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By J W. FITZWILLiAM and R. L. WAGNER
(Manuscript received June 6, 1978)

Short inquiry and response messages, called transactions, are be-
corming increasingly important in the conduct of business affairs. These
messages are moved electronically through data communications
networks. To meet the need, a family of Transaction telephones, ter-
minals, and associated networks, adjuncts, and arrangements has been
developed.

. INTRODUCTION

Data communications began to gain momentum around 1962 with
data transmission channels provided over the voice network using both
switched and private line facilities. Many uses for data channels were
developed, including widespread use of switched network channels for
very short data messages.

Such short messages are termed “transactions” in this issue of the
B.S.T.J. A transaction consists of an inquiry message followed by a re-
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sponse message, each of which is typically less than 100 characters long
(less than two lines of a typed page). Such transactions may be used in
a variety of applications—for example, in verifying the credit of a cus-
tomer in the course of a purchase or in actually moving funds from the
buyer’s bank to the seller’s bank. This second example is from the world
of electronic funds transfer, which has been generating much interest
among members of government, the banking industry, and their cus-
tomers.

I, CURRENT SYSTEMS

Transactions typically involve computerized data bases (customer
service centers), which may have the credit standing and current bal-
ances for all holders of a particular credit card in a given region, or they
may be the computetized record of all checking accounts in a bank. There
are many such possibilities. An individual making a credit card purchase,
as an example, frequently experiences a salesperson making a telephone
call and giving the card number and the amount of purchase. The pur-
chaser never hears what comes back, but if the purchase is then com-
pleted, which is the usual situation, she or he may assume that it was an
approval. The purchaser is frequently aware of a considerable wait,
perhaps several minutes, while this transaction is under way.

Figure 1 shows what usually happens during this time interval. The
salesperson has called a clerk seated at a cathode ray terminal (CRT).
The information, received verbally, is entered into the CRT by means
of a keyboard. From there it proceeds to the service center’s computer,
which contains the credit records. After a short time (usually a very few
seconds), the computer has processed this particular inquiry and re-
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Fig. 1—Existing public switched network service.
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sponds to the CRT, which displays the information. The clerk reads the
computer’s response to the salesperson waiting on the far end of the
telephone connection. The clerk, one of many handling inquiries to the
computer, then terminates the call and is ready to receive another. If
there is a problem, the salesperson may be referred to another individual
for its resolution.

Figure 2 shows an alternative way of reaching the service center's data
base. In this situation, the salesperson has a special terminal connected
directly to the computer via multipoint (bridged) access lines. Sometimes
the terminal has a means for automatically reading the characters on
the customer’s plastic card. The dollar amount of the transaction is en-
tered manually on a small keyboard {(sometimes called a “pad” when only
numerals are involved). The terminal also has means for displaying the
response, including some cryptic explanation if it is a denial. Private line
systems as depicted in Fig. 2 are particularly attractive to entrepreneurs
who provide service involving high-volume sales positions. Such systems
can be economical and have superior response time, since they eliminate
setting up a public switched network call and verbal exchanges between
the salesperson and the clerk at the CRT. A disadvantage is the need to
handle referrals by a completely separate telephone call.

. PROBLEMS WITH CURRENT SYSTEMS

Neither of the two systems depicted in Figs. 1 and 2 is entirely satis-
factory. The reasons are different, however, The dial-in system of Fig.
1 may be slow, with call setup time approaching the duration of the
message. Also, the presence of the intermediate person at the terminal
represents unnecessary cost. Finally, concentration of a high volume of
short holding-time calls at the customer service center may necessitate
special engineering of the switching facilities serving that location so as
to avoid traffic congestion problems adversely affecting other users.

The private line systems depicted in Fig. 2 solve the response-time
problems and eliminate the need for the individual at the computer
terminal. They suffer mainly from the infirmities of conference circuits
{multipoint connections), which bridge many subscribers on a common
channel going to the computer. Such circuits are effective in moderation,
but as more terminals (and drops) are added to the network to make its
operation economical, the reliability and difficulty of tracing problems
become very troublesome.

V. THE RESPONSE

The papers in this issue of the B.S.T.J. describe a multidimensional
respense to the problems and the opportunities outlined above. A family
of products and serving arrangements has resulted, giving customers a
choice.
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Fig. 4—Transaction network—another serving arrangement for transaction traffic.

One type of serving arrangement depends entirely on the public
switched network. It is supported by Transaction telephones and data
sets (type 407) tailored to this special use. A second type of serving ar-
rangement, called the Transaction Network, introduces a message
switching network to achieve better response time, reliability, sharing,
and functionality tailored to transaction-oriented applications. These
two arrangements are shown in simplified schematic form in Figs. 3 and
4, respectively.
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Transaction telephones and terminals serve both of these networks
and have wide applicability for other innovative uses. They provide
simple, convenient data entry and data reception capabilities that are
well matched to short data transactions. These telephones and terminals
can all read the magnetically encoded stripe on the standard credit card.
Transaction I and I1 telephones both operate on the switched network
and double as ordinary telephones. The Transaction I telephone is the
simpler, lower-cost terminal that receives audible response; the Trans-
action II telephone provides the additional capability of data output on
anumeric (LED) display. The Transaction 11 terminal has no voice ca-
pability and was designed expressly for the Transaction Network, where
it provides higher-speed performance. Transaction Il and Transaction
111 are compatible with the Transaction printer for issuing receipts,
verifying checks, or providing other hard copy as an alternative output
of the Transaction terminals.

For the serving arrangements of Figs. 3 and 4, the connection is be-
tween the salesperson at the Transaction terminal and the computer,
where either data or voice responses are composed. In both cases, re-
corded or synthetic speech is used when responding to the salesperson
in the “voice response” mode, However, in Fig, 3 the customer service
center provides the response from a dedicated unit, whereas in Fig. 4
voice responses are prepared with a shared-use unit at the message
switch,

This brief explanation is intended to develop the context for the pa-
pers that follow. There are important subsystems, adjuncts, and ar-
rangements that have not been mentioned here.

V. THE CHALLENGE

There is an evolving use of computers and associated communications
systems to improve the quality of life. The technical advances described
in this issue of the B.S.T.J. are a part of this larger view. Although each
advance brings with it new problems and frustrations, the prevailing view
of the futurists is that there is more change ahead involving computers,
communications, and “us,” What appears radical today in terms of de-
pendence on computers, we are told, will be commonplace and com-
fortable tomorrow,
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Transaction Network Service
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Transaction Network Service is provided by a message-switched
communication system especially designed for short formatted data
messages. The Transaction Network system carries messages between
Customer Service Centers (customer-owned data processing centers)
and polled terminals or dial-in Transaction telephones, as well as be-
tween Customer Service Centers. It does this quickly and economically,
with high reliability and maintainability of service. This paper dis-
cusses first the need for Transaction Network Service and the system
design goals set for it. Then the elements of the system are discussed,
including how they work together in providing service.

I. A NEED FOR TRANSACTION NETWORK

Short data messages of the inquiry/response type have in the past been
carried by two types of available telecommunications service offerings.
One is the Public Switched Telecommunications network using either
simple voice conversations, data and automatic voice response units, or
full two-way data exchange. The other is the use of multipoint private
line networks between terminals and computers in full two-way data
exchange. Issues of cost, response time, reliability, engineering, and
administration all arise and become more serious as greater volumes of
transactions occur and as more locations are served.

Inward Wide Area Telecommunications Service—INWATS—is the
common way of using the dial network. It puts no toll charges on the
calling party, and is cost-effective for low volume/high value messages.
Translation of the 800-type number cannot economically be provided
in every service central office. An INWATS call must therefore be routed
first to a toll office capable of the translation, and routed from there to
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the destination. Call setup times of some 12 seconds are common, Thus
it is slow, and even though toll charges are relatively low, the net résult
is that it is most effective for high value transactions.

