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CLASS

D

The interchange of information at rates
below one hundred words per minute has
become too slow for many up-to-date
means of data accumulation. Faster data
processors and communication equipment
developed within the past year are being
incorporated in various private industry
and government transmission services.
Western Union Class D service offers the
most efficient transmission facilities for
operating these new systems at rates be-
tween 100 and 180 bauds.

The first such major network 1s cur-
rently being installed for the New York
Stock Exchange’s 900 character per min-
ute tickers operating at 135 bauds. This
network, like the present slower speed
ticker service, covers approximately 34,-
000 circuit miles and 650 cities throughout
the United States. The Stock Exchange
has planned the full cutover to 900 char-
acters per minute tickers on October 1st.
A large network of duplex way circuits,
Plan 137, for Weyerhaeuser Company is
scheduled for complete circuit operation
on December 1, 1964. These way circuits
operate into G.E. Data Net 30 computers
which are connected over a Western
Union 2400-baud circuit. On Jan, 1, 1965
the General Service Administration—Ad-
vance Record System (Phase 1) will be-
come operational, and will include the
most advanced Class D network in the
country. This system contemplates a final
installation of 1700 drops involving 600
cities during 1965, and consists mainly of
the new ASCII format, eight level, 110
baud teleprinters.’

The AUTODIN Switching System
which operates at 150 bauds 15 a fore-

a4

SERVICE

runner of Class D Service.” * The con-
centration of terminal equipment and as-
signment of Message or Circuit switching
subscribers, all for full duplex operation,
made it possible to utilize carrier trans-
mission for each customer drop. This has
been adequately handled by Western
Union Data Carrier Transceiver 10210
and associated equipment better known
as the Type 70 Channel Terminals.

Varied Circuit Arrangements

Unlike the specialized full duplex net-
work of the AUTODIN Switching Sys-
tem, Class D Service customers will re-
quire a wide variety of circuit arrange-
ments. These will be similar to those used
in slower speed telegraph customer serv-
ice and will include half duplex or full
duplex networks, point-to-point connec-
tions, controlled duplex waywire networks
and one way distribution.

e Half Duplex Multipoint Arrange-
ment—Figure 1 shows a typical half du-
plex circuit with the customers’ drops
hubbed in network repeaters. Any cus-
tomer drop can “talk™ to any other drop
either collectively or by selection, but
transmission in only one direction at a
time is possible. As shown in Figure 1,
duplex facilities are available through-
out the circuit except in the network re-
peater where the two directions of trans-
mission are combined. Networks of this
kind are common when a master com-
puter at the customer’s control station
“polls” the other drops. It would be lim-
ited by the amount of traffic required in
communicating between the drops and
the control center, since only one drop
at a time can be polled.
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Figure 2. Full Duplex Metwork

e Full Duplex Arrangement—Figure 2
illustrates one means of providing a truly
full duplex network where simultaneous
two way communication is possible be-
tween any two drops. A prohibitive num-
ber of voice facilities are required for this
arrangement which uses existing designs.
The complexity of this network makes it
unlikely that it will be found in actual
practice until a suitable full duplex net-
work repeater is developed when required.

* Point-to-Point Arrangement. The
simplest circuit connection possible is the
point-to-point communication between
two drops shown by Figure 3. The circuit
arrangement will be the zame for either
full duplex (simultaneous two way) or
half duplex (one way) communications.

o Controlled Duplex Way Wire Ar-
rangement. Perhaps the most common
circuit configuration, where a central com-
puter can “poll” a selected drop and then
receive its communication while trans-
mitting data or “priming” another drop
for its polling character, is shown by Fig-
ure 4. This type of multiple network will
be used most often to conserve valuable

computer time, and increase the efficiency
of data interchange. This may also serve
as a full duplex multipoint network where
any drop can “reach” any other drop
through the central computer. However,
this arrangement is somewhat difficult to
program, and would “tie up” computer
operation to all drops during the special
communication.

e One Way Distribution. Figure 5 gives
the arrangement for distribution of data
traffic from a central transmitting point.
This application of Class D service is lim-
ited in scope to such customers as stock
exchanges where the same communica-

tion is required simultaneously to a num-
ber of drops.

W. U, OFFICE W W OFFICE

£T wF cT

|
|'§ i v

DATA DATA
TERMINAL TERMINAL
CUSTOMER CUSTOMER
DROP DROF
Figure 3. Point-te-Point Network

WESTERN UNION TECHNICAL REVIEW




W. U. OFFICE

W.U. OFFICE

e [
ET VF CT & CT vF E:
I (T d

_ NR | R
|

Ti'u'l""'r‘l ol

L——

ot L

i

=

|

|z

0|

|z
e
- w

W.U. OFFICE |

Iz
|1’l
|=
o

™ y
A
™ )
DATA Figure 4. Controlled Way-Wira Metwark
TERMINAL

CONTROL
STATION —
Egg;DMEH TERMINAL

CUSTOMER

DROP

CITY A CiTy B CITY C

JULY 1964

CLASS D" SERVICE = 97



Niomjay Aopy sug g euanBiy

i
Liig w
- =2
W = LN =
LNIWINDI ONIAITIIY ] ey 0 R S m
HIWOLSND HO4 S4007 Iva0 — LLl || P
0L S3TNOOW HILLINSNYHEL V1V — e [ i N 8 e 5
N L] i3] m
Q3HIND3Y SV LNIWLINDI TWNOILIOOY —— » ™ e
OL NOILIINNOD ¥O4 v ivay (LLL H aw | — £
=z
i e
(Sd007 221 ALID FNVYS NI 331440 puz i
—_— =
LI
{54007 €1 331440 M BWE R
™
AN e | LI 7 o
- [
ol | —— AR L3 1
-Il--lf B
7 T M 4N [
| vl : Bt _
] iw
LA
TN T — R
m LW ‘ |
_ A — 13 = |
PRI So— T . _ __ in 13
AA =] 13 [I_‘_.:_.__ Hd LY | disieti L) iJ _
4A 1
m
| : _—
[Sd007 8) 321440 N M 17—t -
H1WX
{54007 92) ALID ONILYNIOIHO - 331440 7'M HILSYW




Equipment Functions

Each of the above circuit arrangements
illustrates common equipment types to
perform the various operational functions,
C'T, LT and TM are designations for
equipment which appear in virtually every
circuit layout. Other equipment designa-
tions are used to complete the circuit
configuration for particular applications.
Table I lists the existing tvpes of appa-
ratus and the intended use of each. The
main line facilities are terminated in Type
70 Carrier Channel Terminals { Data Car-
rier Transceiver 10210). These channel
terminals have proven their reliability in

the AUTODIN Switching System. In-
plant de network facilities are furnished by
a new family of transistorized equipment
types. In order to minimize installation
time and complication, these integrated
units are arranged on a common basic
equipment chassis. A data rack shelf is
provided with slots to accommodate the
plug-in chassis. The right hand slot of
each shelf is reserved for a power supply
of similar design to the basic eqmpment
chassis. This supply provides power for
units inserted in the four remaining shelf
positions.

TABLE 1
PLACE USED |pesiGg-
DESCRIPTION NATION REMARKS
WU |PATRON
DATA CARRIER
Sl il 10210 - cT TYPE 70 CARRIER
DATA SET 18] DS
DATA SET 18I, oS PROVIDES ElA INTERFACE
DATA RACK SHELF | 11619 e E o aEan EIWER
DATS TRANSMITTER
printiip nezi1 | nsz| ™ BALANCED LOOP KEYER
DaATA MASTER
Dbl 11620 = MT BROADCAST TRANSMITTER
DATA LOOP
TRAMSCEIVER 1624 LT
PROVIDES OPEN LOOP
H6e4.1 LT DETECTION
| IB60 LT
1725 BT PROVIDES EIA INTERFACE
DATA NETWORK e 5 i PROVIDES BLIND BREAK &
REPEATER OPEN LOOP PROTECTION
N PROVIDES 3 DROPS WITH NO
nra4 NE  lBLIND BREAK PROTECTION
DATA REGENERATIVE
DATA POWER SUPPLY | 11625 » PS | AMPERE EA +8 — |2V
[I625.1 » PS | AMPERE EA +8— 12 & 29V
11625.2 * PS Z AMPERE EA +8 - |2V
SELECTOR MAGNET HIGH SPEED TICKER
DRIVER 1ass SMD | nRIVER CARD

* Patren Sets are all sef powersd From A Commerciol A-C voltoge source

JULY 19564
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Figure 6. Data Carrier Transceiver

Equipment for patrons’ office installa-
tion is provided on a suitable chassis with
a distinctive cover for mounting outside
and away from the other confines of
Western Union equipment tables or cabi-
nets. In many cases, these patrons’ sets
employ the same circuit assemblies as are
provided in the central office chassis.

e Data Carrier Transceiver. Type 70
Carrier Channel Terminal Data Card
Transceiver 10210, provides the main line
transmission path, combining a number
of dc signalling circuits into voice facili-
ties for trunk handling. A functional
diagram of these terminals is illustrated
in Figure 6. These units are the plug-in
type and provide wide-band carrier paths.
They may be used to fill an entire voice
facility, or may replace two narrow band
channels (Type 20, 30, 40 or 60) in a
partially utilized facility.

e Data Set. When de facilities cannot

100

he obtained to a customers premises, a
voice facility carrier will be terminated
by a Data Set 1181 whose function is the
same as shown by Figure 6. This set is
packaged for the patrons’ office, and may
he equipped with a distinctive cover
when not housed inside Western Union
consoles containing certain switching or
selection apparatus. (Type 1181.2 is a
lower carrier frequency model of this set.)

