AN ERROR DETECTOR AND AUTOMATIO CONTROL

UNIT DESIGNED FOR UsSE WITIH THID
1IN SPEED BUFIFER

I INTRODUCTION

An error detector and automatic control unit was designed to
climinate errors causcr during transiilssion of a message from one
: Lo AL - : — :
line-speed buiffer to another. The line-speed buffer is a magnetlc
tape device which accepts information at keyboard specds and is capable,
at some tater time, to transfer the information to a distant bulfer at
a mach higher information rate. A dial-up telephone line is used as
the transmission medium between transinitting and receiving bulfers,
After recetving the information, the receiving buffer can be operated
at a slower spced to reduce the information rate so that a printer ¢can
accept and print the received information.

The error detector and automatic control unit is desiened Lo
function with the line-specd buifer while transmitting information over

\

dial-up telephone lines and while using the AT & T Model 202A or Model
3A subsets. Detection of cerrors is accomplished by infor:nation block
parity comparison, The message (o be transmitted is prepared on a
magnetic tape in blocks of approximately 150 characters and with spaces,
of noisc-free tape, equivalent to ten characters between blocks., Fach
block of information is coded into fen parity bits which are compared
atter the transmission ol cach information block, I the parity bits

coded at the transinitter from the transnidtted block of Information compaie




with the parity hits coded at the recciver from the received block of in-
forimation, the information was correctly received and the automatic
control unit will instruct the trans nitter to transmit the next block of

information, It the parity coded fron: the transmiutted information does

net compare with the parity coded {ron: the received information, the
information block is taken as being reccived incorrectly, Correction of
erroncous inforitaiion blocks is accomplished by retransmission of the
infor mation block found to be in error.

The automaltlic contrel unit contains sufficient logic to control the
line-spced buffer in performing such functions as tape start, tape for-
ward, tape back, and tape st’op. The logic decisions arce influenced by
both present and past history of operation. The control sequence of il
line-speed bulfer by the automatic control unit can be divided into [ive
fairly well defined steps. These five control steps are referred to as
CS; (Control Step No. 1 through CSE»' During €S, a signal is sent to
the data phone as a notification that o Block of information is o be trans-
mitted, CSZ is the period during which 2 blocks of information is trans-
ferred from one butfer to another. CS3 is 'a period set aside {or the
parity generated at the trans:oitter to be sent to the receiver and com-
parcd with the parity generated at the rccieivor. Duriny 654 an acknow-
ledgement signal indicating whether the parity check was c:orrcct.or -
correct is-sent from the receiver to the transimiitter, If the parity hits
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are not identical, CSg is the period during which both transmitter and




receiver bulfer tapes arce reverscd to prepare for the retransmission
of ‘t.he incorrectly received block of information. The control scquence
goes from CS5 to CS, and repeats the same sequence, If the parity bits
are identical, CS5 is not actuat v‘d; and ihe control sequence goes from

CS‘1 directly to €S, and continucs the process.



I LINE-SPEED BUI;“FER

The line-speed buifer is a msagneiic tape device whose principal
feature, amony other desirable ones, is to record information at key-
board speeds and to transfer this recorded information to another buiter
al the maxisum information rates permitted by dial-up telephone lines.
The lim‘-slpced butfer was designedd to accept parallel information from
a kevboard such as the teletype model 28 and to record the information
on magnetic tape in serial-by-bit form, The parallel to serial conversion
is accomplished with the recording head, During the recording of iniormn .-
tion {rom the keyboard to the magnetic tape, the line-speed buffer advances
the mmavanslic tape inincremental steps to provide equal spacing of the

.

characters on the tape. The characters are recorded on the maonetic

-
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tape in the novmal “start plus five-bit teletype code’ and &rc recordec
a character density of ten characiers per inch of tape.

During transmissjon of the prepared message 1o the receiving

line-speced bulfer, the receiving as well as the transimitting buftfer is
operating at a tape speed of ;1[)‘;.)1”(').\;1:n;uv]y 14 ips (inches per second),
When operating over dial-up telephone laes and with the AT &7 Model
202A subscts, the lac-speed buifer utili wes the telephone equipment Lo

the ntimost by transitting the message at a rate of 160 characters per

sccond, or in more general terms, approxiately 1600 words per

minute. The transmission of information between buffers is accom-

plished in scrial-by-bit form and in the NR7ZI {transition) code. An




NRRAT converter, at the transimitting buffer, is used {o change the pulse
output from the tape to binary inforimiation containing a transition corres-
A

ponding to i one and a transition (cither positive or negative going) in the
information from the NRZT converter also corresponds Lo a one.

Onee the information has been recorded at the receiving buffer,
tho receiving buffer can be operated at o continmous speed of one inch
per second to print the receiverd information on a unit such as the Tele-

tvpe Model 28 printer. For additional informmation concerning the line-
) g

speed butfer, consult reference L.