The multipoint private line network is appropriate for high volumes
and fast response times. These two factors and the number of stations
to be served determine the specific configurations. Restrictions occur
because of technical considerations. As more stations are bridged to-
gether, the potential for electrical noise and echoes increases. The so-
lution for echoes is to use separate channels for transmit and receive,
causing increased cost. Noise limitations may govern the number of
stations per multipoint circuit because the noise received at the host
computer is effectively the sum of the noise in all the elements of the
bridged multipoint circuit. When noise becomes excessive, the perfor-
mance of the circuit degrades. Diagnosis and repair may be disruptive
and tedious since the entire circuit must be removed from service and
its components tested until the offending source is isolated and then
repaired.

A further complication in multipoint circuits is in disciplining the flow
of information. For example, only one terminal should send a message
to the host computer at any one time. Not only is this discipline, called
a protocol for information interchange, a nontrivial task, but different
types of terminals commonly use different protocols. Thus, independent
circuits and access arrangements to the host computer and independent
“protocol software” in the computer are ali required when differing types
of terminals are needed and deployed.

The Transaction Network system addresses these issues positively.
It includes a superior alternative to the multipoint bridged channel. It
performs protocol management to permit a host computer to com-
municate with several types of terminals through one protocol, one
software package, and one type of access arrangement. It uses the dial
network for access when appropriate: by offering an Automatic Voice
Answerback service, it makes the use of the dial network effective for
residences as well as places of business.

As a brief characterization, Transaction Network Service is effective
because it is a total system designed to meet the needs of the inquiry/
response market. The following section discusses this in more detail.

Il. SYSTEM GOALS

Figure 1 is a conceptual view of the design goals for the Transaction
Network system. “Common user” is a goal from several perspectives.
One is that a-terminal or telephone may require connectivity to several
Customer Service Centers to conduct the desired variety of transactions,
Some terminals may not need such varied connectivity, but can benefit
from the ‘economies gained by sharing use of the network with others.
TNS meets both needs, the former by having a switching capability and
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Fig. 1—Transaction Network design goals.

the latter by incorporating restricted routing options between terminals
and Customer Service Centers and between affiliations of Customer
Service Centers. The use of a single integrated system permits several
users to share in the necessary costs of administration, engineering, and
maintenance to their mutual benefit in cost and quality of service.

“Local or regional,” in Fig. 1, relates to cost optimization and is listed
because analysis shows a major component of cost in typical customer-
designed networks to be in the local distribution network. This is one
area where new economies are needed, and where they are provided.

Many terminals and telephones of several different types and few
Customer Service Centers constitute the typical nature of the inquiry/
response short data message market. In particular, Customer Service
Centers served by Transaction Network Service will show major econ-
omies and simplificatien in hardware and software because of the pro-
tocol management capability of TNS. One type of connection and soft-
ware in the customer’s computer will reach the several types of terminals,
but any terminal meeting the appropriate specifications will be sup-
ported. Transaction Network Service does not include the front-end
hardware and software required at the customer’s computer to interface
with the network. The customer must provide these, as well as the
computer itself.

Requirements and specifications for the interfaces to Customer Ser-
vice Centers and to polled and dial-in terminals are available in the form
of Bell System Technical Reference publications.-4

The most important attributes of the Transaction Network are in the
center of Fig. 1. Messages are carried with minimal delay. There is no
store-and-forward or multiple address (broadcast) aspect to the
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Transaction Network: messages that cannot be delivered are returned
to the sender, with the type of irregularity encountered indicated in the
returned message. Positive error control, on each link in the network,
is also of major importance. The synthesis of these two aspects is that
the customers can use the network confidently; the messages will be
carried exactly as entered into the network—if they cannot, the user will
know it promptly and unequivocally. In particular, the design of the
Transaction Network makes it possible almost to eliminate uncertain
transactions, at least insofar as network performance may contribute.

Reliability and maintainability must be and are high, promoting
service availability at the levels needed by users. How this is achieved
is best discussed after describing how the Transaction Network oper-
ates.

The following sections of this paper present an overview of the services
provided and the functional operation of the system, serving as an in-
troduction to the accompanying in-depth articles. As with most systems
of the complexity of Transaction Network, numerous acronyms have
developed. The appendix contains a listing of those used in this and the
accompanying papers.

il POLLED TERMINAL SERVICE

Figure 2 shows at the left polled terminals and at the right Customer
Service Centers. Between them lie the polled access network, the message
switch, and the synchronous links to the data processing centers.

Consider first the message switch. Typically, there is one of these in
a metropolitan area, although, in large areas and as traffic grows, more
than one may be needed. This message switching unit not only controls
and routes the flow of messages, but also tests itself and the communi-
cation network it controls. It also does billing, traffic, and administrative
tasks. Its use is shared by all subseribers.
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Fig. 2—Transaction Network (polled access),
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The Data Station Selector is a newly developed, solid-state line con-
centration device leading to economies in local distribution costs. It is
installed in the wire centers nearest the terminals, and can also be in-
stalled on customer premises. Its use is shared by up to 61 terminals.
Each terminal is served by a two-wire loop which terminates in a Channel
Service Unit. The loops are ordinary voice-grade quality with no special
engineering required in the vast majority of the cases. The Channel
Service Unit, which is an integral part of the network, is for maintenance
purposes and for adjusting loop loss to meet the fixed level transmission
plan. The chosen data speed, 1200 b/s, facilitates meeting the objectives
of “no special engineering” of loops, the undetected error rate goal, and
the speed of service goal.

Once the terminal is armed to transmit a message, carriage of the
message begins with polling the terminal by the message switch. The
Data Station Selector is commanded by the message switch to connect
a specified terminal to the backbone trunk between the Data Station
Selector and the message switch. Then the message switch sends an
alerting signal to the terminal. This alerting signal is the same for all
terminals: it is not a unique identification number for the specific ter-
minal.

If the terminal has no message to send, it remains silent and, after a
brief interval, the message switch moves on to poll other terminals.

The grade-of-service objective is 1.25 seconds on the average for-access
delay. That is, the average delay between arming a terminal to send a
message and the start of its transmission towards the message switch
is 1.25 seconds. The number of terminals supported by each Data Station
Selector is engineered to meet this objective, the criteria including the
amount of traffic generated by the terminals.

If a message is ready, it will be sent, and it must be of the form shown
in Fig. 3. The major parts of this message are the heading, the text, and
the Longitudinal Redundaney Check character. The BAL (Blind Alert)
character leads all messages: it distinguishes a message from a command
to the Data Station Selector. The heading is required because the
Transaction Network is a switched service, requiring the routing infor-
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Fig. 3—Polled terminal message format.
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mation contained in the heading. In the heading the Station Identifier
field tells what kind of terminal is transmitting, to distinguish the user
features of one terminal from another—information of particular interest
to the data processing center in composing a response message to use
these features most appropriately.

The called number in an inquiry message is that of the Customer
Service Center. A new seven-digit number plan, totally independent of
the usual telephone number directory plan, has been created. All seven
digits in the calling and-called number plan are not always needed.

In particular, polled terminal users can option “restricted access,” and
then the polled terminal can call or be called only by designated Cus-
tomer Service Centers. In such a case, one number, 2and even no number
(that is, implied addressing), is enough for the called number. Obviously,
both the polled terminal and the Customer Service Center subscribers
must agree to such an arrangement.

The calling number applies to the terminal and aldo is assigned by the
telephone company. It is checked by the message switch to ensure that
the Data Station Selector accessed the proper termihal; having it in the
message is also a convenience to the Customer Service Center, since it
is the directory number of the terminal. It could also be used as an
identification of the calling party.

The message status field is not sent by a polled terminal.In case of
irregularities, it occurs in messages to the terminal and identifies the
irregularity.