Data Set 1181.1 is identical in use with
the Type 1181 but provides the necessary
interface connector and signal levels to
meet EIA (Electronic Industry Associa-
tion) standards as set forth in RS8232-A
(Type 1181.3 is a lower carrier frequency
model of this set).

e Data Transmitter Module. In order
to obtain satisfactory operation at Class
D transmission rates, balanced keying of
the local loop facilities 1s necessary. The

WESTERN UNION TECHNICAL REVIEW




INPUT OQUTPUT
DATA TRANSMITTER
E tﬁ MODULE [I62l B o b e |
= H |
10 ma = % 2 to 20
l2v - + 5 |
= o i |
600N |
- 4 - ———— .
(TM)
— + =
24y 24y

I

= =

Figura T.

Data Transmitter Module, 11621, shown
in Figure 7, acts as an electronic double-
pole-double-throw switch to reverse a
grounded center tap 45-volt supply. The
switch 1s keved by a 12-voll polar input
and acts to reverse the loop connection
of positive and negative 24-volt bat-
tertes which are referenced to ground.
This unit 18 a small, plug-in module ap-
proximately 37 x 1% x 1" mounted on
an 11-pin plug. It is used to provide the
transmitting function of all data loop
transceivers and the data master trans-
mitter,

s Data Loop Transceiver. There are
various types of Data Loop Transceivers
used in the Class D Service. Termination
of a local loop being keved by the bal-
anced transmitter module is accomplished
in the receiver portion of a Data Loop
Transceiver. The plug-in transmitter mod-
ule provides the corresponding transmit-
ting function, Figure 8. The Data Loop
Transceiver 11624 plug-in chassis for cen-
tral office use provides two optional op-
erating applications:

a) As a transceiver between plant dis-
tribution equipment and a local
drop, it interfaces intra-office 12-
volt grounded polar signalling cir-
cuits and local balanced hattery
loop transmission for both direc-
tions of transmission.

JULY 1964

Dara Transmitter Madula 11821

b} When used as distribution receiver
for one way traffic, it provides a
maximum of three local balanced
hattery loop transmitters from a
single input loop. Optional use of
the plug-in transmitter modules will
allow an equal number of intra-of-
fice 12-volt polar signals for further
distribution to master transmitters
or carrier transceivers,

The Type 11624 Transceiver is entirely
transistorized and will not introduce any
measurable signal distortion, making its
application in main-line transmission
paths quite practical.

Data Loop Transceiver 11624.1 is a
plug-in chassis similar to the Type 11624
Transceiver, but provides the additional
feature of an open loop detector on its
receiving side. This feature is particularly
necessary when local drops are a part of
half duplex networks and 1t 15 necessary
to maintain a marking input for circuit
continuity.

Patrons equipment operating via con-
trolled duplex signalling networks require
a conversion from the internal signalling
levels to the halanced hattery loop trans-
mission, and this is provided by the Data
Loop Transceiver 11860, Its function is
the same as that shown in Figure 8, al-
though the circuitrv used is somewhat
different. A mercury relay is utilized in

CLASS "D SERVICE =« 101
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Figure 8. Data Loop Transceiver

the 11860 Transceiver which necessitates
its being mounted in a particular position.
Since other Western Union equipment is
usually necessary in this application, the
11860 Transceiver will be mounted in-
side a console or cabinet and can be prop-
erly positioned. A bias control is provided
to allow correction of a possible bias in-
troduced by the mercury wetted relay or
if make-break operation is required.
Data Loop Transceiver 11725 is
identical in use to the Type 11860
Transceiver but provides the necessary
interface connector and signal levels to
meet EIA standards. Since its use is not
restricted to application within other
Western Union equipment, the circuitry
is entirely transistorized and a distinctive
cover provided. This unit may be mounted
in any position and is interchangeable

102

with the Data Set 1181.1 when de facili-
ties to the customer are available.

o Selector Magnet Driver Card. A spe-
cial application of Class D service in one
direction to a printing device has been
used for the New York Stock Exchange
900 characters per minute tickers. This
requires that the balanced loop battery
transmission be converted into signals to
drive a power transistor for controlling
the 500 ma current required by the selec-
tor magnets. This device, shown in Fig-
ure 9, is a plug-in printed circuit card
particularly intended for the 900 char-
acters per minute ticker designed by Tele-
type Corporation.! The use of this card
for other selector magnet control applica-
tions is not presently contemplated but
may become a standardized item in the
futu;e, since it is in effect a data loop
recelver.

e Data Network Repeater. Operation
of complex networks having drops in va-
rious locations requires a means of dis-
tributing signals to the desired location
and maintaining contact with all other
locations. Figure 10 shows the functional
operation of a Data Network Repeater
11724. Since it is unnecessary to provide
for the distribution of less than two local
drops, Data Network Repeater 11724
contains three “leg circuits,” one for the
mainline connection and one for each

_'EaE-..Et'l:vn WAGNE T o -‘_'-.Lu_ﬂ-
ORIVER CARD | LA —

Eé_ auTRUT
3]

[

1 e r— 1 b1

)

P00 CRM THCRER

BTN I
ar

Figure 7. Selector Magnet Driver Card 11835

local distribution (either local loop con-
nections or diverse carrier locations). No
provision is made in this repeater to pro-
tect the network from *hits,” “opens,”
or “garbling” due to noise or faulty opera-

WESTERN UMION TECHMICAL REVIEW
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tion on various legs. The dummy circuit
may be connected to as many as twenty
drops by placing the units side by side in
the rack shelves and cording “dummy
in” to “dummy out” jacks,

When complex networks require the
protection of blind-and-break functions or
regeneration Network Repeater 11622,
shown in Figure 11 shall be utilized. In
other respects, this repeater serves the
same purpose as the Type 11724. Due to
the complexity of the additional features,
only one repeater can be mounted on a
chassis, each being corded to the network
by a series of “dummy in” and “dummy
out” patches on the front panels of the
repeaters. Insertion of a regenerative re-
peater into the dummy will allow as many
as fifty drops. This repeater has provision
to lock out all drops except the one send-
ing, and will give an alarm on an attempt
to break into a working dummy. It also
will “blind” a drop which sends spacing

104

for one second or more. The provision of
locking out all but the leg sending re-
quires a time delay of one to two char-
acters between the end of transmission
from one drop and the start of transmis-
sion from another. This time delay has
been referred to as “turn around” time.

* Data Regenerative Repeater. When
the main line carrier transmission path
exceeds five sections—or can be expected
to exceed five sections in switched net-
works, the effects of carrier and other
additive distortions will require that the
dc signal be regenerated. Repeater Type
11623 is a crystal controlled digital re-
generator that will correct distortion of
45 percent to within 1 percent at any rate
contemplated within the Class D service.
Crystals must be inserted for the particu-
lar baud rate of the service being regen-
erated. The crystal frequency is 256 times
the baud rate. Wire strapping options
within the unit allow selection of char-
acter intervals to accommodate the vari-
ous start-stop signalling codes. The input
and output of this unit is the standard
intra-office 12-volt polar signal with the
output being continuously delaved by
one-half bit.
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Figure 12. Doto Master Transmitter 11620
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o Data Master Transmitter—Trans-
mission of Class D data in a one-way serv-
ice requires a number of outputs, (hoth
balanced battery loop and intra-office 12-
volt polar) from a single intra-office in-
put. Figure 12 shows the functions of a
Data Master Transmitter 11620 which
accomplishes this distribution. Four out-
puts are provided to connect to other
intra-office 12-volt polar input equipment
(additional MTs or CTs). Four other out-
puts drive self-contained plug-in trans-
mitter modules to provide balanced hat-
tery loop keying.

* Data Power Supplies. Each rack
shelf will provide all the power necessary
to accommodate the various units as-
signed to its four active positions. The
right hand position of each shelf is re-
served for the power supply. These sup-
plies are regulated so that the voltages
remain within 2 percent from no load to
full load. They are completely self-con-
tained units.

Data Power Supply 11625 will be re-
quired for shelves equipped entirely with
Data Regenerative Repeater 11623 and
Data Network Repeaters Types 11622
and 11724, since these umts require only
plus and minus 12 volts. One ampere for
each pole of twelve volts is provided.

