is very much like a classic
public good . Usage by one person does not preclude another

from using it. The economic theory concerning the allocation

of public goods implies that people should be charged a lump

sum according to how much they value the good itself. Such a

valuation for AUTODIN is impossible to obtain , of course , but
F the most efficient kind of pricing system would be one which

closely approximated It. In fact , this is the way in which we

shall def ine “equity ”——that pricing structure is most equitable

which most nearly allocates costs on the basis of what appears

to be the user ’s valuation of the services he receives.

There are basically two methods for allocating the costs

p of AUTODIN service. One is to charge for access; the other is

to charge for use. Choosing one or the other of these two

methods In its pure form could lead to user behavior different

from the optimal , “optimal” being defined as that which would

p occur if each was asked to place his own value on the service

and then select his own equipment and amount of’ use. The ques-

tion is— .-what pricing policies are likely to result in the least

deviation from this optimum?

Any user making a dec is ion on how many access lines to
acquire and what mix of equipment , people , and media to use in

performing his communications activities will seek to minimize

his own budget . His pr imary concern is the cost he has to pay ,
not the  overall cost to the DoD . The higher the charge for
eac h access line to an AtJTODIN swi tc h, the more attractive

4 13 
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become a l ternat ives  that permit the  user to reduce the number (
of access lines he contracts  for . For example , if the cost of’
an AUTODIN connection is high relat ive to the cost of leasing
lines from commercial c ommunications companies , he may attempt
to cut costs by leasing only one AUTODIN line and creating a

message center  which  receives and transmits all messages and
is connected to the actual origination and reception points by

a network of commercial lines or by some other form of communi—

• cations ..1 By the same token, a high access cost cou ld induce
a user to acquire less capacity than his peak load requirement .

Part of the peak load would then be allocated to other , more
costly (in real terms) communications methods. In both cases ,

the total communications costs would be higher , although each

user individually would believe he is minimizing his own costs.

Thus, the lower the access costs , the less distortion

there will be in selecting equipment , personnel, and alterna-
tive modes of communication . At the limit , if the connectivity

fee were zero , the user would have no incentive to choose a
communications system that minimized his access to the backbone

while increasing his other costs.
L

Let us now consider the incentive effects of allocating
costs as a function of usage. This could be accomplished by

charging for messages , or l ine blocks , or both. Ordinarily,

individuals or entities faced with a positive cost for a good

or service will use that good up to the point where its mar-

ginal value is equal to the price they pay . It could be that
A.UTOD IN users would behave the same way . Since the current

marginal cost of an additional message on AUTODIN is zero,

charging a positive price could create distortions in that

users would send fewer AUTODIN messages than they really should,

lrft.~~1e are limits to this process. Access through another switchboard can
be Inconvenient , especially If all users are not under the same managerial
authority.

4 
. 114

I

.V

V...4. - 

•V.V.V~ 
.; -;:

~~~‘~~ . 
V.

- 
~~~i ~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~~~~~iV~~~1~~~

_V.V ~~~~~~~~~~~~~~~~~ - V. 1T1~ .~~



from an economic point of view. 1 They would e i ther  not send
as many total messages as otherw ise or they would turn to
other , supe r f i c i a l ly  cheaper but less e f f i c i e n t  alternatives
such as ordinary mail.

We thus find ourselves in the position of saying that

theoretically to achieve an optimal configuration of equip-

ment , the access costs should be zero, and to achieve optimal
usage of the system , the usage charges should be zero. But

the costs must be allocated and so we cannot have both zero

access and a zero usage charge. We are left with a choIce

between two alternatives , both of which can lead to a misalloca-
tion of resources. Recognizing that some distortion is almost

inevitable , our objective then becomes to choose a pricing

structure combined with administrative procedures which will

minimize overall distortion and produce the desired communica-

tions services at the least total cost . We think such a

P structure Is possible to achieve . The solution lies in pricing

for both usage and access , making sure that actual message

senders are not given an incen t ive  to reduce the number of
messages they send . At the same t ime , the  people who make
decisions on equipment purchase and system configuration should

be confronted with prices for access lines that lead to optimal

choices of equipment and personnel.

Applying this pricing rule for access lines means that

the cost of access should be low enough that a user will not

have an incentive to purchase equipment or use services which
V would increase the overall cost of communications activities

relative to what it would be if all equipment decisions were

made by a central decision—maker. Following this dictum to

the letter may call for access costs to be zero. As we shall

- see later , howev er, there are legitimate reasons why the

P 10f course, the degree of distortion will depend upon the elasticity of
demand which is not likely to be very high for AIVIIODIN users.
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connectivity fee should not be eliminated completely . We merely

wish to emphasize here that it should be as low as possible sub-

ject to other constraints.

Of course , the lower the access charge , the greater will

be the fraction of costs allocated according to usage . The

cost per line block or message unit will go up. We have already

argued , however , that charging by usage is the more appropriate

way to allocate costs equitably. In addition , it is unlikely

that a usage charge will result in significant deviation from

optimal utilization of the system .

Dec isions governing usage are made at a much lower level
than decisions on access lines. The people who actually write

messages and decide how many to send and by what medium are

not the ones who make the decisions on budgets. The direct

users pay no bills and have no reason to limit their use or

respond to any kind of pricing system unless directed to do so

by superiors . ’

It appears then that there are compelling reasons for
believing that allocating costs primarily on the basis of

usage rather than access would lead both to a more “equitable ”

distribution of costs and to a maximum efficiency of system

use. To return to our public good analogy and define “equita—
‘1 bility ” in terms of a value to a user , actual usage is the only

practical measure of what the system is worth to a subscriber.2

Large usage imp lies he is getting much benefit from it; small 
V

usage the reverse. With regard to efficiency, a low access

cost would permit the user to choose his equipment and personnel

1Since the marginal costs are negligible, superiors shc~i1d be educated to
encourage usage rather than curtail it.

• ~~ is possible, of course, that a user would place a very high value on
the first few messages he sends and relatively low marginal values on the
remainder, but there is no way to estimate such differences. As a result ,
the number of messages Is the best observable indicator of’ the value of’
the service.
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configurations primarily on the basis of real economic costs.

Allocating cost among agencies according to use , while at the

same time encouraging direct users to behave as though the ser-

vices are free, would encourage the substitutior-~ of AUTODIN for
any other communications whose real costs exceed the marginal

cost of AUTODIN.

We have thus far dealt with an abstract , simplified ver-

sion of’ the AUTODIN system . We have made no reference to trans—

p missIon speed , area coverage, precedence , or choice of units
in which to measure usage . We shall now consider these in

order , with emphasis on transmission speed and distance as
these will exert the most influence on the application of the

simple rules proposed above.

V 

0 .  C H A R A C T E R I S T I C S  OF THE COST ALLOCATION SYSTEM

1. Transmission Speed and Access  Char g es

Transmission speed is a characteristic cf service that Is

currently one determinant of the access cost for AUTODIN users .

Before we can make a recommendation as to whether or not it

should remain a determinant , we should examine whether charges

for speed are necessary for the achievement of the objectives

of equity and efficiency. There are three categories——high ,

medium , and low——into which are grouped the various transmission

• 
speeds. The access charges for these three categories are

related to each other in the ratios of 3:9:114 with the charge

V for the low speed having three times the basic rate for a

“weighted unit.” These ratios reflect the maximum amount of

ADU memory assigned to lines of the different speed classes.

If costs are allocated purely on the basis of access to

the system , it could be argued that differentiation by speed

accomplishes to a certain extent the equity objective we have

P established. The people who require a higher transmission

speed are presumably the people who have more data to transmit.

4 V 
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Thus , a l locat ing costs according to t ransmission speed is from
one point of view an imperfect  subs t i tu te for al locating costs
according to usage . We say “imperfect” because charging for
access requires that  people be put into one of three discrete
groups. As a result , usage within a single group could vary
considerably even though all members pay the same amount .

Al loca t ing  costs on the basis of usage, on the other hand ,
accomplishes with more precision what charging for speed accom-

plishes so imperfectly. Those individuals making greater use of’ V

the system would automatically pay a larger portion of its costs.

Moreover , the allocation of costs would be along a continuum
rather than into three discrete boxes and thus .~ould reflect

more closely the value of the service to the individual user.

An efficiency problem arises , however , if access speed is

not charged for. ADU memory capacity at the switch is more

limited than transmission capacity, and the higher the speed of

access , the more of this memory capacity is absorbed. Although

there is currently unused capacity In the system , ADU memory is

not sufficient to permit every line to be ~48O0 baud .
1 As a

result , there is definitely ~
‘ rationale for having charges to

induce those who do not need high speed to continue using low

and medium speed lines.

‘1 The appropriate leve l for such charges is somewhat debat-

able and there seems to be no single operational rule one can

recommend . It is possible , however , to define some theoretical

upper and lower bounds to the charges that should be levied.

The lower bound is nothing more than the price at which all line

capacity is absorbed. This can be illustrated in Figure 1. The

units on the quantity axis are weighted unit8 while the vertical

axis measures their price to the user. The line D is the demand

for line connections to the backbone and is the total capacity.

1Maklng every line 14800 baud would require 3500 line blocks of ADU memory
per switch; the current capacity Is approximately 2340.
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Q0 QUANTITY OF WEIGHTED UNITS

Figure 1H N OT IONAL DEMAND FOR A U TOD IN SERVICE

Demand would increase as price fell not only because more

lines would be connected but because the price differentials

between different speed lines would fall as well and users

would substitute higher for lower speeds. The access price
‘

~ 
which just allocated total line capacity Q0 would be P0 and

is the lower limit for access costs. 1 This lower limit must ,

for the time being, remain a theoretical concept since there

are Insufficient data upon which to base an estimate of P0.
2

p 1A decision to allocate total line capacIty may seem to contradict the idea
that national security requires unused capacity in order to satisfy poten-
tial demand during a war. Presun~bly, however , the requirement for unused
capacity would be primarily for throughput rather t han connectivity. If
some anK unt of’ excess capacity were required, we could simply define Q0 as
being the total less the projected excess requirement.

P 2~~ is not impossible that P should be zero if at a zero price all me~Tory
capacity is not absorbed .
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There are two ways in which the  theore t ica l  upper bound
can be defined . The first concept we shall label the “cos t
limit. ” It is a function of the division of switch costs

between that for ADU memory , which is absorbed by line connec-

tions , and that for other switch capabilities. The second con—

cept , which we shall call the “efficiency limit ,” is determined

by the alternative kinds of communications services from among

which users may choose. We first shall examine the cost limit

and discuss how it can te derived as a function of the alloca—

tion of switch costs.

As discussed earlier , each sw itch in DIN I per forms two
fundamental functions . It temporarily stores messages in its

ADU memory and it transmits them . The memory capacity Is set

aside and absorbed in different amounts by lines of different

speeds , while the throughput capacity is absorbed only by size

of message and is Independent of access line speed——all trunk

transmission occurring at the same speed . Theoretically, one

can conceive of a switch as being a simple mechanism composed

of two components , a memory and a transmitter. One then could

obtain figures for the lease costs of’ each component and allo-

cate the memory costs by charging for access , and the trans-

mission costs by charging for usage .