Text is strictly under user control and is not rearranged or altered by
the Transaction Network. All characters throughout are ASCII; text must
be 128 characters or less, and not include control characters.

When the message arrives at the message switch, the following checks
are among those made: the calling number is correct; parity in every
character is correct; the Longitudinal Redundancy Check character, an
overall parity test on the whole message, is also correct.

If all tests are passed, the message switch sends ACK (Acknowledg-
ment) and the terminal then sends EOT (End of Transmission). Then
the message forwarding begins. If any test fails, NAK (Negative Ac-
knowledgment) is sent, and polling is resumed. On the next polling cycle,
transmission is attempted again.

Figure 4 illustrates some of the possible modes of operation of this
protocol. On the top two lines is seen a normal inquiry message transfer.
Then the effects of three types of transmission errors are illustrated. The
last two illustrate that no EOT (End of Transmission) from the terminal
within an allotted time is cause for the message switch to send ACK again
but that a garbled EOT is cause for an ENQ {“what was sent?”) from the
message switch and a subsequent retransmission of EOT by the terminal.
Only the message switch can send ENQ. This protocol should yield an
undetected error rate of 1 in 107 messages, or better.
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Fig. 4—Polled terminal protocol, inquiries. (a) Inquiry message, normal dialog. (b} In-
quiry message, garbled. (¢) Inquiry message, control garbled. (d} Inquiry message, ter-
mination garbled.

After additional checks, the message enters the buffer to the desig-
nated Customer Service Center. Among these tests is the class-of-service
test. For example, if the Customer Service Center has elected not to
accept messages from unrestricted polled terminals or from dial-in
telephones, then the check will result in such messages being turned
back, with appropriate message status codes.

When the Customer Service Center has processed the inquiry and sent
a response message back to the message switch, the response enters the
buffer for the Data Station Selector serving the proper polled terminal.
Polling is interrupted and the message sent to the terminal. Errors are
checked, and when ACK and EOT have occurred, the terminal can present
the response to the user. The tests include correct called number, i.e.,
the message has reached the correct terminal. They may also include a
test on the Customer Service Center to which the inquiry was sent, but
this is strictly optional. The Transaction Network does not pair inquiries
and responses. A terminal may send several inquiries one after the other
and may receive several responses one after the other. The only re-
striction is that only one message may be sent per poll cycle.
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IV. CUSTOMER SERVICE CENTER SERVICE

The synchronous link connecting the message switch to the Customer
Service Center operates under an ANSI standard Binary Synchronous
Control protocol. Although four-wire synchronous channels are used,
the protocol is basically half-duplex. The message switch and the Cus-
tomer Service Center take turns originating message flows, the other end
checking for errors and acknowledging or negative acknowledging as
appropriate, with retransmission the error recovery technique.

Figure 5 shows some details of the message composition for all mes-
sages to and from the Customer Service Center. On the top line, the SYN
character is standard for achieving character synchronization. The prefix
may be specified by the Customer Service Center to make its work eas-
ier—in all, there are some 24 options possible, all made available to make
the Transaction Network easier to accommodate with existing Customer
Service Center software. Text is the original, unaltered text. The suffix
is again a Center option, and the LRC is the Longitudinal Redundancy
Check character for the message. The goal of 1 in 107, or better, unde-
tected error rate for messages applies to this link also.

The second line shows the components of the heading. The Heading
Item Indicator tells what fields are in the heading. The Station Identi-
fication, called and calling numbers are as in the terminal’s message but
now the calling and called numbers are the full seven digits, and the se-
quence number counts the messages to help control flow over the
link.

The third line on the figure is perhaps the most important. The
Transaction Network can operate with one message per block, but it also
can transmit and receive multiple messages in a block, as well as transmit
several blocks before relinquishing the line to the Customer Service
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Fig. 5—Customer Service Center message formats.
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Center. This should be the method of operation when efficiency is im-
portant. The Customer Service Center should be able to operate in the
same way. The benefit is a faster transaction time (inquiry to response)
and a more efficient, and thus lower cost, synchrenous channel and as-
sociated hardware system.

Not shown is the list of Service Messages that can pass between the
Customer Service Center and the message switch. They are appropriate
to the application but include the ability to invoke a particularly valuable
feature—alternate delivery. If, for example, the center needs to go out
of service for maintenance, it can instruct the message switch to deliver
messages to another center, until the command is cancelled. Obvicusly,
prior arrangements must be made with both the telephone company and
the other center. And, naturally, this feature will also be invoked if there
is an unscheduled loss of either the synchronous channels or Customer
Service Center—the feature provides both an automatic and a control-
lable backup. :

After composing the response, the Customer Service Center sends it
to the message switch using the same message format as in Fig. 5. The
checks on errors are made, as are class-of-service tests. In particular,
centers can form “affiliations’ and message flows between centers will
then be screened accordingly and turned back if inappropriate. Each
center may belong te more than one affiliation.

V. DIAL-IN TELEPHONE SERVICE

Figure 6 shows dial-in service arrangements also, and is intended to
suggest that three types of dial-in protocols are offered. One is for an
ordinary TOUCH-TONE® service telephone with 12 keys, i.e., the x and
# keys must be present. It transmits TOUCH-TONE signals, and receives
responses through the Audic Response Unit (called Automatic Voice
Answerback service). The protocol that supports this telephone is called
the Voice Response protocol. A second is represented by the Bell System
Transaction I telephone: it transmits all 16 of the possible TOUCH-TONE
signals,* and the messages include two characters for error detection.
Responses to it can be of three forms: an audio message; a keyed answer
tone of 1.5 seconds to light a light, for example; or a keyed answer tone
of 3.0 seconds to light a different light, after which an audio message is
given. This protocol is called the Voice/Keyed Answer Tone (KAT)
protocol.

The third telephone is exemplified by the Transaction II telephone
and uses a different telephone number to access the ports on the message
switch. This terminal uses all 16 TOUCH-TONE signals to transmit, but
receives data responses, frequency-shift-keyed at 150 b/s, and can re-
transmit to overcome detected errors. Its protocol is called the Data

* The unusual four TOUCH-TONE signals are here called a, b, ¢, and 4.
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Response protocol.

To illustrate dial-in service, consider now the second arrangement,
using the Voice/KAT protocol. The first step in its use is to dial, as with
an ordinary telephone, a number assigned to the ARU port hunting group
for the message switch. When the connection is made, an answer tone
will be sent from the port to the telephone for 1.5 seconds. After this, the
telephone may transmit a message such as is indicated in Fig. 7.

First comes the heading. In it, the b signal is used to differentiate this
telephone from a TOUCH-TONE telephone, and 520 together constitute
both the Start of Heading (SOH) and the station identifier field (as seen
earlier for the polled terminal). Then &8 is a field separator, and 5550076
is the Transaction Network identification for a specific Customer Service
Center.

The calling number does not appear in this heading because Trans-
action Network service does not include Automatic Number Identifi-
cation. That is, the message switch cannot automatically discover the
“white pages” directory number of the calling telephone. In the message
to the Customer Service Center, however, there is a calling number: it
is the designation of the dial-in port at the message switch, which the
data processing center must use in the response message. As a further
safeguard, an “activity number” is also in the heading, sequencing the
uses of the specific port. A response message also must contain the *“ac-
tivity number” and it must match the current number, or else the re-
sponse will be rejected instead of delivered.

The text is user-specified, but with control characters avoided. The
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ICENTIFICATION IDENTIFICATION AMOUNT OF

SALE

Fig. 7—Dial-in telephone message format.

example is for a credit card authorization as done with the Bell System
Transaction I telephone.

Use of # # as ETX (End of Text) is a requirement, as are the LRC
character (calculated using a four-bit representation of a TOUCH-TONE
signal) and the character count {(modulo 10) character. With these latter
two characters, the 1 in 107 messages with undetected errors goal can be
achieved on this link also.

