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Topics in Computer Communication Systems

ABSTRACT

Thnis report surveys several aspects of data
communications systems applicable to timesharing utilities.
Topics presented include propagation characteristics of the
telephone network and comparisons of the various modulation
techniques suitable for use on this network. A aescription
of several types of coding systems is presentea ana various
aspects of these systems are studied, incluaing those of
synchronization and graphic/control-function intercanange
assignments. A detailed description of a proposal for a
halz-duplex processor-processor communication link protocol
1s presented to illustrate the probiems 1in a practical
design. Finally, a brief description of the operation of
certain types of popular terminals and terminal control
units is presented, along with a description of a special
terminal control unit constructed by the University staff.
An extensive bibliography is included.
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This report was prepared using FOKMAT, a computer
program in MTS, the Michigan Terminal System. This progranm
is described in: Berns, G.M., Description of FORMAT, a text-
processing program. Comm.__ _ACM__ 12, 3 (March 1569), pp.
141-146. The text was entered to this program partly in
punched-card form and partly directly from a typewriter
terminal and was printed on an IBM 1403 printer equipped
witn a TN print train.
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1. INTRODUCTION

With tne increasing number of timesharing systems now
becoming operational there has been an increasing awareness
or the problems of data communication between a centrally
located computer complex and remotely 1located terminal
equipment. The types of terminal equipment now available
cover a wide spectrum of operating speeds and complexities
and range from simple arrays of telephone-instrument
pushbuttons through typewriter-like devices to complex
visual display and data-gathering systems wnich are actually
computer systems 1in themselves. Each of these devices, it
seems, operates with an individually tailored transmission
code and message protocol, and their connection to the
parent timesharing system can be an extraordinarily complex
operation. Furthermore, much of the commonly used terminal
equipment has been designed originally for purposes other
than computer communication; and the feeling persists in
particular <cases that tae equipment is either too
complicated for the average user to operate or is missing a
vital feature for a particular use.

Discussions of this type might lead the system designer
to suspect that insufficient eftort has been mace in the
past to place in perspective those problems in the general
communications environment which have peculiar import in
timesharing systems operation. In this report a concerted
efrort will be made toward this goal. ©To illustrate the
general problems involved, comparisons will be made between
generalily available communications systems and operating
techniques. Most of the discussion will involve hardware-
oriented topics such as transmission codes and message
protocols and the architecture of equipment design. kelated
discussions 1in software-oriented topics can be found in a
companion report [26].

In this report background will be drawn rfrom several
engjineering and programming fields, as well as fron
manutacturers! specifications of denerally avalilable
Systems. The reader will be assumed to have at least a
passing familiarity with the architecture of timesharing
systems and the general nature of communications devices.
In general, the discussions of the foliowing sections will
proceed from communications-theoretic models through their
application in useful cases to examprles drawn from currently
operating systems. Some topics will be skimmed rather
briefly for the purposes here, and in these cases references
will be made to tne bibliography at the end of this report.

1. Introduction
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2. THE COMMUNICATICN NETWORK

Consider a typical data system, which happens to be 1in
use at the University of Michigan, as illiustrated in Figure
1. Here the remote equipment is a combination of several
kinds of terminals operating at different transmission rates
and feature environments. In very many cases the
transmzission 1links are provided by a common-carrier company
on a dial-up basis using the same facilities as the common
telephone although, in some cases, a transmission link may
be a private leased telephone line or radio facility.
Almost all of the discussion in this report will be
concerned with ccmmon-carrier dial-up racilities.

A traasmission link may be designed to propagate
messages in both directions simultaneously (full-duplex), in
one airection only (simplex), or alternately either one
direction or the other (half-duplex). Full-duplex operation
is oL course pretferred in any case involviig conversational
timesharing communications, but has the disadvantage of
requiring either sacrifices 1in transmission rates or
delicately-adjusted equipment. Common-carrier dial-up
transmissiona equipment can be operated in a full-duplex mode
up to about 300 bits-per-second (baud) using appropriate
data sets and in a half-duplex mode up to 3600 baud using
tne newest data sets. Private wire and radio transmission
links are almost always inherently half-duplex in operation
and full-duplex operation is possible only by the addition
of a separate but identical facility, operated so that each
facility is dedicated to a single airection. Note that a
specirfication of a half-duplex communications device to
operate on a full-duplex transmission 1link 1is not
incompatible; and in fact is a common (although wasteful)
one.

At the terminus orf each transmission link is presumably
some kind of communications device or terminal or even
another timesharing system. The ccmmon terminal egquipment
takes the form of a typewriter-like device operating at
speeds appropriate for human operators. Appropriate devices
are manufactured by several suppliers, some of which will be
described in detail in a later section of this report. With
the ready availability of low-cost display and tatch-entry
equipment, some of these terminals can become quite complex
and provide message distribution and store-and-forward
operations as well.

2. The Communication Network
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No matter what kind of communications device is used on
a particular link, 1its interconnection with external
equipment will be assumed on a serial character-by-character
basis. That is, messages are assumed to be sequences of
characters which are tnemselves fixed-length sequences of
binary digits. The parameters which describe a particular
communications device taen include its functional
interpretation of all the various character-code
combinations and the speed of transmission of the serial bit
stream witain a message. Furthermore, a specification of
the device behavior to control functions, especially 1in
half-duplex modes, is required.

A connection via the telephone network is <classed as
excnange 1if it 1is between two pecints serviced by the same
central office. A connection is classed as short-haul if it
1s between two points less than about 350-400 miles apart
ana as long-haul if it is at greater distances. bLxchange
connections are likely to be of ccmparatively high quality,
and are inherently capable of data transmission at the
nignest rates. Sanort- and long-haul connections are likely
to be made via wire and microwave radio carrier tacilities.
Signal degradation on such facilities occurs at the repeater
stations where tne signal is amplified and at the terminals
where the signal is nultiplexed along with others on the
same physical circuit.

Most of the timesharing systems now operational on the
switcned network are concerned primarily with operation
witinin a single exchange area, with only tokeu use of short-

and lond-haul <circuits. since the quality of exchange
connections is higher than that of the other types, it
saould be possible to attain better perrormance.

Unrortunately, all currently available data set equipment is
designed for worst-case operation on the 1longer haul
tacilities and no attempt is made to take advantage of the
petter characteristics of the exchange plant in particular
cases.

In the United States all ccmmon-carrier companies are
privately owned, but are closely regulated by various
-governmental agencies. The various services offered and the
rates cnarged are established by tariffs negotiated with the
Federal Communications Commissicn and the several state
equivalents. The various operating companies are organized
on an intrastate basis, however, and can dget away apparently
with a good deal of mischief. Thus the rates charged for
the same service may vary in the various states and the
available equipment may not be identical.

Until recently the common-carrier companies have
provided connection to the switched telepnone network only

2. The Communication Network



Topics in Computer Communication Systems 5

by means of data set equipment of their own manufacture.
Their announced reason for this requirement was that the
special operating conditions of the teliephone plant required
protection ana 1isolation between the user and the network
tor tneir mutual protection. However, late 1last year a
court action round against one of the companies and required
tne common carriers to establish a tariff requiring only a
simple coupling device to Dbe used between tne customer's
equipment aad the telephone line [1o6]. Such a tariif was
allowed to go into effect early this year, providiag for a
so-called "Data Access Arrangement" [A3]. it <can only be
hoped tnat this "raw data" connection will foster the
marketing of weli-designed but inexpensive data set
egquipment available for this connection.

Some of the operating companies nave been more agile
than others in providing their own local options to this
tarirf, but Michigan has not been cne oi these. Equipment
is apparently even available in Pennsylvania and Illinois
for tne connection of amateur radio "phone patca" equipment
which has heretofore been in widespread, although illegal,
use [20, 40].
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3. THE COMMUNICATION CHANNEL

Propagation of the data signal itselr between a central
timesharing utility and its satellite <terminals is most
usually via a transmission link designed for speech-signal
transmission. Thus, some kind of transmitter and receiver
is required at each end of the link to adapt the serial bit-
stream used by the terminal to the continuously variable
signal used by the transmission link. These adapters, often
called modems (for modulator-demodulator) are almost always
furnisned by the common-carrier company on a lease basis,
although recent <changes in the tariffs make it possible to
use equipment not manufactured by the common carrier.
Depending upon the type of modem ana the transmission method
involved, the actual signal transmittea on the link may take
several forms and may achieve various degrees of optimality.
In this section the ©parameters oif the typical telephone
transmission 1link and the characteristics of typical moden
equipment will be summarized.

3.1 The Transmission_Link

Since telephone circuits are most often used f{or tne
transmission of speech signals, the equipment design and
performance parameters most often are expressed i4 uunits
appropriate for the speecn waveform. Unfortunately, the
transmission of higan-speea dGata over teiephone circuits
requires a different design emphasis using parameters not
generally available. During several years of experience
with data transmission on the switched telephone network,
however, compromises in modem designs and the addition of
certain «circuit reatures within the telephone plant have
become reasonably effective.

A telephone (or radio) circuit is usually characterized
by its response to steaay-state sine-wave sigunals at various
irequencies of interest together with 1its innerent noise
properties. The wusual measured transmission parameters
include the passband, or the useful frequency limits between
which the attenuation 1is small, the attenuation and
propagation delay at the various frequencies within the
passband, the amplitude linearity, determined as a rraction
of harmonically related distcrtion products and the
intrinsic noise 1level, determined by a specified averaging
process. A particular circuit is characterized wanen the
values of these parameters are kncwn. These parameters are
not fixed with time, however, and depend <for instance on
sucn factors as switching paths through the telephone
network and ionospheric conditions on a high-trequen<y radio
circuit. Common telephone circuits have passbands from a
few hundred to perhaps 3000 cycles-per-second (idz) on short
to medium-haul circuits typical of those useful in local or

3. The Communication Channel
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regional timesharing systems. Propagation delays of up to a
third of a second are likely on long-haul circuits. Delay
distortions of perhaps a millisecond and amplitude
distortions of perhaps a few percent are not uncommon on
these <circuits. The noise process is substantially
impulsive in npature, due to transients generated by the
switching egquipment. The effects of these <characteristics
are well known and devices which improve performance through
artificial compensation on particular circuits are readily
available. The characteristics of the switched telephone
network which are of principal importance to data
transmission are discussed at length in [1, 7, 15, 21, 28,
29, 30, 42].

One characteristic of transmission channels which is
much more critical for data transmission than tor speech
transmission 1s the attenuation of the signal over
relatively short time intervals. The human ear is
relatively insensitive to cnanges in signal amplitude over
periods longer than a large fraction of a second. In some
telephone repeater equipment an amplitude 1limiting device
(compander) comrresses the dynamic range of the signal at
the transmitting end of 1link and a corresponding device
expands the range at the the receiving end [ 9]. The time
dependency or tnis operation nas a disastrous effect on any
data signal which encodes the data as a series of amplitude
changes. Thus, a userul data signal for such circuits must
be encoded as a constant peak-amplitude signal.

In a halr-duplex transmission 1link a very critical
cnaracteristic 1s the turnaround time necessary to flip the
circuit end-for-end. Ir local and exchange telephone
circuits the turnaround time 1is 1laimited only by the
circuitry of the modem itself; but in longer-haul circuits a
special device «called an echo suppressor 1s often inserted
in the repeater equipment to avoid line reflections [6, &,
10, 22]. Tnese devices operate Dby sensing a speech (or
data) signal originating at one end of the circuit and
disabling transmission originating at the other end during
the interval this signal is present. As a special
concession to full-duplex data systems, most of this
equipment is designed so that a continuous tone signal at a

certain frequency will disakie the echo suprressor
operation, allowing transmissicn in both airections
Simultaneously. When the echo suppressor has been actuated

SO0 that transmission 1is aliowed only in a particular
direction, a short interval, equal at least to the round-
trip signal propagation time, 1s necessary for it to change
direction of transmission, and it 1is tiais figure which
places the lower limit on turnaround times in long-haul
telepnone circuits.

3. The Communication Channel
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3.2 Modulation and Demodulation_ - Data_Set_Equifpment

Since tne characteristics o¢f the switched-telephone
network are etfectively tixed for the purposes nere, tne
only real design freedom exists at the point where the
serial bit stream is encoded into and decoded from the
continuously variable transmission link signal. In this
section techniques for accomplishing these processes, called
modulation and demodulation, will be compared to each other
and to theoretical upper bounds on performance.

The objective in modulator/demodulator design 1is to
maintain the highest ©possible transmission rate togetner
with the lowest error rate given a transmission channel of
fixed characteristics. Sometimes, of course, other
considerations enter into the design such as circuit
complexity and economics and whether the link can operate in
a tfull-duplex or half-duplex mode. A measure of ideality
can be establishea for a given circuit against which the
performance of the various modem tecaniqgues can be measured.
Iif the <channel itself can be assumed to have a sharply
delimited passband and to operate in a white-guassian noise
process, then the transmission rate can approacna the Weiner-
Snannon bound W log (1+S/N) baud, where W is the bandwidth, S
the signal power and N the noise power over this bandwidth
[41]. Tais bound can be detined as tne channel capacity.
Using typical tigures W = 2000 Hz and S/N = 40 4B, the
transmission rate can evidently approach 24,000 bauda. Thus,
witn the Dest possible modem encoding in this idealized
environment, the transmission rate could reach many times
the bandwidth of tne speech channel.

Now consider the end-to-end benavior of the channel
including the modem eguipment. From this viewpoint the
transmission process is a simple serial transmission of a
continuous bit-stream witn errors introduced occasionally
due to the additive noise. A tamous theorem due to Shannon
indicates that it is possible to encode in sucn a way as to
realize a transmission rate arbitrarily close to (but not
greater than) the channel capacity and with an arbitrarily
low (but not zero) error rate. Therefore, Wwithout even
looking at the design of the modem equipment itself, a
coding tecanique with sufficient redundancy (but perhaps
arbitrarily long encoding/decoding delays) can evidently be
designed to realize the channel capacity W log (1+S/N) in
tnis sense. Now, another famous theorem due to Nyquist
indicates that binary data transmitted at a rate N paud over
a strictly binary channel requires a bandwidth N/2 Hz for
error-free transmission [31]. Evidently then a rate of 4000
baud could be sustained over a channel of bandwidth 2000 Hz.

3. The Communication Channel
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In the following paragraphs refer to Figure 2, which
iilustrates the power spectra of the signal transmitted by
tne various data set equirpment described 1in Table 1. In
Figure 2 F 1is the carrier frequency and I is the highest
modulation rrequency. The Nyquist result applies to the
unmodulated (baseband) signal. The simplest nmodulation
technique is one in which a constant-frequency carrier
signal 1is turned on and off according to wnether the serial
binary input is one or =zero respactively. This has the
effect of translating the passbana of tmne signal to new
values, so that the signal can be propagated via the
telephona network facilities. However, this modulation
process doubles the required bandwidth Dby creating two
sidebands, each an image of the baseband spectrum but placed
either side of the carrier.

If we amplitude-modulate the serial binary signal oan a
carrier rrequency and filter out one of the sidebands the
Nyquist results still apply. Now, assume the transmitter
collects a sequence of n binary digits and codes each such
sequence into 2%**n different amplitude 1levels. If the
receiver can distinguish this quantization without error
then the transmission rate will be n times the Nygquist rate.
This technique, called vestigal sideband modulation, is used
in the Bell system 203 data sets for transmission rates to
3600 baud on the switched network and 5400 baud on leased
lines [A8].

I'he problem with the vestigal sideband equipment when
used on the switched network is that the peak amplitude of
the transmitted signal is not necessarily constant with
varying bit patterns as input. The 203 data set solves this
problem by artificially scrambling the input seguence using
an interesting shift-register circuit. The problem with
this scrambier and all related techniques is that:

1) The encoding delay required (a matter of seconds)
places a lower limit on the turnaround time.

2) Any scrambling sequeance of finite 1length can be
unscrambled ana defeated by an appropriate data
sequence, and the 1likelinood of aimost any
sequence using traasparent data techniques 1is
uncomfortably higw.

3. The Communication Channel
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Still ancther technique commornly used is frequency-
shift modulation, in which omne o:f two carrier frequencies is
transmitted (see Figure 2), one for the binary one digit
(F1), and the other for the binary zero digit (F2). Using
the principle of superposition this can be analyzed as two
separate amplitude-modulated carrier signals, one at each of
tne two operating frequencies. Althougyh the receivers in
sucn a system can make use of the redundancy in increasing
tne signal-to-noise ratio, the primary reason for adopting
tnls tecanique is its simplicity and the fact that telephone
repeater and echo-suppression equipment are well behaved
using these signals. The effective transmission rate using
fregquency-shift modulation is, as can be seen, about one-
rourth the Nyquist rate, or about 1000 band. The Bell
System 202 data sets operate in this fashion at rates to
1200 baud on the switched network and 1800 baud on leased
lines [A7].

Using a combination of bandpass filtering and
directional couplers (nybrid circuits) any of the modulation
techniques can bpe wused in full-duplex systenms. For
practical reasons, however, only the frequency-shift
technigue is used in such service, and this at rates below
300 Dbaud. The Bell System 103 data sets operate in this
fashion [ A4, A5]. These data sets are extensively used for
manually operated keyboard/printer equipment and are
designed to provide automatic-answer and disconnect when
used in this service.

Still another technique used is one in which the phase
of the transmitted carrier signal is varied depending upon
the serial-binary input digits. In the simplest form the
carrier phase 1is simply inverted or shifted 180 degrees
depending upon the input digit. The Bell System 303 data
sets operate in this simple fashion at transmission rates to
230,400 baud on special and exotic leased lines [A10].

Most commonly, however, a sequence of two input digits
is accumulated and used to quantize the transmitted carrier
pnase into fcur discrete levels. Again using tne principle
of superposition, the spectrum of this signal can be
analyzed as four amplitude-modulated carriers of the same
frequency but different relative phases. The spectrum then
is simply that of the usual amplitude-modulated signal as
shown 1in Figure 2. The effective transmission rate of a
four-phase modem is, as can be =<seen, about equal to the
Nyquist rate, or about 4000 baud. For various reasons, the
practical limit of tnis tecanique is about nalf of this.

Tne Bell System 201 data sets operate in this fashion

at transmission rates to 2000 baud on the switched network
and 2400 baud on leased lines [3, A6]. The Bell System 301B
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data sets use this technique at transmission rates to 40,800
bauda on speciaily conditioned leased 1lines [A9]. The
demodulation process used in a phase-modulation receiver is
innerently capable of recovering the transmitter bit timing
so that complicated external circuitry for this purgpose is
not necessary. Furthermore, since the envelope o¢i the
transmittea signal is constant as in frequency-shift
modulation, no scrambling is reguired.

Finally, still another technigue 1is wused within the
switched network itself to transmit dialing digits rfrom the
customer's telephone to the central office. This technique
is not strictly a modulation process at all, but is rather a
multiplexing technique. To each pusanbutton on the Touch-
Tone telepnone, there corresponds a unique pair of carefully
chosen rrequencies which are transmitted when the pushbutton
1S depressad. At the central ofiic¢e tnese freguencies are
extractea <from the telephone 1line signal using rather
compiex circultry to insure ifreedom from interference by
coincident voice signals. Upon extraction these signals are
used to actuate the dial-diyit receiving equipment in the
central orffice. 1211 System has made available in data-set
rorm a number of dirferent dial-aigit transmitters and
receivers for general data-communication use [4, A11-A16].
dost of <the egquipment, such as tune 401 and 403 series,
operates using a restricted 2-out-of-8 or 3-out-of-14 code
giving 16 or 99 different code ccmbinations respectively.
Tne operating speeds of this equipment are specitied at
between 10 anda 75 codes-per-second.