In reality, precision either in defining equipment by
function or in measuring the lease cost of memory is Impossible

to achieve . Much of the equipment serves both functions. Esti-
mates we have obtained , however , indicate that of the FY 76
$3.5 million monthly cost for DIN I switches , $750,000—850,000
can be assigned to ADU ’s, the memory buffers being the con—
straining element . Thus, ADU memory cost Is approximately

20—23 percent of the total lease cost, If we assume that

O&M costs are associated with memory and non—memory equipment

in app rox imate ly the same ratio , then 23 percent of total
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swi tch  costs  is a rough measure of the upper limit of costs that
should be recovered through charging for access. 1

The alternative upper bound——th e efficiency limit——is based

on efficiency considerations and depends upon the alternatives

open to users. With high connectivity fees, users have an incen-
tive to minimize access to the backbone and satisfy communica—

V tions requirement s by building up networks behind their own

message processing equipment . The overall cost to the government

of creating such networks is more than the cost of’ providing
V 

similar service through AUTODIN . Access charges thus should be

low enough so that these kinds of alternative network buildings

become more costly than adding access lines. Determining what

this level is may be difficult , perhaps impossible except through

experimentation . 2

One of the upper limits we have discussed can be binding.

The other will be redundant . If the efficiency limit is below

the cost limit , it should be the upper bound on the ratio between

costs collected by access charges and total costs. Otherwise ,

even though only a fraction of total costs are collected through

access fees, these will still be incentives to expand off net

services. Perhaps the relationships among the cost limit , the

efficiency limit , and lower limit , P0, can be illustrated best
‘1 with another diagram similar to Figure 1, relating access charge

to the quantity of weighted units demanded by users.
p 

In Figure 2 , Q0 is the supply of line connections; D is the

demand ; P
~ 

is the access charge which exactly allocates capacity;

PC Is the cost limit , it is determined by the ratio of memory

cost to total cost ; and P is the efficiency limit. Above thise
level , users begi n to find it attractive to reduce the number of

l’fl-~j~ also may be a lower limit for a practical initial charge, as DCA nust
approach the optimal access charge from above , i.e. , by successIve price
reductions.

2~~çp.~ informatIon might be obtained from talking to users about their own
system desi~ is.
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F igure  2. THEORETICAL UPPER AND LOWER BOUNDS
ON C O N N E C T I V I T Y  CHARGES

access lines and assemble their own networks behind a switch—

board . Since previous experience is not sufficient to define

the demand curve , we have no information about its slope or the

relationships among our three prices. For the sake of illustra-

tion , however , we have postulated that the cost limit is below
that efficiency limit . Thus, the efficiency limit is redundant

and the cost limit determines the upper bound for the connec-

tivity fee. Any charge between and P0 is acceptable from an

economic point of view. The choice will affect two things——the
V 

amount of unused memory ca pac ity at sw itc hes and the al locat ion
of cos ts among users. 1 In what fo llows we use the cos t limit

1We should mention again that P0 could be zero . Although it Is unlikely ,
it is also possible that P0 lies above
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In es t imat ing  the appropriate charges to be applied to access
P and to usage . Exper ience wi th  such an a l locat ion of cos ts may

well  indicate  that  it is desirable to lower the access charge
V still further .

p 2. Distance Charges

C u r r e n t l y ,  access to AUTODIN confers  w i th  it the ab i l i ty
to send messages to any point within the system . Allocating

V operating costs by charging for use would permit higher fees

to be assessed for long distance messages than for local ones.

The rationale for charging for distance can be illustrated by

considering a very simple hypothetical AUTODIN system . Con—
H sider an AUTODIN communications system with just three switches ,

none of which is connected to any other. Assume that the ADU

memory of each is fully used , but that more traffic can be

transmitted. (This is almost inevitably the usual situation

given the relationship between transmission capacity and access

capacity for a switch.) The costs for each switch would be

borne by the individual users of each switch.

Now , suppose that some (but not all) users at each switch

want to communicate with users at other switches , so trunks are
added which connect all three switches. Trunks require ADU

memory just as do access lines. Since we have assumed all

memory capacity is allocated , either some users must be dis—

connected from the switches in order to make room for the trunks

(14800 baud), or additional memory capacity must be purchased to

V permit the trunks to be connected without eliminating users.

We shall assume the latter so that the total cost of the system

rises by both the cost of leasing trunks and the cost of Increas-

Ing the memory at the switches. If the throughput capacity of

all switches is still sufficient to handle all traffic , both

p
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local and long distance ,1 t hen these memory and trunk cost s
represent the total increased cos t of operating the expanded
system . These costs should clearly be borne by the users who

send messages between switches.

If the key assumption that we have used is a correct one ,
i.e., that the throughput capacity of’ switches need not be

increased in order to handle the volume of long distance mes-

sages , then we now have a defensible methodology to apply to
the total system for calculating a local message unit rate and

long distance rates. To illustrate the methodology , we shall

assume there is only one long distance message area.

The cost of linking terminals , i.e., trunks and the memory

capacity they absorb , should be allocated to long distance users

in proportion to the number of messages they send . The back-

bone costs , exclusive of trunks and memory capacity required

for their hookup, should be allocated to everyone as a function

of both connectivity and usage .2

Those re la t ions  can be expressed as a s imple mathemat ica l
model. Define the following symbols:

S = total annual cost of switches (total backbone
exclusive of trunks)

R = total costs allocated by connectivity (total
annual cost of memory)

a = ratio of memory used for trunks to total memory
available V

V 1”Local” AU’IDDIN traffic is that which 15 routed between subscribers served
by the same switch, thus utilizing neither interswltch trunks nor switching
center facilities at another switch. Long—distance traffic involves a
sender and receiver not “homed” [connected] to the same switch. At a mini— 0
sum, one other switch and an interswltch trunk lIne would be used to com-
plete the transmission.

V 
2Througfr~~ the following discussion we make the iiTpllcit assumption that
the allocation of cost between connectivity and usage is on the basis of
menory cost rather than in tents of the opportunit y cost of users. In
other words, all are using the “cost limit” rather than the “eff’Iciency
limit” discussed in SectIon III.C. This assumption is not necessary.
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x = single switch messages

y = long distance messages

T = annual trunk leasing cost.

V Then the cost per message unit for single switch messages should

P be the cost of switches less the costs allocated to connectivity:

(A )

The cost per messa ge unit for long distance messages should
include the cost of using a single switch , plus the trunk cost

and fraction of memory capacity used by the trunks:

C = S _ R
+ a R + T

2 x + y  y
x

Equations (A) and (B) also illustrate the difference in

allocation of switch costs between the situation with only

local capability and that with long distance. Since y is the

increa se in messages, the per message cost with only local
capability would be:

(Ad ) c~~= 5 ’ ~
P Since C 1 < Cj ~, the average cost per message unit (Ignoring the

t r u n k  and new memory charges)  wi l l  f a l l  when switches are con—
nected and those using only one swi tch  wi l l  pay less in to ta l
for their messages than they did before -switches were linked .

~ P Those us ing the long d i s t ance  service  wi l l  pay more of the
original system cost because they are sending more messages.

In addition , they will be sharing among themselves the cost of

creating a linked network from the isolated switches.

In the example we have discussed only two classes of

messages——local and long distance. In reality it Is possible to

divide messages into three distance classes: local , which enter
and leave through a single switch; area , which enter one sw itc h,

pass over at least one trunk and exit at another switch within

4 t 25
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the same geographic area (such as CONUS or Europe); and inter-

area which originate in one area, pass through an overseas
ca b le , and terminate in another area.

3 . Precedence

Precedence is another character is t ic  that  must be con-
sidered in es tab l i sh ing  a rate s t ructure  for a l locat ing costs.
There are effectively two precedence levels for AUTODIN——FLASH,

and all others. On AUTODIN I, FLASH messages always interrupt
any other precedence.

It makes sense from an econ omic and resource allocation
viewpoint to charge for FLASH on the basis of usage rather

than capability. Assessing a fixed fee for capability means

that there are no incentives whatever for a user to limit his

use of the FLASH precedence. As a result , it is likely that

FLASH will tend to be over—utilized by those with the capability.

Collecting for usage , on the other hand , would cause increased
use of FLASH to lead to increased costs.

How much extra to charge for a FLASH messa ge is an arbi-
trary decision. The surcharge could be either a fixed amount

or a multiple of the non—FLASH message charge. One decision

rule might be to set the FLASH factor so that the projected

bill of the largest FLASH user was 10 percent greater than it

would be if the FLASH charge were zero. Alternatively, one

could make ad jus tment s over t ime and raise the FLASH fac tor

V 
unt i l  the number of FLASH messages fell  by ,  say , 50 percent ,
or the ratio of’ FLASH to total is only X percent where X Is

less t han the  current number.  In t ime of war , FLASH charges
could be eliminated .

The recommendation to charge for FLASH may appear to run
counter to our argument that , since tota l  costs are fixed and

V marginal cos ts are zero , the direct user should not be con—

V 
fronted with marginal cost decisIons and that b i l l ing  should be

4 26
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done on an aggregate basis. In selecting a higher precedence ,

however , the FLASH user , even though he does not increase the
total cos ts of the sys tem, does impose cos ts on other peop le
(through delaying their messages) and he should pay for this. 1

The non—FLASH users are compensated by paying lower b i l ls .

V 

One way in which the precedence costs might be made evident

to the user would be to break down the bill into two parts.

One part would be the basic charge for ordinary use , wi th  a

V 
lump sum figure and no identification of usage by installation

V or sending office. The other part would be the charge for

FLASH messages with a very fine breakdown of the installations

and senders generating the FLASH traffic. In this way, and

if so desired , pressure could be brought to bear upon those gen-
erating the FLASH traffic to minimize its use. Even if such a

billing breakdown is not undertaken , the knowledge that FLASH

is costly may have some psychological effect in deterring its

use.

4. Measurement of Usag e

There are two un i t s  tha t  can be u t i l i z e d  to measure usage ,
messages and line blocks . It is possible to set up a system

p 
that charges for either or for both . If rates were to be based

4 exclusively on the number of messages , long messages and short

messages would cost the same. Given the prevalent and growing 
V

use of computers in the system , and the fact that a large data
P transmission may constitute a single message, the line block

seems the appropriate unit upon which to base allocation of costs.

On the other hand , all messages , regardless of length ,

• 
require a certain amount of header information, record keeping ,
and billing costs, and involve a fixed amount of synaptic activ-

ity within the system. These fixed cost characteristics would

‘It should be emphasized here that he does not increase the total costs of
the system; he simply forces others to wait and thus imposes costs on
them.
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not be taken into account if costs were allocated solely on the
basis of line blocks .  In addition , from an equity point of vIew ,

in most cases there is probably some fixed value to being able

to send a message that is not measured solely by its length.

As a resu lt , it seems appropriate that usage charges be a

V 
combination of a cost per message plus a cost per line block.

How the two should be set is arbitrary , but the fixed charge

per message within the US should probably be less than the first

class postage rate of 154~ since letters are an obvious alterna-

tive to AUTODIN . By the same token , the international message

rate should be less than the internat ional airmail rate of 3l4~.

In our simulations , we shall provide examples of how the alloca-

tions of cost among users is affected by the choice of various

combinations of cost per message and cost per line block.

5. International and Domestic Systems

Although there are real resource costs involved in oper-
ating all of AUTODIN , the only costs that we are concerned about

allocating are those that are paid through DCA either to commer-

cial firms or civilian government employees. The costs of owned
switches outside the U.S. and the wages of military personnel

who work in the AUTODIN system are of no concern here. The

costs to be shared are accounting costs , not economic costs.

All users of the system benefit from it and there is no

justification for attempting to segregate users according to

whether they are linked primarily to a wholly—owned switch in

Europe or a leased one in the U.S. As a result , al l user s are
to be treated alike , both with respect to connectivity fees and

usage fees. The costs are almost exc lus ive ly  CONUS costs , but
everyone shares them .
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E. A GENERALIZED MODEL FOR ALLOCATING COST S

Having examined t he significant charac teristics of AUTODIN
that  impinge upon the problem of al locating costs , it is possible
now to integrate them and arrive at a general model that can be

P used to calculate appropriate connectivity, usage, area , and
precedence charges as a function of various decision parameters

and variables. All of the variables and parameters have been

discussed earlier so we simply shall define them and describe

P how they can be put together to create a model for allocating

costs.