Data Power Supply Type 11625.1
will be required for shelves where Data
Master Transmitter Type 11620 or Data
Loop Transceiver Types 11624 and 116-
24.1 are used since these units require the
balanced 24-volt loop batteries in addi-
tion to plus and minus 12 volts. One am-
pere for each pole of each battery is pro-
vided,

Special provision of intra-office polar
12-volt signal battery can be accom-
plished with Data Power Supply 11625.2.
Two amperes for each pole of twelve volts
is provided. It is not expected that these
supplies will be required in connection
with Data Rack Shelf 11619; however it
may be used as a substitute for the Type
11625 power supply.

JULY 1964

Maojor Assemblies

The Class D networks will extend to all
Western Union distribution points. Sev-
eral major assemblies are available to ac-
commodate the installation of this equip-
ment. Two divisions, according to the size
of installation determine the particular
major assembly to be used:

1. Those offices having little or no
Type 70 carrier terminals.

2. Those offices with a large number
of Type 70 facilities.

o Data Repeater Bay 11857-A is an
assembly of equipment on a standard re-
peater rack to be utilized in offices where
it is not necessary to provide facilities for
terminating Type 70 Carrier Channel Ter-
minals. Jack Circuits NRL (Figure 13)
are provided for connection to a number
of remotely mounted Type 70 Channel
Terminals. Jack Circuits “NA" (Figure
13) are provided for connection of equip-
rment and loop facilities in the usual man-
ner. This bay may be expanded to a Data
Terminal Bay 705.

* Data Terminal Bay 705 is a rack as-
sembly with provisions for a wvariable
number of Type 70 Channel Terminal
rack shelves, depending upon the number
of transceivers to be installed in a par-
ticular office. This bay will accommodate
a maximum of eight Type 70 Transceiv-
ers with associated jack facilities, and up
to twelve data equipment types as re-
quired.

In very large offices, where a high con-
centration of carrier terminals appears,
Data Terminal Bay 701.1 is used to
mount up to 24 Data Carrier Transceivers
10210. No jacking facilities are provided
since they will be concentrated on a Data
Switchboard Bay 11913.

e Data Switchboard Bay 11913 pro-
vides the mounting positions, cross-con-
nection and jacking facilities required in
offices with a high concentration of car-
rier terminals and data equipment. Initial
installations may be expanded to a total
capacity of approximately 160 circuits.
Thizs hay also provides NRL circuits to
terminate the channels mounted on Data
Terminal Bay 701.1.
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The very special requirements and large
concentration of Class D circuits into the
circuit switching and message switching
centers of GSA district and junction
offices necessitated the design of monitor
testboard assemblies. These rack or cab-
inet-mounted jack fields and distribution
frames are used by maintenance person-
nel at the switching centers and provide
100 trunk and line jack circuits in appro-
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Jack Circuits

priate combinations depending upon the
designated office. These circuits are
equipped with shunt monitoring, facility
or leg talk capabilities which may be used
with any of the various types of “drop”
equipment, as shown in Figure 13. Cir-
cuits in trouble may be “cut” to provide
the normal idle condition which will pre-
vent false seizure of switching trunks and
erroneous operation of outstation equip-
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ment. Additional switches are provided
for selective control of line load condi-
tions. Various classes of service may
be prevented from being transmitted
through a district switch or through a
junction switch as desired.

Service Reliability

Laboratory tests and several months of
field application of prototype equipment
maodels give every indication of long and
trouble-free service from the new family
of data equipment. Installation and cut-
over of the first customer loops in New
York City started in June 1964 for the
New York Stock Exchange. The tran-
sistorized system design uses a uniform
chassis for many of the equipment types.
This has proven economical in both man-
ufacture and installation estimates. With
these advantages, Class D Service should
become a long term asset to Western
Union’s diversified customer applications.

Applicatiens

The equipment system concept em-
ployed for the Class D Data Apparatus

will have many applications because of
its compactness and maintainability.
Many new components are already in the
design stages, and additions to some of
the existing equipment is under consid-
eration to make them more applicable to
slower rate and higher current telegraph
circuits. A relatively simple test fixture
is being designed which will be applicable
to all Class D Equipment for the mainte-
nance and repair of units which become
faulty.
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Expanded Private Wire Service

for

New York Stock Exchange

Pedestal Unit

Figure 1,

A completely new “900" Stock Ticker
was introduced into Western Union serv-
ice on June 21, 1964. This new high-speed
ticker will replace approximately 2600 5-A
tickers which have been leased to the New
York Stock Exchange for the past 33
vears. It will up-grade the previous service
so that the system will be able to handle
an 80 percent greater volume of stock
broker sales than it did previously.
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Western Union is planning to invest $5
million in improved line facilities and a
new ticker repeater plant to handle the in-
creased speed of the new 900 Ticker.

During the conversion to high-speed op-
eration, all New York Stock Exchange
tickers in the United States and Canada
will continue to operate at 500 characters
per minute. The total conversion to 900
characters per minute operation will be
completed about October 1, 1964,

It is expected that the ticker tape, used
in the new ticker, will be easier to read,
hecause the start-stop motion of the pres-
ent tape will be eliminated. This was made
possible by the variable-speed operation
of the new electronicallv-controlled motor
in the tape puller unit.

Description of Ticker

The new high-speed ticker manufac-
tured by the Teletype Corporation will
increase the operating speed of the New
York Stock Exchange leased wire service
from 500 characters per minute to 900
characters per minute.

Two types of tickers will be used in the
expanded Western Union service: a pedes-
tal unit and a projector unit. The pedestal
type, shown in Figure 1, comprises a print-
ing unit with base, full cover, and pedestal
containing shelves for tape storage. The
projector tvpe, shown in Figure 2, with a
partial cover has a tape-puller motor con-
trol, and an electrical service unit, which
is different from the pedestal type. Figure
2, also shows the tape puller and printing
unit on its redesigned base. This Trans-
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Figure 2. Projection Unit

Lux base supports the optics necessary for
copy projection and a pivotal sub-base for
the ticker.

The pedestal tvpe ticker will be used in
all instances where projection of printed
sales is not required. The projector type
ticker emplovs a cellophane tape to per-
mit projection of printed copy.

Components of Ticker

*c» Printing Unit—The printing unit i§
an electromechanical motor-driven unit)
capable of receiving an input signal of
6-level, 9-unit code at a speed of 900 char-
acters per minute, and providing a modu-
lation rate of 135 bauds. The wunit
converts the line signals into printed char-
acters on a tape one inch wide.

The Printing Unit consists essentially
of a selector mechanism, and a mainshaft
assembly with a selector clutch, a code bar
mechanism, an aggregate motion trans-
verse positioning mechanism controlled by
four all steel clutches, a dual print ham-
mer assembly, a type box, a ribbon mecha-
nism, and a tape feed mechanism shown
in Figure 3.

Selector Mechanism—The selector
mechanism is basically a Model 28 2-cycle
selector converted to 6-level. It consists of
2 selector magnet coils and an armature,
selector levers, push levers, and bails nec-
essary to convert the electrical input
pulses of the start-stop code to mechan-
ical motions, as the 2-cycle, all steel, in-
ternal expansion selector cam-clutch ro-
tates. The mechanical motions set up by
the selector, govern the characters to be
printed and the functions to be performed.
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Main Shaft and Code Bar Mechantism
—The code combination received by the
selector is transferred to the code bars
upon operation of the 2-cycle code bar
clutch, through the code bar shift levers,
thus positioning the code bhars to the
selected marking or spacing condition.

The six individual code bars are de-
signed so that an extension on each will
operate a bell crank for performing its
specific function when shifted either mark-
ing or spacing. Each of the number 1, 2,
3, and 4 code bars through its extension
and bell crank, trip a clutch in the aggre-
gate motion mechanism (Typebox Hori-
zontal positioning). The number 5 code
bar through its extension and bell crank
trips the type box clutch, located on the
extreme right end of the mainshaft. This
clutch is a one stop clutch in design but it
is stopped in two positions depending on
whether number 5 code bar is marking or
spacing. The position in which the 5th
pulse clutch is stopped determines the
front and rear positioning of the type box
(Type rows 1 and 3 spacing, Type rows 2
and 4 marking). The number 6 code bar
determines which of the two print ham-
mers ( Ltrs, or Figs.) will operate. (Use of
a single bit of one character to accomplish
Figs. /Letters shifting contributes greatly
to the high speed output of the unit.)

After the type box has been positioned,
the main shaft function clutch trips the
selected print hammer, and feeds the tape
and ribbon, through their associated link-
age.

Ticker Mechanism Uncavered
{Frant View)

Figura 3.
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Aggregate Motion Mechanism — The
four-clutch aggregate motion mechanism,
shown in Figure 4, is located on the top of
the printing unit. It determines the hori-
zontal position of type box, which is so
arranged that it can be positioned in any
one of sixteen horizontal positions. To ac-
complish this, the four-clutch aggregate
motion is only required to provide a maxi-
mum of fifteen units of movement to move
the type box from the all spacing to the all
marking position, since the print hammers
are always located over one of the sixteen
horizontal positions. There is no “home-
position” and “No motion is one posi-
tion.” The number 1 clutch (1st pulse)
provides 8 units of type box movement,
the number 2 clutch (2nd pulse) 4 units
of movement, the number 3 clutch (3rd
pulse) 1 unit of movement, and the num-
ber 4 clutch (4th pulse) 2 units of move-
ment. (Although all eceentric links move
equidistant the fore-going multiplied mo-
tions are obtained through proper pivot
locations on the associated linkages.) This
then in conjunction with the 5th and 6th
pulses provides a maximum of sixty-four
possible character selections in the type
box. A drive link is eccentrically mounted
to each of the four cluiches and they are
attached to the aggregate motion output
link which positions the type box hori-
zontally through the type box link to the
character selected by the code combina-
tion. The clutch drums of these four
clutches are driven continuously through
a gear train from the mainshaft.