Tae principal advantage of these multifrequency systems
is +tnat in very many cases no serialization/deserialization
process is required and that the codes are inherently self-
Syncnroniziinj. In addition the transmission equipment need
pe no more complex than a standard Toucn-Tone telephone
instrument, so that tne system is ideally suitea for manual
interrogation and data entry systems using a large number of
remote data «ntry stations. The principal disadvantage is
tne nigh cost ot tne complex signal extraction equipment and
tne low operating speeds.

3.3_srror_Datection_and Correction

A continuously valued waveform propagated over a
transmission link such as a telephore circuit is pclluted,
expectedly, by various noise processes. Some of tnese noise
processes are generated by thermal agitation in the various
resistances in the circuitry and in shot-effects 1in tane
various amplirying devices. Other noise processes are
generated by inauctive interference from power equipment and
transmission lines and by crosstalk and other interchannel
coupiing means in multiple-channel repeater systems. Signal

3. The Communication Channel
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degradations due to these processes are tne primary
determinants of performance in speech transmission systems
which are characterized by the wusual audio-ridelity
criteria.

In data transmission systems designed for the
propagation of encoded discrete-valued waveforms, noise
processes of various types result in an increasing number of
transmission errors. However, the design parameters leading
to a well-behaved data transmission circuit are derinitely
not those 1leading to a well-behaved speech transmission
circuit. For, in these cases, stepwise discontinuities 1in
amplitude and phase transfer functions and impulse-noise
processes nighly degrade data transmission without
materially affecting speech transmission. All of these
parameters are affected by switching paths within the
telephone network and can occur in tane course of a
particular dial-up connection due either to <faaing in
microwave systems or to coupling processes within the
telephone plant. In its most disruptive tform, the impulsive
noise process appears as a high-amplitude spike superimposed
on the data signal at tne receiver. The effect of such a
spike, otten called an "impulse-hit," is to disrupt a few
bits in the received data stream, that 1is cause a burst
€rLror.

Comprehensive surveys (1, 17, 27, 38, 437 nave
indicateda that the expected error rate is 1in tae 10735 range,
that is one bit error per 105 transmitted bits. This figure
depends or course upon the modulation metnod ana
transmission rate. In a study invoiving the 2012 data set
operating at 2000 baud, the error rate was 3.19x10-S [43].
In a study involving a 20z-type data set 55 percent or the
calls placed at 1200 paud had error rates Jgreater tnan this,
but enly 30 percent oi tne calls placea at 600 paud nad
error rates greater than this [1, 27].

Even when a carerully designed wodem 1s usea on a
nolse-corrupted transmission circuit, a considerapb.e number
of residual transwission €rrors can be expected, especialiy
in high-performance systems. In order to diminish the
effect of transmission errors the seriair binary stream can
be encoded with redundancy bits which allow the receiver to
detect when an error has occurred and even to correct the

error. Such encoding techniques decrease the net
transmission rate of the link of course due to the inclusion
of the redundancy bits. Tae erficiency of a particular

encodinyg technique then can be derined as its jower ‘to
detect ana correct transmissicn errors per redunaancy bit
reguired. A well-known theorem due to Shanunon postulates
tnat it is possible to encode in such a way as to achieve an
arbitrarily low number of errors at a net transmission rate

3. The Communication Channel
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arbitrarily close to tane channel capacity as definea in the
preceding section. Untfortunately, the theoretical 1limits
nave not even been approacned in practical codes.

A great number of techniques have been aeveloped 1in
recent years witn which messages can be encodea togetner
witn redunuancy bits at the transmitter so that transmission
errors can be detected ana even corrected at tne receiver.
These techniques ail reduce the transmission rate by the
numper of redundancy bits added ana so a tradeofr between
error rate ana aata rate is <created. To 1llustrate this
point, consider a <closer 100k at the encodiny/gecoding
process.

Let tne length of a message inciaent at the trausmitter
be k bits, and the length oif the message encoded on the link
be n bits. In the codiny process the transmiter has added
n-£ Dbits of redundancy information which the receiver can
use to detect and optionally to correct the transmission
errors. Now, e€ach of the encoded messages, or codewords, is
n  bits 1lonyg; ana there are 2%*j of these which can
legitimately be transmitted. Ine receiver nhowever could
conceivably recognize as many as 2*%*n messages in the evernt
of errors. The difterence betweernL the 2%*n possible
received messages and the 2%%k possible transmitted
codewords represents the number of error messagyes. The
encoaing and decoding scneme snould obviousiy result in the
detection orf as maay of these as possible.

The power of al encoding scheme to detect and correct
errors 1is measured as the number or bits in one codeword
that must be <changed to convert it into another. The
minimum of tnis guantity over all codewords in the code is
called tne distance of tne code. If a code has a distance
of one, then a single bit-error will convert cne ccdeword
into auotner; and tne receiver will have no opportunity to
detect this as an error. Ir a code has a distance of two,
then any single bit-error can be detected vy the receiver
but two bit-errors mignt not. Finally, ir a code has a
distance of +tnree, tnen any single bpit-error can be
corrected by the receiver, but two bit-errors cannot.
LXxtrapolating, 1r the code is to detect b errors ana correct
m errors, tnen the code must nave a distance at least Zm+b+1
L32].

The efriciency of a particular code n bits in length
can be derined as the ratio of the distance u to the number
0L reaundancy bits n-k required. A good dasal o0f researck
into the mataematical theory oi codes has 4ied to the
estabilsament of wupper bounds on erficiencies and tne
aevelopment or practical codes wuserul in the design of
transmission equipment [ 33].

3. The Communication Channel
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One oxr tue most useful of the recent developments has
been the class of linear cyclic codes based on polynomials
[342, 33]. Briet.iy, a linear code is a particular subset of
the set of all those 2%*n words indicated above. The
codewords or this subset are required to satisfy certain
combinatorial requirements so that the subset is formaily a
vector space. In addition, if given a particular codeword
in this space, every cyclic sniit of it is aiso a codeword,
then the vector space is called a cyclic vector space, and
the code is called a cyclic code. This coastruction vastly
simpiifies the encoaing ana adeccding operations.

Given a message of k bits and a codeword of n bits, a
burst error 1is a sequence Oof bit-errors. The length of a
burst error is the number of bits between and including the
first and last bit in error. A cyclic code can detect all
burst errors or leungth n-k or less. 1In addition, the code
can detect an overwhelming percentage of bursts cf greater
lengths. In [42] a study was made using a (31,21) cyclic
code 1u a transmission link operating at 2000 baua. In this
study 6.36x107 code words were transmitted and 29,731 of
these were received in error. The cyclic code was effective
in detecting all but two of these errors.

An interpretation more useful 1in egquipment design
assigns a pclynomial p(x) in the undetermined variable x to
each K-bit word as follows: each of the k coefiicients in a
polynomial of degree k-1 is associated witn a bit of a word
of length k, so if a word were {00010110} then the
polynomial associated would be:

0x0 + 0x! + 0x2 + 1x3 + 0x4 + 1x5 + 1xé + 0x7.

Now consider the polyncmial (x*%*n)-1. Each oi the
divisors of this pclynomial <can Le shown to generate a
cyclic code in the following fasaion: ir ¢ (Xx) (called the
generator polynomial) is a divisor of (x**n)-1 and has
degree n-k, then the codewords are all tanose polynomials
£ (x) of degree less than n which are are divisible by g(x),
and the code is an (n,k) cyclic ccde of n bits, k of which
are information bits and n-k of whican are reaundancy bits.
The implementation of a «cyclic code 1is now <clear: the
transmitter aads n-k redunaancy bits to the k information
bits in such a way that the «ccdeword =I(x) 1is exactly
divisible by g(x)-. At the receiver tnis division 1is
pertormed; and, if the remalinuer 1is zero arter division,
either no error has occurred or an undetected error has
occurred. Otnerwise, a transmission e€rror nas occurred.

Tae transmitter performs two functions: first an

automatic premultiplication of the incident message p(X) by
x*% (n-k) and second a division process. Thus, let p(x) be

3. The Communication Channel
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tae messaye polynomial of degree k. Arfter premultiplication
Dy X*¥*%(n—-K) ana division by g(x), the result <can be
representea py:

p(x)x**(n-k) = g(x)g(x) + r(x),

where 4(x) 1is the quotient after division and r(x) is the
remaiunder, wnicu nas degree less tnan n-k. The coaeword is
taen

t(x) = g(x)g(x) = p(x)x*¥*(n-k) = r(X)

anu is transmittea as first p(x), trensmitted anigh-order bit
rirst, ana taen r(x), traasmitted anign-order bit first. By
construction here, f(x) is divisikle by g(x) as required and
Cousists 0L K intormation digits tollowea by n-k redundancy
cneck digits.

The mecaanization of an (n,k) cyclic code is very
Simpie ana can Dbe constructed <rrom an n-k stage snift
Leglister and a collection of modulc-two adders ("exclusive-
or" circuits). The connections or these components can be
determined by an inspection of tane generator polynomial
({32]. Circuits are snown 1n rFigure 3. These codes are used
by iIBM in connection with Binary Synchronous Communication
devices. These components are connected so that:

1) Tne K digits of the <codeword are daeveloped in
real-time; that dis 1in step with the nmessage
digits; and

Z) Tue 1n-x check digits are transmitted only
10li0W1lng the message digits, so that the
transmitted codeword consists of exactly k bits of
tne message as preseuted and rfollowed by n-k check
digits.

Connected 1L tnils manner messages of indetinite length
can be encoaed and decoded without intermediate temporary
storagye. Tne formal properties of the coding systemk are not
alterea by such a connection.

Tne oparation of these devices is as follows: bLefore
transmission tre shift register 1s clearea. During
transaission the serial bit stream is transmitted and also
red at the point shown into the device, which is performing
a continuous division process such that tne remainder is in
tne salrt register at every step. Following transmission
the reedrack path is broken and the bits din the shift
register are shifted onto the line as is. Meanwhile at the
receiver a corresponding process is going on in  which the
codeword 1is being divided by tne generator pclynomial.

3. The Communication Channhel
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After transmission or the entire codeword, the remainder
lertt 1n the shift register nad Lketter be zZero or am error
has occurred.

transmnitted data --+

t——t——t tm=—t—=t A==t -=—+ +=-=+ ¥
+=>00 |1 |=>4=12 |3 |- 113114]=->+=]15]=->+
| 4+-—+--4+ A +——4-=+ 4-—+=-=+ L +=-+ |

CkC-1o Checksum Computer
Polynomial: 1 + x2 + x15 + x16
Prime Factors: 1 + x, 1 + x + x15
transmitted aata --+

+-—+ +-—+ +-—+ t=—t==+ +-—+--+ +--+ ¥
+=210 |=D+=|1 |=>4=|2 [|=>+=|3 |U |ee|Y |T0|=->+=11]|=->+
| +--+ A 4+-=-+ A +-—+ A +-—4=-—-+ +-—4-—-+ 4 +--+ |

CRC-12 Checksum Ccmputer
Polynomial: 1 + x + x2 + x3 + x11 + x12

Prime Factors: 1 + x, 1 + x2 + x11

Figure 3. Mechanization of Cyclic Codes
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4. TRANSMISSiCN CODLS

The discussion 1in preceaing sections has centered
around methods of describing and evaluatinyg the performance
of serial data systems, that is, systems that +transmit a
clocked sequence or binary digits frcm one point tc another.
To be useful in conventional computing systems, meaLs must
be provided to serialize a character stream at the
transmitting terminal and deserialize the bit stream at the
receiving terminal. The manner in which these operations
are synchronized forms a basis for tne <classification of
transmission codes as the asynchronous ard synchronous
codes.

4.1 _Asynchronous_(Start/Stop) Codes

The asynchronous or start/stop codes are most often
used at low-to-medium transmission rates with manually keyed
terminal eguipment. The transmitter maintains the
transmission link 1in an 'on' or mark state when no data is
to be transmitted. The transmission oi eacn character is a
separate operation and begins when the trausnmitter switches
to the 'ofr' or space state for a specitiea start interval,
wnich the receiver recognizes as anh indication to start its
deserializer clock. Following this intervai, the bits of
the character are transmitted as reguired., #hen the last
bit has pbeen transmitted, tne transmitter holas the link in
the mark state zfor a specified stop intervali to allow
receiving eguirment to complete mechanical operations. A
start/stop <code <can then be described in terms oif the
transmission rate for the opits «c¢f the <character itself,
togetner with the start and stop intervals. In most such
codes the start and stop intervais are an integral number of
pit-times (units) so that the code can be described by the
aumber of units ror the character itself (levels), the total
number of units including the start and stop intervals, ana
the unit transmission rate in bits-per-second (baua). The
start/stop transmission code used in the Model 35
Teletypewriter would be described as an eleven-unit eight-
level <code at a transmission rate of 110 baud, for example.

Start/stop transmission codes were often used in early
teletypewriter networks, where the stop units were used to
carry additional information in the foliowing manner: In a
multi-point network each machine was conhected 1n series
with the others so that any keyboard could cause printing at
all stations. I any station detectea that the line failed
to return to mark at the stop interval, then an €rror or
break condition was indicated. This condition by convention
caused all keyboards to lock and was purposely used by an
operator to <clear tae network for an overriding priority
message. Ir the line failed to return to mark after a
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longer period, say a second or so, tnen a line-break
condition was recognized and the repailr crew was dispatched.

In moaern teletypewriter equipment using frequency-
shift modems, this operation 1s simuliated by means ot a
carrier which operates at one tfrequency for mark and another
Ior space. The usual equipment can operate 1n a full-duplex
mode using a separate set or carrier treqguencies 1or each
transmission direction. Tne equirment contains circuitry to
gJenerate and detect the break sigynals and to 1initiate and
respona to the longer space-aisconnect signal.

In all presently used start/stop codes, the start
interval is egual to one unit and in most codes the stop
interval is from one to two units. The duration of a unit
element in tyrical codes ranges irou about 20 miliiseconds
to about 7 milliseconds and the number of levels from five
to eight. Figure 4 shows the most popular of these
includinyg tne USASCII code, which 1s standard tfor most ATET
teletypewriter equipment available at tais time, anda the

PTTC code, wnich 1s stamdara for most IBN equipment. The
code-unit numbering in these codes 1s as per the
manufacturer's arbitrary designation and widl becone

important in comparison of graphic «codes and control
functions in a later section.

4. Transmission Codes
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Figure 4. Start/Stop Transmission Codes
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4.1 Synchronous Codes

In a start/stop coue characters can be transmitted at a
rate <from zero up to the ratea caracity orf the 4iink, and
each character provides its own synchnronizing information.
If, on the other hand, the transmitter agrees to transmit
all characters in a message one after the other in head-to-
tail <fashion, thnen tne start and stop intervais can be
discarded and the net transmission rate correspondingly
increased. In such a case the receiver nmust gain
syachronization with the transmitter before the message
begins and remain in step ror the duration of the nessage.
Tecnniques like these are used with phase-nodulated modenm
equapadent 1n which two or more bits are clocked off and
encoded into the transmission-line signal. Note that taese
technigues can be used equally as well on frequency-shift
modem eguipment if sufficient information 1is available at
the receiver to recover tne timing oi the imdividual bits
within a single character. Most phase-modulation modem
equipment produces a timing signal incidental to the
demodulilation of the received data. 1In rrequency-shift moden
equipment this signal must be derived from the Dbit-
transitions in the aata stream 1itseif.

A syncanronous code can be described completely by a
specirication oi tne number of code units (levels) per
character, the unit transmission rate (baud) and the bit
pattern usea for synchronizing purposes. Often-used
transmission links operating on the switched network operate
at 1200 to 2000 baud using eight-level codes interpreted as
per USaASCII or LECDIC conventions (see Section 5). Such
links are most otften operated in the half-duplex mode and
ratner complicated conventions (described in Section b)
pecome necessary for iine-ccntrol and error-recovery
proceaures.

A syncaronous transmission link synchronizes character
pnase eacn time the transmitter Dbegins operation and
occasionally witnin the message itselt. Syachronization 1is
accomplisned by transmitting one or mnore special
synchronizing codes wnich can be detected by the receiver
without a knowledge of character phase. Wien a synchronous
receiver is waiting for receipt of a message, it remains 1in
a special synchronization-hunt state searching for the
synchronization code. When this code is detected, proper
character phase has been achieved and the receiver switches
to tne text state in which characters are clocked off at the
appropriate periods. Sometimes this character-phase
acquisition process is complicated by special redundancy-
caecking procedures to minimize the efrfects of 1line
transients.

4., Transmission Codes
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Opviously, not all bit patterns for synchronizing codes
are equally etfective in ncisy environments. The
effectiveness orf each bit pattern can be determined by an
inspection of its autocorrelation function and its
crosscorresation functions with other noise signals. Each
of these functions takes the form c¢f a convolution integral
which is periodic in time.

The most effective Dbit patterns are those with
autocorrelation functions which take the form or a singie
sharply deiinea maximum value over the period and minimum
values elsewhere. Furthermore, effective bit combinations
will yield minimum-valued cross-correlation functions with
all other bit combinations. ~Figure 5 snows these functions
for several commonly used synchronizing codes, from which it
1s evident tnat the EBCDIC is the worst, at least by these
criteria. A muca better bit pattern than these can be
formed from a pseudo-randcm sequence of period (2%*n)-1
(33]. In such a sequence the synchronizing pattern would
not necessarily be perioaic at the same value as the number
of levels per cnaracter, but this would complicate the
hardware only slightly. The aavantage o1 using such a
sequence is that the correlation <functions of a pseudo-
random sejuence are much better than those obtainable when
tne seguence is constraiused to lengths other than (Z%*n)-1.
Figure 5 snows the correiation functions tor a pseudo-random
sequence of length 7.

4, Transmission Codes
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Figure 5. Correlation Functions of Synchronizing Codes

4. Transmission Codes



Topics 1in Computer Communication Systenms 25

5. INTERCHANGE CODES

An interchange code is an assignment or interpretation
of a graphic symbel or control function to each code element
of a transmission code. An interchange code differs from an
error-detecting or error-correcting code in that
transmission errors are not normally a <factor in thear
design and differs from a transmission code in that
synchronizing functions are not normally required. The
design of an interchange code is usually predicated by a
committee for the purpose or standardization anc not for the
purpose of transmission performance. In this section, the
most popular interchange <codes in <current use will be
descripbed, together with some comments on expected 1Irequency
of occurrence and equivalences or mappings between taen.

In discussing code structures a caretful distinction
snould be drawn between the constructive aspects, that is,
the number of levels, the parity conventions and so forth,
and the interpretive aspects, tnat is, the printing graphic
or control function assigned to a particular code element.
Within any of the code structures described here, several
different graphic interpretations may be assigned. These
interpretations correspond to the choice of key-tcps and
printing elements 1in a particular terminal device, for
example. Accordingiy, given a certain code, that
interpretation most agpropriate for timesharing systems use
will Dbe emphasized most. It should also be understood that
nothing in the code structure itself prohibits 1its wuse 1in
either a stop/start or a synchroncus environment, but that
the use of a particular code in a start/stop environment
requires a specification of the start and stop intervals and
the use of a particular code in a synchronous environment
requires a specification orf the synchroaizing character.
Furthermore, a specification of a code need not, of course,
necessarily indicate the transmission rate, although the
most common use of a code may be at a specifiea rate.
finally, some conventions establishn the numbering and
ordering of the bits within the <character reading in one
direction and some 1in the other. IBM equipment is
notoriously inconsistent in this regard. In this section
all tables have been redrawn to the USASCII convention,
which requires that bit transmission be "to the right."