We define the following symbols:

S = total annual cost of switches (including both
memory and throughput but not trunk leases)

R = ~S = total annual cost of memory 1 (total connectivity
costs)

D = portion of switch (connectivity) costs to be
allocated by connectivity charges

d = connectivity fee per weighted unit

a = ratio of memory used for CONUS trunks to total CONUS
memory available (this is 0.23 in the previous
example)2

b = ratio of memory used for overseas connecting trunks
to total CONUS memory available

aR = cost of memory for CONUS long distance

bR = cost of memory for overseas long distance

• Tc 
= cost of CONUS trunks plus area trunks overseas

V T05 = cost of overseas connecting trunks

F
can be measured directly or it can be defined as the product of a ratio

c~ arid the cost of’ switches: R = aS. This definition is useful if a Is
either constant over time or is the decision parameter whose value is
changed from perIod to period .

~~~~ thought should be given to whether the denominator of this ratio
$ should be total CONUS capacity or total mesory used for all cornections.

The latter allocates the cost of ~!unused~ menory capacity to both local
and long distance.

4 
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N = number of weighted units (obtained by multiplying
number of low—speed lines by 3, medium speeds by 9,
high speeds by 114, and adding)

x = number of local or single switch messages

y = number of area (e.g., CONUS) long distance messages

z = number of inter—area messages.

In accordance with the earlier discussion , aR , bR , Tc and
T

05 
(trunks and trunk connections) should be allocated among

long distance users as a function of usage. This means that

4 aR and bR should be subtracted from the total connectivity cost

before connectivity charges are calculated. Costs to be allo-

cated by connectivity charges (symbolized by D) thus would be:

(1) D = R — (a + b)R = (1 — a — b)R.

The connectivity fee per weighted unit would be:

2 d - D - (1 — a — b)RC )  N N

This cost should be mu l t ip l i ed  by 3, 9, an d l~ to obtain the
access charges for slow , medium , and high speed , respectively .

The message unit charges must be calculat ed separately for

local , area , and inter—area calls. 1 The cost per message unit

for local (single switch) calls , C1, will include none of the

costs associated with long distance. It is equal to switch

costs less memory costs divided by the total number of message 
(V.

units: 2

l x + y + z

1The tenTi “message unit ” here refers to either messages or line blocks ,
whichever is selected as the unit of measure. We later describe the
process of calculating charges when both messages and line blocks are
assessed.
2The switch costs must be allocated anong all calls, local, area, and Inter—
area, since all calls pass through the switches .
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The total revenue collected for single switch calls would be

xC1.

The cost per message unit for area (CONUS , Europe , or As ia)
messages would be that for single switch plus the allocation of

costs associated with trunks and trunk connectivity within all

areas: 1

aR + T
c _ S — R  +/ 2 x + y + z  y + z

P The area t runk  costs are al located to both area and overseas
messages because any overseas message originating at a switch

other than the gateway switch will use area trunks and memory

capacity as well as the overseas trunks and capacity. The

total revenue collected for area messages would be yC2. 
V.

The cost per message unit for inter—area messages would

be that for an area message plus the allocation of costs for

V overseas trunks and connectivity:

aR + T bR + T
C = 

S — R  + c + os
3 x + y + z  y + z  Z

The to ta l  revenue co l lec ted  for overseas calls would be zC3.
If one were to add the total connectivity charges and the sum

of the usage charges one would find that our formulas produce

the  correct  amount  of revenue .  This can be shown ra ther  eas i ly .

p Connectivity revenue is : D = (1 — a — b)R,

Single swi tch  revenue is:  xC = 
x(S — R)

V 1 x + y + z

s r~ 
a1~~+ T

p Area revenue is:  yC2 = 
+ + z + y + zc]

V 1The area tronk and area connectivity costs are allocated among both the
area and inter—area calls because both sets of calls pass over these
tn~nks. Local calls do not .
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r a R + T  bR + T
i S — R  c osOverseas revenue is: zC3 

= 
zLx + y + z + x + y + z

Total Revenue Is (1 — a — b)R + xC1 + 
~~2 

+ zC3

= ( l - a - b ) R + S — R + a R + T  + b R + Tc os
= (1— a — b)R + S — R + aR + bR +T + T

05

= S + T  +Tc Os

The la t ter  is equal to to ta l  costs .

The breakdown for costs and their allocation can be illus-

trated schematically as shown in Figure 3 . The large block which

is the total area of blocks 1, 2, and 3 is the total annual cost

of switches. It corresponds to S in our algebraic model. The

annual cost of memory is the left hand segment of the large box

and is labeled ADU memory. It corresponds to R in the algebraic

model. That portion of the memory that is absorbed by backbone

trunks lies below the dotted line and is identified by the

number 3. It is the equivalent of aR + bR in our algebraic

model. The backbone trunk lease costs are shown as the small

block 14 connected to the  memory . In the algebraic model these
would be T and T .  The subscriber access lines are also

shown but the costs of these are paid by users and do not enter

DCA ’ s budget .

The area ( l — a — b ) R  is alloc ated to subscribers in the form V

of access charges. The area S — H is allocated to all users of

the system as a function of usage measured either as line—blocks

or messages. That portion of the memory capacity, qR , which is

absorbed by CONUS trunks plus the cost of CONUS trunks , Tc~ 
is

paid for as a function of u sage by senders of area messages.

That portion of memory capacity, bR , which is absorbed by over—

seas trunks plu s the cost of overseas trun ks , T
05 , is paid for V

as a function of usage by overseas message senders.
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1. Usa ge Charges for Both Messages and Line B i ock s

The methodology described above is applicable regardless

of whether messages or line blocks are the measure of usage.

The var iables , x , y ,  and z could be def ined  as the number of
units of either. It is a relatively simple matter to extend

the methodology to permit charges to be levied for both messages

and line blocks. The breakdown between them can be determined

in either of two essentially equivalent ways. One permits a

decision to be made on the cost per message , for examp le 10 cen ts
per local message , while the other permits a decision to be made

on what fraction of costs are to be allocated by messages and

what fraction by line blocks.

To illustrate how each would be applied , we shall define

the following variables:

x = number of local line blocks

y = number of area line blocks

z = number of inter—area line blocks

x~ = num ber of loca l messages
y = number of area messages
z = number of inter—area messages

= fixed charge per local message

my = fixed charge per area message

mz = fixed charge per inter—area message

B = frac tion of u sage cos ts allocated to messages
1—8 = fraction of usage costs allocated to line blocks.

• If we wish to exercise the option of assigning a fixed

V 
charge per message it is on ly necessary to selec t a value for
m and then calculate t he revenue that these charges br ing in:

( 6 ) m~ x~

(7) M2 = m~Y

(8) = m
~
z .

4 3 14

L V ~~~~~~~~~~~~V___ 

_ IV
. :

.
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:V V:~~~~~~~~~ 

-

~~~~~~



—- - - - V.-- - --_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The revenue from the messages must be subt rac ted  from thep
usage cost and the remainder allocated by line blocks .

S — R — - — M3(3—a ) C1 — x + y + z

S — R - M 1 - M  — M  aR + T2 3~~ c(14.-a) C2 — y + z

a R + T  bR + TS — R — M 1 — M 2 — M 3 c~~ Os .(5—a ) C
3~~ x + y + z  y + z  zp

If we wish to exercise the option of allocating a certain
frac tion of usage costs to messages and the remainder to line
blocks , the procedure is even more simple. The per unit costs
of messages would be:

8(5 — R)(3— b) Cl = x + y + ~~

— 
B ( aR + T c)

V 
(14— b) = x~ + y + z + + z~

— R )  B ( aR  + Tc) 8(bR + T
05
)

(5—b ) C
3

_
x~~ + y _ + z _ + y~~ + z  +

P
The per unit  line block costs for local , area , and inter—

area wou ld be:

(1 — B)(S — H)(3—c ) C1 —
p

(1 — B ) ( a R  + T )
(1 — 8)(S — R) c(14—c ) 

~2
= x + y + z ~~~~ y + z

(1 — B ) ( a R  + T )  
+ 

(1 — 8)(bR + T05)( 1 — 8) ( S  — H ) 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I
p (5—c ) C

3 - x + y + z  + y + z  Z

V 2.  Prece d en c e C h ar ges

It Is a simp le matter  to Introduce dif fe ren t Ia l  chargesp
for precedence Into the formulas. One only need normalIze on

354
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the cost of non—FLASH messages and then multiply this cost by a

factor or add some fixed amount to arrive at the FLASH message

cost. Equat ions ( 2) ,  ( 3) , and (14) would need to be modified

slightly to obtain the unit cost for non—FLASH messages. If a

factor  is used , the modi f icat ion woul d cons ist of mult ip ly ing
the number of FLASH messages contained in x , y ,  and z by the
factor before summing . The denominators in these equations

then would be the number of normalized messages. Alterna-
t ively ,  if a f ixed charge per FLASH message is assigned , the
total FLASH charge can be subtrac ted from the costs (S — H)

V 
before allocating the remainder . Our program permits any of

these metho ds to be use d and also permits local , area , and
inter—area FLASH messages to be assessed differently.

We wou ld rec ommen d , however , that. precedence not be made
a part of the process of calculating before—the—fact charges

for usage . We believe there should be a charge for precedence

but the revenue collected simply should be subtracted from

the following year ’s costs before they are allocated . Agen-

cies canno t reasonab ly for ecast FLASH usage, but a charge and
an accounting for such use are desirable from a managerial

viewpoint .

F. AUTODIN I I

AUTODIN I is a computer—based , store—and—forward message

processing system offering three separate services. First ,

the switches provide a host for users to access the system .

Secon d , each switch is a message processing center offering
users convenient facilities for message transmission . Third ,

the system contains a network of trunk lines for long—haul

transmission. The system was designed to provide the neces—

sary commun ications capabilities for crisis situations . Con-

sequen tly , it is oriented to narrative traffic , and narrative

messages comprise the vast majority of messages transmitted .
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However , a growing share of traffic volume is computer—to—
compu ter transmission.

AUTODIN II is a system designed expressly for computer—to—

computer linkages including interactive or real—time networks.

There are many dif ferences betwe en AUTODIN I and AUTODIN II ,
but the most significant is that AUTODIN II is designed only

to provide l inkage.  It will be a datagram service offering V

users an electronic pipeline with which to transmit messages
p to other users. All other facilities must be provided by the

user. As contrasted to circuit—switching or message—switching,

AUTODIN II will be packet—switching .

A packet is simply data encoded in digital form preceded

by a header signifying, in the case of AUT ODIN II , both the
recipient and the sender. In a packet—switching network , all

transmission is packets. Any message must be decomposed into

packets for transmission , and the recipient must reassemble

the packet into the original message . The system transmits

only one packet at a time . In AUTODIN I, by contrast , the

system accepts and is responsible for an entire message .

The AUTODIN II system will consist of a number of switch-

ing centers , each containing one or more computers , and high

speed (50 ,000 baud ) transmission lines linking these computers.

To facilitate access to the system , channel control units will

be provided to interface between AUTODIN II users and AUTODIN

II switches , and these units will perform the necessary
message—to—packet and packet—to—message transformation. In a

circuit switching network , the path between two users may vary

from connection to connection , but once established the path

remains fixed . In a packet—switching network such as AUTODIN

II , the path between any two users may vary from packet to
packet , providing both maximum efficiency in utilization of the

system and greater security. Connection is established between

users and the system rather than from one user to another.
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Once connected, a user may enter packets Into and receive
packets from the electronic pipeline the system provides. All
users will have a coded logical address. For maximum securIty,

the system will insert t he address of the sender into each
packet transmitted and will restrIct each user to transmissIon -•

only to aut horized destinations. The system recognizes only
packets , so that sequential packets may have different recip-

ients. If a recipient is not currently connected , t he system
transm its to t he sender an error message.