Print Hammer Assembly—The print
hammer assembly shown in Figure 5 con-
sists of two spring-loaded print hammers,
latching pawls, accelerator levers and a
selecting slide. These hammers are re-
leased and reset by a cam on the function
clutch. The hammers are selected by the
number 6 code bar, If the number 6 code
har is in the spacing condition the letter
hammer operates—if in marking, the fig-
ure hammer operates. The figure hammer
strikes type pallets in type rows 3 and 4
in the type box and the letter hammer in
type rows 1 and 2.

T'ype Box—The type box arrangement
and code chart are shown in Figure 6. If
the letter R, having a code combination of

o

Figure 4. Aggregote Motion Mechanism

2, 4 marking 1, 3, 5, and 6 spacing, is to be
printed the number 2 and 4 code bars will
trip their respective clutches while num-
ber 1 and 3 will remain disengaged. Under
this arrangement the aggregate motion
will place the type box horizontally in the
seventh position {rom the left. Since the
number 5 pulse is spacing, the type box
clutch will position the type box in its

J-ﬂ'hrl rint H-Immit

Eignres FPrist Thnamee SN

Figure 5. Print Haommer Assembly

forward position (type rows 1 & 3). Since
number 6 pulse is spacing, the “letters
print” hammer will be tripped by the
function clutch on the mainshaft. Thus
the letter R is printed.

: EE@HEJUWEH@EMMMEWU
vy 1H@EE]IU[ﬂEEM@@E%”
>+ [u[=l0MIcl9fd aagg@ﬂﬁggm“
Sl i SRR AT DS

Figurs 6. Typsbax ond Code Chart
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Figure T,

Ticker Mechanism Uncoverad

Rear View

Ribbon and Tape Feed Mechanisms—
The ribbon and tape feed mechanisms are
operated through a common drive link
and shaft arrangement by a cam on the
function clutch.

Base and Cover — Both pedestal-
mounted and projector-mounted tickers
will use a similar base, which supports a
motor unit with intermediate gear assem-
bly, terminal block, and fuse receptacles,
in addition to anti-noise and wibration
mounts for the printing unit.

There are two types of covers available,
One completely encloses the ticker, and
has a clear plastic front to permit reading
the last character printed on the tape, as
shown in Figure 1. The second shown in
Figure 2 is essentially a half cover, which
encloses all of the ticker except the tape
container and printing area.

JULY 1964

e Circuitry

Selector Magnet Driver Card 11835-A
shown in Figure 7 was designed by West-
ern Union for use with the new High
Speed ticker. This driver card provides
the electronic circuitry, shown in the sche-
matic in Figure 8, necessary to derive
control current for the operation of the
selector magnet circuit from balanced
cable loop signal currents ranging from 2
to 20 milliamperes. The Selector Magnet
Driver Card was specifically designed for
use 1in our Class D Service, Class D Serv-
ice 15 described in detail in this issue on
page 94. The 500 milliamperes selector
magnet operating current is obtained
through the combined operation of the
Selector Magnet Driver Card, a power
supply assembly, and an associated power
transistor located under the left end of
the ticker.
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o Tape Puller and Winder

The tape puller unit is used only with
the projection ticker, shown in Figure 2.
It is completely different in design from
that used heretofore.

This unit consists essentially of two
motors (one de and one ac), a tape reel
and a pressure roller assembly which pulls
the transparent tape, (as it is fed from the
ticker) across the projection unit at a con-
stant speed and winds the projected tape
onto a storage reel. A fullwave rectifier
and a tape control assembly, both of
which utilize printed circuitry, provide
the de voltage source and speed control of
the Tape Puller motor.

The tape control assembly incorporates
a printed circuit card containing a resis-
tive decade. It is so designed that the low-
er end common contact segment of the
tape arm, which is rotated about its pivot
by the amount of tape loop, wipes across
the terminating contacts of these resist-
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Schamatic of Selector Magnet Driver Card

ances thereby increasing or decreasing se-
ries resistance for constant speed control
of the de puller motor from a full 900 cpm
to a complete stop. This tape control as-
sembly is located on the ticker base and
immediately under the printing station
and tape chute,

The function of the ac motor is to ro-
tate the tape reel to take up the projected
tape as it is fed through the pressure roller
assembly. It is so designed as to remain
stalled when no tape is being fed to it.

The de motor drives the knurled tape
puller roller to advance the tape heing fed
from the ticker across the projector. The
tape is held in positive contact with the
knurled puller roller by a set of spring-
loaded pressure rollers mounted to the
latch bail. The direct current supplied by
the printed rectifier for operation of the
de puller motor is applied through the
tape control arm assembly, which is in
series with the armature winding.
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Advantages of the New Ticker

Comparison of the new 900 characters
per minute ticker with other tickers now
in other stock exchange services reveals
some special advantages,

* Greater Longevity

The all steel Model 28 internal expan-
sion clutch used throughout its mecha-
nism will provide greater longeuvity for the
ticker since it is less troublesome, from a
maintenance point of view, than the felt
friction clutches used on older equipment,
Also since 90 percent of its mechanism is
operating 14 cycle to enable the printing

of two full characters for each revolution
of the mainshaft, it can be readily antici-
pated that overall wear will be substan-
tially reduced. Smooth motion of the tape
permits better readability with the con-
stant-speed tape puller.

* Reliability

From all observations made of this new
ticker, up to the time of the publication of
this article, it is expected that it will pro-
vide Western Union with one of the most
reliable pieces of telegraph apparatus in-

troduced into the Western Union Net-
work of Systems in many vears.

Mr. George A. Straub, Maintenance Supervisor
in the Maintenance and Operations Section of the Plant and
Engineering Department and is also active in the New York
Stock Exchange Conversion. He is also engaged in the main-

Mr. Charles Turner, General Maintenance Super-
visor in the Maintenance and Operations Section of the Plant
and Engineering Department, is presently active in the coor-
dination of the conversion of the New York Stock Ticker Lease.
He had been coordinator of two previous ticker conversions.

He came to Western Union in 1929 as a main-
tainer and later was promoted to City Foreman, New York
City. He was then transferred to Washington, D.C. in 1942
where he rose to Distriet Plant Supervisor and remained until
transferred to the Maintenance and Operations Section of the
Flant and Engineering Department in 1960,

Mr. Turner is a graduate of Old Fort High
School, Old Fort, North Carolina and attended North Carolina
State College in 1927-1928 prior to his emplovment in 1929,

tenance of all Telex out-station equipment.

He was employed in 1947 as a Materials Inspec-
tor after spending two vears with a commercial airline as an
Aircraft and Engine Mechanic. He was promoted to Technical
Assistant in the Specification Engineer’s office in 1949 and to
Senior Technical Assistant in the office of the Director of
Maintenance in 1951. He was promoted to his present capacity

in 1835.

Mr. Straub is a graduate of Machine and Metal
Trades High School and Radio-Television Institute, New York
City and 18 presently working toward a degree in Electrical
Engineering at New York City Community College.
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Chong, G. R., Engineer, Broadband Switching Division—P & E Dept.

Interconnection of Three PATS

for
Philadelphia Stock Exchange

The first leased private automatic telephone system, PATS, was placed in
service by Western Union in February 1964 for the Philadelphia Stock Exchange
and its member brokers in Washington and Baltimore.

This special application of PATS interconnected three “UP"” PATS units and
thus provided twenty-seven brokerage firms in Washington and Baltimore with
private voice connections to the trading floor of the Philadelphia Stock Ex-
change. Brokers in these areas can execute buy and sell orders with greater

specd and more aceuracy.

Terminal Equipment

At the Western Union office in Phila-
delphia, a converted 100-line Philips
“UP"” telephone exchange with tie line
relay sets (trunk repeaters) was installed
along with DX signalling units and Altec
Lansing telephone terminating units. In
Washington and Baltimore, similar sig-
nalling and terminating equipments were
used, but the “UP" exchanges were 50-
line units. Four trunks were used to tie
the “UJP” in Philadelphia to the “UP"
in Baltimore and four trunks to tie the
“UP” in Philadelphia to Washington.