In ail important contemporary interchange codes the
number of levels is either 6, 7 cr 8. The graphic/control-
function assigned to each of the code elements is shown in a
table. Some interchange code speciiications provide for a
case-shift operation, ana graphic/control-function
assignments may differ depending ufpon which case-shirt is in
effect. The most popular interchandge codes in ccntemporary
timesharing systems use 1include the Extended Binary-Coded
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Decimal Interchanye Code (EBCDIC), the USA Society for
Information Interchange (USASCII), and the Paper Tape
Transmission Code (PTTC), aithough several otaers, iuncluaing
tne Baudot, Binary Coaed Decimal (BCD) and Syncaronous

fransmit/neceive (STR) codes are used occasionally. In
following sections the EBCDIC, USASCII and PTTC codes will
pe described 1n some detail. The remaining codes are

describea 10 [I1].

5.1 The Extended cinary-Coded Decimal Code_ _ior_ _Information
Interchange (EBCDIC)

Pune EBCDIC [I1] is wused extensiveiy by IBM as the
internal coae or the Systen/360 machines and in almost ail
inoput/output aevices attacaea directly to these machines.
Coasmunicatioas equipment, however, most otften operates with
the USASCII or PTIC (described in subsequent sections).
Siuce EBCDIC 1s an eight-level code and the otners are of
fewer levelis, it should be possible to represent each of the
others as a subset of EBCDIC; and iBM apparently made an
etfort to do tais. In spite o1 tace fact that the
corresgyondences are inexact, £8CLIC appears tne Lest common
denominator in which the graphic/controli-runction
assignments ot the wvarious intercaange coGes can be
comparcd..

Figure 6 shows the most recent graphic/control-function

assignments for EBCwiC. Tane 120 graphic assignments
corresypond to taose of the IN print-train as used 1in the IBN
1403 line printer [I11]. The coatrol functions are all
indicatea by a two—-or-wore caaracter whenonicC. Scne of

tnese «control functions are assigied to tne EBCDIC-USASCLI
correspondence and some to the ibBLLIC-PITC correspondence.
Table 2 1lists eacn or thése mnemonics separately, together
with a short description of the ccntrol zrunction. A more
detailed waescription of tanese control functions is given
separately by code in Sectiomns 5.2 and 5.3 rollowing.

The most common subset of rBCLIC wused in Systemr/360
operations 1is tne 60-graphic subset indicated in Figure 7.
This subset appears on tne FN print train (amony otuersj), on
the 029 card puncn, and in other ccmmon equipment. Compare
this subset with the graphic interpretations of other codes
described subsequentiy.

5. Intercnange Codes
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£oCDal

NUL
SUH
SiX
BTK
Pr
axr
LC
DiL
S
VI
FF
Cr
SO
S1I
DLikb
DC1
DC2
M
R
NL
BS
Il
CAN
£
ccC
Cu1
IrS
IGS
Ix5
I0S
DS
S50S
FS
BIP
LF
sTB
BESC
SH
Cu2
BNy
ACK
ool
SYN
PN
RS
uc
BOT
Cu3

Interchange Codes

ASCII

NOL
SOH
STX
LTX

-

ot
volk

VT
rF
Cx
S0
51
DLE
0C1
pC2

BS

CaN
JN

kS
GS
nS
us

LF
ETB
BSC

ENg
ACK
BEL
SYN

0T

ITY pyTC
NULL
SOn
EOA EOA (D)
EQN
PF
H.TAB TAB
LC
RUBOUT DEL
V.TAB
FOgM
KE2TURN
SO
SI
uCo
X-0N
TAPE ON
R4S
WL
85
Fi0 LCAN
S1
S4
S5
56
s
BYP
LF L
LEN OB (B)
S3 PRE
WRU
kU (Y)
BELL
SYNC
PN
- R!S
ucC
EOT EOT (C)
(continued)

FUNCTION

Nuli

Start of Heading
Start of Text
End of Text
Punch Off
Horizontal Tab
Lower Case
Delete

Start of lanual Message
Vertical Tab
Form Feed
Carriayge Return
Shift Out

Suirt In

Data Link Escaype
Device Ccatrol 1
Device Coatrol 2
Tape Mark
Restore

New Line
Backspace

Idle

Cauncel

Ind of Mediun
Cucser Control
Customer Use 1

Into. Field Separator
info. Group Separator
Info. Record Separator

Info Unit Separator
Digit Select

Start of Significance
Fiela Separator
Bypass

Line Feed

End of Text Block
Escape

Set Mode

Customer Use 2
Enquiry

Acknowiedge

Bell

Syunchronous Idle
Punch On

Reader Stop

Upper Case

End of Transmission
Customer Use 3
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hle DCu DC4 TAPE OFF Device Control 4

ol NAK NAK ERROR (N) Negative Acknowledge
SUB SUB S2 Substitute

DC DC3 X-OFF Device Control 3

Notes: the categories of <characters are defined by the
following:

ccC (Communication Control). A functional character
intended to control or facilitate transmission of
information over commuinication networks.

by
=

(format Effector). A functional character which
controls the layout or positioning or information in
printing or display aevices.

IS (Information Separator). A character whicia is used to
separate and gqualify information in a logical sense.
There is a group or four such characters, which are to
be used in a hierarchical crder.

DC (Device Control). A functional character used for the
control of ancillary devices associated with data
processing of telecommunication systens, more
especially switching devices '"on% and "“off."

£D (Edit and Mark). A ccntrcl character wused by the
System/360 Edit and Mark (£DMK) instruction for the
formatting of alphanumeric fields.

GR (Graphic Control). A control character indicating that
the code combinations whica follow are to be
interpreted in a particular code table, depending upon
tne particular control character.

Cu (Customer Use). A character excluded from future
assignment by IBN. These '"protected" codes are

intenaed for use by customer systems so that their use
will not conflict with a possible future IBM use.

Table 2. Control Functions

5. Interchange Codes
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5-.2__The _USA_ _Society tor _Iuformation _Iitercnange_ __Code

{USASCII)

A case could gquite certainly be made for +the USASCII
code to be the most widely wused in modern man-machine
communications systems. Perhaps the most cogent reascn for
this 1is the wide availability of relatively inexpensive
terminal equipment availaple frow AT&T for lease or
purchase.

The USASCII (11, 34, 35, 36, 37, 44] is an eight-level
code with the eighth level optionally assigned as an even-
parity check bit. The most coummon use of tnis code is in an
eleven-unit start/stop transmission code. In such uses,
usually witn terminal equipment manufactured by the Teletype
Corporation, the start code element is one unit in length
and the stop code element is two wunits in lengtn. The
resuliltant eleven-unit code is transmitted at 110 baud or 10
characters—-per-second. This code is also widely used in
synchronous systems.

Tne graphic/control-function assignments of the USASCII
code has been well standardized [35] and is snhown in Figure
d. Some of the older equipment does not couiorm exactly to
tnis standard, in pacticular to the printing graphics for
carat (%) anda underscore (_), wnich wera up-arrow (4) and
back-arrow (s«+) —respectively on tais equipment. Also, the
names ror some of the control characters have only recently
become standara. Note tanat tne full 9i4-cnaracter graphic
assignments are implemented only cn the latest equipment;
only the old-character supset assigned tnrougn the upper-case
letters and the five special cnaracters left bracket ([),
‘rirgat bracket (]), backsliash (\), carat (A) and underscore
(L) are available on olaer equipment.

Tne mnemonics assigned to certain control functions
nave been changed recently. The new USASCLI assignments are
Snown unaer the "USASCII" columin in Table 2, while the old
assignlents are shown under tne "ITY" columa.

Foilowing are the standard interpretations of the
USASCIiI controli frunctions (from [35]):

NUL (Nuil). The all-zeros cnaracter which may serve to
accomplish time £ill and media fill.

504 (Start ot H=ading). A communication control character
used at the beginning or a sequence orf characters which
constitute a machine-seusitle aadress or routing
informatioan. Such a seguence 1is referred to as the
neadilij. An STX character has tne effect of

termirating a heading.

5. Interchange Codes
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(start of Text). A ccmmunication control character
wnich precedes a sequence or cnaracters that is to b=
treated as an entity anu transmitted turouyh to the
ultimate aestination. Such a seguence is reierred to
as text. SIX may be used to terminate a sequence of
cnaracters started by SCH.

(end or Text). A commurication control cnaracter used
to terminate a sequence of cnaracters started with ST
and traasmitted as an entity.

(na or 9TIransmission). A communication control
characcer usea to 1indicate tnre conclusion of a
transmission, which may cave contained ohe Or more
texts anu any associated headings.

(Enguiry). A communication control character used in
data comikkunication systems as a reguest for a response
Irom a remote station. It may be usea as a "Who Are
You"™ (WRU) to obtain identification, or may be used to
obtain station status, c¢r both.

(Acknowledge). A communication control Character
transmitted by a receiver as an arrirmative response to
a sender.

(Bell) . &4 character for use when there 1s a need to
call :or numan attention. It may control alarm or
attention devices.

(Backspace). A format effector wnich coatrols tae
movement of the printing position oue printing space
backward on tne same printing line (applicable also to
display devices).

(norizontal Tabulation). A format effector wnich
controis the movement of the printing position to the
nexXt 1n a selles or predetermined positions along the
printing 1line (applicable also to auisplay devices and
tne skip function on punched cards).

(Line rfeed). A format eifrector wnicn controls the
movemeat CI tne printing jpositica to tne next printing
i1ne (also applicable to display devices).

(Vertical 1lapulation). A tormat etffector which
controls the movement of the printing position to tae
next in a series of predetermined printing lines (also
applicable to display aevices).

(Form r'z¢a). A format eirector which controls thae
movement ct the printing position to the first

Interchange Codes
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predetermined printing line on the next form or page
(also applicable to display devices).

(Carriage Return). A format effector wnich ccntrols
tne wovement of the printing position to the first
printinj position on the same pranting liue (also
applicapie to display devices).

(Shift Out). A control character indicating that tne
code combinations wanich rollcw snall pe interpreted as
outside of the cnaracter set or the standard code table
until a Shirt In character is reacned.

(Snift In). A control character indicating that the
code <combinations which follow shall be interpreted
accoraing to the standard code table.

(Data Link Escape). A communication control character
wnich will change the meaning of a limited number of
contiguously followiny characters.. It is used
@xclusively to provide supplemeustary controls in data
communicaticn networks.

pCZ, DC3, DCU (Device Contrcls). Characters tor the
control or ancillary devices associated with data
processing or teleccmmunication systenms, more
especially switching devices "on" and "“orf." (If a
single "stop" control is required to interrupt or turn
o} ancillary Gevices, LC4 is tae rreferred

assigiment.)

(Negative Acknowledge). A communication control
character transmitted Dby a receiver as a negative
response to a sender.

(Syncaronous Idle). A communication coatrol character
used Dy a synchronous transmission system 1in the
avsence of any other character to provide a signal from
wnicrn synchronism may be acnieved or retained.

(End or Transmission Block). A communication control
cnaracter used to indicate tne end of a block of data
for communication purpose¢s. ETB is used for Dblocking
data where the block structure is not necessarily
related to the processing rformat.

(Cancel). A control character used to indicate that
the data with whicn it is sent is in error or is to be
disregaraed.

(End orf Medium). A control character associated with
tne sent data which may be wused to identify the

5. Interchange Codes
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paysical end of the medium, or thne end of the used, or
wanted, portion of inrormation recorded on a medium.
(The position of tinis character does not necessarily
corresrond to the paysical end oi the medium.)

(Start or Special Sequence). A control character used
to indicate the start of a variable lengtn sequence of
characters which have special significance or which are
to have special handling.

(Escap2). A comntrol character intended to provide code
extension (supplementary characters) in general
information interchange. The Escape character itself
is a prefix affecting the interpretation of a limited
number of contiguously following characters.

(File Separator), GS (Gcour Separator), kS (Record
Separator) and US (Unit Separator). These information
separators may be used within data in optional fashion,
except that the hierarchical relationship shall be: FS
is the most inclusive, then GS, then KS, ana US 1is
least 1inclusive. (Tne content and length orf a File,
Group, Record or Unit are not specified.)

(Delete). 1This character is used primarily to '"erase"
or "obliiterate" erroneous Or unwantea characters in
perforated tape. (In the strict sense, DEL 1s not a
control character.)

Interchange Codes
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5.3 Paper Tape_ Transmission_Code_(ETITC)

fthe P1TC [I1, I6-I9] 1s wused by 1IB4 1in typewriter
terminails of the Selectric type, such as the 2741
Communications Tecminal, and in data-collection and
communications equipment, such as 1050 Data Communications
System. The PITC code 1s a seven-level nine-unit code
includirg an odd-parity check bit and a single stor bit. It
1s most comnonly used at 134.5 baud (14.d8 characters-per-
second), altnough speeds to 600 baud are used in some data
collection eguipment. All of the IBM terminal equipment
uses case-sniit codes, so that potentially 126 characters
are availapie in this code, altnougn many of these by
convention nave the same interpretaticn in either case.

Several interpretations of FITC are common in
connection with IBM computing systems of the 1400 and 7000
class. TIne one nmost wusetul in large-scale <timesharing
utilities is the EBCDIC-oriented variant, shown in Figure ©.
Note that the full 60-graphic EN-train EBCDIC subset
mentioned apbove 1s avaiiable, in addition tc control
functions ror device addressing, pclling, and selection. In
Figure 9 the <control <cnaracters hLave beern renamed to be
cousistent with the EBCDIC names assigned in Table 2 and are
described below:

PN (Punch On). A device contrcl character used to start
tne 1054 Paper 1lape Punch when attachea to the 1050
Data Communicatioans System.

RES (zestore). A device control cnaracter which causes the
1053 printer when attachea to the 1050 Data
Communications System to resume printing following a
sYP (Sypass) character.

BYP (oypass). A device control caaracter which causes the
1053 Printer when attacaed to the 1050 Data
Communlcations System to suspend printing until an RES
(zestore) character is reached.

PF (Puacn Off). A device control character used to stop
the 1055 Paper Tape Punch when attachea to the 1050
Data Communications Systen.

uc (Upper Case), LC (Lower Case). Control cnaracters used
to inaicate tnat the code ccmbinations which follow are
to be interpreted according to selected portions of the
code table (see Figure 9).

35S (Backspace). A format eftector which controls the

movement of the printing fposition one printing space
backward on the same printirg line.

5. Interchnange Codes
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(End or Text Block - also <callea EOB, circle-B). A
communication ccntrol cnaracter used in the 1050 Data
Communication System to end a record containing text
information. This character 1is always tollowed by the
LRC (Longitudinal Redundancy Check) character.

(xeader Stop). A device ccntrol character used to stop
tne 10506 Card Reader Wwhen attacheda to the 1050 Data
Communications Systenmn.

(New Line). A format effector wuici controls the
movement of the printing position to the f£irst printing
position oa thne next printing 1line. (This character
causes the same action as a compination CR (Carriage
Return) and LF (Line Feed) sequence - see Section 5.2.)

(Line Feed). A zrormat effector wnica controls the
movemeat of the printing positicn to the next printing
line.

(Horizontal Tabulation). A format effector which
controls the movement of the prainting position to tne
next in a series or predetermined positions aiong the
printing line.

(End of Transmission - also callea circle=(C). A
communication control character whicn causes the device
and its control unit to be reset and to revert to the
control-receive state following a message transmission
sequence. This character is used 1in the 1050 Data
Communications System before polliny aud audressing
operations and in the 2740/2741 Communications TIerminal
toliowing the NL (New Line€) character at the end of
each text record.

(cdle). A character wnicn serves to acccuplisa time
£11ll and media i1lil. (Tels chraractel 15 used in the
sale manner as the AdUL character - see Section 5.2 -
but oecause o©0i an untfortunate <choice of the bit
co@pination used to regresent tas 32 (Space) character,
tiae all-zeros character 1is uwot availaole for this
Iuuctiou.)

(zscaye - alse caddied Pun). & coiitrol character used
Dy tne varroas comgonents oL tne 1050 Data
Communications System to pLecede device control

ciparacters interpretea speClianay Dby tne aevice for
rormat-erfecting and aevice ccutriol functions.

(Delete). This cnaracter 1s used primarily to '"erase"
or "obliterate'" erroneous oOr unwanted characters 1in
pertoratea tape. (In the strict sense, DEL 1is not a

Interchange Cocdes
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control character.)

(Cancel). A control character used to indicate that
the data with which it 1is sent is in error or is to be
disregarded. (This character aoes not exist in the
standard code table ana 1is implemented as an even
parity (rather than oda parity) code which the receiver
recognizes by virtue of the parity error (!).)

(Start or Text - also <callea EOA, <circle-D). A
communicaticn control character used as an affirmative
reply to a pollinyg sequence. Transmission of this

character indicates that the transmitter has more data
to follow and that this data will be terminated with an
ETB-LRC sequence.

(Acknowledge - also called circle-Y). A communication
control character used in the 1050 Data Communications
System in two ways:

1) As an affirmative reply to an addressing sequence
indicating that the addressed device 1s ready to
receive aata, and

2) As an affirmative reply to an £ETB-LRC sequence
indicating that the preceding record was received
without apparent error.

(Negative Acknowledge - also <called «circie-N). A
commuiication control <character used in tne 1050 Data
Communications System in two ways:

1) As a negative reply to a fpoiling or addressing
sequence indicating the pclled or addressed device 1is
not ready to receive or transmit data, and

2) As a negative reply to an ETB-LRC sequence
indicating that the freceding record was received in
error.
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5.4 Codes_ror_ kemote_ Job_Entry

147

In cases where the speed of the transmission 1link 1s
the limiting factor in terminal performaince, a particular
code such as USASCII or PITC may need to be recoaed for
transnission. The most acute need ror such tecaniques 1is in
connection with Remote Job Entry (RJE) equipment where the
volume of data is large and where the remote eguipment is of
a nign-performance type. It is of interest here to gain
some 1nsignt into the expected distribution oi transmitted
character frequencies in such an operation ana to compare
some simple recoding schemes.

Table 3 <chows the expected 1incidence of blanks,
letters, digits, special graphics and other cnaracters
typical in several categories «c¢f RJE traffic. Note the
overwhelming incidence of blanks in the program source and
object listing categories. As expected, the distribution is
more unitorm in object deck categories.

Taple 3 also indicates the results of two simple
recoGaing proceaures when applied to traific 1in each
categyory. In the first procedure, runs or four or more
canaracters of any type are deleted at a cost of three
characters per run and two characters per line. In the
seconu proceaure, runs of three or more blanks are deleted
at a cost oif two characters per run and two characters per
line. Tnese Lecoulhy COsStS represent an upper bound and can
be reduced with clever finayling. The conclusion here 1is
tnat the former or blank-recoainy technique is best.

The most obvious factor in KJE operation 1is the
overwhelming incidence of letters and digits. It seems that
a very strong case exists to transmit this material using a
six-level code toygethner witan scme kind of escape-character
convention. The last column of Takle 3 shows the errect of
combining the blank-recoding technique with the escape-
cnaracter technigque. Using tnese techniques the average
line length in RJE terminal-to-processor operations 1is
equivalent to about 20 eight-bit cnaracters; while the
average line length in processor-to-RJE terminal operations
is equivalent tc about 36 eight-bit characters. Using a
2600~-baud transmission link then, and neglecting turnaround
and acknowledgment times, tne rJE terminal performance can
approacn 750 cards-per-minute in processoc-inbound
operations and 416 lines-per-minute in processor-outbound
operations.