Since AUTODIN II Is st ill in its format ive stage, some of
what fo llows must be speculat ive . Both AUTODIN I and AUTODIN II
will be operat ing simultaneousl y for some t ime , since they pro-
vide different services and perform different functions. How-

ever , AUTODI N II will replace the trun ks which now connect the
AUTODIN I switches , so that AUTODIN I will be a major user of
AUTODIN II. This creates a number of possibilities for over-

lap , as access to either system will provide access to both.

The AUTODIN I switches will become service centers providing

specific message processing capabilities. In addition , the

AUTODIN I switches will be the host for low speed users who

ot herwise cou ld not connect to the communicat ions network .

Most of the same characteristics that determine cost allo—

‘1 cation in AUTODIN I exist in AUTODIN II as well. A connectivity

fee is called for since increasing the number of users con-

necte d to a given AUTODIN II switch will increase t he num ber
of computers required to service that switch and the number of

V 

channel control un its required to prov ide the necessary inter-
face. From a cost point of view , t hese computers play a role
analogous to that of the ADU ’s in AUTODIN I.

Utilization charges would require somewhat different treat—

ment in A TV.JTODIN II from what we have suggested for AUTODIN I.

The number of packets transmitted provides a reliable measure

of usage but unless some changes are made in the proposed
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sof tware  governing data accumulat ion , there  wil l  be no possI-
b i l it y of charging for distance. The software currently under

consideration keeps track only of the total number of packets

transmitted by a user and does not record destination . It

will still be poss ib le to bi ll AUTODIN I users for distance ,
however , even though their messages are transmitted on AUTO—
DIN II trunks , since the sam e information that is currently
collected will still exist at the originating AUTODIN I switch.

It is tec hn ica lly feas ible to ins tall sof tware that wou ld
permit billIng for distance on AUTODIN II but only at a cost .

We have no Information at present on what this cost would be

and as a result cannot assess whether the addit iona l sof tware
• 

would be worth acquiring . Much depends on the amount of AUTO—
DIN I traffic that remains and on the distribution by distance

of the AUTODIN II traffic.

It is quite possible that not charging for distance could

produce some perverse incentives in the choice and use of com-

munication facilities. For example , many users in the same

area will be connected to the same AUTODIN II switch. If the

traffic between them is fairly large , they may find that a

direct connection costs them less than paying for transmission

via AUTODIN II when all message units are billed at the same

price. Lower charges for local AUTODIN transmission would

mitigate against such practices. There may also be another

incentive problem . Store—and—forward message processing re—

quires two elements: a processing computer and a linking net—

work. Since AUTODIN II will provide the linking network ,

agencies might find it efficient to create their own message

processing system using their own computer . While this may be
V cost effective from the viewpoint of the U.S. Government as

well  as from the viewpoint of the agency, it does risk losing
a valuable commonality in protocol. A lower charge for local

transmission would keep a central system such as AUTODIN I

4 39
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more cost compet i t ive .  In th is  report , we can only recommend
that these potential problem areas be Investigated and appro-

priate policy established .

Even though it may not be possible to charge for distance

there should certainly be a charge for the use of precedence.

With AUTODIN II, precedence is potentially more disruptive than

it is in AUTODIN I. Use of a high priority in AUTODIN I only

delays receipt of lower priority messages; in AUTODIN II, prec-

edence use may cause communications between users to be broken.

For short mes sages, the cost may not be great , but with long
transmissions the cost of reconstituting a message and begIn-

ning again may be considerable. Abuse of precedence is a

potentially serious problem if there are no costs imposed on

FLASH users. If some subscribers find their own communica-
tions activities are being hindered because of other ’s use

of FLASH , they will respond by using FLASH themselves if they

have the capability, thus increasing the number of preemptions

suffered by non— FLASH users. The actual harm from excess use

of precedence may be slight given the design and implementatIon

of the system , but proper pricing rules that Impose costc on

the use of precedence might prevent a problem from ever develop-

ing. It is presently planned that the right to precedence would

be charged for as part of the access fee. It appears mere
sensible  to charge for precedence use by packets transmjtted
than by access , however.

There is one final complication in AUTODIN IT——the possi-

bility of having dial—in and dial—out customers. These users

woul d not hav e the ir own acc ess line s but would connec t for a
limited time via telephone lines or sImIlar access. A sensible

basIs for charging these custom ers woul d be connect t Ime , the
V elapsed time the user actually is connected to the AUTODIN II

V 
- 

system . Charging for connect time is a standard feature of

commerc ial algor ithms for similar computer or commun icat Ion s
ne tworks, however , and should present no problems .
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P In conc lus ion , to the extent possible , a single pricing
schedule should be developed for the integrated AUTODIN I and

AUTODIN II system. As we have noted , ther e are some di ff er-
ences in careful analysis. The major objective should be to

design a pricing structure  that contains t he least amount of
perverse incentives to users and encourages efficient use of

existing communicat ions capabilities while staying within the

constraints imposed by cost and technology . This is an area
P that will require continuing study as AUTODIN II develops in

order that the information needed for the billing system can

be one of the elements taken Into consideration in selecting

sof tware for AUTODIN II .
V P

‘1
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P III. SENSITIVITY TESTING OF THE AUTODIN RATE MODEL

- The cost allocation model developed in Chapter II implies

certain relationships among costs , network characteristics , and
• system use that yield varying rates to recover backbone costs.

In order to investigat e these relationships as a step toward

predicting the impact of such a cost allocation system as is

proposed , a computer simulation expressing the model was devel—

oped and applied to a DCA collected sample of actual AUTODIN

traffic.1 An estimate of system costs for FY 1978 from budget

submissions was used to provide the financial input . The simu-
lation produced as output the monthly charges and message rates

P Implied by the Input parameters , as well  as t he result ing dis-
tribution of backbone costs by agency.2

A. PARAMETERS A N D THEIR VALUES 
V

• The model , as described in Chapter II, makes the rates to

be charged for connectivity (access) and usage dependent upon :

the division of total costs between switching services and

trunks , the fraction of switch cost which is ascribable to ADU

memory (ci), the number and speed of access lines , and the num—

• t ber of trunk terminations of switches as divided between intra—

and int-~r—area trunks. Some of these inputs are projected or

actual costs which the model uses to compute parameters such as

a; others are decision variables , su ch as message surc harges

_ _ _ _ _ _ _ _ _ _ _ _

1The IDADIN cctllputer simulation and the DCA data are documented in Appen—
V dixes B and C. The data sample was for seven days of system traffIc. How—

ever , the sisulation has expanded this to an annual basis.

V 

2Facsim.iles of the output formats are included in Appendix B, Vol. II.
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which DCA might want to use to achieve its various objectives.

Other values are derived from technical relationships such as

the network arrangement of switches , trunks and subscriber lines.

The model provides the option of calculating either the

line block rates or the message charges or any combination of

both that will recover all costs. If the user wishes to fix

the surcharge for messages in each distance category and then
V calculate the line block rates needed to recover remaining usage

cost , he may specify such an option. The model also permits the

user to impose a weighting factor for distance that will apply

to calculating line block or message rates. Finally , a weight

or surcharge can be specified for all FLASH messages , and the

effect on other rates assessed.

For the sensitivity tests discussed below , L’ertain inputs

were fixed. The costs are approximately those in the FY 78
budget . Annual switch costs were set at about $1414 million.

From various sources it was estimated that from 18—22 percent

of switch costs could be attributed to ADU memory ; so a was set

at 20 percent yielding about $8.8 million as the memory cost .

Leased trunks in the U.S. were estimated at about $356,000 per

year and overseas trunks (inter—area) at $1.8 nrLllion. The

exact figures and additional definitional material are given

in Tab le 14 .

On the technical side , cer ta in charact erist ics were assumed

to be fixed , although as a practical matter small changes are

constantly occurring in the actual network configuration . All

nine leased switches were included in the calculations and

assume d to have 2,3140 line blocks of ADU memory each (eight
quadrants). The number of trunk terminations In CONUS was set

at 56; from overseas at 17. Each was assumed to use 28 lIne

blocks of assignable ADU memory at the switch.
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B. T R A F F I C  SAM PLE

The distribution of message traffic by distance , speed

class , and precedence among various originating agencies for

the simulated one—year period was assumed to be the same as

in the sample of 1976 AUTODIN traffic supplied by DCA. The

sample contained 1,322 access lines of which 893 were slow,
V 315 were medium , and 1114 were high speed. These were ass igned

to “agencies ,” which are the budgetary entities controlling

communications access.1 Approximately 51 percent of the mes-

sages and 146 percent of the line blocks were accounted for by

two agencies. The five largest users accounted for over 80%

of the message s and 92% of the line blocks . The division of

messages among local , ar ea, and inter—area was 29%, 25%, and
146%, while line blocks were allocated in the ratios of 26%,
21%, and 53%. FLASH precedence traffic was 1/2 of 1% of mes-

sages and 1/10 of 1% of line blocks indicating that FLASH

messages are considerably shorter than average .2

C. S IMULA T ION AND S E N S I T I V I T Y  A N A L Y S I S

The model we have developed provides a rich variety of

possibilities in terms of alternative ways of allocating costs.

‘1 First , it is possible to vary the allocation between usage and

connectivity. Second , the usage Itself can be allocated either

as a function of messages , or line blocks , or both. Third ,

charges can vary as a function of distance. Fourth , fixed

1The data tapes provided a four—character alpha—numeric PDC code to
Identify each constellatIon of lines. The “agencies” represent the
ag~ ’egatIon of all PDC codes with identical Initial characters. Appen-
dixes B and C provide those who have access to the codes with Informa—

V tion to identify offices and agencies. The study group preferred to do
their analysis without considering agency identities so as not to pre-
judge fran other knowledge.

2~ T,ary of these may be test messages desigued to regularly exercise
comand and control links for contingencies.
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surc harges can be lev ied f or var iou s c lasses of’ messages ,
by distance or precedence. In order to display most clearly

the effects of changing the cost allocation procedures , we

have prepared a series of tables which relate the values of’

var ious ou tputs, connectivity Lees, message unit charges, and
the distribution of costs among users to the values of various

input parameters. The backbone costs used are the projected

costs for FY 78. The traffic figures are a one—week sample

• collected by DCA in 1976. A complete description of the sample

is contained in Appendix B.

Table 5 contains the results of several different simula-

tion exercises. The upper part of the table shows the percent—

age of total costs borne by each of’ the agencies under differ-

ent methods of allocating costs; the next block of figures

Indicates the monthly connectivity fees that would be assessed;

the final two blocks contain the per—unit charges that would

be levied on line blocks and on messages.