Figure 8 shows some possible message transfers for this link. At the
top is a simple inquiry and response. First is the answer tone from the
message switch, then the message is sent. Not shown is the forwarding
of it to the data processing center after the error, class-of-service, and
other checks. The Customer Service Center, seeing from the Station
Identifier field that an audio response is required, composes the response
message in the following special way. In the station identifier field of the
response message, it puts the code which instructs the message switch
that the Audio Response Unit is to be used. In the text, the center uses
triads of characters {(maximum 128/3 = 42 triads). Each triad indicates
a phrase chosen from the specified phrases for the Audio Response Unit.
One phrase might be the utterance ‘““ONE,” another, “CHECKING TO
SAVINGS TRANSFER.” The phrases are then uttered in the sequence
given.

In the simple transaction shown at the top of the figure, the attendant
then hangs up. The telephone should send a “disconnect” sequence to
the message switch, causing it also to hang up promptly and minimizing
the connect time on the port, which is seized for the duration of the entire
transaction. If the disconnect signal is not sent, up to 15 seconds addi-
tional connect time may occur before the message switch times out and
hangs up.
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Fig. 8—Dial-in message transfer. (a) Normal dial-in transmission. (b} With AVA repeat.
{c) Muitiple messages. (d) Garbled transmission.

TQ.TELEPHONE =

The second transaction in the figure shows the capability to request
a single repeat of the audio message.

The third transaction shows the multiple inquiry capability of the
Transaction Network. After the first inquiry, no heading may be input;
the message switch will use the first heading for every message originated
during the dial connection. Thus, all messages go to the same data pro-
cessing center.

The last transaction illustrates that the Voice/KAT protocol has efror
detection capability, but no error correction through retransmission—a
capability left to the more sophisticated “data-response” dial-in protocol
and telephone. Having detected an error under the Voice/KAT protocol,
the-message switch announces a phrase such as “TERMINAL OR NET-
WORK TROUBLE. PLEASE HANG UP AND TRY AGAIN. GOODBYE” and

disconnects.
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Vi. RELIABILITY AND MAINTAINABILITY

Reliability of service is achieved in the Transaction Network by using
equipment redundancy, reliable components, fast and accurate diag-
nostic methods, and by prompt replacement of failed components.

The system consists of a dualized message switch which supports
polled terminals on dualized dedicated transmission links by way of small
dualized line concentration units (Data Station Selectors). Multiple
dial-in ports are provided in central office line hunting-groups for ter-
minals which access the message switch by way of the dial network. Every
part of tae communication network, with the exception of the final
serving loop, is protected from single failures.

The message switch is based on an enhanced version of a processor
originally developed for a telephone Electronic Switching System. It
operates on a working and hot spare basis and has a service reliability
goal of 2 hours or less downtime in 40 years. The Data Station Selector
is doubly fed by independent ports at the message switch and is itself
redundant. If either of the backbone feeds or either of the two control
portions of the Data Station Selector fails, then all the terminals are
polled by the working sides. The message switch can command a status
message from the Data Station Selector on its status and on the status
of the loops to the terminals. Further, the message switch keeps track
of the quality of transmission—the errors detected by parity and LRC
checks—and issues trouble reports as appropriate.

Numerous loopback capabilities exist throughout the network for
testing and trouble location: they are invoked periodically, or when
trouble is detected, or under control of maintenance personnel.

Two “loopbacks” are of particular interest. To confirm proper in-
stallation of a polled terminal, it can send a message to itself through the
message switch, thus testing the whole connection. The other is the same
sort of capability for a Customer Service Center: this also is useful for
testing before the Center begins service to terminals.

In the synchronous links, the message switch includes spare data sets,
or, if the Digital Data System is used, spare Data Service Units, sparing
being on a 1:n basis (where r represents the units in service). The spares
can be inserted automatically. Customer Service Centers, of course, may
wish to use more than one synchronous channel for reasons of reliability
(additional to that made possible through alternate delivery) as well as
for message traffic capacity.

Reliability of dial-in Automatic Voice Answerback service is achieved
by having two on-line Audio Response Units, each connected to half of
the hunting group terminations. If one fails, then all calls are taken by
the other. The separate hunting groups for the ARU and for the Data
Response telephones are sources of reliability, since any unit in a group
is equally useful in answering calls.

Again, loopbacks within the equipment isolate the source of trouble
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or simply verify continued correct service. The unit is busied out, of
course, before such tests occur. As before, such tests are run routinely,
when trouble occurs, or when maintenance personnel command
them.

While routine diagnostics are functional in detecting and isolating
equipment failures, and redundancy or recovery tactics are effective in
maintaining service availability, the network ultimately requires repair.
The Transaction Network makes use of the wide range of telephone plant
facilities. In doing so, it crosses many lines of organization and of crafts-
person jurisdiction. For these reasons, the system maintenance planning
has been directed toward use of existing organization capabilities. For
example, troubles detected in the message switching office are directed
to the Switching Control Center by teletypewriter; line terminal prob-
lems are referred to Station Installation and Repair}etc. The objective
always is to insure rapid dispatch of the appropriate repair forces and
to localize the problem so the dispatch is most effective.

VIl. ENVIRONMENT AND DESIGN

The Transaction Network Service message switching office utilizes
the same electronic switching system technology for all input-output
peripherals as the processor itself. Manufacturing techniques are
therefore common throughout. Groups of communication line adapters
are arranged in equipment units for ease of engineering, ordering, and
installing additional capacity without service interruptions. Combined
with these units are data sets of standard designs used for customer
services across the range of current Bell System data communication
service offerings. Hence, the data craftsperson works with familiar
equipment. Any telephone central office presently supporting or de-
signed to support ESS telephone switching machines (over 1000 such
offices are in operation at this time) is an ideal location for a TNS
switch.

Data Station Selectors, normally being installed in thé same central
office that provides telephone service to the customer, or on the cus-
tomer’s premises, are subjected to a much wider range of environmental
conditions. The design makes use of those technologies providing the
highest degress of reliability under adverse power and noise conditions.
As small, complete units, they are conveniently ordered and installed
in telephone or private branch exchange office space or even customer-
premises wiring closets. The modular design permits equipping of only
the number of lines needed at the particular location.

VIil. CONCLUSIONS

Hallmarks of the Transaction Network are reliability, speed of mes-
sage transfer, error control, and economy, factors especially vital to
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banking and financial communications and to many other areas of the
short data message inquiry-response market. Reliability of service is
achieved by extensive redundancy in equipment, the purposeful design
of maintenance capabilities into the system, and the skill of Bell System
personnel in establishing and maintaining the system. Speed of message
transfer, with a high degree of error control, is achieved by careful system
design, use of modern technology, and careful programming of software
systems. Economy is based in part on modern techneology and innovative
system design and also on the shared use by customers of much of the
system. The Transaction Network as outlined in this paper provides a
new total communications system alternative to banking, the financial
industry, and other industries requiring similar capabilities.
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APPENDIX

Listing of Acronyms Associated with Transaction Netwoark and Transaction
Network Service

ALA  Asynchronous Line Adapter—interface to the message switch
for 1200 b/s asynchronous communication.

ARU  Audio Response Unit—output peripheral of the message switch
for transmitting voice responses to telephone terminals.

ASCI1  American Standard Code for Information Interchange.

cLCI Common Language Circuit Identification—Bell System des-
ignation for a specific combination of circuit characteristics.

csC Customer Service Center—a customer-owned data processing
center which administers and maintains a data base information sys-
tem.

cSU Channel Service Unit—a hardware device which terminates
a channel on the customer’s premises and provides the necessary
maintenance, transmission power level adjustment, and protection
features.

DBS Duplex Bus Selector—a hardware device giving either of du-
plexed message switches access to an 1/0 channel.