5. Intercnange Codes



Distribution (percent)

Text El Let Dig Spec Oth
Graf
360 asm sou 50 38 4 7 0
360 asm lst 69 12 16 Z <1
360 obj <0 15 6 2 56
PDP asm sou 53 37 4 5 0
PDP asm 1st 57 17 22 3 0
PDP asm obj <1 <1 <1 <1 99
PL-1 sou 40 41 2 16 0
PL-1 1st 6U 17 13 4 1
SNOBOL sou 43 39 2z 15 0
Table 3.

5.
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interchange Codes

Line Length

No
Cod

31

114

50

35

70

183

38

103

39

Arb
Cod

24

52

67

25

46

182

29

54

31

41
(char)
Bl Esc
Cod Cod
23 17
49 38
72 121
24 18
43 32
185 277
29 22
52 39
31 23

Comparison of Remote Job Euntry Codes
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6. PROCESSOR-PROCESSOR CCHMMUNICATICNS

Message transmission between two processors invclves a

great many peculiar factors not found 1in message
transmnission Dbetween a processor and a conventional
typewriter terminal. In processor-processor communication

error control procedures must be abple to recover fron
routine circuit faults without operator intervention. Also,
transmission rates and turnaround times are usually limited
by tne modem equipment itselr, rather tnan by human operator
response times. Control functions il pPrLocessor-processor
communication systems are performed by special characters in

tne transmitted data stream; and special encoding
conventions are necessary to allow traasmission of all
character codes 1in text messages. The basic premiss

underlying ail processor-processor communications systenms 1is
tne necessity for an acknowledgment or an a assurance
generated by the recipient in any tramnsaction tnat the
message transmission was in 1act successziul. 1z the
transmission was successiul then aessage traffic can
continue; walle, ir not, the message must be retransmitted.
It 1is ~convenient to descrive a system of this nature in
termns of a symmetric haltf-duplex system 1in which either
terminal can transmit serial character streams to tne other,
but not both at the same time. In the <following sections,
several problem areas will be discussed with particular
emphasis on those coamon to the timesharing environment. It
will b2 apparent in this aiscussion that the problems are
not restricted to message transmission using aodems and
telephone lines at all, but can be readily appiied to any
communication system 1in which reccrds and status responses
nust Dbe transmitted over a lrasicaily one-way-at-a-time
medium. For instance, the ccmmunication between ;rocessor
channels and control units are subject to those sane
propblens.

A symmetric half-duplex system consists of at least two
terminals connected by a bi-directionai transmission mediun.
¢nlv one terminal may transmit at any time and, 1f the
iessage 1s to be acknowledged, the message must be directed
to a particular terminali designated as the receiver. If any
terminal Dbegins to transmit then ali others recognize the
fact aifter a period of ambiguity equal to the propagation
delay. If a message requiring an acknowieayment is directed
to a particular receiver, then that terminal must transmit
tane acknowiedgyment immediately tollowing reception of the
message. With this exception, no terminal may transmit
following a previous message Wwithin an interval egual to
twice the propagation delay. No terminal may transmit if it
is receiving a message, even if the message 1is directed to
another receiver. Systems such as this are describea in [Z,
12, 14, 18, 24, 25, 37 and 44].

6. Processor-Processor Communications
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A system incluaing only twc terminals of this type is
called a point-to-point system; a systen including more than
two terminals is called a multipoint systenm. A  single
terminal may accept a number of messages from different
logical source devices and deliver a number of messages to
different logical sink devices. A particular terminal may
tind all of its transmission facilities busy, in which case
it must respond to any logical source device request with a
busy sequence. This sequence must be distinguished from
another which 1indicates that the 1logical sink device
addressed by the message is busy but the terminal itself is
not.

Control over the system operation can be assigned in
various ways. If a single master station is assigned to
coordinate message trarfiic between the various terminals on
a polling/addressing basis, then tne operation is described
as centralized. Ir permissicn to transmit is assigned to a
terminali by a biuding or tie-breaking procedure, then the
operation is described as contention with bidaing. If each
terminal assumes permission to transmit as necessary but
conditioned by certain rules designed to minimize
interrerence, then the operation is described as contention
without bidding. The systems considered nerein all operate
as contention systems, both with and without bidding. Those
Systems restrictea to pidding operation behave very much
like otner proposed contemporary systems [14, 37]. The most
interesting systems, however, are those not restricted to
bidding operation, and these will be the subject of the
Closest scrutiny here.

Now we <can interpret this general description in
several ways. A ccllection of communication devices and
terminals in a complex store-anc-forward network forms the
most obvious model. Here the connecting nalf-duplex lines
represent the transmission 1links and the communications
devices represent the terminals. In particular, devices
such as card readers ana puncnes and line printers may be
attached to a terminal, and these may be capaktle of
overlapped operation. Furthermore, the same device may be
reached via twc or aore half-duplex circuits. In Aan
alternate iaterpretation, consider a collection ot selector
Channeis, control wunits and input/output devices. Under
tais interpretation the channels represent the transmission
links, thne control units represent the terminals, and th=
devices represent the logical source and sink devices. Note
that tnis description proviaes for patnfinding mechanisms
wanere a single device may be reacned by a number ot canannels
and coantrol units. It 1s clear tnat a single analiysis
should suirice for either ot these cases.

5. Processor-°rProcessor Communications
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6.1 Modeling the Half-Duplex System

In this section, a simple model will be aeveloped from
wanich many of the properties of the half-duplax system are
evident. In this model such a system wili be assumed to
consist of two terminals of identical characteristics and
arbitrarily designated A and B. Each logical source
attacnea to a terminal 1is presumed to (JeLerate 1in a
stocnastic fashion messages of varying length intended for a
logyical sink attacaned to the conjugal terminal. It will not
pe¢ important to establish blocking conventions, checksum and
controi-character codes and other message-dependeunt factors
at tnis time.

The simplest userul haif-duplex terminal contains a
single data burfer, which may be used for transmitted
reCcoras or received records but not both at tne same tinme.
The various contrcl characters used for checksun,
acknowleuagment and enquiry functions are assumed to be
processed 0y the transmissicn nardware or software directly
and are not necessarily invclved in butfer-transfer
operations. This type of organization is typical of hard-
logic terwminal systems, such as tae i1BM 2750 Data
Transuwission Terminal [I10]. We Wwill b2 interested here
primarily 1n a slightly more complex system inm which every
logical source and sink attached to a terminal can be
assigned a butfer aynamicaliy as reguired. Each o0f these
puffers may contain a singyle message, whicn 1is defined as a
seguence or characters delimited in a suitaple fashion.
Several messages from dirferent 1logical sources may be
concatenated into a single record, which 1s defined as a
sejuence OL messages transmitted in a single operation.

Tue behavior of such a system can be visualized with
tne aid of Figure 10, which shows the states that each
terminal can be in at any particular time. Two types of
transmission records can be recognized: tnose that require
an acknowledgment to be returned from the receiving terminal
and tnose that do not. Typicaily, but not necessarily,
messages involving text are ended with a cnecksum sequence
wnich reyuires a positive or negative acknowledgment.
dessages mnot involving text, such as certain control
functions and the acknowledgments themselves, do not require
acknowledgment. These two classes are not exclusive; and it
may happen that a message reJuiring an acknowleagment is
included in a record with a message that aoes rnot.

6. Processor-Processor Communications
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XX| XXO,
ACK [XO,

XXl

/XO-

XX/

ACK

Ol0.

XXO. XXI.

Input digit code: abc.
a REC Receive status
b XMT Transmit request
¢ ACK EXP Acknowledgment expected

Figure 10. States of the Half-Duplex System
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In Figure 10 three siguols ma: .o dentizied as draving
functions during state transit.ons:
REC (rReceive Status). A sigmnal aetermined irom an
inspection ot the wuata set control ieads and certain
timeout criteria (s<e below and Section 7.4). This

signal 1is unambiguously determined only in certain
states. If tne data set 1s in receive status then the
signal has value 1, otnerwise it has value 0.

AMT (Transmit heyuest). A signal determined trom the
Status of a gueue OL messages walting to De
transmitted. If this queue is nounempty then tie blgndl
nas value 1, otherwise it nas value 0.

ACK EXP (Acknowledyment Expected). A signal aetermined from
the nature of the transmitted or received message by
means oi some format criterion. Once the end of a
record containing a message to be acknowiedgd 1is
detectea, the signal has value 1; ana, oncCe tne
acknowledgement is transmitted, tne signal has value 0.

In general, while a terminal is transmitting a message
wnich Wwill require an acknowledgment, it is 1in the transmit
state, and, following transmission, is in the
acknowleagment-expected state. In the acknowledgnment-
expectea state, the terwminal can transmit no messayges at all
except tue €nyuiry message (see below). when tue
acknowledgment 1s received, the teraninal may begin
immeaiately to transmit i1ts next record, if one 1is pending,
or to yo to the idle state. If a message is received at any
time, 1n either the 1dle state or the acknowledgment-
expected state, the terminal switches to the receive state.
Following the received message the terminal switches to the
acknowledge state ana transmits the acknowiedgment.
Eollowlng tne ackrowledgment =state, 1r the terminal aas
trarffic to transmit, 1t may transmit it at teis time; if
not, the +terminal enters the 1dle state. with this
organization, if tratric is always waiting to be transmittec
Dy e€ithner terminal, then both terminals are always 1in a noL-
idle state and the transmission direction cnanges in a flip-
flop-like manner.

Now, once e€itner terkinal enters tune Liie state because
of a temporary 1ull 1in traific, a coliaitlclh Cdan CCCUr 1h
wnich botn terwinals may attempt to transmit siamultaneously,
in whicn case e€ither or both transmissions may ke lost by
the intended receiver. Such situations, comaonly caliea
line-contention situations, can be expected routinely
aitnouygh infrequently in well-designed systans.
Transmission protocois discussea here are desiyned to
provide recovery procedures in these and other situations.

6. Processor-pProcessor communications
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The next secticn presents an analysis of the expected
incidence of contention conditions.

Permission to begin transmission of a message can be
assumed 1in either of two ways. If permission is assumed as
in Figure 10 with no additional interlocks, the operation is
as a contention-without-bidding system. Alternatively, a
speciric bidding procedure can be executed which assigns to
only one terminal permission to transnmit. The bidding
procedure uses a tie-breaking <sequence such as shown in
Figure 11. Assuming both terminals start in the RST state,
taen one or both generate an ENQ character, which is
interpretea by the intended receiver as a reqguest to assune
slave status. The receiver, upcn assuming slave status,
generates an ACK character as a reply. The transmitter,
upon receiving the ACK character, assumes master status.
Inese states are maintained until either terminal indicates
as part of i1ts message or acknowledgment traffic an EOT
cnaracter, which causes both terminals to revert to the RST
sState.

A terminal assuming either master or slave status can
transmit tratfic as 1indicated in Figqgure 10 with the
following exception: a slave terminal cannot take the
transition from the IDLE state to the XIUT state. Thus the
only terminal that can begin to +tramnsmit a message, once
botn terminals have entered the IDLE state, 1s the master.

Halrf-duplex operation requires terminal equipment
control over whether the attached data set 1s transmitting
or receiving. Control over these modes is 1inaicated by the
terminal using the Request to Send (REQ SND) control lead
Wwnich when raised causes the data set to begin transmission.
It 1is 1mportant to realize that, once a transmission has
been initiated on a half-duplex data set, any transmissions
made Dby the opposite terminal are lost. Scme data sets
provide a ".iocal copy" at the receiver when transmitting,
put this 1s simply a monitor of the local transmitter data
stream and reflects the data exactly as sent for
verirication purroses.

6. Processor-Processor Communicatious



43 Topics 1n Computer Comaunicatio. Systems

Note:

NR: Anything except ACK, including TO.
TO: Timeout.

Figure 11. Bidding Operations
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Figure 12 shows the signal sequences involved in 1line
turnaround or change of direction. Once the REQ SND lead is
raised at the data set an internal timeout is set within the
data set so that, after a fixed interval, the Clear to Send
(CLR SND) lead is raised. This is interpreted as permission
to begin data tramnsmission. This interval, usually a couple
of hundred milliseconds, is provided to allow for echo-
suppressing equipment within the switched network to change
direction. The time-delay mechanism is entirely within the
data set itself, however, and does not «condition any
transmission or receiving components. Therefore, it can be
interpreted as advisory obpnly and, if it is known that no
echo-suppressing equipment is incorporated in a particular
call, the CLK SND signal can be ignored. Instead a logical
"Clear to S2nd" can be developed in the following fashion:

In Figure 12 terminal A begins a 1line turnaround
sequence when it drops the REQ SND lead at t(0), causing the
transmitter carrier oscillator to be quencned. Terminal B
recognizes the ralill of the Carrier Detector (CAR DET) signal
following a propagation delay a (about 100 microseconds-per-
mile); however, reflections of the immediately preceding
carrier signal may persist for a period estimated at twice
tne propagation aelay. In order to mask itself against
reception of 1ts own e€choes, terminal A initiates a squelch
delay T(s), as shown, during which the echoes are quenched
and echo-suppressing equipment within the telephone network
cnanges state. Terminal B begins to transmit carrier at
t (2) when 1t raises its REQ SND lead. Data trausmission
must be delayed for a ciamp delay T(d) anowever, to allow
terminal A to synchronize its receiver circuits and for
coilpander equigpment within the telepnhone network to
stabilize.

From this e€iementary analysis 1t is apparent that the
startup time for terminal B's transmitter can be overlapped
Wwith tne snutdown time for terminal A's transmitter sc that
the minimun turnaround time referred to terminal A should be
2d4+T(c), proviued that A's squelch cGelay is carefully
adjusted. This condition 1is <satisfied if t(3)>t(1) in
Figure 12.

It 1s possible to compute these delays it the length of
tne circuit 1s Knowa and 1t is known whether or not echo-
Suppression equipment 1is in use on a particuliar call.
LsXperience on calls up to a couple of huncred miles within
dichigan 1naicates that a snort-turnaround delay or fperhaps
a few miiliseconds is suificient to allow the eclhoes to be
JueilCned aliu tne cliicuitry to stabilize.
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It is possible in this manner to determine the state of
tne half-duplex system with respect to a particular terminal
through an inspection of the data set control-lead signals.
However, with respect to the transmission network, an
ambiguity exists at certain times when one terminal is
unsure of the state of the cther. Tne period of this
ambiguity extends from the time that one terminal raises its
REQ SND 1lead and enters the transmit state until the other
terminal recognizes the rise of the CAR DET lead and enters
tne receive state. The following rules will obviously
minimize the contention incidence:

1) A terminal will not attempt to enter the transmit
state 1f its CAR DET lead is raised;

2) Upon entering the idle state a terminal will not
attempt to transmit until a timeout egual tc twice
tne propagation delay has expired.

6.2 Error Recovery in Half-Duplex Systems

Up to this point no mention has Lkeen made of the format
of tne transmitted message or the nature of the replies
transmitted by the receiver. In this section, a srecific
protocol wili be presented which has the capability of
recovering from lcst-record and tad-checksum situations. In
this discussion, frequent rerference will be made to
communications control characters such as ETX and NAK.
These snould be interpreted as logical functions only for
the purposes of the present discussion; the exact coaes and
Seguences chosen to represent these functions will be
discussed in a later section.

There are two tools which prcovide mechanisms for error
recovery: the use of a cyclic-redundancy checksum and the
use of the ENQ function. The checksum is primarily used to
distinguish 1line errors which occur during transmission of
messayje text, although 1t is also userul in certain cases
involiving contention. The EN{ character 1is used 1in
conjunction with a timeout <runction primarily 1in cases
involving contention, but is also userfui in certain casus
involving line errors duilng the synchronizing phase.

The transmissicn conventions can be concisely
summarized taus: each mnessage including text 1s terminatea
with a communications controi character (eTX, &TB, etc.)
Which 1inaicates that a two-character «checksum follows.
Followling trausmission of sucn a message, tne transmitting
terminal (A) initiates a timeout of perhaps a second or so
in duratiou. Meanwhile, the receiving terminal (B) <checks
the transmittea checksum against its own calculaticns and
transmits:

6. Processor-°rProcessor Communications
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1) A positive acknowledgment (ACKO ACK1) 1f the
checksums agree, or

2) A NAK if they do not agree.

The choice of which of the two positive acknowledgments
to transmit is determinea <Irom a count of the received
records as Kept by the B receiver. If this count 1is odd,
tnen ACKO is transmitted; if even, then ACK1 is trausmitted.
Remember that b may fail altoyether to receive the message
due to failure to synchronize or to line contention. ©Now if
A, which 1s maintaining a count of its transmitted records
in step with B's count, receives the appropriate positive
acknowleagment, then it proceeds with the next operation
normally. If A receives either the wrong acknowledgment or
tne NAK character, then it retransmits the message exactly
as before. Ir the timeout started by A expires, tanen A must
assume that either of two cases prevaii:

1) Tne message itself was lcst and no acknowledagment
was sent by B, or

2) The nressage was received by B but the
acknowledgment itself was lost by A.

To resolve these two cases, A sends the ENyY character to B
which, by conveution, responds with the last acknowliedgment
cnaracter it transmittea. Terminal A now enters the same
state as when it transmitted the originai messagde and
cnecksum; tnat is, it initiates its timeout and acts upon
the received acknowledgment as definea. Refinements to
protect against intinite loops under hard-error conditions
are simple and obvious.

Several minor [points should be made here before
proceeding to the formal analysis of the reliability and
scope of this procedure. First, this procedure must be used
in every case that either terminal is in an idle condition,
that is, not expecting an acknowledgment. Therefore, 1if a
delayed go-ahead convention 1is used to prevent receiver
butfer overfiow, then the go-ahead message (or character)
must be treated as a separately acknowledged message.
Second, we assume that neither terminal will attempt to
transmit if its CAR DET lead is raised (see Section 7.4).
This requirement is not a necessary one, but it reduces the
incidence of contention and, of course, the number of time-
consuming recovery procedures.

Consider the two finite automata of Figure 13, one
designated the transmitter (A) and the other the receiver
(B) . Assume both automata start in state 0 (a symmetrical
argument holds if both start in state 1). We will assunme
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that the two automata operate asynchronously but that the
output symbols or A will be the input symbols of B and vise-
versa.

A message transmission is completed when the ETX 1is
transmitted by A. As indicated B may dinterpret this
properly, as a bad-checksum record, possibly as another
communicatioas-control caaracter, or may fail to syanchronize
and miss the record entirely. Now, because of the structure
or the record and the checksum, it is very unlikely that B
will interpret the ETX as another communications-control
character, so that tne only real choices lefit to B are:

a) properly received,
b) bad cnecksun,
C) no reception at all.

Note that only in the case of (a) will tne r[eceilver
transition to state 1 and emit the ACKO character. Case (b)
will cause the receiver to emit a NAK character and return
to state 0, while case (c) causes, or course, no action at
all.

Whiie all this is going on, the transmitter 1s sitting
in state 0 with its timeout running. If it receives an ACKO
from B as above, then it disconnects the timeout and
transitions to its own state 1. During this transition, it
may transmit anotaer message to B (which is now in its own
state 1) and the transmissicn-acknowledgment cycle can
continue as before with botn autcmata in state 1. Iin this
manner, with nc errors, both automata remain in step flip-
flopping between states 0 and 1.