To provide a benchmark for comparison , Table 5, Column A ,

shows the connectivity fees and sharing of cost among agencies

tha t will exist if the current system of allocating costs

solely as a function of’ connectivity Is continued , and if

•1 the future traffic is distributed In the same way as the study

sample. Agencies are identified only by a letter in order

that results not be prejudged in terms of whom they affect. 1

Column B of Table 5 shows the results that are obtained
• 

using a much different set of parameters. The switch leasing

costs are allocated in the ratio of 20 percent to connectivity

P and 80 percent to utilization. Utilization is charged as a

function of line blocks , while distance charges are assessed
1~ In accordance with the method discussed on pages 30 and 31

1”Agency ” as used here Is a construct provided by surmdng on the first
character of a four—digit alpha—numeric “program desiguator code” obtained
fran DCA-supplied canputer tape records .
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Ta b le 5. COMPARATIVE SIMULATION RESULTS

Percent of Total Backbone Cost
A B D

100 Percent — 0.20 ~ = 0.20 Representative Case .
Agency Connectivity Line Blocks Messages Message Surcharges V

A 30.46 27.69 24.81 26.84
B 16.86 14.05 11.43 12.85
C 20.58 19.60 26.36 23.27
0 7.09 4.03 6.72 4.70

E 1.17 1 .20 Lii Lb 
V

F 1.56 0.32 0.41 0.36
G 5.20 18.00 13 .55 16.34

M 0.13 0.03 0.04 0.03
N 0.13 0.02 0.03 0.02
p 2.78 1.19 1.33 1.19
W 0.17 0.05 0.06 o.os V

x 1.27 1.49 1.30 1.36

6 12.60 12 .32 12.85 11.89

(Totals may not add to 100 due to rounding)

Monthly
Connectivity
Charge
Base 541.41 93.01 93.01 93.01

Low Speed 1 ,624.22 279.04 279.04 279.04

Medium Speed 4,872.65 837 .11 837.11 837.11

High Speed 7,579.68 1 ,302.17 1 ,302.17 1 ,302.17

Use Charges
Line Blocks:

Local n .a. 0.0086 n.a. 0.0035
Area n .a. 0.0090 n.a. 0.0038

• rnter-Area n .a. 0.0099 n.a. 0.0047

Average Mes-
sage Cost:

Loca l n .a . 0 3l59~ 0.3442 0.22862

Area n . a .  0.2968’ 0.3581 0.27532

Inter-Area n .a • 0.4501 ’ 0.4000 0.51372

1The average line block length for these messages is 36.73 for local , 32.98 for area ,
and 45.96 for Inter—area .

2The average line block l ength Is the same as Case B. The surcharge s are $0.10 for
local messages , $0.15 for area , and $0.30 for inter-area messages.

4 
50

__ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0~~



- V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~ V~~~~~~~~~~_ _~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

V -~~~~~~

In Chapter II. As can be seen , the connectivity fee for a

weighted un it fa l l s  from $5 14l.14l/morith of $93.01/month and the
fees for low , medium , and high speed lines fall by the same

proportion. The cost per line block Is $0.0086 for local ,

$0.0090 for area, and $0.0099 for inter—area. There is no

charge for FLASH. The shares of costs borne by different

agencies change by varying amounts. Agency 0 is most adversely

affected with its share rising from 5.2 to 18 percent . Agency

F appears to receive the most benefit with its share falling

from 7.09 percent to 14.03 percent .

The same parameter value for a and the same method for

charging for distance are used in obtaining the figures in

Column C except that all usage costs are calculated as a

function of messages rather than line blocks. As can be seer1,

the distribution of costs among agencies is quite different

from that of Column B. Agencies with longer average messages

now pay a smaller share of costs.

Finally, Column D contains the figures for a representa-

tive case using the same allocat ions between connectivity and

utilization (a = 20 percent ) but imposing a cost per message

of $0.10 for local , $0.15 for area , and $0.30 for inter—area

messages and allocating the remainder of the utilization costs

according to line blocks .

As would be expected , the “representative case” shares

of costs for each agency lie between the ext remes  of’ 100 per-
cent line block charges and 100 percent message charges.

Further examination of the figures shows the representative

case distributes costs among the agencies between the extremes

of pure “connectivity ” and pure “usage ” models. Figure 14 pro—
V vides this agency comparison in the form of a bar chart . Note

that shifting from connectivity to usage as measured by line

blocks affects Agency “G” significantly, while shifting to

V 
usage as measured by messages has a major impact on Agency “C” .
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The “representative case ,” were its values adopted in setting
rat es , would impose upon Agencies C, 6, and 0 significant budget
increases compared to those faced with pure connectivity; Agen-

cies D and B would experience substantial reductions.

S Clearly, there are an infinite number of combinations of

inputs that could be tried with different results. We cannot

present all of them but we can provide some illustration s of

what happens to various output values as one input parameter
V P is varied while all the others are held constant at some arbi—

trary value .1

0. EFFECTS OF V A R Y I N G  r~

Figure 5 graphically illustrates how the choice of a , the

ratio of memory to total switch costs , affects the allocation

of costs between connectivity fees and usage charges. The

usage allocation is further broken down to indicate the shares

collected from local , area , and inter—area users. Some usage

charges remain even when a is one and switch costs are collected

entirely through a connectivity fee, because trunk leasing costs

are allocated to area and inter—area calls.
P

In looking at the solid line in Figure 5, we see that as a

increases from zero to 100 percent of switch costs , the fraction

charged to connectivity rises from zero to 81 percent of the

backbone cost. The dotted lines show how the utilization charges
P

would be distributed among local , area , and inter—area c ommun i—
7 cations assuming line blocks are the units of usage charged for.

At a 0, local message traffic would pay about 25 percent of

all backbone costs , area traffic would pay for about 17 percent ,

with the remaining 58 percent collected from inter—area traffic.

Appendix C provides a prcgrarn listing and documentation of the IDADIN Cost
Allocation Model as prcgramed for a CDC 61400 ccinputer. The effects of

• any canbination of input s, given a sample of AIIIODIN traffic in appropriate
V form, can be readily assessed (CF t ime for 10 variations is less than 30

seconds) using the program.
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The dots in the left—hand portion of Figure 5 mark the
allocations for the “representative case.” The first dot from

the bottom is the dividing point between “connec tivit y” and
“utilization ” when a 20 percent . In this case , connectivity

• is 17 percent of total cost . The second dot shows that about

53 percent of total cost is paid for as an inter—area use
charge . The last dot shows that the remaining 30 percent of

cost is equally divided between area and local use charges.

The effect of varying a on the budget of each agency, com-
pared to its costs under the present system , is shown graphi-

cally in Figure 6. The impact on Agency “0” Is noteworthy ,

and reflects its large volume of traffic from relatively few

terminals.

The effect on agency budgets of different allocations of

costs between connectivity and usage , with usage measured

alternatively by line blocks and messages , is shown in Table 6.
V 

Assuming that users ’ demand for the services is unaffected by

t he rate structure , the table gives an idea of resulting AUTO—
DIN billings to recover a $ 146 million backbone cost. The

“pure connectivity ” case approximates current backbone cost

distribution . One can see that among major users, Agenc ies A ,
B , and D would pay considerably less if only 20 percent of

switch costs were collected through connectivity fees and the

remainder allocated on the basis of usage. Agency “6” would

be una f f ec t ed  and Agency 0 would find itself paying approxi—

mately three times the amount It pays under the current con—

nect ivit~’ pricing scheme . Agency G is also the agency most

affected by the choice between line blocks and messages of

usage. Small volume users such as F, M , N, and W would be

• r e la t ive ly  much bet ter  off  un der usage pr icing , although the
abso lu te  dollar amount s are not impressive .

V

.
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E. PRECE DENCE CHARGES

The DCA traffic sample Identified FLASH traffic by agency

and by local, area , and inter—area categories. Relying on this

informa tion , the simulation program was used to examine the
effects on agency budgets of applying a surcharge for FLASH

messages. We can make no recommendat ions about the corr ect
surcharge level. There are no significant operating costs

that should be allocated to FLASH messages. The costs they

impose are paid by others in the form of longer times required

to have a message delivered . A surcharge would allocate the

delay costs to those who cause them and deter excessive use of

FLASH messages.

The rate structure used in examining the effect of differ-

ent surcharge levels on budgets was that for the representative

case (a  = 0.20, local message surcharge of l04 , area surcharge

of l5~ , inter—area 3O~ ).
1 The FLASH sur charge wa s varied from

zero to $30 per message and the budgetary effects calculated

for each agency. Figure 7 shows the percentage change in each

agency ’s backbone cost as a function of the surcharge level.

Agency D, the most seriously affected , would find its budget

increased by approximately 140 percent with a $28 per FLASH

message surcharge. Agency 0 would find its budget reduced by

nearl y 140 percent.

F. USING THE SIMULATION

V The number of possibilities that can be explored is limit-

less. For example , there are many different rate charge arrange—

ments that result in the same allocation of costs among agencies.

As an exerc ise , the shares of total costs were held nearly
constant and alternative rate structures were generated. The

value for a was 0.2 and usage charges were assumed to be

______________________________________________________ 
(.1

1See Table 6 for a cc*nplete description of’ the assumed rate stnicture.
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col lected in various way s on line blocks , messages , and as a
func t ion  of d i s tance.  Two of the resu l t ing  outcomes are shown
in Table 7 along with the representative case for comparison.

The representative case involves imposing a f ixed mes-
sage charge for each distance with the line—block charges

computed to recover the remainder of the utilization costs.

V Using average message lengths for each distance , the average

message charges are found to be about $0.23, $0.28, and $0.51

for local , area, and inter—area messages. The distribution of

cost among agencies is as shown .

An almost identical distribution of costs is obtained In

the Alternate 1 and Alternate 2 cases by dropping the message

charge and specifying a “weighting ” of messages and line blocks

by distanc e categories. Under the Alternate i scheme , line—

block charges are set to recover 60 percent of allocated costs

with message charges collecting the rest. Inter—area charges

both for line blocks and messages are twice the local or area
V charges. Under Alternat e 2, the percentages are reversed ,

with line—block charges set so as to collect 140 percent and

message charges set to collect 60 percent of allocated costs.

Area charges are twice and inter—area charges are three times

‘1 local charges.

We have gone through this example not because we think

that stability of cost shares is a particularly desirable

objective but simply to Indicate that there are a number of

objectives that can be satisfied using the model developed.

Such computations , however , do not take into account the
reactions of users to different methods for allocating costs.

Even though we would predict that the elasticity of demand

V 
for AUTODIN serv ices , with respect to fees on usage , is rather
low , it is nevertheless possible that shifting from pure con-

nectivity to connectivity plus usage will affect demand and

that there would also be differences between a situation where
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Table 7 . ALTERNATIVE CHARGING MODES (a = 0 .2  in a l l  c a s e s )
( I D A D I N Mo d el - 1976 DCA Sam pl e Da t a )  -

Re presen ta ti vea
Pa rame ters Case A lt erna te 1 A lt erna te 2

Ratio of Usage Charges:
L ine blocks/Messages b 1/10 0.6/0.4 0.4/0.6
Use Weights :
Local/Area/ Inter_Area c 1/1/1 1/1/2 1/2/3
Surcharges ($/Message):
Loca l $0.10 none none
Area 0.15 none none
In ter—Area 0.30 none none

Resu l ts

Average Charge per Mess ag e :
Local $O.2286 $O.2256 $O.1500
Area 0.2753 0.2287 0.3035
Inter—Area 0.5141 0.5435 0.5504
Agency Shares of
Bac k bone Cost (%)

A 26 .64 26.83 26 .79
B 12.85 12.84 12.76
C 23.27 23.40 23.62

P D 4.70 4.95 4.54
E 1.10 1.05 1 .08
F 0.36 0.37 0.36
G 16.34 16.53 16.32

P P 1.19 1.16 1.17
X 1.36 1.29 1.37

V 6 11.89 11.46 11.88
Others 0.10 0.12 0.11

P
aihe parameters for the representative case : a = 0.2; Messa qe charges are

V $0.10 local , $0.15 area , $0.30 inter—area.
b 1~ the representative case this ratio applies to the costs that are not

V covered by the message charge.
Clhese figures are the ratios of l oca l , a rea , and Inter—area message and
l ine-block charges .
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the average cost per local message , for exam ple, was 30~ ra ther
than l5~ .