TRANSACTION NETWORK SERVICE 3345



pLA Dial Line Adapter—interface to the message switch for dial
network terminals.

DSS Data Station Selector—a line concentration device providing
connection of up to 61 terminals to a common transmission facility on
a polling basis.

FSK Frequency-Shift-Keyed—the type of frequency modulation
used on 1200 b/s transmission channels. '

KAT Keyed Answer Tone—pulse length modulation of a single
frequency tone.

1.AS Line Adapter Selector—an addressable concentrator for
asynchronous or dial line adapters.

LHG Line Hunting Group-—a group of telephone lines from which
an idle line will be selected when a single telephone number is dialéd.

MPCH Main Parallel Channel-—a primary high speed I/O channel
of the message switch.

MS Message Switch—the central control which routes messages,
administers and performs maintenance diagnostics on the communi-
cation network, and performs billing functions.

PAC Polled Access Circuit—the asynchronous polled interface to
the message switch, comprising duplexzed line adapters, transmission
facilities, and data station selectors.

PROMATS Programmable Magnetic Tape System—A magnetic tape
system interfaced to the message switch for recording billing data.

SCAM  Switch Control and Monitor—equipment whichr monitors the
message switch I/0 hardware, network status, power, and alarms and
under message switch control performs equipment and channel pro-
tection switching.

SPCH Sub-parallel channel—An addressable I/0 channel which
connects peripheral devices to the main I/0 channel of the message
switch.

sLA Synchronous Line Adapter—Interface to the message switch
for 2.4, 4.8, or 9.6 kb/s channels to Customer Service Centers.

TID 'Terminal Identity Code—a unique number assigned to each
terminal served by TN.

TN Transaction Network—-the entirety of message switch, I/O pe-
ripherals, communication channels, data station selectors, and local loops
used in providing Transaction Network Service.

TNE Transaction Network Exchange—The area served by a
Transaction Network message switch and described by a unique three-
digit number in the seven-digit numbering plan.

TNS Transaction Network Service—the total end-to-end service
and feature set provided by connection to TN.

TNCSB Transaction Network Customer Service Bureau—the
Transaction Network administrative entity responsible for handling the
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addition, removal, changes, and problems related to individual customer
services.

TRANSPLAN Transaction Network Service Planning model—a
time-shared computer program package available to operating telephone
companies in planning the introduction of TNS.
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Transaction Networks, Telephones, and Terminals:

Communication Network and Equipment
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{Manuscript received June 6, 1978)

Implementation of the Transaction Network required development
of new equipment and integration of existing equipment to create a
message switch and a communication network that interfaces with the
switch by means of polled, dial, and synchronous access. Particular
emphasis was placed on the reliability and maintainability of the
sysiem.

. MESSAGE SWITCH COMMON EQUIPMENT

The central element of the Transaction Network is the message switch.
Besides providing termination for polled, dial, and synchronous com-
munication facilities, the message switch controls and routes traffic,
performs the billing and administration function, and controls main-
tenance of the network.}+?

The configuration of the common equipment is shown in Fig. 1. The
arrangement was designed with particular emphasis on reliability and
maintainability. Much of the equipment is also used in systems other
than the Transaction Network.

1.1 Processor

The Auxiliary 3A Processor is an enhanced version of the same pro-
cessor used in the No. 2B and No. 3 ESS systems.? The principal en-
hancements consist of the addition of parallel input-output channels,
direct memory access capability, and microprogrammed instructions
that are useful in applications other than line switching.

The processor is a duplicated unit, containing two 3A central controls
and two semiconductor memories. In the initial Transaction Network
installations, 256K words are required in each memory, each word con-
sisting of 18 bits including two parity bits. At any time, one processor
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and memory are active. The standby memory is continually updated so
that the standby processor may be switched on line, with minimum
disruption of service, in case of a fault in the active system, including an
input-output port.

A maintenance frame associated with the duplicated processor in-
cludes a system status panel, two cartridge tape units used for loading
programs, a teletypewriter, two teletypewriter control units which may
serve several remote teletypewriters as well as the local one, and relays
for activating office alarms. All these peripherals are connected to the
processor via serial channels.

Parallel channels are used between the processor and the various
communication ports to effect fast data transfer. Each processor contains
a main parallel channel which couples to several subparallel channels.
At each peripheral device, a duplex bus selector (DBS) is connected to
a parallel channel from each processor. Under processor control, the DBS
switches communication from the device to the active channel. The DBS
insures that no single processor or channel failure will render the device
inoperative, and also prevents any device failure from disabling the
channel. Each pair of subparallel channels can support a chain of 16 DBSs
and their associated devices.

1.2 Magnetic Tape System

The Transaction Network message switch contains two Programmable
Magnetic Tape System (PROMATS) frames for recording of billing in-
formation. Information is recorded in 9-track, 1600 b/in. phase-encoded
format.

Each PROMATS includes two programmable controller PROCON mi-
croprocessors for control and error detection. Direct memory access at
the processor permits very fast bulk transfer of information. Each
PROMATS frame is connected to each processor’s direct memory access
circuitry by means of a DBS.

1.2 Swiilch Conirol and Monitor

The Switch Control and Monitor (SCAM) provides a means for the
processor to exercise control over the communication channels and to
monitor the network configuration in real time. It also provides the
processor with the capability of monitoring the condition of the com-
munication hardware. In this function, it operates the switching relays
which are used to busy-out dial ports, to connect dial ports to a test cir-
cuit, to switch in spare synchronous ports, to loop around synchroneus
ports, and to perform other miscellaneous control functions. A contact
from each relay operated by the SCAM is also in turn monitored by the
SCAM to check its own operation. Other monitor points are used to
permit the processor to check all office power supplies and to scan nu-
merous office alarm outputs.
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The scaM includes two control units, one of which is operative at any
time. Each unit is connected to the duplicated processor by a DBS. Either
unit may disable the other unit. It is also possible to disassociate
switching relays from the SCAM units and leave them in a known con-
dition; so that one control unit can perform diagnostic tests on the other
without affecting operation on any communication port.

. POLLED ACCESS

Polled terminals communicate with the message switch over dedicated
facilities using 1200-b/s, serial, asynchronous, frequency-shift keying
in each direction. Communication is half duplex. A remote switch, known
as the Data Station Selector (DSS), permits one of many terminals to be
connected to the message switch in response to a poll issued by the
message switch. At the message switch, the Asynchronous Line Adapter
{ALA) couples the transmission facility to the processor and implements
the polling routine. A typical polled access arrangement is shown in
Fig. 2.

The TN local distribution network is designed to be a cost-effective
solution to problems inherent in bridged multipoint services that have
been used to implement inquiry response communication systems in the
past. Unlike bridged multipeint, the DSS provides isolation between
loops. This facilitates maintenance and contributes to low transmission
error rates. Costs are kept low by using two-wire facilities between each
terminal and the DSS.

2.1 Asynchronous Line Adapler

Each ALA includes a frequency-shift modulator and demodulator
coupled via a 4-wire transmission facility to a DSS. The ALA is capable
of full duplex operation, although this capability is not used in initial
Transaction Network Service. >

The ALA may buffer up to 64 charaCters received from the processor,
prior to transmission. During the conversion to serial format, start, stop,
and parity bits are added to produce standard 10-bit asynchronous Ascn
characters. Received characters from the demodulator are in the same
format. After stripping of extraneous bits, checking, and conversion to
parallel form, up to 64 characters may be stored in the ALA prior to being
read into the processor.