6. Processor-Processor Communications
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returning, however, to the first case, assume that the
transmitter receives a NAK as an acknowledgment from B.
Assuming correct reception of this character, A can assume
that B 1is still in state 0 and can retransmit its record,
remaining itself in state 0. If the timeout expires, then A
does not really know whether B received the record correctly
but A dia not receive B's acknowledgment, or whether B
failed to receive any record at all. Transmitter A&,
therefore, sends an ENg¢ character to B, returns to state 0,
ana restarts its timeout. Again assuming correct reception
by A, if A understands o's last acknowledgment was ACKO,
then the message was, ia fact, prcperly received by B and A
can continue as in the error-free case. If any other
acknowledgment is understood by A, then A can assume that B
has lost the message entirely and A «can retransmit the
message. As an exercise, the reader can verify that most
second-order errors (errors in the acknowledgment characters
themselves) still do not compromise the eventual successful
recovery of this procedure. 7The orly requirement is that
line garbling does not change one type of acknowledgment
into another. An analysis similar to that presented here
can pe rfouna in [2] and {24]. The use of the EN¢ timeout
runction ana the even/odd acknowledgment convention is
propos<d in [ 14 ] and [37].

6.3_Eusy_ Coaditions_and Wait_Interlocks

Ia typical cases invoiviag remote jou entry ana display
equipment, situations may occur in which a logical sink
device attached to a terminal has a basic operating speed
mucn below the ojperatiag speed of the trausmission iink. In
such cases the device will appear busy if an attempt is made
to transait a message to it before 1t has finished
processing a previous Lessage. with the roregoing
transmission protocol in miad it is obvious that a positive
interlock is available ir tne receiver of a message destined
for such a aevice can withold tne acknowledgment until the
aevice 1s 1n fact ready to process the next message.
However, 1f the waiting time is lcnger than the ENU timeout
period or tne transmitter, then scme reply conventions are
needed to prevent spurious recovery attempts possibly
leading to apandcnment and discounect by the transmitter.

What 1s needed here 1s an acknowledyment convention
wnich allows the veritication o¢f a correctly received
message and the indication oi ceadiness to receive the next
message to be separately indicatea ia the acknowledgments.
We invent two new control functions for this purpose, called
A ana WA3T, where GA indicates readiness to receive the
next following record aiad WABT denies this condition.
rurthermcre, we establish that the ACK and NAK functions be
restricted to indicate the affirmation or dJenial oi a
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correct message reception, as indicated by the checksun
COmparison.

Now the transmitter <can establish a strategy to
maximize the throughput of the systen. We must remain
within the constraints of the error recovery environment,
nowever, which evidently requires the following benavior:

1) Once a terminal has transmitted a record
containing a message to a device 1t <cannot
transmit any traific whatsoever except an ENQ, and
that only after a timeout period equal to at least
twice the propagation delay.

2) If the acknowledgment record received Ly the
transmitting terminal contains an ACK for the
message in Jquestion, then the transmitter can
reciaim the burier ana proceed to tae next
operation. Ir the acknowleagment record contains
a NAK for the message, thern the transmitter marks
tnis message for retransmission and does not
proceed to the next operation. However, the ACK
or NAK in themselves do not 1imply that the
transmitter can send the anext message if one
becomes pending.

3) if the acknowledgment record received by the
transmitting terminal contains a WABT for the
message in question, then the transmitter sets a
wait latch which Frevents further traffic
altogetiner. In particular, no ENQ operations are
permitted ana the status of the last transmitted
message is not 1ndicated. Transmission of the
WASBT implies that the terminal transmitting the
WABT has accepted responsibility for (generating
and verliiying reception of a GA message at some
future time. Furtnermore, the WABT applies only
to the message and its connected aevice 1in
questicn, and traffic may proceed normally for
other devices Wwhicn may Dbe attacaned to either
terminal.

Note that the ACK-NAK and wABT-GA iunctions are
logically independent, so that various operatious can be
indicated by <ccmbining these functions in a single
acknowleagment.

Now the receiver's strategy may be quite complex, and
depend wupon a number of delay conditions likely to occur.
Consider a state of the system in which B has just indicated
that A's last message has been correctly received but has
not indicated whether or not it can accept rfurther traffic.
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Now, we assume tnat either terminal can attempt to use the
link for transmission of control functions. Let A transmit
its next message anyway. However, we assume that B's
recelve bufrer may not be empty at this time and it may
nhappen tnat B has a0 place to put A's next tollowing
message. 1n sucn a case, a buffer overrun conditicn can
exist at B and part or all of the message may be lost. The
rollowing strategies are possibple:

1) If E just happens to have room in 1its Treceive
buffer at this time, theu the record can be
acknowleageda appropriately aad transmission may
continue normally.

2) If a buffer overrun condition exists at E and,
fturthermore, 1if B expects tnat its receive buffer
will be empty within a snort interval comparable
to the message retransmission time, then B can
delete the partially received record and
acknowledge with a NAK. This will cause A to
immediately retransmit its record, which should
then creep into B's receive burfer at about the
same rate that the previous message 1is creeping
out of 1it. This creery behavior is possible in
kAMP-1ike systems [25, 26 ]

3) If B knows tnat its receive puffer will be tied up
for a reriod greater than the retransmission time
but less than the timeout 1interval for ENQ
operations, then B can wait until the bufier is
enpty and zap a NAK bkack to A, which then
retransmits tiane record. (Note that this behavior
is distinct from (2), since, 1f B has traffic to
be transmitted to A, B would 1like to get rid of it
as soon as possible. Theretore, 1f B can assune
tnat its recaive operations are proceeding
snappily, then it can take a chance and sneak a
transmit record including the NAK back to A.)

4) If B Kknows tnat 1ts receive operations are slow,
then it <can sit tight and wait for the ENQ
functicn following A's timeout. At this time B
nas an interesting set of possibilities. It can
continue to sit tight amnd let A retransmit ENQ's;
it can bounce a NAK c¢if A, <causing it to
retransmit its last record; or it can transmit a
WABT to A, which tells it to shut up and await a
GA from B. Note that the GA message in this case
must be transmitted as a separately acknowledged
message, since the WABT gave A explicit permission
to send acknowiedgments and messages tfor other
aevices. This is the omnly way that B «can punch
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through traffic for A without acknowledging A's
last record.

It is desirabie here to allow several acknowledgments
to be concatenated in the same record, so that the
transmitter can release 1its previous message buffer
concurrently with transmission of the next message. Also,
note that at least one acknowledgment character must be
received by a terminai in the acknowledgmeat-expected state
berfore any ifurther transactions can oOcCcur. Finalily, notc
that the GA 1s treated like any outbound message from B and
must nave tne even/odd acknowledyment convention applied.

In the operation of half-duplex systems 1n hignly
interactive conversational envircnments there 1s a need for
a special message Wwalch can be used to interrupt the
execution of a program or the transmission oi data. Tnis
message is commonly called an asynchronous interrupt [ 25,
26] ana 1is designed so that delivery 1s assured with high
probability in the event of outstanding device hangups and
transmission errors. It 1is proposed tanat a new message
called ATTN be invented for tnis purpose. It will have much
the same characteristics as the GA message 1in that it
contains no text but will be separately acknowledged. This
message may be transmitted at any time in wnich the intended
receiver 1s not waiting for a positive or negative
acknowledgment.

There i1s an interesting, nct altogether accidental,
interpretation oL tnese procedures 1in connection With
channel and control-unit operation internally to a time-
snared system such as the System/360, and most particularly
to a duplex system involving several control units. In such
a retwork a message is a channel-to-control unit
transmission and is terminated by an ending condition either
py tne <channel or by the control unit, following which a
status cycle (device end) is initiated by tane coatrol unit.
If no errors are found then an ACK can be assumed.
Otherwise unit-check is included in the status byte and NAK
is assumed. ©Now, if a channel attempts to select a control
unit which is attached to ancther channel by a different
path, then a control-unit-busy (wABT) condition is returned
to tne channel which, by convention, awaits a control-unit-
end indication (GA) when the <control unit again becones
available.

0.4 Multipiexing Severai Parallel Paths

Now, using the machinery developed above to describe
the basic point-to-point half-duplex system, we show how a
system of queues can be constructed so that several parallel
logical message paths can be sustained using several
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parallel nalr-auplex links. There are two reasons why this
1s «desirabie: first, an obvious speed improvement can be
achieved by using a number of parallel transmission patias
operating within a fixed maximum rate, and second, tne use
of parallei logyical paths allows the transmitter and
receiver to concatenate messages ana acknowledgments along
each path anda to minimize tne number or turnaround delays.
This proceuuie implies, oi course, a delay while a message
Waits 1in a queue for its turn to be transuitted. We assume
tnat this delay can pe tolerated in tne interest oi higher
effective transmission rates.

The notion of paraliel 1logical patias here 1is not
necessarily assumed to be restricted to separate real-time
operations, but could pbe ajppiied to serial processes 1in
wnich the several bufiers arec used seguewntially by a single
real-time operation. As before, we assume the method of
scatteriny records amony the transmission paths to be a
strategic rather than a procedural operation. Tne systen,
given an iucidence o1 message reguests, atteupts to
propayate each tc the <corresponding receiver buffer with
€4uai priority aioug any patn avaiiable at tne moment.

Now, counsidel tuaat each teimindai 1in thols Detwork
maintains a qucue of pressages to be transmitted together
witn the lojical aestinations Oi these messages. We  can
assume that the¢ distripution cf tne messages Jueued at the
transmitter f£ollows a meaningrul algoritaum and that each
terminai maintains a connecticn matrix showing how any
logical sink device can be reacned from aay terminal.
rurthermore, we assule that the cost of transmission along
any patn can be precomputea by the terainai based on its
inrormation as tc networx loading.

Given ali of taese constraiints, the soiution oI which
CepresSents an  interesting prceolem in 1itself, a set of
protocols can be asveloped ahich prcvide foL  point-to-point
transmissioii operatious witiin the network and for
conventions 1 €rIOr LaCoVery. 1L the most nasic analysis,
tne Dbenavior of the ncetworx 1is depeadent uron that of the
inaividuald trarsmission L1ink, Aausd tais fhas  alreaay Dbeen
d2scribad.

At tae recelver, 1nCOomlng messay<s dgay De  routed to
reiatively slow devices. For each oI taese devices an input
burier 1s assumed to exist at diy tike 1i whiCa an  iaputc
message may De receivea oy taat CevicCe. 11 taoe oUiiel docs
not <¢£1st thel a G¢2VicCe-ousy Conditiul is assuleu. Once the
message has been stored 1n a burier, aowever, tuelLe Ray be
Some delay berore the message i1is prcpagatea rrou tne burfer
to the device or 1is processed Dy the systen.
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Tne transmission operation in the system can then be
visualized witn the aid or figure 14, in wnich a yueue of
message buirers awaiting transmission 1s maintainea at each
terwinal ausd a corresporaing set cr burirers is maintained at
Tne reCelver. 1The strategy of message protocol is obviously
tnen to proviue the aigaest messaye rate coasisteut with the
smaliest yueueling aelaye. Each message stoced 1n tne
transmit DpuIrter at one terminal 1s to be delivered to the
receive bufter or tne other. Each traaswission 1s to be
acknowiedg=2d 1in some fashion so taat the transmitter may
eltner retrausmit the message or reclaim the burter.

ne states o1 the system can ke assign=d as uesScribed
previously, but with tae understanaing tnat cacn buiifer may
Je il a particular state 1inaependent of all the otners.
Jace a message nas been storeda in a transmit pbuffer the

burfer will e 1in tne trauasmit-pendiny State. Wnen
trawsaission begius, tre buffei will Dbe in tne transmit
state, ana, roliowing trausmission, will ve in the
acknowliedygment—exjectea state. Waoel tne acknowleuyment 1is

received, tne butier will return tc the traiasmit state or be
reicased, depending oL whether the message was positively or
negatively ackuowicug:zd. iz, Wwhen 1n  ta= 1dle state a
meSsaye 1S recelved, 4 huiier Joes 1nto tue receive state,
ana roiLilowiny an end-or-awessaje 1ndlcation may revert to
eltuer the laie sState oi tihe acknowieaye state, depending on
Winetael an acknowiedyjmeat was ifegquired or not.

Now coasiaer tinat eaca transmittec maiantains a gueue oI
all butrers in the transmit-pending state. Wwhen a terminal
cau enter the transmit state 1t transmits ail puirers on
this qUeUe ana warks eacn burier accordingly as in the
acknowieagyment—expected state. JIransmission continues until
tne transmit queue 1is empty, aiter whica a timeout is

startea separately for «<acn bultfer. At the receiver a
collection of puifers 1is maintained, eacn presumably
attacned to some devic=. Ae assume tuat each transmit

buffer 1s marked as to wnicnh receiver buffer snould pick up
the message. At tne receiver, then, ta@ 1ncoming messages
are each cneckea ior validity and par<ed i1n the appropriate
pufrer. ©Foilowiny the transmit operation, tanen, scme of thne
receive buirers are zrull and in the acknowledgment state.
where known, <the acknowledgments are posted with the
receiver burfer. All of these acknowledgments are
coircatenat21 anld transmitted back to tne tramsmitter, waich
then deletes <rrom its queue all those buffers which have
been successtulily transwitted, and marks the others to be
retransmitted. Note that all ot the control functions ACK,
NAK and ENQ must be coded in such a way that they can be
associated with the logical buffer to wnich they belong.
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b.5 Coulng #dessages

50 far, tne icllowiug eignt control fuuctious have heen
1dentifled: “a, LCsau, ACAKT, JAK, Eb., %ADT, wa abud AITH.
W€ nave also indicatea taat, 1n nuitiple-patn operations, a
means 1s rejuired to code the logical burier to wuicCh these
appivye. rurtrermoie, a need exists to encode special
Seguences SO that these control codes can ve transmitted as
part of text inrformation. in this section a coding
procecaoure wili ke described which is  bpased on formal
anaiysis. Tnis agpfcach provides unot ouniy a coucise
deillltion O the CoOullg froc<dure but ailso aerines in an
autosaton-tixeoretic scuunse toe nardware/soitwace  [rocessor
wnici periorms the encoulng/uecoding operations.

i by

We beyin by deiining a number of classes which
effectively partition tune set of all caaracters wanich may be
propagyated ou the system. Some of these classes will be
reserved for ccntrel functiouns; but the remainader can be
used ia the mecsayge text itselif. This partition aqoes not
mean that tne 1ull set o0f cuaracters is a0t available for
use 1h messages, but cnly that a control cnaracter appearing
in a mRmnessage MDUst ke recoued in a special maunner te avoid
coniusic.a Wwitn the coutrol characters used Ly  lhe Systen
itselt. T.ie reccdiny process 15 orten cai.ed a traunsparent
biaary proceuure 14 ], rFcllowiag 15 a runctional sunmary od
tne coatrcl-runctiou classes adaptea trom | 14)] anu | 37]. By
imprication, ail ou tae remainingy cnaractels beloiny 1in the
text class:

SIT4 (Start ox TeXxt). A character useda to signal tne start
Or a text message. May Lte prececea by a selection
sequence (see below). A message beginiing with an S7X
cnaracter always requires an acknowledgment. This
Character causes tne checksum to be reset 1in certain
cases.

SO0d (Start or Headlng). A cuaracter uscd to signal the
start ot a control message intenaec IOr a particular
terminal on a store-and-forward system. May be
pLeceded Dby a selection sequelice and followed by a
selection character which 1identiries the particular
terminal to wnick tne message 1s directed. For the
purposes of data transmission, however, no distinction
is made between the SOH and STX characters. Note that
tnis is a mcre restricted interpretation tnan specified
in [37]. A message beginning with an SOH character
always requires an acknowledgment. This character
causes the checksum to be reset in certain cases.

ETX (End of Text) and ETB (End of Text Block). Characters
which end a message begun ky either STX or SCH. No
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aistinction is made herein between these two characters
(but see [37]). These characters are always tollowed
by a two-character «checksum seguence and a line
turnaround for acknowledgment purposes.

(Information Unit Separator - also called 1ITB). A
character wused in identically the same fashion as the
uTX/ETB characters but does not imply 1line turnaround
for acknowledgment purposes. In 1links using 1IBM
terminals the IUS-checksum segquence must be follcwed by
at least two SYN characters to allow the equipment to
resynchronize.

{Synchronous 1Idle). .\ character used both to
syncahronize the receiver deserializer process and to
£fill otherwise "dead spots" in the transmitted

cnaracter stream. Must be inserted every second or so
in links using IBM terminals for equipment reasons.
May be preceded by a DLE cnaracter in transparent-
Linary operations. Alsc, 1in links using IBM terminals,
at least two SIN characters must be transmitted after
certain checksum seguences involving tihne ITB character

and certain acknowledgment characters. The SYN
character never particirpates in the checksum
accumulation.

(Data Link Escape). A character used in code-extension
sequences for two purposes:

1) To ditfferentiate the use of communications control
characters as text information <from their use as
control information in transparent binary segueices.

2) To provide a mechanism in which extended control
functions can be added to the set assigned the USASCII
communications ccntrol characters (see Section 5.2j.
Examples are: ACKO (DLE-O0), ACK1 (DLE-1), WABI (LLE-?),
GA (DLE-:) and ATTN (DLE-3;).

A DLE sequence of either type Dbegins witn a DLE
character, continues with an optional sequence of
intermediate <characters of a speciried type, and
concludes with a final character of a specified type.

and ACK1 (Fositive Acknowledgments). A pair of two-

character sequences coded as DLE-Q and DL:iE-1
respectively and used tc signal acceptance of a message
requiring an acknowiedgmeat. May be preceded by a

selection sequence. The choice of which of these two
Sequences to use in any case is detecmined by a count
Of the received records as described in Section 6.Z.
In transmission 1links 1nvolving IBH{ equipment these
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sequences may cause the receiver to end the currernt
record and abandcn syachroaization.

(Negative Acknowledgment). A character usea to signal
rejection cf a messaye requiring an acknowledgment.
May be preceded by a selection sequence. In
transmission links involving IBM egquigment this
Character may cause the receiver to end the current
record anu abandon synchronizatiou.

(Wait Before Tramnsmit). A4 two-character sequence coded
DLE-? And used to explicitly request the transmitter
to suspend message traffic until the transmission of a
GA sequence as described in Section 6.3. May be
preceaed by a selection sequence. Upon transmission of
this sequence the transmitter agrees to take
responsibility for the delivery and verification of the
GA seyuence. In transmission 1links invclving IBM
equipment this sequence may cause the receiver to end
the current record and abandon synchronization.

(Go Ahead). A two-character sequence coded LLE-! And
used to explicitly request that transmission e resumed
rollowing a WABT segquence. May be preceaed by a
selection seguence. This character is only generated
by a receiving terminal if it has previously generated
a WABT message 1ror the rpurpcse of intericcking the
transmitter against further transmission while the
receiver conmpletes some time-depenaent operation. This
sequence 1s considereda a nessage and must be
acknowledged 1in the usual fashion. Note that this
sequence does not appear in either [ 14] or {37].

(Enquiry) . A character used in error recovery
operatious as indicated in Section ©6.2. May Dbe
preceded by a selection sequence. In transmission

links 1nvolving iIBM equipment this character may cause
tue receiver to e€nd the current record and abandon
synchronization.

(Attention). A two-chnaracter sequence coaed DLE-; and
used to explicitly request an asyncnronous interrupt to
tne operating system of the connected terminal or
computing systen. May be preceded by a selection
segquence. Thilis sequence is considered a message and
must ¢ acknowledged in the usual fashion. Note that
this sequence does not appear in either [14] or [37].

(End of Transmission). A cnaracter used as a general
reset function to clear the circuit of outstanding
error aangup conditions. In transmission links
involviny IEM equipment this character may cause the
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receiver to end tne current record and abandon
syncaronization. The following uses are explicitly
reccgnized:

If the EOT character is the first (and only) non-SYN
cnaracter 1nh the record then a general reset function
is periormed along all 1logicail paths, SO that
outstanaing acknowledgment and busy conditions can be
cleared. This operation 1is performed prior to a
bidding operation 1in the contention-with-bidding mode
and 1n certain error recovery situations.