We should emphasize that the calculations of costs and

their distribution are based on data from a particular one—

week sample of usage and do not take into account any charges

either in number of connections or in message volume or length

that may occur as the result of adopting a different method of

cost allocation. Since one of our objectives is to institute

an allocation system that would lead to increased utilization

of AIJTODIN , we believe that the charges calculated from the

simulation s overstate to some degree those that would actually

result . Some trial periods will be required before user behav-

ior stabilizes under a new system for allocating costs. The

model is in part a management tool  t ha t  should be used In com-
bination with observed or projected change s in usage as the

cost allocation system Is changed . Initially, several iterations

may be required before a cost allocation system is settled upon.

In the early stages , DCA may find that the problem of projecting

usage and of selecting appropriate charge levels is a substan-

tially more complex task than simply varying parameters in the

model.

‘1

I
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IV .  BUDG ETS AND B I L L I I~1G PROC E DUR E S

V Since the  real purpose of se lec t ing  rates for the  services
offered by AUTODIN is one of allocating a fixed amount of cost s,
we think consideration should be given to adopting a billing

• system which allocates these costs after they have occurred

rath-~r than attempting to do so in advance.

DCA is not in the business of selling services to maximize
-, profits . Its function is one of contracting for communications

services and acting as a broker between the Defense agencies

and the communications suppliers. The Communications servIces

Industrial Fund ’s rate—making activities serve primarily an

accounting function: to determine In as equitable and effi-

cient a manner as possible how the actual realized costs are

to be shared among the users. The processes by which the Fund

currently estimates its needs and the agency appropriation re—

quirements have been described In Chapter II. In summar y ,
estimates are made in advance of the total cost of AUTODIN for

a year .  Es t imat es a lso  are made of ’ the potential service
demanded by various agencies  (where  service is de f ined  in
terms of numbers of’ access lines). A charge per unit of’ ser-
vice then is calculated using projected cost as the numerator 

V

and projected demand as t~he denominator; this is the unit cost

used by the agencies In c a l c u l a t i ng  t h e i r  p ro jec ted  budgets

I 
~ for the fiscal year.

If, as almost invariably happens , t he  ac tua l  demand for

j  

service during the year Is different from the projected demand

(i.e., the number of access lines actually in service Is diff—

erent from projections ), the total revenue transferred to the
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CSIF from the agency budgets does not match the projections .

Income to the fund is typically less than projected , creat ing
a shortfall , unless costs also decline. This shortfall is

added to the next year ’s p rojecte d costs and becomes a part of
the next year ’s rate struc ture .

This system is inefficient because users , making calcula-

tions on the basis of these projected average costs , have an

incentive to game the system and overstate their projected

communications needs (and budgets), knowing that if they under-

utilize the services , the unspent communications budget will

be available for other purposes. Explicit recognition that the

CSIF is functioning essentially as an accountant allocating

costs , together with shifting to billing for use after it has 
C

V occurred , would eliminate this source of inefficiency. AUTO—

DIN budgets would need to be restricted solely to AUTODIN.

It may be useful to Illustrate with a numerical example

what may occur under the present billing system . Suppose total

costs for the AUTODIN system for a year are $50,000,000 and

the projected total usage is 100,000 units , with agency “A”

projecting 14 ,000 units. 1 The unit cost that is settled upon

as a pr ice  per u n i t  a c tua l ly  used is then $500. Suppose that
over the year the agency uses only 3,500 uni t s  but all other 

V

users are precise ly  on target . Agency “A” is lef t  wi th  a
surplus in its budget of $250,000 and the CSIF has a deficit

of $250 ,000. This $250,000 is added to the  next  year ’s budge t
and , if all other conditions are the same, the unit charge for

the following year , for all users , would be $502.50.  The

shortfall agency thus ends up with a net gain of $250,000 in

its first year budget and could do the same thing in following

years.

1We use “units” here for illustrative purposes only with~~t specif’yIri~ what
they are supposed to be.
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Conversely, had agency “A” exceeded its projected demand

by 500 u n i t s , It would have been b i l led  $250 ,000 more than its
budget . The following year the unit charge per unit of service

would fall to $1497.50. It seems rather obvious that there are

incentives not to underestimat e the communications budget.

There also exists among most users the belief that those who

overestimate their budgets are subsidized by those who do not .

This belief is fallacious but anyone adhering to it will also

tend to overestimate his usage simply to protect himself against

~hat he considers to be the forced subsidization of usage short-

falls by other agencies,1 Given the uncertainty that may exist

about demand for AUTODIN service , there are also legitimate

reasons why it could be expected that usage would be overesti—

V 
mated .

Overestimation of budgets and services required has become

prevalent and can be illustrated by looking at budgeted and

actual numbers of AUTODIN access lines over a six—year period .

Table 8 shows the figures from 1972 through 1976 and 19TQ .

Billing agencies at the end of the year for their actual

AUTODIN use and for actual costs would ensure that the costs

of the service are paid for by those who use them at the time

they use them. Since agencies must budget for the future , how—

ever , It would not necessarily eliminate the tendency for over--

estimation of demand. Nor , in fact , is it particularly impor-

tant to eliminate this tendency If actual costs are billed and

each agency ’s AUTODIN budget is restricted solely to paying
V AUTODIN charges and cannot be used otherwise. Under these

If one agency overestimates the number of service units it will require,
all agencie8 benefit since the average cost per unit will be lower for all.
The followIng year all agencies must make up the shortfall but what each
pays will be approximately equal to the amount by which it benefitt-ed
earlier , if demands are relatively unchanged . The agency that overesti—

V 2 mates Its demand benefits not at the expense of other agencies but at the
expense of taxpayers as a whole since it ends up with excess fund s that
it can spend as it wishes.
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Table 8. A U T O D I N  ACCESS  L I N E S  ( Y e a r  E n d )

Percen t
FY Budgeted Actual Diff erence

1972 1204 1224 1.6
V 1973 1425 1430  0 .3

1974 1340 1374 2 . 5
1975 1425  1297 — 9 . 0
1976 1389 1168 - 1 5 . 9
19T Q 1385 1180 - 1 4 . 8

circumstances , if an agency had a surplus (or a s h o r t f a l l) ,
It would be required to apply it against the coming year ’s

AUTODIN budget (or in the case of a shortfall add it to the

new budget). Any shortfall would be made up by newly budgeted

funds. Any surplus would reduce new budget requirements.

If this system were adopted , agencies would submit their

projected requirements to DCA , which in turn would estimate

expected prices for service and return to each agency an esti-

mate of its share of backbone costs. The agency would use

these for planning purposes in its budget. During the year ,

‘1 however , DCA would calculate actual prices for the services

based on actual costs and actual usage and would bill each

agency for its share of the realized backbone costs. A dis— C

crepancy at the end of the year between budgeted and actual

AUTODIN costs for any agency would either leave it with a sur-

plus to be applied the following year or with a deficit to be

added to its new budget and made up immediately after the start

of a new billing year .

Such a system would still permit AUTODIN budget projec-

tions to be used for planning purposes , bu t woul d not al low
the accumula tion by any agency of fun ds that coul d be spent G

for other purposes. In addition , It would assure that any
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difference between projected and actual costs by a single agency
are adjusted by that agency and are not simply added to or sub-

tracted from t he next year ’s total backbone costs.

It appears that such a system would take maximum advantage
) of the industrial fund that DCA manages, permitting the fund to

cover the cash flow requirements , while allocating costs in the
most efficient manner to users.

I
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P V .  CONCLUSIONS AND RECOMMENDATIONS

AUTODIN was created primarily to provide communications for

crisis situations. Its size was determined by the expected exi—

V 
gencies of possible crIses , and the system exists to meet those

exigencies. Thus it is not an analogue of a commercial service——

it does not have as its main purpose the provision of communica-
tions services on a routine basis. Given that the system does

exist , it is in the interest of the United States Government

that maximum use be made of it in peace time since alternative

commercial services require additional outlays of funds. The

pricing problem is thu s one of allocating costs fairly while

encouraging as efficient utilization of the system as possible.

DCA sets rates to recover the expected payment s from the

CSIF to contractors for services provided to maintain and oper-

ate AUTODIN, It is desirable that the rates be perceived as

fair by the agencies paying them , and at the same time they
should promote efficient utilization of the system . Equity is

important because most users have no choice about having the

system——by command decision they must participate. Even though
all the funds provided are public monies , the realities of

V 
- administrative management require a recognition that agencies

are sens i t ive  to budget charges that  in t he i r  view “ subsidize ”
other agencies.

f E f f i c i e n c y  is cons t ra ined not only by t h i s  requirement for
equity but by the following dilemma : to encourage maximum use

of the system , charges should be zero. This can be j u s t i f i e d
p because the  cost of connec ting an additional access line or of

sending an additional message is currently zero. The system
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has sufficient capacity to service users without additional

outlay for trunk lines or switches. And yet the costs must be
covered so there must be charges for connections and traffic.

In a sense , AUTODIN is like a public good , since use of the
system by one person usually does not affect the benefits it

provides to other users .  The appropriate price for a pure

V 
public good is the value of that good to the user——thus , differ-

ent prices for different users.

Costs can be identified as separable or common. Separable

costs are those for  services or func t ions  having t ru ly  ident i— V

fled beneficiaries or causers. The costs of that service or

function can be charged appropriately to the beneficiaries or

causers. Remaining costs are common. These should be allo-

cated in a way that promotes DCA policies.

In the case of AUTODIN there are two blocks of separable

costs. Part of the system is the network of trunk lines link-

ing to several swi tches .  These t runk lines benef i t  only people
who send or receive messages using them , so that  thei r  cost is
appropriately charged only to long distance and overseas users.

For reasons to be discussed next , these charges should be based

upon some measure of the volume of traffic rather than simply

by capability to transmit or receive such messages.

The second block of separable costs are those pertaining

to ADUs at the AUTODIN I switches. These provide the user

capability to connect to the system , and they rep resent one
V area where resources are used simp ly by establishing a connec-

tion to the system . High connectivity fees encourage users to

make off—system adjustments to maximize the use of existing

connections. While these may be cheaper from the using agency ’s

viewpoint , they are not from the viewpoint of the U.S. Govern—
- V ment , since the AUTODIN I system already exists while the off—

V system adjustments do not. Moreover , the more users on the
system , the more it will be utilized. Thus, the argument for
low connect ivity fee s is fairly compelling.
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At the same time , connectivity charges must reflect the

potential cost of a new user connecting to the system. While

it is possible to connect new users now , a zero charge might

induce more connections than can be supported. Too, access

lines of’ different speeds require different amounts of memory

in the ADU , and efficient use of the system requires that users

select the appropriate speed of service. It would not be possi-

ble to accommodate all current users if only high—speed lines

were used. The exact level at which connectivity fees should

be set is not obvious but a useful rule initIally is to set the

fees so they just recover the cost of’ the ADU memory units.

The remaining revenue requirements can be met by charging

for traffic volume , distance , and precedence. As outlined

above , charging for distance should recover at minimum the cost

of’ the linking trunkline network. Charges based upon utiliza—

tion are a better measure of system worth to the user than is

the number of access lines , and would result in a fairer dis—

tributlon of charges .

It may not be possible through pricing alone to provide

the incentives necessary to deal with all the problems seen in

P the system , in particular , that of backside connectivity. 1 Ad-

ministrative action may be required to complement any set of

rates to ensure that the goals of the system are achieved. An

evaluat ion  of these  a d m i n i s t r a t i v e  ac t ions  can be done be t t e r
P once the responses to a new price structure are known , however.