Tie Line Equipment

A tie line set (TLS) provides a means
of establishing calls hetween two tele-
phone exchanges. In the case of the
Philips “UP” exchanges, a specially de-
signed two-way TLS provides E and M
lead signalling, optional line supervision,
talking battery, and an equivalent line
circuit. For proper tie line operation in
the Philips “UP" system, it is also nec-
essary to add a supplementary unit to
the common control circuit (CCC) and
wiring to the selector columns and main
frame. Figure 1 shows a block diagram of
a standard “UP” exchange. The TLS is
connected on outlets of the final selector,
(FS).
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Tie Line Operation

When subsecriber wishes to call a sub-
scriber in a distant exchange, he first goes
“off-hook.” The connecting circuit finder
or hunter (CCF) and the line finder (LF)
are positioned in the regular manner. When
dial tone is received, the caller dials a sin-
gle pre-assigned digit (6, 7, 8, 9, or 0). A
relay in the supplementary unit to the
CCC will operate to close a marking path
through the relay tree in the CCC so
that the group selector (GS) will be prop-
erly positioned. The final selector (FS)
will also be positioned via a marking path
through the relay tree and the TLS. This
relay will also operate another relay in
the connecting ecircuit (CC) so that a
metallic connection will be made directly
through the CC. This metallic connection
is necessary in order that pulses (loop in-
terruptions) may be transmitted directly
through the connection without releas-
ing it.

When a TLS is seized, its marking path
is opened so that no one else can seize
that particular set. At the same time, a
pulse of 60-90 ms is transmitted to the
distant exchange. This pulse transmitted
over the M lead is the pulse which seizes
the distant TLS. When the TLS in the
distant exchange is seized, the CCF and
LF of the distant exchange are positioned

WESTERN UNION TECHNICAL REVIEW
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in the same manner as if a local call were
being made. [Dial tone is now transmitted
back to the calling exchange. When the
caller hears the second dial tone, he pro-
ceeds to dial the subscriber’s number. The
operation which takes place in the dis-
tant exchange is the same as if the call
were a local one.

When the conversation is completed,
either party can clear the connection at
both exchanges, If line supervision is used,
clearing is accomplished by the TLS
transmitting to and then receiving a pulse
from the other exchange.

BRI L G

ey

(o

A dorgud

I 1
| S |

2) Additional wiring for full access to
12 connecting circuits in the Philadelphia
100-line cabinet.

Normally the CCC has access to only
6 CC for making calls from extensions in
the first 50 group. Access to the 6 CC is
accomplished by the operation of a group
relay, Extensions in the second 50 group
have access to a second group of 6 CC.
This 15 accomplished by the operation of
a second group relay. To provide full ac-
cess to all 12 CC repardless of which
group a caller is attempting a call, the
group relavs are connected in parallel
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Special Wiring

In order to meet the needs of this par-
ticular application, some special wiring of
the “UP" cabinets was required.

1} Strappings to obtain 1-digit trunk
access code and 2-digit station dialing.

A 1-digit trunk access code is standard
operation. Therefore, 1t was necessary
only to make special strappings on the
call discrimination strip of the register.
For 2-digit station dialing, strappings
were also made in the register such that
when the first station digit is dialed, both
the hundreds and tens identifying relays
are operated at the same time. The regis-
ter will, therefore, accept the first digit
as a tens digit and the output will be two
digits. Since the GS is normally posi-
tioned by the hundreds digit and it is now
necessary for the GS to be positioned on
the same F§ at all times, the outputs, the
hundreds relay tree were all strapped to-
gether,
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such that they both will operate at the
same time when a call 15 attempted. If a
caller in the first 50 group, in attempting
a call, seizes a CC in the second 50 group,
the LF associated with the seized CC
must be positioned on the calling exten-
sion’s line circuit. The calling extension,
however, 15 terminated on the LF bank of
the first 50 group. In order for the LF of
the seized CC to be positioned on the
calling extension’s line circuit the LF ter-
minals of the first 50 group were con-
nected to the corresponding LF terminals
of the second 50 group. Because of the
multipling of the LF, the number of us-
uable extensions is reduced to 50.

4) Rewiring of supplementary unit to
CCC.

The supplementary unit to the CCC
was rewired to prevent tandem calling
and also to limit calls to those made via

3 PATS FOR PHILADELPHIA S5TOCK EXCHAMNGE + 175



a TLS, whether incoming or outgoing.
Whenever a TLS is seized, a relay in the
supplementary unit is operated. The oper-
ation of this relay will cause the “Go
Ahead” relay in the CCC to operate
which will then be the signal for the GS
to be positioned. The positioning of the
FS will follow. If a local call is attempted,
the special relay in the supplementary
unit will not operate. The path for the
“Heject” relay will then be closed and
the path for the “Go Ahead” relay will
be opened. When the CCC tests for the
selected number, the “Reject” relay will
operate. The CCC will disconnect and
busy tone will be transmitted to the
caller.

4) Expansion to accommodate 8 TLS's
instead of 4 in the Philadelphia cabinet.

The single “UP" cabinet was designed
to handle a maximum of 4 TLS's. Some
rewiring and additions had to be made to
accommodate 8 TLS's. Extra supple-
mentary wiring forms were installed in
the spare shelves of the cabinet. The
TLS's were terminated on terminals 43-
50 of the 54-point FS switch. This means
that 46 extensions (54—8—46) are avail-
able under this arrangement.

FPHILADELPHIA, PA.

System Operation

Figure 2 shows a block diagram of the
system installed for the Philadelphia-
Baltimore-Washington Stock Exchange.

1t a subscriber in Philadelphia wishes
to call a subscriber in Washington, he
goes “‘off-hook,” and, after receiving a
dial tone, dials the digit 8. He seizes a
free TLS which sends out a seizure pulse
of 60-90 ms. This dc pulse is repeated by
the DX1 signaling set and transmitted on
a simplex mode to the DX2 signaling set.
The DX2 signaling set repeats and trans-
lates the pulse into the proper polarities
to key the Philadelphia in-band signaling
equipment. (DX1 and DX2 signaling sets
were necessary in this installation because
the in-band signaling equipment was re-
mote from the TLS). The Washington
in-band signaling receiver converts the
ac tone to a de pulse, which is repeated
by the DX signaling sets into the Wash-
ington TLS. The Washington TLS is now
seized, a CCF and a LF are positioned
and dial tone is transmitted from the
Washington exchange, through the voice
path of the TLS, the AR, to the facilities,
to the AR, TLS and “UP” exchange in
Philadelphia to the caller. The caller,

WASHINGTON, D.C.
(a8l
; TLS AR — 5SF 5F AR TLS (8]
up" "JR"
(&) DX | DX 2 Dx 2 DX | —
—_—— _ —
BALTIMORE, MD.
el | (&)
TLS AR 5F SF - AR TLS
"up”
ox | DX 2 Dx 2 DX 1|
TLS — Tie Lims Sei
AR — Altec Lonsing Telephone Terminating Unit (2 to 4 Wire Converter)
DX1 — Signaling Set Figure 2—Block Diagram
DX2 — Signaling Set of the
5F ==2600 eps In-Band Signaling Units Philadelphio Stock Exchange System
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hearing the second dial tone, dials the 2
digits of the called subscriber. The pulses
are transmitted through the “UP” ex-
change, repeated by the TLS and DX
sets in Philadelphia and TLS and DX
sets in Washington to the register in the
“UP"” exchange in Washington. Ringing
tone and ringing current are transmitted
from the Washington exchange. T'he sub-
scriber who goes “on-hook™ first will send
a pulse from his TLS to the distant TLS
to clear the connection.

Calls made from Philadelphia to Balti-
more are made in the same manner by
dialing the access digit, 6. The present
Philadelphia Stock Exchange in the sys-
tem encompasses three cities, however it
can be readily expanded to include many
more cities throughout the country.

Future of PATS

The initial success of the Philadelphia-
Baltimore-Washington Stock Exchange
PATS system shows that Western
Union’s future in the voice field is very
hright.

The design of the switching equipment
with low maintenance as one of the main
factors has resulted in a high efficiency,
low maintenance system. A recent check
of the system trouble log indicated ex-
tremely few cases of troubles resulting
from the PATS unit. Maintenance time

for the system consists mainly of routine
testing of major switching components for
normal operation, and cleaning and oiling
of the selector switches and shafts.

An example of the system reliability
can be seen from this excerpt from the
system log:

“January 30 Stock Exchange at Phila-
delphia lost commercial power due to a
defective transformer in the basement of
the Stock Exchange building causing all
lights and commercial phones to be inop-
erative. Western Union PATS system
worked perfectly through the entire pow-
er failure allowing the customer to notify
all his Baltimore and Washington sub-
scribers of the trouble and requesting
them to route business to New York if
possible. Customers were very pleased to
find that the PATS phones did not de-
pend on power in the exchange building.”

During this crisis, the PATS system
was able to handle an abrupt increase in
normal traffic load of more than 30%
without incident.

The “UP" PATS has demonstrated its
speed, efficiency, and flexibility which
makes it very attractive to a potential
customer.
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Message Protection

in the

AUTODIN Message Switch

Errors, failures, and a variety of other fortuitous internal and external stresses
are special problems in all real-time systems. As a member of the real-time fami-
ly. the computer-controlled message switch must cope with all these problems.
However, in contrast to some real-time systems, where input data often iz highly
redundant and past history is not alwavs essential, the message switch may
never either ignore its input or fail to provide complete accountahility for any
past input.