2) It tne ECT character 1s r[preceded by a selsection
Sequeunce, tnen the reset function applies only to the
logicai pathn selected and the record is not ended.

3) If the EOT <character is not the first non-S¥YN
character 1in the record and 1is not preceded by a
selection sequence, then the only operation is to end
tie current record. Ihe EOT character 1is used in this
manner to end a record consistiny entirely of
ackinowledgments or of messages ended with an IUS-
checksum sequence.

Tne enumeration above defines a partition of all those
Cnarfacters which are available in a transmission code. For
taoe purposes nere all of these characters are given the
interpretation ana cnaracter-code assignments according to
the USASCIL coaventions establishea in Section 5.2.

T.e syntax of a record structure which meets these
reguir<tents can bz c¢ifectively described as a language-
geLeratilLy Jdevice whilch generates (oi recoglhizes) a set of
Se UeLiCus OL SYRLOLS 1n a deterministic manaer. Thnis device
may oe LnOU4ui CL as a modael for the logic design of a hard-
+0ylC TerMinai OL as a mouel tor a progyral coastruction in a
programmapi-: teImlinal. s lianyuage-generatiug devicCe ci the
Typ€ useili ne€re can be aescribed compietely either by a
State—-TiaubLT1OL QlagyLam Of an autcmaton or py a system of
Cuies OL & iCLkal grarmmar. HEitner description defines a
deviCe WalCi cah yeierate (or equivalently caun recognize) a
set oI Sejuences of symbcls. Each of tnese sequences is
Caiicu a seintellCe and tne set orf ail sentences generated (or
recoy,nizeda) Loy the aevice is callea its lanjuage.

sigyure 15 snows the State-transition dadiagram ox an
autoratoi WulCh wesSCribes sucn a language-yeherating device.
Tne languag2 OrL tuls automaton is5 1in Ialt a subset oi that
useca in 184  Binary Syncarouous Ccummunications [ 14] and is
also a sups:t ci that proposed as a USA standard {37). This
particular syrntax does Tnot, hOWeVel, }LOVide ror either
transparent bilnary or ror mudtipiexing operatiouns such as
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proposed in Section 6.4.

Under the intended interpretation here the language
generated (or recognized) by the autcmaton is the set of all
valid records, consisting of messages and control functions,
which <can be transmitted (or received) by a terminal. The
generation (or recognition) Ffprocess begins when the
automaton 1is started in a particular state ("PHA" in Figure
15) , continues as the 1input <characters are presented in
turn, and concludes 1in a particular finai state ("EOT" in
Figure 15) if the record is accepted. If tne autcmatcn ever
receives an input which is not assigned in a pgarticular
state then the automaton is said to be blocked and the
transmission 1s in error.

In the alternate descrirtion as a <formai grammar the
language-generating device can be described by a set of
rules of tne tform A -> aB and A -> a, where a is a terminal
symbol, that is a symbol which might occur in a record, aud
A and B are nonterminal symbols, that is symbols introduced
for the purpose of assigning a structural description to the
record. In fact the nonterminal sympols in these rules will
correspond exactly to the 1labeled states in the state-
transition aiagram and, in this simple case, the rules will
bear a simple relationship tc the transition functions of
tne familiiar state-transition table.

Now the rules of the formal grammar for the language
described by the autcmaton of Figure 15 can be written out
in tne conventional Backus-Nauer form (the justification for
this procedure 1is beyond the scope of this report, but an
inspection will reveal the general technique). In the
following V represents the set of all terminal symbols (the
vocabulary). If a set notation is used to represent a class
of terminal symbols, then the rule 1s assumea to be
replicated once for each element in the class.

<PHA> =:: {V-SIN} | <PHA> {V-SYN}

<SYN> =:: <EHA> SYN | <SYN> {V-{STX+NAK+ENQ}}

KTAT> =:: <SYN> STX | <TXT> {V-ETX}

<BCC> =:: <TXT> ETX | <BCC> BC1

<DLE> =:: <SYN> DLE | <DLE> EETA

<EOT> =:: <SYN> {NAK+ENC} | <BCC> {V-BC1} | <DLE> ({V-
BETA}

The operation of a formal grammar language-recognition
device <can be described 1in the following crude fashion:
starting with a string (the record), an attempt is made to
matcn tne right-nand side of a rule to a substring of the
string (starting from the beginning of the string). When a
match 1is tfound the substring is replaced by the nonterminal
symbol on the left of the matching rule. This process 1is
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continued wuntil either no rule applies, in which case the
wrong substitution might have been made and the process must
be "backed wup" to try an alternate matching rule, or the
string is reduced to the single starting symbol (<EOT> in
the rules here). If it is possible to perrorm the reduction
operations as described, themn the string is in fact a valid
senteunce (or recorda), otherwise it is not.

it should be clear from the above descriptions that the
two alternate descripticns of language-generating devices
are 1in ract equivalent ana that both describe in a
deterministic manner the syntax of a record structure as
required in the previous sections. Note 1n passing that a
much more complex syntax can be described using these same
approaches, ana sucih devices may have practical application
in more compiex store-and-forward systems than are imagined
here. For the present discussicn only the theories of
finite-states automata and regqular grammars are pertinent.
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=}

Legend:
B A set of intermediate chars [37]
a Any char not mentioned

Figure 15. Simple Transmission Syntax
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6.6 A_Proposal for_a_ Transmission_ Erotocol

Now,

with the foregoing tutorial in mind, let us

develop an automaton-theoretic modei sufficiently complex to
implemert the functions called for in Sections 6.1 through
The same lexical symbols will be used, as described in
beginning <c¢f Section 6.5. Where possible the
conventions will coincide with those established in [14] and

6.4.
the

[37].

6.

1)

2)

3)

%)

The following guidelines will be pertinent:

All messages involving text will be separately
checksunned using the 16-bit two-character
checksum computed as shown in Figure 3 of Section
3.3. All character codes may be included in the
text, so that transparent binary conventions will
be necessary. All messages involving text will be
acknowledged. If such a message 1is received
erroneously it must be retransmitted.

Control-function sequences reed not be separately
checksummed since each character is assigned an
odd-parity check bit. If a control-function
sequence is received in error then it is
disregarded. Cnly the GA and ATTN control-
function sequences are acknowledged, since they
are 1in reality messages. All other control-
tunction sequences are never acknowledged.

Each message 1invclving text and each control-
function seguence may be preceded by a selection
sequence which identifies the logical source and
sink path as reguirea 1in Section 6.4. The
structure of the selection sequence is not
i1mportant except that is should be short, of fixed
iLength, and designed so that transrkission errors
willi not likeliy change a valid selection sequence
into ancther. 1If a transmission error 1is detected
in a selection seguence then the rollowing message
or control-function sequence will ke disregarded.

Messages involving text can Dbe included 1in the
same record as control-function sequences, but in
such cases the cocutrcl-iuuction sequences must
occur between the [messagyes (i.e., not embeaded
witnin the message text 1tself).

It must be assumed tnat transmissiol liliie €rrors
and equipment raults will be a routine, although
inrrequeit, occasion in the system. Tnereiore tne
syntactic specitication should pe exhaustive and
the autcmaton snould not bplock at other tnan
designated error-recovery states.
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6) Compatibility with [14] and L37] shall e
maintained in the following manL=r: 2acan terminal
implementing this protocol suall operate in «<ither
of two modes: a) an unrestricted mode 1n which the
full set oI procedures outlined nere are
applicable, and b) a restricted mode in waich:

1) All ackncwledgments, including all of the DLE
sequences, end the record of which they are a
part. Therefore multiplexing in tne sense of
Section 6.4 is not possible and selection
sequences are not meaningful.

2) Following an IUS-checksum sequence the checksum
will not be reset at the next STX or SOH character
and will be allowed to accumulate at the next
character following the checksun.

3) Operation is confined to the contention node,
in which a terminal must bid for the transmission
circulit beifore message transmission can begin (see
{14] and [37]) .

4) The WABT, GA and ATTN sequences are never
acknowledged. The GA ana ATITN sequences are not
defined and will not be transmitted.

5) In response to a record containing an IU0S-
cnecksum sequence the acknowledgment aprlies to
all messages in the record; that is the positive
acknowledgment will be transnitted if all
checksums ccmpare properly and the negative
acknowledgment will be transmitted if any do not.

Figure 16 shows a syntax which satisfies these
guidelines. The figure shows a ten-state automaton which
generates (or recognizes) a record wnich mignt be
transmitted (or received) by a terminal. The operation of
this automaton can be explicated as a function of each of
its ten states as follows:

PHA (Phase Synchronization). The receiver always starts in
this state when searching for the correct deserializer
synchronization. In this state all character codes are
ignored except SYN, which causes a transition to the
SIN (Synchronous Idle) state.

SYN (Synchronous Idle). This state is entered <following
deserializer synchronization, following each message
terminated by an IUS-checksum segquence and zfollowing
each contrcl-function sequence. This state is also
entered if a «cancel sequence (ENY or DLE-ENQ) is
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detected in a text state or if a selection sequence is
detected in error. An EOT character detected in this
state causes a transition to the EOT (End of
Transmission) state, which <causes in turn a line
turnaround (see Figure 10). In the restricted mode of
operation the control-function characters ACK, NAK and
ENQ also cause this action.

(Select). This state is entered only from the SYN
(Synchronous Idle) state when the first character of a
selection sequence is detectea (most likely a letter).
It 1is presumed in Figure 16 that all of the operations
necessary to identify a selection sequence are implied
in the single state shown. A selection sequence can
terminate only in a STX, SOH or DLE character, and in
these cases the autcmaton takes the paths shown. A
selection sequence terminated by any other character is
assumad ill-formed and operation continues in the SYN
State.

(Text). This state is entered either from the SYN
(Synchronous Idle) or the SEL (Select) states when an
51X or SOH character is detected. Upon entry to this
state tne checksum is reset. In the restricted mode of
operation the checksum is reset only 1f the STX or SOH
character kegins the first message in the record.
Operation continues in this state as text characters
are accumulated wuntil either an ETB, ETX or IUS
character is detected, which cause the text message to
be endea. A  SYN character is not considereda part of
tne text informatiou and does not participate in the
checksum accumulation. An ENC character has the effect
oL canceling the message and in this <case operation
continues in the SYN state.

(pata Link Escape). This state is entered when a DLE
Character 1is detected in either the SYN (Synchronous
Idle) or SEL (Select) states. According to the
conventions estaclishea above, the DILE initiates a
code-extension sequence consisting oI a single DLE
character tollowed by a number of intermediate
characters ana terminated by a final cnaracter. Only a
few of tnese DLE sequences are derined for the purposes
here ana none 1invoive an 1intermediate character. As
required by [37] however, iutermediate characters are
properly processed as shown, altnough the sequence 1is
marked invalid. An STX or SOH final <character
following a DLE character causes a transition to tne
ITXT (Transparent Text) state as shown. All other
final cnaracters following a DLE cnaracter cause a
transition to the SYN state. 1In the restricted mode of
operation the arrow leading from the DLE state to the
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SYN state is ulverted instead to tne EOT state.

(fransparent ‘Text). This state is entered from the DLE
(Data Link Escape) state when an SiX or SOH character
1s detected and in other cases as shown. Upon entry to
this state the checksum is reset. In the restricted
mode OL ojperation the checksum is reset oniy 1f the STX
or SO0Hd character begins the first message 1in the
record. Operaticn continues 1n this state as text
characters are accumulated until a DLE character is
detected. The DLE character itself does not
participate in tne checksum accumulation.

(Transparent DLE). This state is entered only Iron the
TIXT (Transparent Text) state when a DLE character is
detected. 1The DLs character initiates a code-extension
sequence as descriped under tne DLE (vata Link Escape)
state. An £93, ETL or I1IUS character following the DLE
cnaracter causes a termination or the text message as
snown. All other characters cause a transiticn to tne
SYN (Synchronous Idle) state, altnough only some of
tnese are vaiiu. 1In the restricted mode of operation
the arrow leading rrom the 1IiXT state to the SYN state
is diverted instead to tne ECT state.

(Information Unit Separator). This state 1s entered
irom a text state when an 10S characteir (also called
ITB) is detected. It is presumed in Figure 15 that all
of the ofperations necessary to generate the two-
character checksum ar<¢ impliea 1in tane singie sState
shown. As shown, a two-character checksum sequence is
generated and exit 1s made to the GYN (Synchronous
idle) state.

(2nd of Text). This state is entered rrom a text state
wnen either an ETB or ETX character 1s detected. It is
presumed in Figure 15 that all of the operations
necessary to generate the two-character checksum are
embeddad in thue single state shown. As shown, tne
cnecksum sequence is yeuerated aud exit is made to the
£EO0T (&ad of Transmission) state.

(End or Transmission). 1nls state 1s entered either
from the SYN (Syunuchronous Idle) state waen an EOT
cnaracter is detected or rircm the ETA (End of Text)
state when the two-character checksunr sequence has been
jenerated. This is the only valid iinal state the
autcmatoun can enter fcllowing record transmission (or
reception). Entry into this state 1implies a 1line
turnarouna (if necessary) in the <fashion shown 1in
Figure 10.
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Legend:
* Reset checksum
# Do not include in checksum
B A set of intermediate chars [37]
o Any char not mentioned

Figure 16. Practical Transmission Syntax
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The operaticn of transmission links utilizing this
protocol is illustrate¢ in Figure 17. The tramnsactions
shown at the top Or tne rigure correspoad to trafric <flow
Irom terminal A to teimiunal E. Note the e€even/odd
acknowleagments and tae ase of tne EO0T cnaracter to
terminate a record consisting only of acknowledgments. Tae
transactions shown at tne midale of the figure corresgond to
biadirectional trariic rlow between both terminals. Note the
inclusion of acknowledgments in the same record as text.
Tne transactions shown at the bottom of the figure
correspond to traffic flow trom terminal A to terminal B but
with terminal E generating a #ABT-GA sequence as described
in Section 6.3. ©Note the acknowledgment for the GA record
in A's last transmission. Also note that traffic frcm B to
A could be included in the samé record as the WABT and GA
control-runction sequences. In suca a case A is free to
transmit acknowiedgments to B.

Figure 18 shows the operation oi this protocol 1in a

multiplexing environment. In the top line (1) terminal A
sends two transparent binary text messages to B using
selection sequences 80 and B1. In the next line (2) B

replies to A's messages aund transmits a nontranspareut
binary text message to A using selection sequeace AC. This
message happens to be terminated in aun IUS-checksum sequence
followed by an =0T character. In tane next line (3) A has
detected a cnecksum error ok B's message and replies with a
NAK <character. Terminal A has urnderstood B's reply to the
message identitiea by selection sequence B1 and transmits
tne next message alony this patih. However, a transmission
error has occurred so that A has missed the ackncwledgment
ror the nessage identifiea by BO. In the next line (4) B
replies to A's last transmission ahd retranshits the nessage
iu error. In the next line (5) A receives B's message
correctly, but by this time the ENQ timeout on patn BO has
expired, so it generates an ENC along tnis path. In the
next line (6) b responds with i1ts last acknowieagment for
path BO and, in the last line (7), A coatinues with traific
along tne BO path. Continuing in tnis fashiomn, it is clear
that Dbidirectional trarfic flow for several logical nessage
paths can proceed so that error recovery procedures for one
logical path do not materially afrect trafiic flow along
otner logical paths.
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7. TERMINAL DEVICES

It is highly lixely in a vigorous timesharing system
that some gJuantity of severai different kinds of terminals
will claim service at any particular time, including those
manufactured by IsM, ATET and several others.
Notwithstanding policy aecisions as to the econemy or
usefulness of sucn heterogenous connections, it seems likely
that tne use of miscellaneous and "odd" terminals will
tlourish, at 1least in timesharing utilities which provide
connection to the switched network and do not gprovide
terminal egquipment as part of the service.

By far the most common terminals, however, are
particular models manufactured by IBM and AT&T. Three of
the most common of these will be described in the following
sections. Most cf the presently available "odd" typewriter-
like equipment is designed to appear to the processor as one
or tne other of these devices. 1Inh Section 8.3 a terminal
control device for use in the central equipment complex is
aescribed whicn can service these devices as well as any
other likely to claim service on the switched network using
conventional data set equipment.

1_AT&I_Models 33/35_Teletypewriter

Teletype Corporation, a wholly owned subsidiary of
Are¢T, nas for many years manufactured a rug¢geda although
unbeautiful line o:i electric typewriters designed for use in
tas TwX, Telex and press services. ©Tae most ubiguitous of
this line, the Models 12 and 15, stiil see heavy usage in
commercial wire services. Tne iater models of tnis line,
tne Models 33 and 35, nave been extensively used 1L  Tecent
years on tae TWi and Telex networks and may pe reasonably
expected to suppiaat tae ciaer mecels eventualily. Tone
recently aanounced Models 37 and 3¢ aie tae latest in this
li1ae and ofrer aligael oOperating speedas and aaditional
tecatures. Apparently AT6I 1s navanyg trouble aeploying these
ilattel macalues 1L the iieia Lowever; at  lzast  their
avaiiapiiity in #Micaigan 1s inL aoubt. Iinevitauviy, of
course, these macniues auave zound exteusive appiication e
lucXpeuslvVe Yel rLUjyed terminal  devices ana have e¢njoyed
COusiu=tabdble jJopularity in the OpM wmarket as console devices
for inc¢xpensive machirnas.

soe d0dels 33 ana 30 Leletypewriters and their optional
papel Tabe attacpieats or=rate at a speea of 100 words-per-
minute (10 Cuaracters-per-secound) witi tuae USASCLY  eight-

l2ved eleven-unit transhission COUC . This code 1is
lntelpivted as BiCWL 1n Sectioun S.e¢  ror priuting graphics
a.ud contrci cnaracters. Liav: pasac dodel 33 machine

lnterplets tue cCntroi functions Cr (carciage return), LF

7. Terwiaal Jevices



73 Topics in Ccunputer Communication Systems

(line feed), SP (space), SEL (bell) and ENQ (enquiry). An
answerback drum is provided to yenerate a unigue character
sequence 1identifying the terminai, and is triggered by a
received ENQ cnaracter. Tane Model 33 may be ejquipped witn a
sprocked-feed paper drive system, in wnich case the control
function FF (torm feed) is interrreted. This machine can be
eguippad with a paper tape reader and punch, 1n wnlch case
it is designated 33ASR.

The Model 35 responds identically to the Model 33, but
1n aadition interprets the contrcl functions HT (horizontal
tab) and VI (vertical tab). The Model 35 when equipped with
a paper tape Ireader/punch 1is designated the Model 35ASR.
When so ejuipped the DC1 (Device Control 1) character starts
tne reader and the DC3 (Device Control 3) character stops
it. Many variations in the control functions are [fcssible
in this machine and can be controclled using a "stunt box,"
which provides a series of cams which are actuated Ly the
various control <codes and can be connected to almost any
circuit.

In all Teletype equipment the ofperation of the keyboard
is 1nuependent of that of the printer; and completely
separate message transactions can occur. Thus some external
mechanism is necessary to return ecnc Or print each

character as typed on the keyboard. Macihines wired for
"hail-duplex" operation periorm the return e€cho function
locailiy witnin the @machine itself. Macaines wired for

"full-duplex" operation exrect this function to ke periormed
by the terminal contrcl unit. In either case, nevertheless,
the data set operation itself is on a tull-dupiex pasis.