I, DATA PHONE

The ‘:'\'I’ &7 Model 3A and Model 202A Data Phones operate in
identical fashion., The Model 202A is the Iater model and is rmore con-
pact than the Model 3A, DBoth models are capable of transritiing up to
1200 bits of information over dial-up telephone lines. Only Model 202A
shall be referred to during the following uiscussion.

The AT ~7 Model 202A Data phione is o digital subset mmanufuctured
by the American Telephone and Telegraph Company. A briced descripiion

of the data phone and its function in transo.itting information over dial-up
telephone lines belween two llne-speed butlers will he an ai(i in under-
standing the operation of the autoimatic control unit.

The data phones arc pnvsically placed in the total sysici as illus-
trated in Figure 1. The telephone 1s actually an integral part of the
Viedel 202A Data phone, but in Figure | the teleplione 18 shown as a
separate unit to clarify its function in the systens,  The description to be
presented will be for data phones which arc wired to operate over telephonce
lines utiliving echo suppressors. The primary lunctions of the data phones
are to modulate (modify the binaryv data so that it is easily transnitted
over the teleshone line} the Linary data sent at the transmitting bulfer
and to demodulate (recover the binary data from the received modulated
signal} the received information at the receising bulfer.

A telephone line conneciion toust be obtuined between the data-

phone localed at the two line-speed butfers before information can be,



transmitted from one buffer to the othher. This connection is casily
obtained by the operator of the buifer to be used for transniitting data.
The operator siimply picks up the telephone receiver located on the data
phone; and when a dial tone is heard, dials the telephone number of the
data phone lor the intended receiver, The attendant at the reeceiving
bulfor answers the telephone, and throungh volce communication with the

b

opurator oi the transaitting builer, can stale when the recciver is ready

to acoept the messace (o be troansnttted, Onece the transo.itting buffer
J &

b
15 ready Lo send a messavo and the intended receiver is pre-p;u‘o(l to
aceept the messace, the Jdata batton on the datia prhones can be depressce
and the telephone receivers i ve pluced in their normal position,  Fiwe
d‘;nn buttons are depressed to conneet the data phones to the telephione
line.

As shown in Fisure |, the orvor detector and automatic control
unit is cenncected to the data phoce through {ive informmation lines in adidi-
tion to & common ground.  All sicnals sent to the data phone from the
Error Detector and Automatic -Control Unit must have a nminimum ampli-

tucde of -3 to +3 volts and a4 maximmum amplitude no greater than =20 to +20

velis,  All signals sent from the datn phone to the error detector and

auloniaiic control unit have an approximate amplitude of -8 1o +8 volts.
Preceding the transmission of a block of data, a positive potential

; N . " h . it . A | +1 e . R, ] m L

PLopoonaial above ground) mast be applied to the request - send line,  The

data phone, when receiving this signal, places a carrier siznal on the tele-



phone line between the two data phones,  The carrvier-on-off sienal he-
comes approxiinately 49 volls when the currnier sivnal is detected at
the recciving data phone, A tiine delay will be experienced between
tne injection of a carrier sipnal at the transinitter and the carrier-on-off
signal poing positive at the receiver, The delay is a function of the
anmplitude response as well as the time delay of the teiephone line,
Thereiore, the delay will generatly be longer {pr telephone lines of long
distances thun for lines of short distances, The carrier-on-off signal
will be negative in potential when no carrier is present on the telephone
line.

The clear-to-send signal at the data phone which had provided
the request-send 'signal will become a positive 8 volts approximately
200 ms after a positive signal had been placed on the request-send line.
A positive clear-to-send signal indicates that the dataphonc is ready
.
to acceptl Binary data which is to be transmitted over the tclephone linc.
The 200 ms delay between the clear-to-send signal going pesitive and the
request send signal going positive is strictly a function of the data phone.
This time duration is provided to allow the telephone lix;e sullicient time
to be turned arcund, In other words, to allow sufficient tinme for esta~
blishing the carrier signal on the telephone line and in the proper direction

(from the transmitting data phone to the receiving data phone).




IV, ERROR DETICTOR
The detection of errors in the received information is acconmi-
plished by Liock parity check, The information tu be transmiitted is
i
preparced in blocks of approxisately (50 characters with a space cquiva-

lent to ten chiaraciers of noisce-iree tipe between blocks,  Fach charac-

ter is coded in ihe normal teletvpe code (siart plus five information

Lbits)., The autoniatic coatrol unit contains a start-stop clock which
starts auproxiinately a hall-Lit (.0e alter the start bit 1s introduced to
the unit frown the linc-speed butier and operates for six clock periods
telore being stopped by a counter. The first of these six clock pulscs
is used to change the state of a binary rlip-llop which throughout this
paper shall be referred to as the sawmpling flip-flop.  The re'naining
five vlocik pulses are used to trigeer the sampling flip-flop which sa:nples
]
the {ive Information bits of cach character. This sampling process at
the transmitiing bufl'c'r is performed primarily to eliminate iitter in the
data causcd by speed variations of the lince-speed Luifer. These speed
variations are very simall and the sampling process could probably be
eliminated at the transmitting buifer; but since the sampling (lip-ilop
is definitely needed when the builer i1s used as o receiver, the slight
jitter it the data can be removed with ne addition to the necessary elee-
tronic circuits.