Most of the published descriptions of message switching systems concentrate
attention on the primary communications functions which they perform, ie.
message storage, routing, queneing, and retrieval. The purpose of thiz article is
to describe the AUTODIN message switch from the viewpoint of the vital sec-
ondary functions: the protection of traffic and the maintenance of operation

under conditions of extreme stress.

Because the AUTODIN System is un-
der constant review and new requirements
are frequently imposed, additions and
modifications in equipment and in com-
puter programs prevent the publishing of
a completely contemporary description of
the AUTODIN message protection fea-
tures. An earlier paper on this subject was
prepared before the system reached op-
erational status'. The present article was
motivated by the numerous changes that
have since been made. While it accurately
describes the system at one stage of its
operational history, three stages of sub-
sequent development of the domestic
AUTODIN system are currently in prog-
ress. As of this publication date, at least

the first of these will have been imple-
mented.
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System Description

AUTODIN is the Department of De-
fense’s first high-speed, digital communi-
cation system using advanced information
handling techniques for circuit-switching
and store-and-forward facilities®®, Auto-
matic electronic switching centers forward
messages on a priority basis. A pair of
large-scale, general purpose, digital Com-
munication Data Processors (CDP) con-
trol each center. One is on-line, processing
all traffic through the center while the
other serves as backup, ready to assume
on-line responsibilities.

Editorial Note: This iz the fourth of
a series of articles on AUTODIN.
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The AUTODIN message switching net-
work provides facilities for several hun-
dred stations to communicate quickly
among themselves through a network of
five automatic switching centers. Each
station is connected through a two-way
communication channel to the switching
center in its zone; the centers are also
interconnected by communication chan-
nels, A station sends a message by trans-
mitting the message, including appro-
priate address information, to its switch-
ing center. The center accumulates the
entire message, and sends copies of the
message to those addressed stations (ad-
dressees) it serves, Other switching cen-
ters can act as relay centers in the inter-
change of messages. The switching center
can communicate simultaneously through
all of its input and output channels. A
subscriber may transmit a message at any
time, and receive messages continually,

The CDP nucleus iz a high-speed mag-
netic core memory (HSM) and a basic
processing unit (BPU) which performs
logical and data manipulation. Seven
transfer channels provide communication
between the CDP and high-speed printer,
consoles, magnetic drums, magnetic tapes,
and Accumulation and Distribution Units
{ ADL). These buffered transfer channels
“time-share” the HSM with the BPU,
permitting simultaneous operation of
peripheral devices and the BPU. An un-
buffered transfer channel 15 used for com-
munication between duplexed CDPs.

The ADU necumulates data from each
input communication channel independ-
ent of the others, and similarly distributes
data to cutput channels. The ADU col-
lecta characters of a message in groups
called line blocks, and simultaneously
stores a number of line blocks for each
channel, the maximum number depending
on the channel transmission speed.

The ADU maintaing a status tally for
each channel which includes the number
of line blocks stored for the channel. Mes-
sage data transferred between ADU and
on-line CDP is composed of various mes-
sage segments, each contaiming one or
more line blocks.
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Message Protection Requirements

The protection of traffic involves the
accounting for each transmission of every
message. Implicit in this accounting is a
clear delineation of responsibility for each
copy of a message transferred between
eystemn components.

In a line switching system, where sta-
tions are connected directly, this respon-
sibility involves only the sender and the
receiver. A store-and-forward system in-
traoduces complications. The originator
and receiver do not communicate directly,
Every message experiences at least two
transmissions: one from the point of origin
into a message switch, and one from a
message switch to the destination. Multi-
ple-destination messages and messages
that are relayed through several switches
experience additional transmissions. In
seneral, & message passing through a
number of centers, N, will experience at
least (N-+1) transmissions. An addi-
tional complication in the handling of
multi-destination messages is that out-
bound transmission of the individual
copies proceeds independently, rather
than in any particular order.

In AUTODIN, the exchange of mes-
sage responsibility is effected by acknowl-
edgement signals. A message is the
responsibility of the sender until explicit-
lv “acknowledged,” szignifying the ac-
ceptance of respongibility for the message
by the receiver {another switching cen-
ter or station). Within a switching cen-
ter, message responcibility is transferred
among the AU, drums, and magnetic
tapes; the CDP transfers the message
segments, coordinates the exchange of re-
sponsibility, but never assumes responsi-
bility itself.

A special requirement of AUTODIN
is fast, automatic recovery from on-line
switching center failures without loss of
traffic. The on-line recovery {facility is
backed up by a recorded history (Refer-
ence Records) of all traffic and a history
of each significant transaction performed
by the CDP {Journal Records}, on mag-
netic tape. These records may be proc-
essed off-line should the automatic on-line
recovery procedures fail.
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Basic Programs

The AUTODIN Operational Program
is divided into On-Line, Standby, and
On-Line and Off-Line Recovery Pro-
grams, The On-Line Program, responsible
for the actual processing of the traffic
in the on-line CDP, stores information
in peripheral devices and in the HSM to
protect the traffic against system and sub-
system failures. The Standby Program,
used by the standby CDP, coordinates
the transfer in a scheduled switchover
to the on-line role or to the On-Line
Recovery Program as the result of an on-
line CDP failure. The On-Line Recovery
Program is used by a CDP to go from
standby to on-line and resume processing
of traffic after a CDP failure. Since on-
line CDP failures can corrupt data stored
in HSM, the Recovery Programs use re-
dundant information stored in various
peripheral devices, rather than any infor-
mation potentially available to the stand-
by CDP from the on-line CDP.

Organization of the On-Line Program

The On-Line Program is organized into
cycles, during which message segments
are brought from various peripheral de-
vices to the CDP, and after processing,
sent to other peripheral devices, as shown
in Figure 1. The On-Line Program, in this
section, is discussed independently of the
message protection features, The descrip-
tion relates to traffic exchanged between
the CDP and the ADU:; other traffic ex-
changes, e.g., between the CDP and cer-
tain magnetic tapes, are similarly proc-

essed.

During each cycle, the ADU tallies are
read to determine which channels require
servicing. The sequence of the following
paragraphs does not correspond to the
actual order of events within the program
cycle; the actual order is shown in Figure
2. The transfer of incoming segments
from the ADU to drum storage (via the
CDP input buffer area) is scheduled.
The program accounts for restrictions im-
posed by the drum system characteristics
and the method of organizing message
segments on the drum, Input scheduling
updates hookkeeping tables in the HSM.

Once the incoming segments are sched-
uled and read into the input buffer in
HSM, the program processes them, deter-
mines message destinations, and format
validity, prepares Journal Records for
certain types of segments (e.g., the first
segment of a message), and updates vari-
ous HSM bookkeeping tables.

There are three major sets of tables
used by the program in the handling of
messages. The Drum Maps locate the
start of each message on drum, and link
together the successive portions of each
message stored in scattered locations on
drum; unoccupied drum space is also
identified by these tables. The Destina-
tion and Queue Tables establish the chron-
ology of messages, according to priority,
for each destination. Each occupied entry
in these tables refers both to a next entry
and, indirectly, to the start-of-message en-
try in the Drum Maps.

REFEREMCE JOURMAL
TAPE TAPE
COMMUNICATION COMMUMICATION
CHANNELS CHANMELS
———& ADU ADU —m————
—_— ¥ ——+ INPUT BUFFER P oo OUTPUT BUFFER -
AREA
E DRUM STORE gt
VARIOUS [HSM} [HEM) L vamious
MAGKETIC - - umue;m
TAPE TAP
INBUTS QUTPUTS

Figure 1.

Dataflow Through o Messoge Switching Center
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The Input and Output Channel Con-
trol Parameters tables contain status
information used by the program to
schedule and maintain trafhc flow on each
channel, as well as to record fixed and
dynamic channel parameters. From the
various indicators and switches in the
entry for a particular channel it 1s possi-
ble to detemine whether a message is in
process, and if so, what stage of processing
has been reached. The identity of any
message in process can also be determined,
as well as the status of the ADU with re-
spect to the current message.

When processing of the input data is
completed, the contents of the input
buffer area are recorded on magnetic tape
as Reference Records and the message
segments are stored in the scheduled loca-
tions on the drums.

The output function 15 1mtiated by
scheduling the transfer of outbound mes-
sage segments from the drums to the ADU
via the CDP output buffer area. The out-
going segments are also processed in the
output storage area. During this process-
ing, Journal Records are prepared for
certain segments. When processing 1s come-
pleted, the message segments are trans-
ferred to the ADT.

A new cycle is initialed when these
functions have been accomplished.

Message Protection in the On-Line Program

The On-Line Program uses three mech-
anisms to prepare the system for rapid
recovery from failures: (1) storage of
control information in peripheral devices;
{2) use of control information in the
transfer of data between various system
devices; (3) restrictions placed upon the
sequencing of events within the program
cvele.

Control information consists of two
primary types of data: (1) the Ledger
Record, written every cycle on drum; (2)
Reference and Journal Records, written
on magnetic tape. The On-Line Recovery
Program depends primarily upon the
Ledger Record and the Off-Line Recovery
Programs depend upon the Reference
and Journal Records.