7.2 I8M 2741 Communications Terminal

Tne IBM 2740 and 2741 Communications Terminals [Ig, I9]
are combination typewriter-control-unit devices designed for
connection to the AT&T 103-series data sets used on either
dial-up or 1leased facilities. The typewriter itselrf is a
ruygedized version of the Selectric orfiice typewriter and
uses a "golt-kall" interchangeaple printing element. The
control unit differs between the two models. The 2740
controli unit ccntains features to aetect bad parity records
and to indicate tc the processor and the terminal operator
when invalid data have been transmitted. The saimpler 2741
control unit does not contain these features, althouga eaca
character transmitted to the processcr does include an odd-
parity check bit.

Botn of these models operate using the PITC seven-level
nine-unit start/stop transmission code. Operational speed
is nominally 14.8 cnaracters-per-second at 134.5 baud
transmission rate. The structure of tais code and tne
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interpretation oi tune code elements are discussed in Section
5.3.

One particulariy usezul arrangement of the special-
feature group ror the <741 1is wused with TISS and MTS
operation. This arranyement 1includes tae basic 2741,
together witn the 2741 break feature. Tnis feature allows
the processor to lock the keypoard and transmit a message at
any time, even 1r tae keyboara had been unliocked prior to
tane operation. Thauls prevents the possibility of a hangup
when tne system has a message panding for the terminal wnile
tne terminal operator 1is entering kut has not ended an input
line, ana can c¢ccur in sopanlsticated operational protocol
such as that programmea 1in the Data Concentrator (see
Section 8.3).

The operation or tnls terminal can be illustrated with
the aia of Figure 1%, whica shows a contrived operating
session. The session begins when tne terminal becomes
connectea to the centrai processor and sends the STX
character, following waicn the 2741 keyboard 1is unlocked.
When the terminal operator presses kETURN on the keyboard,
tne two-character sequence NL followed by EOT is transmitted
to the central processor and the keyboard is locked. The
central processor now sencs a nessage precedea by the STX
character,” roilowing whnicua tae 2741 keyboard 1is again
uniocked. Continuing in tnis wmanner, first the prccessor
then the terminal transmit ressages to each other framed by
the STX and EOT craracters.

1

S o N}
PROC Totext u T text O
X T X T
S I S ¥
27481 T text O L text ¢
X T X 1

Figure 19. Ibil 2741 Communicatioas Terminal Operations

The implied rlip-:ilop-iike cehavios cain be bioken at
any time Dby e€itner the [proce¢ss0r or  tne termiusa. by

transmitting the BxEAK Signal Whiao tae cther is
transmitting. Ihis signai transmitted to tae <2741 causes
the Keyboarud to be 1loCKeu preparaitcry o roceaVihig a Message
trom the FLOCESSOL. This siyaad  trauasmittea to  the

PrLocessSOr causes a npacaware 1ladicatlos to  the operating
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system walch can then terminate 1ts outopouLy messacy with an
EOT and prepare to reC=ive d EeSSage LiOM tne teCkilad.

7.3_IBM 1050 Data_Conuuuications _Systei

The IBM 1050 Data Comsurications Systean, toyctner Wwith
auxiliary paper tape aad cara € uipment [I6, I7], provides a
complete remote communications facility for aata entry via
keyboard, paper tape and puncaed cards, and cata output via
one Or more line printers, paper tape and jpuncheda cards.

The systen can opacate on elther dial-up or leased
racilities, and in eitner a multipcint or point-to-point
mode. The basic system consists of a ‘typewriter-like

keypboard and line-printer toyether with a ccuntrol unit.
Additional gpaper tape anu punched card equipmeunt can be
attacned to the control anit aund tne systew can be operated
as a stand-aione system or in connection witn a remote
PLoCessor.

All system components operate wusing the same PTTC
seven-ievzl nine-unit start/stop transuaissioan coae as do the
2740 and 2741 Communications Terminals (see above). The
system operating protoccl 1s considerably more complex,
however, due to the necessity of selecting the particular
system component for transmission during any one operation.
Tals 1s done using a combination of procedures 1involving
polliny, to Getermine ii a particular component is ready to
transmit, ana audressing, to determiwe 1f a particular
component 1is —reaay to receive. Additional procedures are
necessary to yenerate ana prccess parity intormation and  to
recover from errcr conditions.

The operation of tnis system can be 1liustrated with
tne aia of Fiyure 20, wanlcn snows tne control characters and
state transitions 1involved under typical point-to-point
operating conditions. Iuitialiy, the systea 1s assumed 1in a
control-receive state in whlica the system 1s sensitive to
polliny and addressing operatioas. Eacn terminal on a
circuit (in this case only one) recognizes a unijue two-
character selection sequence which identiifies the system and
a component attacned to the system. If the system receives
this segquence in the control-receive state it generates one
reply if the component is reaay to transmit (STX), another
1f the component is reaay to receive (ACK), ana yet another
if 1t is neitner (NAK). The processor recoynizes either of
tnose replies or no reply at all, in whica case the entire
system is assumed not-operational. In Figure 20 the
sequence A1 identiiies the staticn printer and A5 identiries
tne station keyboard.

Following an STX character, the system eitner transmits
its record or waits for a record froam the processor,

7. Terminal Devices



Topics in Computer Comwmunicatioun Systens 81

depending on tne transmission direction. In either case the
record is ended with an £TB character followeu by a checksun
character (LRC). Upon reception of the ETE-LRC sequence by
eitauer the processor or tue system, the CeCelVer generates
one reply ii tane checksum agrees (ACK) or another 1f it does
not (NAK) , giving the transmitter an oprortunity to
retransmit in case of error. 1In certain cases, the receiver
can transmit a message in lieu of the ACK cnaracter, which
is then processed in tne normal way. Uperation 1in this
manner continues until the transmitter signals EQOT, which
again returns the system to the control-recceive state.

E A A A A
PROC 0AS5 C C C C
T K K K n
S EL EL EL 5L
1050 T text TR text TR text TR text Tk
X BC BC BC BC

1050-Processor Operations

B S EL =L EL EL
PRCC O0A1 T text TR text TR text Ta text TR
T X BC BC BC e
A A A A A
1050 C C C C C
K K K K K

Processor-1050 Operations

B S EL E E S &L
PROC OA1 T text TR O0OAS5 0a1 T text TR
T X BC T T X BC
A A S EL A A
1050 C C T text TR C C
K K X EC K K

Conversational Operations (the nard way)

figure 20. IBM 1050 Data Communications System Operations

This system can be equipped witn tne auto-=zOE 1Ieature,
which provides an automatic ETB-L&C sequence Ioliowing the
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new-line character waen the kiTUkN key is struck, ana break
reatures similar to those described for the 2741
Communications Terminal. These features make it practical
to support both the 2741 and the 1050 witn only miniumal
changes 1in the processor coutrol program.

7.4 Data Set Control

Almost all data set equipment adapted by AT&EY ZIor use
on tne switched telephone network is available with a ccmmoan
control interface to the terminal control unit or terminal

device. This interface provides control over unattended
answering aad aisconnection of calls and moaitoring of data
set conditiouns. The electrical specirications of this

common intertface have been standaraized ([13], but are
certainly bpeyond the scope of tais report. On the other
hand, the logical description of certain coantrol ifunctions
wili effectively illustrate the procedures necessary for
timesnaring system operation on the switched network.

Following is a summary of these control leads and their
tunctions (from [13]):

Circuit CA-Request to Send (REQ SND). Signals on this
circuit are generated by the data processing terminal
equipment to condition tne local data set to transmit.
For example, if tne data set contains a modulator, the
carrier signal shail be transmittea during the ON
condition of Circuit CA.

Circuit Cs-Ciear to Send (CLR SND). Signals on tais circuit
are geuerated by the transmitting data set to indicate
that 1t is prepared to transmit data. The ON condition
is a response to the ON conditiou on Circuit CA
(reguest to Send), delayea as may pe appropriate to the
data communication eyulipment for estabiishing a
communication channel to a remote data processing
terminal. Wnen Circuilt CA is turned OFF, Circuit CB
snall also be turned OFF.

Circuit CC-Data Set Ready (SET RDY). Signals on this
circuit are generated by the local data set to indicate
that it is ready to operate. The OFF condition shall
be used to indicate either:

1) Any abnormal conditicn which disables or ampairs any
normal function associated with the class o0f service
being furnished.

2) That the communication channel 1is switched to an

alternate means of communication (e.g., alternate voice
telephone).
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3) That the local data set 1s not connected to the
communication channel (i.e., the data set 1is '"on
hook") .

The ON condition shall appear at all other times.

Circuit CD-Data Terminal Ready (TRM RDY). Signals on this
circuit are wused to control switching of the signal
converter to the <communicaticn channel. The ON
condition causes the signal ccnverter to be connected
to the communication channel. However, if the station
1s equipped only for call origination by means external
to the interface (e.g., manually or an automatic call
origination unit), then the ON condition serves only to
maintain the connection established by these external
means. When the station 1s equipped for automatic
answering of received calls, connection to the line may
be arranged to occur only in response to a ringing
signal. The OFF condition removes the signal converter
from the communication channel. '

Circuit CE-Ring Indicator (RING). Signals on this circuit
indicate that a ringing signali is beiny received from a
remote statioi. Tnis circult may be required for
automatic answering of received calls. The ON
condition indicates that a ringing signal is being
received. The OFF condition shall be maintained at all
otner times.

Circuit CF-Data Carrier Detector (CAR DET). Signals on this
circuit are used to provide an indication that the data
carrier 1s being received. When the data carrier is
io0ost Dbecause the transmitting signal converter is
turned OFF or pecause of a fault condition, the OFF
condition follows after an afppropriate guard time
aelay. In half-cuplex service wnere the signal
converter 1is arranged tfor liocai copy, Circuit CF may
respond to carrier signals frcm either the 1local or
remote transmitting signal converter. The ON condition
indicates reception of the data carrier. The OFF
condition provides an indication or tne end oI present
transmission activity or a fault condition.

Figure 21 shows an interpretation of tnese signals. 1In
brief, 1if a ringing signal is detectea at any time by the
data set then the KING lead is raised. If the TRM RDY 1lead
is raised by the terminal equipment then the data set will
cause tne call to be answvered. Following answer, and
depending wupon tae particular data set type, a particular
handshaking procedure will be executed, foliowing which the
ST &DY (also called Interlock) lead will be raised by the
data set. During transmitting or receving operations the
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CAR DET 1lead 1is raised. During receiving operations this
signal is an indication that the remote data set 1s in fact
transmitting; while, during trausmitting operations, this
signal 1s an 1indication that tane local transmitter carrier
is 1n ract being g2nerated. In fuii-duplex systems this
signal is always raised.

K T’ SR CD KS CS
I RD ED AE EN LN
N MY TY KT gD RD
G

on-hook | 0 0 0 x x X
ring : 1 0 0 x x x
connect : x 1 0 x x x
req xmt : x 1 1 x 1 0
Xxmt { x 1 1 1 1 1
Ieq rec : x 1 1 x 0 1
rec : x 1 1 1 0 0
idlie : x 1 1 0 0 0
discon : x 0 1 x x X

figure 21. Data Set Interface States

Controi over whether the data set is transmitting or
not 1is exercised via the REQ SND lead. dhen the terminal
equipment raises this lead the data set begias transmitting
carrier and <certain echo-suppression equipment within the
telephone network is activated. After a delay in tne 200
millisecond range, the CLR SND lead is raised, indicating
that data transmission can ensue. When the REQ SND lead 1is
dropped, the data set immeaiately stops sending carrier and
returns to the receive mode. Following such a transition
echoes of the immediately preceding message bits may appear
at the receiver for a period up to a significant fraction of
a second.

If the TRM RDY 1lead is drogped by the computing
equipment the data set goes on-hock, terminating the call.
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Shortly after this lead is dropped the data set will drop
the SET RDY lead, indicating that calls will no longer be
automatically answered. Some fuil-duplex data set equipment
will automatically terminate a call if no «carrier is
received from the remote data set for a period exceeding ten
seconds or so. Also, some start/stop data sets can be
equipped with a feature which will automatically drop the
call if a continuous space signal is transmitted for a
period exceeding three seconds or so. Start/stop data sets
can be equipped with a feature which causes an automatic
disconnect in the event of receiving a continuous space
signal for a period exceeding a second or two. The common
carrier companies stress that transmission protocol,
especially in regard to half-duplex facilities, be arranged
so that either +terminal will disconnect following an
appropriate message on the part of the other terminal. If
not, however, the telephone central office equipment will
drop the <call after a few seconds if the originating party
goes on-hook.

7. Terminal Devices



86 Topics in Ccmputer Communication Systenms

8. TERMINAL CONTKOL EQUIPMENT

Terminal control egquipment for wuse at the central
processor must usually service a moderate to large number of
terminal devices of very heterogenous characteristics. At
the University of Michigan, equipment with "standard"
operating characteristics is connected to the IBM terminal
control units, which have been configured at installation to
match the expected mix of terminals of each type. Equipment
with unusual operating characteristics is cocnnected to the
Data Concentrator, a special-purpose terminal coantrol wunit
which was constructed by the Urniversity staff. This device
nas been programmed to operate a number of special-purpose
terminal devices as well as general-purpose IBM and ATET
aevices. In the next section several points will be raised
concerning the dJeneral «characteristics desirable in any
terminal coatrol unit and supporting supervisory systen.
Following this 1is a brief description of the conventional
IBM terminal control equipment. Last 1is an overview
description oif the Data Concentrator. A more complete
technical description of this device 1s presented in
Appendix A.

8.1 Desirable Characteristics

A terminal control  unit must provide character
assembly/disassembly operations, of course, together with
mechanisms rfor data set control and data transfer to and
from processor storage. In order tc minimize the overhead
of message processing in the supervisory systen, the
terminal control wunit must contain enough haraware to at
least recognize a message-ending condition and to perform
checksum accumulations and case-shifit conversions. Beyond
these fundamental reguirements, however, a number of
interesting tradeoffs exist between couplexity in the
processor supervisory system and complexity in the terminal
control architecture. This point will be illustrated in
following sections.

Using any terminal control wunit and its supporting
software system, it should be possible to configure the
message path interconnections between devices so that
separate physical devices can Lke used for input to and
output from the timesharing system. In applications using
hand-operated keyboard-type input aevices in conjunction
with display-type output devices, this need is obvious. In
addition, the individual device characteristics as seen by
the terminal user should be changeable dynamically to fit
the particular environment. Thus, a teletypewriter should
be operable in full-duplex, half-duplex, or any of several
paper-tape transmission modes, parity generaticn and
recognition should be suppressible, and special character
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code-translation behavior should be realizable.
Furtnermore, character-buffering and line-editing procedures
should be alterable during operation in unusual situations,
and, in particular, so that arbitrarily coded data messages
can be transmitted to and from the system and remotely
located computing and batch-entry equipment. Finally, the
system should be readily modifiable, both in hardware and in
software, for the suprort of new terminal equipment which
becomes available from time to time. On all of these
points, and in particular on the 1last omne, a university
computing center is particularly vulnerable.

Of principal importance in these times of rapidly
evolving timesharing systems 1is a uniformity din the
interface between the parent timesharing system and the
dependent device service routines. Sucn a uniformity
diminishes the system investment in reprogramming for new
terminal types, since it is usually easier to reprogram the
device service routines than to perform major surgery in the
input/output structure of the larger systen. This 1is
particularly true in connection with such large systems as
05/360 and 1TSS/360, where the system generation and device
support maintenance tasks can be such a major effort. This
has been done in MTS with highly satisfactory results. It
has been convenient in the development of the Data
Concentrator to prescribe the behavior of the equipment so
that it appears very similar and can easily ke made
compatibie with that orf the IBM 2702 and 2703 Transmission
Controls. In principle, no System/360 reprogramming is
needed, although 1in order to achieve special orerational
features impossible with the IBM equirment, such
compatibility has been intentionally downgraded.

Several operational features are possible using the
programmable control unit approach that are either
impossible or very unwieldy using the conventional approach.
For instance, it becomes possible to recognize the type of
terminal which has called a particular data set by sending
interesting control-answerback sequences and to dynamically
reconfiqgure the character code translation and line control
accordingly. In the Data Concentrator, an incoming call is
recognized as originating from either a Model 33/35 or a
Model 37 Teletypewriter, an IBM 2741 Communications Terminal
or a 1050 Data Communication System in this fashion. Thus,
only one trunk-huhting set of telephone numbers is necessary
for all four types of equipment. In the same vein, if the
System/360 duplex system is partitioned as twc independent
systems, the control unit can operate with both of thenm
simultaneously, with some of the attached terminals
communicating with one system and the remainder with the
other. Error recovery can be standardized and streamlined
so that large unit-check routines and their page-in delays
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can be avoided. Also, the use of asynchronous interrupts
removes the necessity or *"hanging reads" and time-outs on
each communication 1line, and in these cases the residency
requirements of the System/360 input/output device support
routines and their buffers can ke relaxed.

As an example of the econcmies of +the proygrammable
control unit approach, the following rfigures, obtained under
typical operating conditions, <can be demonstrated: the
fraction of time sgpent in supervisor state for batch jobs
run in the Michigan Terminal System (MTS) is 23.8 percent.
The <fraction spent 1in supervisor state for terminal jobs
connected through tne IBM equipment ranges from 40.5 to 79.9
percent, wnile the fraction for terminal jobs connected
through the Data Concentrator is 33.3 percent.

8.2 IBM Terminal Control Eguipment

IBM terminal control architectural philosophy has been
to provide minimum complexity in the hardware and rely on
tne processor control program to perform the special
operations unique to each terminal type. The terminal
control itself is usually capable ot performing all of the
operations necessary to serialize and deserialize the
individual caaracters, to compute checksums, perform case-
shift operations and to —recognize a fixed set of record-
ending conditions. The terminal control usually does not
translate the internal EBCDIC system interchange code to or
from the particular interchange code used by the terminal
itself, nor does it edit the <character stream in a
nontrivial way. All of these operations are performed by
the processor ccntrol progran.

These are three terminal control devices presently
ofrered by 1IBM as part of the System/360 product line: the
2701 Transmissicn Adapter, the 2702 Transmission Control and
tne 2703 Transmission Control. These devices are
distinguisned principally by the number and type of
terminals serviced. Several terminal types can be connected
to any of these three devices and can be supported Ly the
same or very similar ccntrol programs.

The 2701 Transmission Adapter [I1, I2] is constructed
entirely of logcomponents, which perform all of the
serial/deserial, kuffer storage and control functions. A
separate set of 1logic components 1s required for each
terminal connected no common equipment other than power
supply and and cable drivers 1is shared between the
terminals. Up to four terminals can be attached to the
2701, 1including start/stop, serial-synchronous and special
adapters.
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The 2702 Transmission Contrcl [I3, I4] can service up
to 31 terminals of the start/stop type, including the IBM
2741 and 1050 and the AT&T 33/35. A . sonic delay 1line is
used for temporary storage in the serial/deserial and buffer
operations.

The 2703 Transmission Contrcl [I4, I5] can service up
to 192 terminals of the start/stop type or a mixture of
start/stop terminals and serial-synchronous terminals 1in
various Juantities. Temporary storage for the
serial/deserial and buffer operations 1is maintained in a
special magnetic-core memory integral to the equipment.

8.3 The Data Concentrator

Realizing the need for a highly adaptapnle transmission
control unit to interface varied terminal equipment to the
timesharing system, The University of Michigan initiated in
1965 the development of a special control unit to be used in
conjunction with the System/360 Model 67. Called the Data
Concentrator, this device has been constructed and has
become available to members of the campus user community.
Its service applications include, in addition to the
connection of certain special-purpose communications
terminals, the connection of standard Teletype and IBM
terminals. The Data Concentrator offers several interesting
operational features for all of these terminals, many of
whicn are not possible with tne conventional IBM equipment.