As mentioned above, the lust five of six clock pulses are used to
drive the sampling flip-flop. Grouns of these live clock pulses will be

reteryed to as (] The positive going transitions of Clg are delayed
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approxioately 100 nderesceconds to form the pulses ol Cly which is used
to drive the crror-detector reqister,  The information encoded by the
crror-detecior register is taken from the sammpling flip-flop. In order to
encode the five information bits Qf cich character instead of the start
and the following four information Lits, U clock driving the error-detector
recsister must be delayved from the <lock driving the sampling flip-flop.
The delay of Cl; bevond €013 also plays an important role during the
parity check at the receiver. This will he explaived in greater detail
during the discussion of parity comparison, Refer to Figure 2 for a
timing relation between Clp, Clz. Cls, Cl_;, intormation seut to the
sampling {lip-flop, and information scnt from the sampling ﬂil‘)-flop.

The error detcctor register, shown in Figure 3, consists of ten
flip-flops and onc Exclusive OR gate, The equation of the sequence
gencrated by the error-detector register is

x40 x94 1 - o

7 where + represents Exclusive OR., This expression may be stated that.

4 :
’ the feedback (Xlo) is equal to the swn, mod-2, of the first flip-flop(XY)

o . -G . s . - .
on the right and the tenth flip-flop (X} from the right, lip-ilop (XY is

.

connccted such that its output at time {t; + 1) is equal to the sum, mod-2
of its contents at time t; and the output of the Exclusive OR gate at time

t,. This conncction of flip-tlop (XH) c¢liminates the need of one Exclusive
OR gate. The Exclusive OR gate included in the error-detector register

sums, mod 2, the output of (lip-tiop (XY and the data input from the




sampling flip-rlop. By this method, the data has an influence on the
sequence generated in the ten-stage recister.  The sampling {lip-flop,
aiter reclocking the inforiaation rom the transmaitting buffer, sends
the inforimation to the error-detector register for encoding and to the
duta phone for transiiission of the inforniaiion to the receiving buffer,
The encoding and lransmitiing processes take place simmwmltaneously.
After a mlock of information has been transiniited and encoded, the
ten Lits rermnaining in the ten-stage register comprise the parity for the
block of information transynitierl,

At the receiver, the identical encoding process takes place,
The incouding byorimation (rom the data phone is sampled by the sampling
flip-{lop and its output is sent to the error-detector register. Ii the in-
formation block is received correctly, the ten bits, remaining in the ten-
stage register after the information block has been received, will compare
exactly to the ten bits remaining in the ten-stage vegisier at the transinitter
after the block of information has been trans:citied.

The ten parity bits generated at the transmitter are sampled
and a start bit is added to cach group of {ive parity bits by the sampling
{lip-flop before the parity is travsinitted to the receiver. The advantage
of dividing the parity into 'L\.VD groups of {ive bits plus a start bit is that
the parity is molded into a form identical to the information characters,
This allows the parvity to be processed by the irdeniical clocks that are

used to process the information characters. 'The added start bit is




required to actuaie tlhe start-stop clock,

Tlie ten parity bits generated at the trans:vitter ave transasitted
to the receiver approxiately ten niilliscconds after the information
block had been transn}ittcd. In other words, the parity {for a hlock of
information is separated {rom the Llock with a gap eqguivalent to ten
milliscconds. This gap between the information block and its parity is
entered at the transinitter so that the automatic control unit at the
receiver can determine where the inforiation block ends and where
the parity becins, The parity received {rom the transmitter 1s compared
with the parity gencrated at the receiver in the Bxclusive OR gate which
is a part‘of the error-detector register {Ligure 3) at the receiver, The
outpul of the Exclusive OR gate is sampled at appropriate times to deier-
mine whether the parity check was correct or incorrect, Parily compari-
son shall be discussed in greater detail in the secuon devoted to the auto-

matic control unit,

This scheme of error detection can detect B of ail
2
possible crrors occurring in each inforinmation block., In other words,
. . . ) i .
the nuimber of undetected errors will amount Lo a fraction —— s ot all
[

possible errors, Therefore, the crror deteciion is approximately

99, 9% cifective. The efficiency of the error detection scheie can be
increased by increasing the mumber of flip-flops in the error detection
register which will amount te an increasc in the nuimber of parity bits

for cach block of information.