One section of each drum is reserved for
the Ledger Record. This record contains
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all essential dynamic information needed
by the On-Line Recovery Program. A
Ledger Record contains the status of
every input and output channel, the
Drum Maps, the Destination and Queue
Tables, and status information for each
peripheral device of the CDP, along with
the day of vear, clock time, and the Cycle
Number (CYN). Each program cycle is
identified by a 24-bit CYN which is sim-
ply a cycle counter. The CYN serves to
associate the Ledger, Journal and Refer-
ence records with the program cycle in
which thev were written. Note that al-
though the Ledger Record is written
every cycle, it is not overwritten on suc-
cessive cycles, thereby providing at least
one good record at all times. A CYN writ-
ten at the start and end of the record
allows verification of record integrity.

Two important types of control infor-
mation used by system devices are the
Channel Block Sequence number (CBS)
and the acknowledgement signals. The
CBS is a modulo 32 counter maintained
hoth by the ADU and the On-Line Pro-
gram for the line blocks transferred on
each input and each output channel, A
CBS character is added by the ADU to
each line block received from a channel
and is checked by the On-Line Program
when the line block is read from the ADL.
On output, CBS characters are generated
by the program, inserted in outgoing line
blocks sent from the CDP to the ADU
and are checked in the ADU. The CBS
of the last line block sent and received for
each channel is written as part of the
Ledger Hecord.

Acknowledgement signals are used be-
tween CDP and ADU and between ADU
and the remote station terminal equip-
ment. When the CDP reads message seg-
ments from the ADU, the segments are
retained by the ADU until explicity and
individually acknowledged by the CDP.
On output, messages are not considered
to have been delivered until acknowledge-
ments from the receiver are returned to
the ADU. Messages are wholly retained
on drum until acknowledgements are
received for all transmissions that are
NECessary.

Restrictions placed on the sequencing
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Simplified sequencing diogrem of On-Line Program cycle. Only two ADU's are shown here,
although the pregrem actually handles up to four ADU's. The pseudo-channel input data
processed in Figure 2 (o} originates mainly from IC (Intercept), IM (Intermediate, or Over-
flaw), ond EDPE (direct industry-compatible) mognetic tope inputs which are scheduled one
cycle in advance, as shown in the center of Figure 2(b). Because the length of all processing
and in-put/out-put funclions varies frem eycle-to-cycle according to the amount and distribu-
tion of traffic loads, ne attempi hos been made in this figure to portray timing, except to
indicate the general concurrency of processing and multiple input/output operations.
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of events in the cycle provide the frame-
work for judging the acceptability of in-
formation found in peripheral devices
subsequent to a CDP failure. This
seqquence of events, shown in Figure 2
provides the On Line Recovery Program
with a basis for reconstructing a situation
(in the HSM and in the peripheral de-
vices) that allows the resumption of the
On-Line Program.

The cvele is initiated by the reading of
ADU tally information. Message segments
are scheduled to be transferred from
the drums to the output buffer and then
to the ADU. At this point, transfer from
the drums to the output buffer is initi-
ated. Next, the transfer of message seg-
ments from the ADU to the input buf-
fer 1s set up and started. When this
transfer is completed, the input message
segments are processed and the Reference
write operation initiated. The transfer of
the input message segments to the drums
can now be set up.

The bookkeeping tables reflect the
planned transfer of all data during the
cyele. The “drum write” operation can
begin subsequent to the completion of the
“drum read” operations (when the drum
transfer channel becomes available). The
“drum write” operation places the mes-
sage segments on the drums in appro-
priate locations.

Transfer of message segments from the
output buffer to the ADU is initi-
ated after the segments have been proc-
essed and the drum write operation
completed.

The writing of Journal records is start-
ed after the Reference and ADU “writes”
have been completed. The initiation of
the Journal write operation signifies com-
pletion of all message segment transfers
for the cycle, and at this point the Ledger
Record may be written and acknowledge-
ments sent from the CDP to the ADU
for the inbound message segments that
have been read and successfully processed.

Recovery Procedures

Recovery procedures provide for many
types of failure: drums, tapes, ADU,
CDP, and combinations of these as well
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as for total power failure. Message protec-
tion against a CDP failure and recovery
procedures after it illustrate the outstand-
ing features of the whole system.

Information stored in peripheral de-
vices subsequent to a CDP failure varies
considerably. Drums contain segments of
active and obsolete messages intermixed
in random fashion. Transmissions of mes-
sages stored on the drums may have
started on one or more output channels.
Some or all the transmissions of specific
messages may have been completed. Be-
ginnings of messages not yet fully re-
ceived are scattered around the drums. A
segment of any of these messages may be
stored in both the ADU and on a drum.
Reference Records may be absent, frag-
mentary, or complete for the last data
transferred from ADU to CDP. The
Journal Records may or may not reflect
an up-to-date recording of essential trans-
actions.

Rules to follow in recovering from a
CDP failure are determined by the struc-
ture of the On-Line Program. Each mes-
sage protection feature of the program is
included because recovery would be dif-
ficult or impossible without it. It is neither
practical nor necessary to attempt to pin-
point the program location where the
failure occurred, The On-Line Recovery
Program attempts to establish the state of
its HSM which, with the data stored in
peripheral devices, provides a consistent
picture of a situation from which process-
ing of traffic'may proceed without loss or
unknown duplication of messages. The
reconstructed situation need not be a
normal continuation of the state prior to
failure, but must be meaningful to the
system. The status of the data extracted
from peripheral devices during recovery
should be explainable in terms of the On-
Line Program. If the data are found to be
inconsistent (i.e., unexplainable in these
terms), a clean reload of the system is
needed and the message protection func-
tions must be accomplished off-line. As-
suming no such inconsistencies are found,
the nature of recovery procedures may be
clarified by the following example.

Assume that a “hard” failure has oc-
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curred, i.e., an internal CDP error condi-
tion or state is reached which does not
allow the current program cycle to pro-
ceed. Depending upon the nature of the
failure and the status of the standby
CDP, one or the other of these two ma-
chines will automatically initiate the On-
Line Recovery Program.

The On-Line Recovery Program must
decide which of several Ledger Records
corresponds to the last completed pro-
gram cycle and using the data contained
therein, provide the system with a logical
restart point corresponding to the start of
the cycle in which the failure occurred.
For this example, assume that an inspec-
tion of the Ledger Record areas on the
drums reveals the following data:

Drum #1 contains a Ledger Record
having Cycle Number N-1; Drum #2
contains a Ledger Record being CYN N
at the start and CYN N-2 at the end;
Drum #3 contains a Ledger Record hav-
ing CYN N; Drum #4 contains an empty
Ledger Record. The empty Ledger Record
on Drum #4 indicates that this drum was
not being used for ledger purposes. The
situation depicted by the contents of
these drums is a double failure: a drum
failure and an internal, uncorrectable
CDP error occurred within less than two
eveles. Prior to cycle N, Drums 1 and 2
were being used to store Ledger Records;
the Ledger Record for cycle N-2 was
written to Drum #2, and the Ledger Rec-
ord for eyele N-1 to Drum #1. Drums 3
and 4 were not being used to store Ledger
Records. A “hard” write error occurred
during the Ledger Record write to Drum
#2 during cycle N, causing the program
to switch to Drum #3 and reissue the
Ledger write. Thus, on Drum #2 the
earlier Ledger Record for cycle N-2 was
partially over-written by a fragment of
the record for cycle N. The complete
Ledger Record for cycle N was success-
fully written to Drum #3 but sometime
between this point and the start of the
Ledger Record write in eycle N+1 (which
would have been written to Drum #1),
an internal CDP failure occurred and the
On-Line Recovery Program was auto-
matically initiated.

The state of the system at the boundary
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between cycle N and cycle N-+1 is de-
scribed by the contents of the Ledger
Record on Drum #3. In addition to using
this Ledger Record to reconstruct the
dynamic information needed to resume
traffic processing, the Recovery Program
must also position the wvarious system
magnetic tapes to avoid duplication or
inconsistency between any data that may
have been written during the aborted
cycle N and the re-executed cycle N that
will take place after the recovery. A simi-
lar housekeeping task is performed for
any supervisor typeouts that were in proc-
ess during the failed cycle.

Because the CDP writes data to the
ADU’s during the later stages of the on-
line program cycle (see Figure 2), most
failures will occur before this point has
been reached. Nevertheless, some frac-
tion of failures will occur during or
after the writes to the ADU’s. In general,
any message segment written to an ADU
during an aborted cycle may be dupli-
cated after the recovery unless specific
preventive provisions exist. The Channel
Block Sequence Number (CBS), de-
scribed earlier, is the mechanism for pre-
venting such duplication. Once the on-
line program is restarted, any possible
segment duplication, caused by schedul-
ing the same line block(s) after the re-
covery that were written to the ADU in
the failed cycle, is detected by the CBS
check in the ADU. Whenever the ADU
indicates that the CBS check has failed
on some channel, any message transmis-
sion in process on that channel will be
terminated and the entire message will
be re-sent from the start by the program.