When no information is being transmitted or.received, the ALA ‘au-
tonomously implements the polling procedure without intervention from
the processor. The list of station addresses is kept in the transmit buffer,
which is configured as a recirculating register during polling. Each station
is sequentially and repetitively polled until a station answers or the
processor intervenes. After each poll is transmitted, the ALA remains
silent for a period of time between 27 and 50 ms to wait for a possible
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message before beginning the next poll. This period of time is set during
installation by means of a group of switches. It allows for the maximum
round-trip propagation delay through the DsS to the furthest station,
in addition to other delays. When polling is interrupted by a message
from a polled station or by a response message from the processor to a
station, the polling list in the ALA is erased. The list must be reloaded
by the processor before polling is resumed.

To keep costs low, a line adapter selector is used to perform some
common functions for up to 16 ALAs and to interface this group of ALAs
to a single duplex bus selector.

2.2 Data Statlon Seleclor

As shown in Fig. 2, the Data Station Selector (DSS) is interfaced to the

message switch by means of a pair of trunks terminated in 829-type data
auxiliary sets. Like the polled terminals which it serves, the Data Station
Selector communicates with the message switch using 1200-b/s, serial
-asynchronous frequency-shift-keyed data signals. A modem contained
within the DSS demodulates address {polling) signals from the message
switch and passes these to the DSS control logic. As received at the DSS,
addresses are the binary equivalent of the line numbers {0 through 62).
The D88 control logic decodes the poll address and connects the corre-
sponding terminal to the Asynchronous Line Adapter. The selected
station is polled when it receives a burst of marking carrier {(followed by
a slow carrier turnoff) transmitted from the message switch. If the polled
station replies to the poll with an inquiry, the DSS control logic is in-
hibited from decoding the response address. When a reply message is
delivered from the message switch to a terminal through the DSS, the
DSS is first instructed to make the proper connection and a BAL (Blind
Alert) character (ASCIT“?”) is included in the reply message. The BAL
character is interpreted by the DSS to mean that information which
follows is intended as a reply to the terminal and is not to be interpreted
as an address.

The DSS contains features which make possible one-person station
installation and facility lineup. Direct current is normally present on
the loop between the DSS and the customer terminal. Continuity is
maintained through the 150A Channel Service Unit at the station lo-
cation. When the craftsperson operates a screw switch in the Channel
Service Unit, loop current is interrupted. This interruption is detected
at the DSS, which then puts a 1000-Hz lineup tone onto the loop. The
craftsperson may then adjust attenuator pads within the Channel Service
Unit without any assistance at the DSS location.
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2.3 Polled access maintenance fealures

The DSS is a duplicated unit. Each half is connected via a separate
4-wire facility to a separate ALA. These two ALAs are connected to dif-
ferent line adapter selectors, duplex bus selectors, and power supplies.
In normal operation, half the stations associated with a DSS are assigned
to each ALA. When an ALA or transmission facility must be taken out of
service, its station list is added to that of the other ALA associated with
that DsS. This permits continued operation to all terminals with some-
what slower service,

The line adapter selector generates and checks parity on all infor-
mation transfers to and from the processor. The ALA includes other
checking features. The processor may interrogate the status of these
circuits to analyze trouble conditicns.

Test characters may be generated by the processor and have them
looped back at any one of several points, for transmission to the processor
for trouble isolation. Loopback points exist at the input to the duplex
bus selector, at the input to the line adapter selector, and at two points
internal to the ALA. In addition, the modulator output may be connected
to the demodulator input, with the transmission facility disconnected.
All loopbacks are enabled under processor control.

When commanded by the processor, the line adapter selector can
check the operation of the control and timing circuits in any one of its
associated ALAs by measuring and reporting the time required for
completion of a single poll.

The DSS has a test port which, when addressed in the same manner
as a station, causes a test message to be returned to the message switch.
This procedure provides an overall test of the ALA, the transmission
facility, and most parts of the Dss. The DSS, as previously mentioned,
maintains direct current on the loops to each Channel Service Unit. If
the sealing current is interrupted for any reason, that fact is noted by
the DSS and an indication of the faulty loop is provided to the message
switch as part of the test message. The test message contains one bit for
each of the 63 addressable ports. The DSS also contains circuitry which
enables it to detect an abnormally high transmitted signal from a cus-
tomer terminal. The line address of the loop carrying the overload signal
is remembered by the DSS and returned to the message switch in the test
message. The test message also contains information on the status of the
Dss power supplies. To facilitate trouble isolation in the transmission
path between the message switch and the DSS and between the two
sections of the Dss, the two trunks may be interchanged. This is ac-
complished from the message switch by the transmission of a special
command to the DSS.

The transmission facilities between the message switch and the DSS
are terminated in 829-type data auxiliary sets at both ends. Besides
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providing access, these sets permit loopback testing of the transmission
facility from a centralized transmission test location.

. DIAL ACCESS

The message switch may be accessed over the normal dial network by
Transaction telephones using ordinary TOUCH-TONE® dialing with
12 button pads. Communication from the message switch to the station
may be in the form of audio response, keyed tones, 150-b/s, serial,
asynchronous frequency-shift keying, or a combination of these.

The dial access configuration is shown in Fig. 3. Each incoming line
at the message switch terminates at a standard 407A data set.* A Dial
Line Adapter (DLA) interfaces each data set to the processor. The fre-
quency-shift modulator is part of the DLA. Those ports which require
audio respeonse are coupled to the Audio Response Unit (ARU), which
delivers spoken words under processor control. Ports with and without
audio response capability are arranged in separate hunting groups in
order to conserve ARU ports.

3.1 Dial Line Adapter

The DILA controls the answering, disconnect, and other control features
of its associated data set based on commands received from the proces-
sor. TOUCH-TONE characters detected by the data set are passed on
to the processor in 2-out-of-8 format. The DLA times the interval between
these characters. If no character is received for a period of approximately
13 seconds, the processor is notified so that it may initiate a discon-
nect.

Characters to be transmitted are presented by the processer to the
DLA, which constructs serial asynchrenous FSK characters to be trans-
mitted through the voice answerback input channel of the 407A data set.
The format is the same 10-bit ASCII as in polled access. The DLA may
also cause the data set to send keyed 2025-Hz tones by operating its tone
answerback lead for the proper period of time. When required, the ARU
is also coupled through the DLA to the voice answerback input of the data
set.

The same DESIGN LINE* adapter selector that s used for the ALA
is used to connéct up to 16 DLAs to a single duplex bus selector and to
perform commeon functions for them.

3.2 Audio Response Unit

The TN Audio Response Unit (ARU) design is based on a semicon-
ductor random access memeory containing up to 6.8 Mb of digitized

* Trademark of American Telephone and Telegraph Company.
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speech. The digitized speech is obtained from analog recordings of the
words to be spoken which are converted to digital form at 24 kb/s using
an adaptive delta modulation technique developed for subscriber loop
carrier. Stored digitized speech segments are retrieved from the memory
and pieced together to form phrases and sentences under control of the
3A Processor.

Each ARU speech memory can contain up to 560 spoken words and
deliver as many as 76 simultaneous and independent audio responses.
The ARU is an cutput peripheral for the auxiliary 3A Processor and is
controlled by high-speed data signals sent to and from the processor on
a subparalle]l channel. The ARU contains a duplex bus selector. Infor-
mation is delivered across the DBS interface to cause the ARU to deliver
an audio response to a telephone, to load the ARU speech memory with
digitized speech stored on a 3A cartridge tape, or to return maintenance
information from the ARU to the processor.

The ARU produces a voice response by piecing together speech seg-
ments which are approximately 170 ms long. The 3A Processor operates
the ARU by delivering a list of those speech segments required to create
the desired response. One 16-bit computer word must be delivered to
the ARU each 170 ms for each equipped port. A buffer is provided that
allows the processor to deliver these words at any time within the in-
terval, If the processor fails to deliver the required data, the ARU will
substitute silence.