Regardless of the effects that usage pricing may have on

backside connectivity, all subscribers would be in a better posi—

tion to make the choice between AUTODIN and commercial services

if such pricing is adopted. Currently, AUTODIN is not attrac—

tive to the small users with relatively little traffic because

£ThIs tenn refers to the const~~ction of networks by users behind their ~~~~~~

n~ ssage processing equiçxnent in order to avoid paying the high charges for
an access line into AU’lDDIN.
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the fixed monthly cost is so high. Revising the tariffs would

bring his costs lower to the point where commercial alternatives

are far more expensive than AUTODIN. The point is illustrated

in Table 9.

Ta ble 9. AUTODIN I/COMMERCIAL COST COMPARISON
T Y P I C A L  MONTHLY SUBSCRIBER COST- -NEW TARIFFS

C ONUS Messa g e  Commun ica t i ons

AUTOD IN I: $175/month MAI LGRAM : $954/month

Ov erseas  M essa g e Co mm un i ca ti ons

AUTODI N I: $249/month INTERNATIONAL TELEX: $1 ,367/month

TOTAL

AUTOD IN I: $424/month CO!~1ERCIAL : $2 ,321/month

Although the thrust of our conclusions should now be

clear , it is useful to summarize them briefly.

• The main basis for charging should be shifted to
utilization , Including distance and precedence
charges. Utilization of the system is a better
measure of the worth of the system to the sub-
scribing agencies , and utilization charges better
reflect the cost alternatives to provide the same
service. Utilization charges would permit lower
connectivity charges , thus reducing the incentive
for some off—system adjustments and would assist
in providing more accuracy in the rate setting
p rocess , as utilization probably can be forecasted
better than can connections,

• Rate setting and billing should be coordinated
to limit CSIF deficits. Efforts should be made
to develop better for ecasts of system use so that
the rates can be se t on the bas is of more accurate
projections than are currently used .

• DCA should address the issue of acquisition and (J

configuration of off—system equipment and services.
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It may be that new policy decisions either by DCA
or others in the DoD will be required to assure
efficient Integration of AUTODIN with other com-
munications activities. Attempting to solve all
problems with prices alone may not be successful.

• An integrated charging system should be developed
for AUTODIN to include both AUTODIN I and AUTODIN II
when in place. This pricing should recognize the
interdependency of the two systems. Further consid-
eration should be given to implementing procedures

V 

to permit charges in AUTODIN II both for distanc e
and precedence.

I

p

P

p

P

P

V P
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: GLOSS A RY

ACCESS——Having a direct connection to one or more of the com-
munications systems .

ACCESS LINE——Circuit connecting a subscriber to a DCA switching

center.

ADDRESS——The destination of a message or a call in a communica—

tions system. Also , to indi~ ate the storage location of

information in a data processing system.

AMA——Automatic Message Accounting. Equipment installed in a

commun ica t ions  system which automatically records all char—
P acteristlcs of calls or messages that may be necessary to

ascribe usage an’l compute billings to various subscribers

or users .

ANALOG COMMUNICATIONS——System of te ’ecommunications employing

a nominally continuous electrical signal that varies in

frequency, amplitude , etc., in some direct correlation to
ro~’.t’lectric information (e.g., sound , light ) impressed on

a transducer.

V 
ARPANET ——A nacket switching network providing data communica—

tions service between a number of research and military

) ADP Installations .

• ASC——AUTODIN Switching Center.

AUTODIN——Automatic Digital Network. A world—wide secure record

computer—controlled , store—and—forward , digital communica—

~ tions network providing record communications service to
V authorized users. The store and forward stations in the

4 network are referred to as AUTODIN Switching Centers (ASC).
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The network is a composite of interconnected ASCs (backbone),
plus the access l ines and subscr iber  (t e rmina l)  equipment .

AUTOSEVOCOM——Automatic Secure Voice Communications Network.

AUTOVON——Automatic Voice Network. The principal long—hau l, non—

secure c i r c u i t — s w i t c h e d  voice communica t ions  ne twork  w i t h i n
the DCA together with its access lines and subscriber equip-

ment .

AUTOVON ASSISTANCE OPERATOR (AAO)——An operator of a switchboard

at a selected AUTOVON switch whose function is to provide

operator services such as information , random conferencing ,

intercepting, call area extension , or precedence upgrade.

V BACKBONE——That portion of the DCS which is available to all sub—

scribers for long—haul communications (i.e., switches and

interswltch t runks excluding access equipment).
V 

BACKBONE COSTS——Those costs associated with leased switches and

interswitch trunks , and operations and maintenance of leased

and government—owned switches.

BAUD——Rate of speed at which data are transmitted over a communi-

cations line .

BINARY CODING——A numbering system consisting of two digits—— ”l”

and “O” ——that represent specific values. Used in digital

computers .

BLOCKAGE—— Calls that are not comple ted .  When expressed as a per—
centage , blockage equals the call overflow divided by call

attempts (OVF/ATT).

CALL——An attempt by a user or subscriber to obtain a telephone

connection.

CALLED STATION——A station (telephone number) to which a call is

directed .

CALLING AREA——One of f ive  geographical  areas used for distinguish-
ing billing charges: CONUS, Alaska, Europe, Pac if ic , Caribbean.
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CALLING STATION——A station (telephone number) initiating a call.

C A P A C I T Y  FACTOR —— The r a t io  of the  average load c o m m u n i c a t i o n s
traffic to the installed capacity of the equipment that

supplies the load .

CARRIER—— A telecommunications concern that provides trunkline

and s w i t c h i ng  se rv ices  be tween  geographica l  c e n t e r s .  A
c ommon car rier is such a concern . It provides these ser-

vices to the general public at rates and under conditions

V 
de t e r m i n e d  by the  Federal Communica t i ons  Commission ( F C C ) .

C CS — — A  u n i t  of’ one hundred ca l l  seconds ( i . e . ,  1 hour =

36 C C S ) .  Used for m e a s u r i n g  t r a f fi c  loads.,

CC SD —— C om ma nd  C o m m u n i c a t i o n s  Service  D e s ign a t o r .  A DCS ci r c u i t

~ientificatIon number .

C ENTRAL FHO CEC SIN G UNIT ( C P U ) — — T h e  ma in  u n i t - i n a comp u te r  sys—
t e rn  w h i c h  processes  d a t a .

C H A N N E L — — A !  e l e c tr i c a l  p a t h  s u i t a b l e  fo r  t h e  t r a n s mi s s i o n  of
c ommuni cat i o n s  be tween  t w o  or more p o i n t s , ordi n a r i l y
between two or more stations .

p CHANNEL PACKING—— The use of high— speed (Q . t k i l o b i t s  per second
( K B ~~) or ~) 6 O O b/ s ) modems and t ime  d i v I s I o n  multiplex (TDM)

to accommodate a variety of low— and medium— speed data re—

ouIrement s . The TrIM equipment combines several lower speed

p (~48OO h/s or less) dat a input s int o a single 9.6 KBS data

stream . The modems are used to convert the 9.6 KBS data
V o u t p u t  of t he  TDM into a quasi—analog signal s~ it can be

a p p l i e d  to a v o i c e — f r e q u e n c y  (VF ) circuit.

CIRCUIT——A fully operative communications path established in

the normal circuit layout and currently used for message

V telephone , WAT S, YWX or p r i v a t e  line services.

CLA CSMARK——An identification code assigned to subscribers and

con ta ined  with in switch memory for the purpose  of switching

machine control of calling features.

4 A-3

P

_ _

_ _  
_ _ _ _  

V



_ _ _ _ _ _ _  
_ _ _  --—-~~~ - -  --V — V V V V ~~~~

COMM CENTER——A terminal or relay center processing record message

traffic and long distance teletypewriter circuits,

COMMON USER CIRCUIT/SYSTEM——A circuit/system designed for general

access.

COMPUTER H A R D W A R E — — P h y s i c a l  components of a c omputer.

COMPUTER SOFTWARE——Computer program instruction s which tell the

computer what to  do.

COMSEC——Crypto section. Its primary function is to code/decode C
communications circuits entering and exiting the station.

CONFERENCE CALL——A call in which more than two subscribers are

connected. Spec i f ic  types of conference calls are:

Meet—Me Confe rence :  An arrangement where each participant
is instructed to di al a designated
telephone address to reach the confer-
ence bridge for a scheduled conference.

Preset Conference: An AUTOVON feature which permits auto-
matic connection of a group of sub-
scribers , preset in switch memory , by
key ing  a s ingle  d i rec tory  number .

Random C o n f e r e n c e :  An ope ra to r—es t ab l i shed  confe rence
where the called participants are
manually entered into the conference
by the operator.

V 

CSIF——Communica t i ons  Services  I ndus t r i a l  Fund.

DCA——De fense Communications Agency .

DECCO——Defense Commercial Communications Office.

DEFENSE COMMUNICATIONS SYSTEM ( D C S ) — — T h e  p r imary  DoD portion of
the  NCS , comprised of DoD communications systems and

managed by DCA.

D E M A N D — — ( a )  Amount of a good t ha t  buyers  are w i l l i n g  to  buy at
each speci f ied  price in a given market at a given t ime
(demand schedule); and (b) sometimes “quantity demanded”

at one spec i f ied  p r i ce.
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D E M U L T I P L E X — — C e p a r a t i o n  of m u l t i p l e xed  c i r c u i t s  at t h e  receive

end .

DUAL SW ITCHIN G E Q U I P M E N T — — S w i t c h i n g  equ ipmen t  a c t u a t - e d  by elec-
t r i c a l  impulses  genera ted  by a d i a l  or key pulsing ~irrange—

mo n t .

D I G I T A L  C O M M U N I C A T I O N S — — S y s t e m  of t e l e c o m m u n i c a t i o n s  e m p l o y i ng
a n o m i n a l l y  d i s c o n t i n u o u s  s ign a l  (discrete values) that

ch anges  i n f r e -  ~u e n cy  , amp ii t u do , or pola r i t y .

DIv~-;H~~iTY ~-‘A C TOR——The r a t i o  of t h e  n o n c o in c i d e n t  max imum demands

— fo r se r v i c e  of a l l  c u s t o m e r s  in a group  to  m a x i m u m  demand
o ~ r - ha~ g r o u p .

D S T P — — D i i ta l  S u b s c r i b e r  Terminal  E q u ip m e n t . Governmen t—owned
A DPE u sed by A I I T O D I N  subsc r ibe r  e r m i na l s .

DUAL l i U M I  N q — — T b e  conn e c t  ion of a t erm ina l  so t hat i t  i~ s t - r v ~-d
b y  t we s w i t c h i n g  ce n t e r s .

P I A C T I C I T Y OF DEMAND OR C U P F L Y — — A  measure  of’ t h e  r e s p o n s i v e n ess
of’ b uye r s  or’ se l lers  to  p r i c e  changes .  D e f i n e d  as th e
cha nge in quan t  i t y  demanded (or  s u p p l i e d)  c elat  ~i v e  o a
chan ce in p r i c e .  Let p = p r i c e , 1 = qu a n t  it ~ y demand e d  V~~~1’

su p p l i e d , t h e n e l a s t i c i t y,  e = + . ~~~. E l a s t i c i t y  w i l l
h ave a n e g a t i v e  sign  for  demand and p o s i t  ly e  for  s u p p l y .

E R L A N G — — 3 6  C ; eq ua l  to  max Imurn t i m e  o c c u p a n c y  of r ansm~ sc- i m
f a c i l i t y  fo r  an hou r .

F A C S J N I L E  T R A N S M T S S I C N — — I n  e l e c o m m u n i  - a t  ons , the c :irahil It v
V 

to transmit pictorial copies electronically.

FDM—— Frequency Division Multiplex.