An inverse but more remote possibility
of segment [oss arises on input from the
ADU. Although message segments that
are read from the ADU are not acknowl-
edged by the CDP until nearly the end of
the program cycle, it is possible that failure
might occur after this point. Note that
the acknowledgement from the CDP to
the ADU effectively erases these input
segments from the ADU Data Memory;
therefore, after the recovery, they are no
longer available. In this case, however,
once the on-line program is restarted the
CBS maintained by the on-line program
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will not agree with the CBS character in-
serted by the ADU in the inbound line-
blocks. Whenever the input CBS check
fails, any message in process on the af-
fected channel is rejected, and must be
retransmitted.

In summary, if the on-line program
cycle was aborted before the CDP wrote
to the ADUs, or if no message data to the
ADU’s were scheduled during the failed
cycle, the recovery process will not be de-
tectable externally, since transmission
continuity is preserved for all messages in
process. If the failure occurred during or
after writes to the ADU’s, only those mes-
sages for which a segment was written
during the fatled cvele will be terminated
and retransmitted. The number of mes-
sages aflected by a typical failure is a
small fraction of the total number of
channels because: (a) only those failures
occurring during the later stages of the
program cycle can cause a discrepancy in
the CBS check; (b) the peak traffic ca-
pacity of the CDP hardware/program sys-
tem is seldom demanded by the actual
traffic load and, therefore, in a typical
cycle, the number of segments that are
transferred 18 relatively small. In any
event, all messages not in process of trans-
mission, i.e., messages that have been
completely received and are on queue, are
fully and automatically protected by the
On-Line Recovery Program, and no re-
transmission or other off-line procedures
are needed.

Many other failure situations are, of
course, possible, and a variety of other spe-
cial provisions exist in the recovery pro-
grams. In certain cases, it may not be
possible to determine, without obtaining
information from a remote terminal sta-
tion, whether a particular outbound or
inbound transmission terminated normal-
ly. Whenever this doubt arises, the sub-
ject message is tagged ‘‘suspected
duplicate”, so that in the event the origi-
nal transmission was indeed complete any
retransmission that may occur will not
result in an unidentified duplication. A
considerable amount of analysis is per-
formed by the program to minimize the
occurrence of such situations,
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Because not more than a segment of
any one message can at any time be stored
in the ADU for a data channel, ADU fail-
ure cannot compromise message protec-
tion. Those channels which do not have
the protective features of the data chan-
nel depend upon sequential message num-
bering for message protection in such sit-
uations,

Off-line recovery procedures are pro-
vided for message protection in two essen-
tially different situations: (1) As a result
of total system failure, e.g., invalid, un-
readable, or absent Ledger Records; (2)
failure of message tape (overflow or in-
tercept tape) or drum read failure. In the
event of a drum read failure, off-line pro-
cedures are necessary to reintroduce the
messages contained on its surface. How-
ever, since the segments of any message
are not spread over more than one drum,
all messages contained on the remaining
drums of the system are unaffected and
normal on-line processing continues. Note
that despite the write failure of Drum #2
in the example given earlier, the program
would have continued to read messages
stored on Drum #2 if it were possible to
do so,

The On-Line Program maintains, on
magnetic tape, all data needed to recover
messages off-line. First, Journal Records
are written, recording all message trans-
actions between the CDP and the remote
terminal stations. A journal entry is writ-
ten at the start and end of every inhound
and outbound message transmission. In-
formation is provided in these entries to
correlate in-entries and out-entries for the
same message. Multiple out-entries are
written for messages sent to more than
one channel, and the “last” transmission
is explicitly designated. Second, Refer-
ence records are written of all inbound
message segments, as they are received
from the ADU; it is from these records
that the Off-Line Recovery Program may
actually retrieve messages.

The Off-Line Recovery Program reads
and processes the Journal information to
determine the identity and destinations
of all messages that must be recovered.
Depending upon the type of recovery, this
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may include all messages contained in the
system at the time of total failure, only
messages stored on a particular drum or
tape, or messages transmitted earlier to
some particular destination. The message
segments are retrieved from Reference
tape, sorted into complete messages, given
special pre-headers specifying their des-
tination(s), and written to a recovery
tape for re-introduction to the on-line
system,
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L S

AUTODIN —Syatem Deseription Part II—Cireuit and
Message Switeching Centors—H, A, Jansson, Western

thﬂn TECHNICAL REVIEW., April 1844, Vol 18
{1 S

Meg. Rorert L. SNyDER, Systems Engineer, in the

Planning Department, has been a key figure in the planning
and development of the AUTODIN system since mid-1958,
when the project began.

Mr. Snyvder joined Western Union in 1953, en-
tering the Switching Group of the Development and Research
Department, where he participated in design of the Plan 55
awitching system. In the Automation Group during 1956-57 he
was engaged In a feasibility study of computer-controlled
switching which resulted in the design of probably the first
message switching system based upon these technigques:; he is
co-holder of a patent issued for this design. Mr. Snyvder joined
the Planning Departiment when it was formed in 1957.

He received his BEE from the Polvtechnic In-
stitute of Brooklvn and has attended the graduate school there
as well as at Columbia University and the Stevens Institute of
Technology. He is a member of IEEE and ACM.

é 2) A series of Program Improvement Packages called PIP’s, which
- are currently being installed in the system.
.

3) The AUTODIN Expansion Program, whereby the present five-
center network will be expanded to nine centers, with a capacity

to serve over 2500 stations.

e T
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The continuing development of the AUTODIN project comprises:

& T ) The AUTODIN Enhancement Program, to be completed by Spring
= 1965, which will provide additional core memory capacity to the
CDP—and a spare ADU at each switching center,
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Western Union's Dial-a-Wire Service

Western Union’s first public “dial-a-wire” Telex machine went into
operation in New York in June 1964,

Customers who wish to “telex” their messages will use a dial-
equipped teleprinter located in the office’s front lobby area.

Telex, do-it-yourself telegraph service, connects Telex subscribers
in the United States, Canada and Mexico for automatic, two-way
telegraphic communication in a few seconds. A reply may also be ob-
tained immediately on the same connection. Thus the customer and

the called Telex subscriber may exchange communications on the one
connection.

Calls to subscribers in overseas countries are arranged through con-
necting international carriers. Telex can be operated at speeds up to
65 words per minute.

The Public Telex machine is equipped with a tape perforating de-
vice which permits the preparation of the message before making the
Telex call. Thus the message may be transmitted automatically in a
minimum of time.

On Telex messages within the continental United States, and to
Canada and Mexico, charges are based on time-distance units or
“pulses”, recorded on automatic metering devices. Each pulse is
charged for at a fixed rate. Overseas calls are charged for on a time-
usage basis. For example, the New York-London Telex rate is 83 a
minute with a minimum charge for three minutes.

There are about 9,000 Telex subscribers in over 100 cities in the
continental United States. The service is now being expanded to other
cities.
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Western Union's new Public Telex Service of Western Union's 1440 Broodway office in Mew York City.
Public Telex “dial-o-wire” service permits users to talk back and forth in writing, ot special time-distonce rotes,
with over 100,000 Telox subscribers in the United States, Conode ond Mexico, and with subsecribers in 102 over-

stas couniries vio OVErFSSOS coOrrier,
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G. P. Oslin

Retires from

Western Union and the

TECHNICAL REVIEW

George P. Oslin, Director of Public Relations,
will retire from the Committee on Technical Publication,
which is responsible for the Western Union TECHNICAL
REVIEW, on August 30, 1964. After 35 vears of dedicated
service to Western Union and 17 vears membership on the
Committee, his retirement leaves a vacancy which will he
difficult to fill.

He came to Western Union from the Newark
Evening News, where he was a reporter, feature writer and
editor. He was a director—founder of the Public Relations
Society of America, and was president of the Public Relations
Society of New York.

Mr. Oslin is well known for his cooperation, will-
ingness and help in research regarding any publicity con-
cerned with Western Union. He is universally respected in the
communications field, and has earned the reputation of being
the best informed man in America on the early davs of the
telegraph art.

He keeps up to date with the technology, and has
done much research on the history of Western Union. How-
ever, his knowledge is not limited to Western Union. “George
Oslin has long been recognized as one of the nation’s top pub-
licity men—and I know of no one who has done a hetter joh or
15 more highly regarded in his field,” says Mr. E. F. Sanger,
Viee President of Publie Relations and Advertising at Western
Linion,

His contribution to the success of the Western
Union TECHNICAL REVIEW has been congiderable and his
memory of past publications is phenomenal. He has been in-
strumental in expanding the philssophy and improving the
format of the magazine in the past two vears. Every manu-
seript published in the past 17 years has been reviewed by him.

The Committee, authors and readers of this pub-
lication wish George Oslin many vears of continued interest in
public relations—and health and happiness to enjoy it
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EDAC Makes First Test

Laboratory Model of Western Union's EDAC ([Errer Detection ond Correction] wnit being unloaded from a
barge off the East Coast of Africa for test on o long H.F. Radie Circuit.
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