The audio response delivered to a calling telephone is determined by
the Customer Service Center computer. The customer has available a
list of English phrases from which he can compose messages. Each phrase
is specified by a triplet of ASCII characters sent to the message switch
in the text portion of a response message. The 3A contains a translation
table which permits it to generate the list of speech segments required
to produce the desired audio output.

The vocabulary for a particular Transaction Network message switch
is contained on a magnetic tape cartridge which can be read by the 3A
Processor. As the tape is read, the digitized speech is delivered across
the DBS interface and stored in the ARU speech memory. In the event
of a power failure, the contents of the speech memory will be lost, and
the ARU must be reloaded from the tape. Checks are made after a load
is completed to ensure that it has been properly accomplished. Ten
minutes are required to completely lead an ARU. In TN applications, a
pair of ARUS is provided. One ARU may be providing service while the
other is being loaded.

The ARU construction is highly modular. Audio responses are pro-
duced through a port circuit pack, and each ARU must contain at least
one such circuit pack which serves two ports. Port capacity may be ex-
panded by adding additional circuit packs up to a maximum of 38; thus,
each ARU can serve from 2 to 76 ports. Anywhere from 1 to 104 memory
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plane circuit packs may be ordered for the speech memory, providing
vocabulary storage ranging from 2 to 560 spoken words.

The three major components of the ARU circuit are the digital speech
memory, the array of port circuits, and the time division switch and bus
arrangement that interconnects these two. In addition, control, timing,
and maintenance functions are provided. These components are inter-
connected as shown in Fig. 4. Digitized speech is cyclically read from the
speech memory and placed on a bus, where it is available to the port
circuits. The port circuits select the proper bits from the bus as specified
by information received from the processor through the buffer.
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Fig. 4—Audio response unit.
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3.3 Dial access maintenance features

The DLA and the line adapter selector include several checking circuits
to detect troubles. They also contain status registers which may be in-
terrogated by the processor to analyze abnormal conditions.

The processor can set up a loopback at the input to the duplex bus
selector, to the line adapter selector, or to the DLA through which char-
acters generated by the processor can be sent back to it. A dial test unit
located in the SCAM provides an overall test of the dial port, including
the 407A data set. Under processer control, the SCAM can connect the
line side of any one data set to the dial test unit and simultanecusly make
the incoming line look busy. A ringing generator is used to check the
answering functions of the data set. Frequency-shifi-keyed characters
transmitted by the port are converted to TOUCH-TONE signals and
transmitted back to the 407A, providing another loepback point. In
addition, the dial test unit checks the amplitude and duration of the
keyed answertone and the disconnect feature of the data set.

The 407A may also be checked manually in the standard manner, ei-
ther locally or with a remote data test center.

Any dial ports that have been determined to be faulty.are placed out
of service by making the incoming line appear busy. This out-of-service
feature is provided in both the DI.A and the SCAM. T'o minimize possible
degradation of service, lines from each hunting group are distributed
among ports using different line adapter selectors, duplex bus selectors,
and power supplies.

Like the LAS and DLA, maintenance of the ARU is under control of the
3A Processor. Two signals are provided from each ARU power sequencer
to the SCAM, and a considerable amount of maintenance information
is routinely transferred from the ARU to the processor through the
subparallel channel interface. The message switch software will bring
in a minor alarm if more than a few errors are detected in the digital
speech memory. Each quarter of the speech memory can be viewed as
an array of 52 columns, each containing 32K bits. The first column
contains a parity bit, and each row of the memory is checked for correct
parity as it is read. The parity error alarm threshold is programmable.
Each column of the memory should contain a known number of ones
which are counted by the test circuitry on each memory cycle and the
eight least significant bits of the resulting check sum are returned to the
processor for verification. If the memory degradation is serious enough
to be audible or if another problem is detected which requires the re-
moval of an ARU from service, a major alarm occurs. If both ARUS are
removed, a critical alarm is generated.

The ARU has been designed with a minimum of test access points and
nearly all maintenance activities are carried out automatically. Two
diagnostic software packages are available for the ARU. One diagnostic
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contains all those tests which may be conducted without disturbing the
contents of the ARU speech memory. The second diagnostic assumes that
it is necessary or desirable to reload the contents of the speech memory
and contains additional tests based on special patterns specifically loaded
into the speech memory for test purposes. In this case, the ARU is re-
loaded with digitized speech at the conclusion of these tests.

The ARU also contains a short FSK test sequence which may be de-
livered to any port under processor control. In conjunction with the scaAmM
and Dial Test Unit, the processor may cause this FSK sequence to be
looped through the Dial Line Adapter and its correct interpretation
verified by the processor.

IV. SYNCHRONOUS ACCESS

Communication between the message switch and data processing
centers is implemented using either standard data sets and 4-wire private
line analog facilities, or digital data system channels. Synchronous serial
communication with full duplex capability at 2400, 4800, or 9600 bits
per second is provided by the 201C, 208A, or 209A data set, respectively,
or the appropriate 500A data service unit.

At the message switch, the Synchronous Line Adapter (SLA) acts as
the interface between the processor and a data set. Figure 5 illustrates
the architecture of the synchronous access arrangement at the message
switch. Each SLA is coupled to the duplicated processor by a duplex bus
selector,

4.1 Synchronous Line Adapier

To provide flexibility in communicating with different types of data
processing centers, the SLA has been designed such that many of its
operations can be changed according to instructions received from the
message switch processor. This approach permits a single hardware
design to meet several applications.

A principal function is conversion between the parallel format of the
processor and the serial format at the data set. The processor programs
the SLA to transmit and receive character lengths of 5, 6, 7, or 8 bits in-
cluding even, odd, or no parity. The same format applies in both direc-
tions. First-in, first-out buffers of 64-character length are provided in
the SLA in each direction to reduce the frequency at which the processor
must deliver or accept strings of characters.

The processor programs the SLA to generate an interrupt after a given
number of characters have been transmitted since the last interrupt. An
interrupt is also generated when the transmit buffer becomes empty.
These interrupts may be disabled under processor control. The fill
character that is to be transmitted after the buffer is empty is also pro-
grammed into the SLA.
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Similarly, the SLA is programmed to interrupt after a given number
of characters has been received. An interrupt is also generated when the
associated data set detects loss of carrier. In addition, up to 256 special
characters may be programmed into the SLA such that an interrupt will
be generated whenever any of those special characters is-received. The
receive interrupts may also be disabled.

Another instruction to the SLA determines the particular synchroni-
zation character that is to be recognized to establish received character
synchronization. The SLA is also instructed on whether or not syn-
chronization characters are to be passed on to the processor along with
other received data.

The SLA derives all its internal clocking from the clock supplied by
the data set. Its operation is therefore insensitive to data rate.

4.2 Maintenance features

All testing of synchronous access equipment at the message switch
is performed under control of the processor. Tests may be manually in-
itiated by means of teletypewriter input to the processor. Tests may also
be automatically initiated by the processor periodically or whenever a
trouble condition is indicated.

Malfunctions are localized by having test characters generated by the
processor, looped back at a loopback point determined by the processor,
and sent back to the processor. Loopback points exist at the input to the
Duplex Bus Selector and at the input and output of the SLA. An addi-
tional loopback point for including the operation of analog data sets is
available through operation of a SCAM relay. This loopback causes the
transmitted output of a data set to be connected to the input of that data
set through an attenuator.

The SLA includes parity checking and other circuits to detect troubles.
The processor may interrogate the status of any of the SLA circuits to
detect and analyze troubles.

For analog channels, data sets and associated transmission facilities
may be tested manually from remote test centers. The 829 data auxiliary
sets provide access jacks and tone-activated loopback.

One spare SLA and associated data set is provided for each type of data
set used. The spare port may be substituted for any one of its associated
ports by operation of a SCAM relay. All diagnostic features remain op-
erable for the out-of-service synchronous port, as they do for the spare
at all times.