The design approach taken in the Data Concentrator has
been to nucleate about a small general-purpose computer a
number of special-purpose interfaces to the various aata set
ejuipment. An integral part of the design is an interface
which connects directly to the Model 67 multiplexor channels
on one hand and to the Data Concentrator computer on the
other. This approach avoids the operational restrictions
imposed by an off-the-shelf IBM control unit to interface
the two machines. The characteristics of the Data
Concentrator supervisory program itself are described in
{26]. 1In [25] the operational features of this systen,
consisting of message protocol, device operational
characteristics and command structure are reviewed.
Appendix A contains an overview description of the hardware
orgyanization of this machine.
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APPENDIX A. THE DATA CONCENTRATOR - TECANICAL DESCRIPTION

Tne Data Concentrator is ccnstructed of a numker of
special-purpose input/output interfaces, all connected to a
bigital Equigment Corporation PDE-8 computer. The basic
PDP-8 computer itself «contains a 12-bit central processor
together with a 4096-word bank of 1.5-microsecond core
memory. The basic machine inciudes a Model 33ASR
Teletypewriter and its contrcl unit as the basic
input/output device. TFor the Data Concentrator application,
three additional 4096-word banks of core memory have been
added to the Llasic machine, along with a high-speed paper
tape reader (300 char/sec) and fpunch (60 char/sec) for
convenience in program development. Hardware for high-speed
muitiply-divide (Extended Aritametic Element) and automatic
power restart hLas Dbeen field-installed on this machine.
Several small modirications have been made in tne [frocessor
to provide <for special behavior in ccnnection with some of
tne 1ntertaces.

The special-purpose input/output interfaces attached to
the Data Concentrator comprise mcst of the bulk hardware in
tne system. These interraces connect the system on one hand
to both IBM 2870 Multiplexor Channels used on the System/360
Model 67 duplex system and, on the cther, to ATET data sets
of the 100, 200, 400 and 800 series, providing transmission
rates on tne switcned telepncne network to 2000 baud. The
various intertraces operate both on a core memory cycle-steal
basis ror data transmission and on a programmed accumulator-
transfer basis for control operations. Liperal use is made
of tne interrupt racilities in ccnjunction witn special
line-adapter scan equipment whicn has the capability of
selectively disabling tne interrupt facilities by blocks of
devices. Figure A1 shows the interconnection oi the various
major components in tae system, which are described in
Getail in subsequent sections. Reterence A1 contains a more
detailed description oi this equipment than 1is presented
here.

Data_Multiplexor and Clock_Generators. A special PDP-8
core memory data multiplexor nas been constructed to satisfy
the requirements cf the various interfaces using cycle-steal
operations. Tnis multiplexor operates using a common-bus
distribution system for memory data transfer in both input
and output directions. Each device attached to these busses
provides transmission gates between its registers and the
busses as required, and conditions data transmission by
signals distributed by tahe data multiplexor separately to
each device.

Included in the data multiplexor itself is a set of
bufters which distribute the various PDP-8 input/output
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busses to the scan control and data set 1line adapter
equipment attached to the system. Also included is a set of
crystal-oscillator clocks and associated countdown circuitry
which provides timing signals for the data set line adapter
equipment. Signals of all popular transmission bit rates
are provided from 45.45 baud (Ieletype Models 28 and 32
attached to ATET type 103E data set) to 2000 baud (AT6T type
2012 data set). In addition, an interval timer using a
basic clock rate of 100 Hz provides a maximum countdown
interval orf 40.95 sec. The timer is implemented using a
memory-increment cycle-steal operation in FDP-8 memory. A
timer overflow is signaled by a program interrupt.

line adapters

t————— +
+-=1 103 | (16)
| t=———- +
I
| +=-—-—- +
== 202 | (4)
mpx chan | A== +
I
- + temmmmme———e +  Ae————- + | 4=-e-- +
1360-1j-—| I | +==1 201 | (4)
+-—---+ | PDP-8 | Iscan | | +=-——-- +
| d [-=+
+-—--=+ | (16K) | lctris| | +--—~—- +
1360-2i--1 i I+ 403 1 (2)
t=————t e mm—————— +  de———— + | te———- +
]
| +==—-- +
t-=| 801 | (4)
t-——— +

Figure A1l. Data Concentrator

System/360_ _ _Interrace. The System/360 interrace
connects wuirectly to the <channel-control wunit interface
capbles wnich interconnect the multiplexor cnannels and the
various IBM control units to which in turn are attached such
input/output devices as card readers, line printers, and
communications devices. Usually, several devices of the
same type share a common control unit, which serves both as
a relay station between the <channel and each device for
command and status byte processing and as a temporary buffer
storage medium for their data streams. This channel-control
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unit interrace normally operates in a byte-interleaved
multiplex moae in which data bytes are transmitted one at a
time to eacn control unit using separate signal sequences

for eacn Dbyte. Thus, several devices may transmit data
records 1in an overlapped fashion at relatively slow
transmission rates to about 110 kilobytes/sec. The

transmission sequences are arranged into three classes:
tnose intended to transmit commands from the channel to a
control unit, those intenaed to transmit status information
rrom a control unit to the channel, and those intended to
transmit tne data bytes themselves between the channel and
the control unit.

Each of the two System/360 interfaces appears to its
respective IEM channel-control unit interface as a standard
control unit, and processes conmmands and supervises data
transmissioan for a set of 64 wunit addresses. Each
interface, containing buffer registers, parity generators,
and sequencing circuitry, provides temporary storage and
isolation between the channel-control unit interface and the
PDP-3. The construction 1s such that channel-command
sequences can ke processed concurrently with data
transmission sequences and suca that these operaticns do not
require program intervention on the part of the PDP-8 until

tne entire sequence has Dpeen concludead. The various
intertace control operations are supervised via the PDP-8
accumulator ana programmed input/output operations.

Transmission of both data and status bytes is via tne three-
cycle data break facility wusing a type of cycle-steal
operation i1n whican tae word «count and current address
registers are implemented in <ccre memory. Trainsmission
rates can be as hign as 80 kilobytes/sec., depending upon
the 1nstantaneous lcading conditions imposed by the other
control units attacned to the channel. The 1interface 1is
non-overrunable, that is, data cannot be lost if the channel
temporarily reruses cata byte service aue to a rending
service regjuest by a higher-priority control unit. The
construction or the System/360 interrzace is descriked in
detail in Reference AZ.

Line_Adapter_ Scan_Controls. All of the data set 1line
adapter equipment is connected to a speciai interface called
the scan coantrols. This interface connects on one hand to
the PDP-8 accumulator, interrupt and cycle-steair facilities,
and on the other to a set of transmission Dbusses that is
common to all 1line adapter equipment. The various 1ine
adapter service rejuests are processed tor each adapter 1in
turn o0y a hign-speed scanner-control circuit which uses a
seven-pit counter called the scan adaress register. The
contents of the scan address register are distributed on a
common opus to each line adapter, which aecodes 1its address
consisting of the hnigh-order six bits. Thus, each of the
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possible 64 line adapters decodes two addresses - one Wwith
the low-order bit wequal to a zero (receiving aadress) and
one with the low-order bit equal to a one (transmitting
address) .

If a line adapter requires scan servicz, its circuitry
generates a signal to the scan ccntrols when one of 1its

addresses is decoded on the scan address bus. This signal
causes the scanner to stop wnile the service requirements
are net. If no further action 1is indicated at the
conclusion ot the service operation, the scanner

automatically restarts. If a character-assembly conplete
condition 1is recognized, the scanner is not restarted and a
program interrugpt 1s Tregquested. The scanner 1is then
restarted by a program command.

Both the character assembly and line contrcl <functions
of eacn 1line adapter are contrclled through the same scan
address. Associated with each line adapter are one or more
12-bit control registers which perform functions unique to
each line adapter. The various bit positions in e€ach of
tnese control 1registers are accessed through a programmed
procedure which first requests the scanner to stop scanning
tne line adapters, then waits for a possible pending service
request from a line adapter to be cleared, and finally sets
the scan address register to the required lire adapter
address. Following the <control register operations, the
scanner is restarted by a prcgram command.

The 64 line aaapters addressable through scan ccntrols
are dividea into eight blocks oif eight line acapters each.
Each block of eight can be separately enabled or disabled
for interrupt requests using an eight-bit mask register
called the scan priority register. Using properly
constructed programmed operations it is possible to mask oft
interrupts from a particular block cf low-speed low-priority
line adapters while one of its members is being serviced,
yet while ailowing interrupts to ke serviced frcm higher-
priority biocks.

Two types of line-adapter service requests can be
processed by the scan contrcls. One type, used for serial-
syncnronous line adapter equipment, 1invoives no other
operation than stopping the scanner when a program interrupt
condition due to a character-assembly complete signal 1is
generated within the line adapter itself. ‘he other type,
used for start/stop 1line adapter egquipment, involves an
interestingy cycle-steal-shifting operation in }DP-8 core
memory. This operation is initiated whenever inbouna or
outbound bit service is regquired at the line adapter. Wnen
this occurs a special cycle-steal operation is requested by
the scan c¢ontrols. This «cycle, when granted, proceeds
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starting with a core memory read cycle, followeda by a one-
bit rightwise shift of the nmemory buffer register, and
ending with a ccre memory write cycle. The fifteen-bit core
memory aadress at which this operation takes place is formed
by the scan address register as the low-order seven bits and
by an eignt-bit register called the scan page register as
the high-orader eight Dbits. Thus the serial/aeserial
operation or eaca line adapter is impiemented in two words
of PDP-8 core memory, one for the transmit operation and the
other <for the receive operaticn. As it happens, the PDP-8
memory bufifer register is already proviaea with shitfting
circuitry 1in connection with an analog-digital converter
option. A few 1logic components have been pirated from
unused options for the purpose of interfacing this shifting
circuitry to the scan controls.

A character-assembly-complete signal 1is generated by
the equipment for eaca character when the serial/deserial
process has been completed. For serial-syncaronous line
adapters, this signal 1is generated 1in the line adapter
itself when its seli-contained serial/deserial register
contains a fully assembled character during a receive
operation or has completely emptied Qduring a transmit
operation. This signal stops the line adapter scan process,
following which the line adapter generates a standard cycie-
steal operation which transmits a character between the
serial/aeserial reygister and the addressed core nmemory
location. For start/stop iine adapters, the character-
assemply-conplete signal is generated in this fashion: on
transmission when, during the shifting of the right-hand bit
of the serializer wora at the addressea core memory lccation
to the line adapter transmit bit buifer, an all-zero word is
detected; on reception when, during tne shifting ot a bit
from the 1line adapter receive kit buifer to the left-hand
bit of the deserializer worda at the addressed core memory
location, a one-pit is shifted out of the right-hana end of
the same word. Thus, the various tframe sizes of the several
start/stop transmissicn codes can ke accommodated by loading
the proper mask bits in tne core memory serial/deserial
words prior to the character assemtly/disassembly operation.

Line Adapters. A line adapter is associated witn each
data set serviced by the scan controls. 1t contains thae
circuitry to interface tne control and data transmission
characteristics fpeculiar to eacn data set to the common-bus
interface of the scan controls. Depending upon the
characteristics of eacn data set, the line adapter contains
none, a single bit, or a tfull character of buffer storage
between the scan controls and the data set transmission
circuitry. £Each line aacapter contains eitner one or two
twelve-bit <control registers used ior the various data set
control tunctions. Several tits assigned 1in tiese words
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have +the same interpretations among all data set types, so
that common program servicing routines can be conveniently
implemented. The bit/character buifers of each line adapter
are accessible only through the cycle-steal operations
described previously, while the control registers are
accessed through the PDP-8 accumulator wusing programmed
input/output operations. In either case, the scan address
register establishes at each instant which line adapter 1is
in ract accessible for the varicus operations and which core
memory location is in fact availakle for data :ransfer.

There are currently five «aifferent types of 1line
adapters connected to the scan controis. These five types
correspond to the rLive types of data sets connected to the
Data Concentrator: low-speed start/stop (AT&6T 103E), medium-
speed start/stop (AT&T 202C), serial-synchronous (AT&T
2014), Touch Tone aigit receiver (AT6T 403E), and the
automatic calling unit (AI&T 801C). The 103E data set is a
fuil-duplex start/stop type utilizing freguency-shift
modulation for simultaneous transmission rates to 300 baud
in each direction. This data set is used for connection of
almost all low-speed Teletype and IBM equipment, such as
Teletype Models 28/32 (45.45 baud), 33/35 (110 baud), ana
37/38 (150 baua), and IBM 2741 Ccmmunications Termiral and
1050 Data Communications System (both 134.5 baud). The 202C
data set 1s a nalf-cuplex start/stop type utilizing
frequency-shitt modulation for transmission rates to 1200
baud. Tnis data set 1is used tor connection of medium-speed
data communications eguipment wutilizing special message
conventions. bBoth the 103E and 202C can share the same type
or line adapter in the Data Concentrator, although a special
202C line adapter has been ccnstructed to minimize the
system overhead. The 201A data set is a hali-dupliex seriai-
synchronous type using four-ghase modudiation at a
transmission rate of 2000 baud. This data set is used for
connection of IBM Binary Syncaronous Communications devices
and 1in particular for the ccnnection of remotely located
pDpP-7, PDP-38, and PDP-9 computing faciiities to the parent
Model 67 system for purposes of remote Jjob entry and
graphics processing. The U403£ data set is a receiver for
Touch Tone multifrequency dialing digits transmitted by the
standard telephcne instrument equipped with the Touch Tone
feature. Included in this data set is an audio answerback
cnannel which enables computer-generated replies to be
transmitted to the <caller 1in response to a dialed-digit
message. .The 801C automatic calling unit is a transmitter
for Touch Tone multifrequency dialing digits and is arranged
SO0 that outbound telephone calls can be placed in connection
with certain data set types. The automatic calling unit
incorporates «circuitry for the recognition of the
appropriate data set type at the called terminal so that the
transmission circuit can be verified before use.
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The low-speed start/stop 1line adapter contains two
single-bit 1line butfers, a clock frequency selection matrix
and various clock countdown and control «circuitry. Four
clock frequencies are distributed to ail start/stop line
adapters on a common bus at eight times the basic
transmission rates or 45.45 baud, 110 baud, 134.5 baud, and
150 baud. TIne clock selection matrix circuitry wituin each
line adapter determines which clock freguency is active at
any time and allows aynaric reconiiguration during the
terminal recognition phase o1 system operation. Both
transmit and receive operations are completely independent
except 1in choice of clock irequency, waich is common to both
oparations. The control circuitry provides program
monitoring orf all data set interface lines and, in addition,
program control over tae lines used to enable the adaata set
Ior automatic answeriny and to sieze an automatic calling
unit. Indications of data set and control circuitry faults
suci as character and bit service overrun are available to
the proyranm. It 1is possible wunder program control to
recognize both the bDbreak signal and the space disconnect
signal, each consisting of various periods of space-signal
transmissions, and to generate either of these signals.

Using the standard start/stop 1line adapter with the
202C data set places a very severe strain on the interrupt
Systea. The reason rfor tais 1is that only about 800
microseconds is available for the program to respound to the
cnaracter—-assembly complete signal and to restart the line
adapter scanner. In order to relax tais requirement a
special medium-speed start/stop line adapter has been
constructed which operates in the same fashion as the 103E
start/stop iine adapter, except that four core memory words
are assiyned instead of the wusual two. On receive
operations a swing-buffer technique is used, so that while
the program 1is servicing cne core buifer the line adapter
may be assembling the next character into the other. Such
an operation requires that the scanner be left running
auring the interrupt-processing time but disabled for
Character service. In this manner character serial/deserial
operations proceed normaily out the cnaracter-assembly
complete signal is inhibited from stopping the scanner.

The serial-synchronous line adapter contains a twelve-
bit serial/deserial register, a four-bit frame counter, a
tour-bit frame <size register, a parity generator, and
various contrcdi and syncaronization circuitry. The
serial/deserial register is used as the praimary character
assembly/disassembly <lement and the core memory Wcoras at
the receiving and transmitting scan aadress locations are
used as backup bufrer registers. Since only one
serial/deserial 1register 1is implemented in this line
adapter, transmit and recelive operations may Lot occur
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simultaneousiy. Tne Lrame counter is loaded trcwm tne frame
Size reyister just Dberore tne first bit 1s traasmitted
between the serial/deserial register and the aata set. Taus
tae frame size register, which 1s accessible from the
program, establishes the numper of bits per character (up to
twelve) in the data stream. Tnis adapter contains circuitry
for the automatic syncaronizatiou cof character frames using
a speciai syncaronization character which canu pe
establisned, at least ian some iine adapters, £y the progranm.
A parity Jenerator provides an odd vertical parity tit for

each transmitted <cnaracter. A corresponding aetector
verifies the oda parity condition on each received
cnaracter. These parity zIeatures may oe eLabled and

aisabled by tle progran.

As in the start/stop line adapter case, tne control
circuitry provides fprogram monitoring ana control over all
of the data set interface lines, inciuclng those to sieze an
automatic calling unit. 1Inaicaticns of data set ana control
circuitry raults such as character service overrun and
vertical parity check are available to tne program. All of
tne serial-synchronous line adapter equipment 1s connected
at present to a 2000-baud clock frejuency source for use
wita Ai61 2014 data sets on the switched telephone network.
However, tnese same line adapters can pbe operateu at much
higner clock irequerncies up to the 1limit of the logic
components tnekselves, about two megabaud. The construction
of the serial-syncnronous line adagters 1s descriked 1in
detail in kererence Adl.

The 403E Touch Tone digit —receiver 1line adapter anda
801C automatic caiiing unit line adapter are simple devices
with the capability of a single-character parallel transfer
between the scan control register data busses and the data
set. Neither of these adapters makes use or the cyclie-steal
facilities 1in the rasnion of either the start/stop or
serial-syncarorous line adapters. The U4O03E Touch Tone digit
receiver adapter provides a character-assembly complete
signal and a program iaterrupt when a aial digit has Dbeen
detected; the 801C automatic caliling unit adapter causes a
bit to be set in its control register when the data set 1is
ready to receive the nmnext dialing digit. At present two
automatic calling units have been installed in the systemn.
One of tnese is switcnable over the sixteen 103E data sets
connected to the start/stop line adapters; and the other is
switchable over the four 201A data sets connected to tae
serial-synchronous line adapters. The association of a
particular 1line adapter to one of these automatic calling
units is by a program-selected bit in the control register
for each 1line adapter. The automatic caliing unit remains
selected to the line adapter until the attached data set
signals that the call is conmplete, after which the automatic
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calling unit can be seiected to a difrerent line adapter.

Auxiliary _Equipment. A  numper ot special-purpose
input/output components have Leen added to the Data
Concentrator for utility purposes. One of these 1is a

programmabie audible alarm, consisting of au extraordinarily
obnoxious siren, which 1s used to attract tae attention of
an equipment operator ror the purpose of manual
intervention. A scurrilous programmed-timeout operation has
been 1implemented wituin the current supervisor wihich sets
off the siren at noon and midnignt, presumably to alert tne
machine-room crew r£or a shirft change.

In connection with binary syncaronous commuhications a
requirement exists to «calculate a special 16-bit checksum
using a procedure invclving shifting and modulo-two Lbitwise
addition. A subroutine to implement tnis procedure requires
a calculation time of about c¢ne-half millisecond per
character. A special hardware adapter has bcen constructed
which implements this procedure using a 24-bit shift
register and a set oif modulo-two adders. Using this
adapter, the <calculation time, 1including shift-register
loading and stering, 1s about tweaty microseconds per
cnaracter. Tals device is descrited in reference A3.
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