F I X E D  COST——Cost  t h a t  does not vary a c c o r d in g  t~O out p u t .

F L A S H — — A  c o m m u n i c a t i o n s  p recedence . ( See Precedence .)

FLASH OVERRIDE——The h i gh e s t  c o m m u n i c a t  tons  p r e c e d e n ce .  Reserved
for ’  t h e  P r e s i d e n t , Sec re t ary  of Defense , Joi nt C h i e f s  ~f
C t V a ff , and a u t h o r i z e d  commands .
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FREQUENCY——The number of’ complete sine waves in one second .

FREQUENCY SPECTRUM——Range of f r equenc ies  ranging from lowest
measurab le  sound through infinity (Hz, KHz , MHz , GHz , e t c .) .

GATEWAY S W I T C H — — S w i t c h i n g  center interconnecting geographical

areas or n e t w o r k s  w i t h i n  a geographical  area. 3

GRADE OF SERVICE——The ma thema t i ca l  p r o b a b i l i t y  of a cal l  being
V b locked , ex p ressed as a decimal fraction. The average

ratio of blocked ca l l s  to  to ta l  ca l ls ,  For example , a GOS
of P . 05  means that 5 of 100 attempts will be blocked or
not completed. GOS objectives set by DCA are observed

only through the backbone facilities.

HALF DUPLEX——Send and rece ive , but  not s imul t aneous ly .

HF——High  F requency  Radio  ( 3 — 3 0  M H z )  normal ly  used for  long—haul
communications , provides a means for remote subscriber

terminals to access an ASC.

HOLDING TIME— —The t ime in w h i c h  an i tem of t e lephone  p lant  is
in actual use either by a customer or an operator. For

example , on a completed  te lephone  call , hold ing t ime
includes conversation time as well  as other t ime in use.
At local dial offices any measured minutes which  resu l t
from other than customer attempts to place calls (as

evidenced by the dialing of at least one digit) are not

treated as holding time .

IDA—— Institute for Defense Analyses.

I M M E D I A T E — — A  communica t ions  precedence.

INTRA—SWITCH CALL——A call where the calling and called party

are served by the same switch.

INTERFERENCE——Extrane ous  s ignals  which  i n te r fe re  wi th  communica-
t ions  commonly caused by lightening , power tools , electric—

i t y ,  human voice , ex traneous conversat ions , and electr ical
components. Examples: static , humm , cross talk , random noise.
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IN TE R SWI TCH CALL——One that  uses more than one swi t ch  and at
least one 1ST to complete a connection .

INTERSWITCH TRUNK——A trunk between two switching centers

(AUTOVON , A UTODIN).

- LINE BLOCK——A record length equivalent to one IBM keypunch card ,

i.e., 80 charac te rs  of text plus  fou r  f r aming  control char—
actors .

LINE NUMBER——Station number , main station number , subscriber

number , user number.

- :  LOAD FACTOR——The ratio of average output to peak output for a

given in terva l  of t ime . Basis  for  p r ice  d i f f e r e n t i a t i o n
between different classes of customers: the lower the load

f ac to r , the h igher  the  r a t e  charged the  cus tomer,

LOCAL OFFICE——A cen t r a l  o f f i c e  se rv inp z  n r l m a r i l v  as a n l a c e  of’
t e r m i n a t i o n  for  subsc r ibe r  l ines  and for  r r o v i d i n~ t e l e —
rhones to  the  subscribers on these lines.

LONG—HAU L TOLL T R A F F I C— ~~-% genera l  term appl ied  to  message t o l l
traffic between distant points. In common usage , this

term is ordinarily app l i ed  to message toll traffic between

po ints mere t han 20 to 50 miles anart .

MARGINAL COST (R -“ TJF ) The cost (revenue) which occurs on the

marg in ;  the  a d d i t i o n a l  cost (revenue) resulting from an

P i n c r e m e n t a l  change In p r o d u c t i o n  (consumption). Marginal

cost (revenue ) can be descr ibed  as the ins tantaneous rate
of change In cost (revenue) w i t h  respect to p r o d u c t i o n .

MESSAGE——A comple ted  call , i.e., a communication in which a

conversation or exchange of information took place between

the calling and called parties.
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MESSAGE PRECEDENCE——A predetermined coding used to indicate the

relative importance of a message. These codes are:

Z for FLASH
0 for Immediate

P for Pr ior i ty
R for Rout ine.

MESSAGE UNIT——Unit of measurement used for charging for measured

- 

- message (telephone or digital) exchange traffic within a

specified area.

MICROWAVE BROADCAST——A primary transmission medium , the line—of—

sight microwave system uses wideband communicat ions to  l ink
d i s t an t  stations. Often s u b s t i t u t e s  for land l ines.

MULTIPLEXING——The technique of combining two or more independent

V 
circuits (voice , telegraph , data , etc.) into a composite

signal  which  is then transmitted via the transmission medium
to a like terminal where the process is reversed and the

channels are restored to  t h e i r  or ig inal  s ta te .

NETWORK CONTROL——The continuous assessment of the condition of

a communications system to detect actual or impending prob-
lems and to take subsequent control actions.

NCS——National Communications System.

NMCC——National Military Command Center.

OFF—HOOK SERVICE——A service for selected AUTOVON subscribers

that automatically establishes a predesignated connection

at the  t ime the  ca l l ing subscr iber ’ s l ine goes to the off—
hook condition .

OPPORTUNITY COST——Implicit cost of a foregone alternative .

OPTICAL CHARACTER READER ( O C R ) — — D e v i c e  tha t  read s a typed mes—
sage and automatically generates a printed message for

transmission . V
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PACKET——A number of bits preceded by a header identifying the

recipient and transmitted via a communications network.

Messages are decomposed into one or more packets by the

sender , whi le  the rec ip ient  rebui lds  the  message from the
p a c k e t s.

PACKET—SWITCHING——There  are two basic characteristics of a
packet—switchin g communications system . First , all messages
are broken down into packets , and it is only these packets

t ha t  are handled by the system . Second , the packets travel

t h rough  a common pipeline between switches , and the path
any given packet takes from one switch to another is not

V 

fixed. Thus , while two users connected through a packet
switching believe they have a direct circuit connecting

them , th is  c i r cu i t  is created anew for each packe t .

PEAK LOAD——The s ize of the  max imum demand for  service during
a given t ime i n t e r v a l .  The period during which message

P t r a f f i c  is greatest over a cyc le  would  be the “pe ak per iod”
as in the  “ peak hour ” for  a given day of the  week.

POINT—TO—POINT CIRCUIT/SYSTEM——A speci a l purpose circuit or
system with predetermined users that is not intended for

general purpose use. It cannot be accessed by any other

‘1 station except the prescribed users. Often referred to as

“Sole User ,” “Hotline ,” or “dedicated circuit .”

p PRECEDENCE——A rank assigned to indicate the degree of prefer—
ence or importance to be given in processing and protecting

calls or messages. In descending order of preemption capa—

bi l i t y ,  au thor ized  precedences  are : flash , immediate ,
-

- p priority, routine.

PRECEDENCE PREEMPTION——To disconnect (either manually or auto—

matically ) a connection of lower precedence by seizure of

an access line or trunk when there is no other line avail—

able .
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PRIORITY——A communicat ions precedence. 
V

PRIVATE BRANCH EXCHANGE (PBX)——A switching system that provides

internal switched telephone communications between main

stations located within a particular area such as a build-

ing or a post , camp, or station . It also provides the same

service between the main stations and an exterior telephone

V 
network. When calls are made without operator assistance
(dial serv ice) ,  it is called a PABX (private automatic
branch exchange).

PRIVATE LINE SERVICE— —A service for communicat ions between
specified locations for a continuous period or for regularly

recurring periods at stated hours .

PUBLIC GOOD——Goods (or  services)  j o i n t l y  supplied to  the whole
community; typically not appropriable by individuals and

not divisible into units to be sold separately. For

example , national defense , police and other protection
activities provide benefits that cannot be withheld from

some individuals and granted to others.

QUEUE-—In a s to re—and—forward , message—swi tch ing  sys tem , messages
awaiting transmission . 4

RECORD COMMUNICATIONS——Any form of communications that results

in recording of information for display , printing .

ROUTINE INDICATOR ——In message— swi t ch ing  networks , a group of
characters  in the header of a message de f in ing  the or igin
or des t ina t ion  c i r c u i t / t e r m i n a l .  The indicators  are vali-
dated by an ASC ’s internal routing indicator tables for

routing traffic.

SATELLITES——Transmission media employing low—power comrnunica—

tions satellites in a near—synchronous equatorial orbit .

SIMPLEX——Send or receive , but not both.
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SPEED OF SERVICE——The handling time of a message from the origin

V 
to the destination terminal.

STORE AND FORWARD——Any system that receives , stores , and t rans-
mits data to a predetermined addressee.

SUBSCRIBER——User of a communications system who is directly con-

nected to a switch and shares the network backbone costs.

SUPPLY—— (a) Amount of a good that sellers are ready to sell at

• each specified price in a given market at a given t ime
(supply schedule); and (b) sometimes “quantity for thcom ing”
at one specified price.

SURVIVABILITY——The capability of a communications system to pro—

vide service to the surviving critical subscribers during

a disaster which renders some facilities inoperative .

V SWITCH——A device for making, breaking, or changing the connec—

tions In an electronic circuit. An automatic switch is

remote—contro l led  and is used for voice or d ig i ta l  c i r cu i t s .

SWITCHBOARD——An apparatus for connect ing , combining,  measur ing,
or protecting a number of circuits.

SWITCHING——Circu i t  swi tch ing  int er connects  commun ication c ir-
cuits , providing subscribers with end—to—end voice or data

exchanges.  Message swi tch ing  performs automatic  relay of
messages from one circuit to another on a first—in , first—

out (FIFO) basis within each precedence level. Packet

switching provides the automatic relay of messages in the

multiplexed form of ‘packet ’ streams.

— TANDEM CIRCUIT OR TRUNK——A general classification of circuits or

trunks between a tandem central off ice unit and any other
V 

central office or switchboard .

TECHNICAL CONTROL——A facility responsible for coordination ,

p control , and operation of DCS resources to include testing
and restoral.
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TERMINALS ——Peripheral  devices for t ransmission and reception
of messages.

TOLL TRUNK——A very high quality trunk between long distance

swi tchboards .

TRAFFIC UNIT——A unit of measurement of traffic operating work

that is used as the common denominator to express the rela-

tive time required for handling various kinds of calls or

work functions.

TRANSMISSION MEDIA ——The means of moving a signal from one point

to another. Examples : HF, coaxial cable , microwave broad-

cas t , satellite , tropospheric scatter.

TROPOSPHERIC SCATTER——Radio system in which the transmitted V

signal is “bounced ” off the tropospheric layers of the

atmosphere and received by a d is tant  s t a t ion .

TRUNK ——A transmission channel between swi t ch ing  centers  for
making a complete circuit between subscribers .

TRUNK NUMBER ——A t r u n k  i den t if i c a t i on  number .

USER——An au tho r i zed  unit possessing communications equipment
capable of i nd i r ec t ly  accessing a DCS ne twork .

UTILIZATION FACTOR——The ratio of the peak load communications

traffic to the installed capacity of the network.

VARIABLE COSTS——Costs that vary with the rate of production.

V 
VFCT EQUIPMENT——A type of multiplexing equipment that  converts

direct current telegraph signals , as found in teletype-

wr iter (TTY ) operation, into alternative current tones
in the voice frequency (V F ) range .

WIRE TRANSMISSION——A transmission medium employing a physical

wire conductor.

WWMCCS——World Wide Military Command and Control System.
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