V. PHYSICAL DESIGN

The functional units of the Transaction network are interconnected
very simply. The physical design addresses the integration of two basi-
cally different types of hardware, ESS and data, into one system.
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5.1 Message swiich hardware

The basic physical design of the message switch hardware makes use
of 1A technology, which was initially developed in No. 4 £88. The 3A
Processor and maintenance frames were in manufacture at the Western
Electric Northern Illinois Works when design of the new hardware was
started. Since this equipment employed 1A technology, its choice pro-
vided a uniform office configuration and allowed the entire system to
be manufactured and tested at the North Illinois Works without new
tooling or unique testing facilities. Machine aids to design and docu-
mentation and high-volume production equipment thus became avail-
able to meet a demanding schedule.

5.1.1 Circuit packs

Circuit packs are FB and FC coded packs, approximately 4 X 7 in,,
using 946B and 946C connectors, respectively. The 946B provides 41
pinouts; of which 36 may be used for signal levels, 2 for power, and 3 for
ground. The 946C provides for 82 pinouts with 76 usable for signal
leads.

The circuit packs themselves are 4- and 6-layer multilayer boards
arranged to mount a maximum of 42 sixteen-pin dual-in-line packages
in a 6 by 7 array. When larger devices are used, the array is disrupted
slightly. Machine wire-wrapped models were initially built and tested,
and then artwork was generated completely automatically for the mul-
tilayer boards.

5.1.2 Unils

The assembly of circuit packs, apparatus mountings, backplane,
mounting plate, and wiring is called a unit. The unit is the most impor-
tant functional building block in the message switch.

Unit design uses 1A technology also. 80C apparatus mountings are
used to contain the circuit packs—a maximum of 14 circuit packs can
be mounted, on Y,-in. centers, in each mounting. Three mountings can
be mounted on each 4- by 26-in. mounting plate used to attach a unit to
the frame. The units are front-removable from the frame to allow for
easier maintenance.

The 946-type connector of the circuit pack plugs into a 947-type
connector of the unit. The 947 connectors are mounted directly to the
unit, and a 4-layer backplane is reflow-soldered onto the connectors. The
backplanes are nominally 0.100-in. thick, 4-in. high, and vary in width
depending upon the number of connectors that are required. Signal
ground and +5V are distributed to each of the 947 connéctors from thisg
backplane. In this manner, a low-impedance power-ground plane is
approximated.

The backplane system thus formed is a grid of 0.025-in. square pins
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on 0.125-in, centers. Signal leads are 30-gauge wires automatically
wrapped by Gardiner Denver machines at Western Electric Northern
Illinois Works. The machine aids used in the design and manufacture
of these units minimize the variability among units.

The unit usually includes the Duplex Bus Selector (DBS). The inter-
face between the peripheral circuits and the DBS is 5V TTL, which allows
a lead length of no more than about 24 in. Figure 6 shows a typical unit,
with the DBS integrated within. This particular unit alse contains 48V
to 5V and 48V to +£12V converters. This has also been done in other units
when space permits. The tick marks in the illustration represent circuit
packs of a fully equipped unit. In this case, an ALA unit has DBS, LAS
(Line Adapter Selector), three power units, and from 1 to 16 ALA circuits,
each consisting of three circuit packs.

5.1.3 Frame design

The units are front mounted in 1A equipment frames which are 7 ft
tall overall, providing 76 in. of mounting space, and are nominally 2 ft,
2 in. wide. Much of the equipment mounted in the frames requires 18
in. depth, and so for uniformity all message switch frames are 18 in.
deep.

Since the units are highly connectorized, the frames may be considered
to be convenient mounting arrangements for various combinations of
units. Other units may also be incorporated into these frames as re-
quired.

Most frames have one configuration; the frames are filled with
equipment and apparatus as the system grows. The synchronous line
adapter (SLA) frame has more flexibility, because synchronous com-
munication can be any of three speeds and either analog or digital. Each
speed and format requires different hardware to interface the synchro-
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nous line adapter. The five resulting SLA frame configurations are shown
in Fig. 7. Here, Ds is Data Set, DAS is Data Auxiliary Set, and DSU is Data
Service Unit. The numbers to the left of the frames are distances from
the floor, in inches. As can be seen in the figure, all frames are identjcal
up to location 26. Similarly, above that location the alternative unit al-
ways appears at the same location, regardless of configuration, e.g., if
a 46A1 data mounting is required at all, it will start at location 38.

The five resulting SLA frame configurations are actually quite similar,
being different only in the types and combinations of data sets and DSUs
incorporatec?.

§.1.4 Cabiing and Interconnection

Interconnfction from one unit to another is accomplished by cable
agsemblies terminated at each end by 942- or 943-type connectors. This
family of connectors provides 10 or 20 box contacts in a plastic housing
attached to a small printed-circuit “paddleboard.” The connector is used
to mate with one quadrant of wire-wrap pins on the 947 connector while
allowing the use of wire-wrap connections underneath. Flat flexible cable
is used in some applications, but multipair switchboard cable is used in
most. Provisions are made for resistor termination of the cable, if re-
quired, on the paddleboard.

Connections from data sets use KS connectors which match them, and
connection to the distribution frames use KSed Blue Ribbon* connectors
and standard central office cabling.

515 Ofﬂci layouf

A typical message switch has about 20 frames of equipment. Figure
8 shows a typical maximum size message switch. The control complex
frames, containing the auxiliary 3A Processor System, has a fixed con-
figuration required by interconnection limitations. The data bus to the
processor has a maximum length, and as a result ALA frames must be
adjacent to one another and so must DLA frames. The office layout of
Fig. 8 produces a compact, well-organized system. If office space requires,
other layoutsls:ubject to the above requirements are permitted.

Since the message switch is expected to be installed in an existing
building and will utilize the type of power plant specified for ESS, the
cable duct, lighting, and other metal work are those used in new ESS
installations.

* Registered trademark of Amphenol, Inc.
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Fig. 8—Typical floor plan layout with PD frames.

5.2 Dala Station Selectlor

The 1A Data Station Selector (DSS) is designed to be mounted in a
variety of environments: ESS or other type central offices or on customer
premises. |

As indicated in Fig. 9, it connects up to 61 polled Transaction terminals
to two asynchronous circuits of the message switch. As a relatively small
and self-contained entity, it also incorporates testing access and facilities
termination (e.g., Data Auxiliary Set). A relatively large amount of analog
cireuitry is involved, and data set style packaging was chosen instead
of 1A technology (see Fig. 9).

The DSS is a single shelf unit 23 in, wide, which requires 10 in. vertical
frame space. It can be mounted in 12-in. deep frames wherever space is
available. For customer premises application, a KS-20018 series cabinet
is used and a 110V ac and —48V d¢ converter is required.
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Transaction Network, Telephones, and Terminals:

Transaction Network Operational Programs

By E. J. RODRIGUEZ
(Manuscript received June 6, 1978)

The Transaction Network Operational Programs provide the logic
for switching data messages between terminals and Customer Service
Centers. These programs also perform administrative and maintenance
tasks. This paper describes program organization and various software
functions.

L. INTRODUCTION

The stored program for the Transaction Network (TN) directs the
operation of equipment that provides switched communications of short
data messages between terminals and Customer Service Centers and
between two different Customer Service Centers. The system is designed
to meet operational requirements differing from those imposed on other
stored program switching systems, such as the No. 1 Electronic Switching
System (ESS).! Unlike such line-switched systems, a message-switched
system provides no intrinsic end-to-end verification of the communi-
cation path or delivery of the message. The originating user relys on the
system to properly deliver accepted messages to the appropriate desti-
nations. This places stringent requirements on the message switching
system to provide message protection, assurance of delivery, and
privacy.

The TN stored program is described in three parts: the call processing
programs which support the various service features and protocols, the
maintenance programs which maintain an operational system in