







































































































































































































































































































































































































































































“ine, the next available statement number
wppears in the accumulator.

Frequently, it is necessary for one state-
ment of a block to make a reference to
a statement of some other block. Since
these blocks are set up by different G-rou-
tines and at different times, it may happen
that a particular statement is being ref-
erenced in some block that has not even
been generated yet. The table STAB was
set up as a solution to this dilemma.
Every statement that is generated and for
which there is the possibility of it being
referenced by statements produced by
other G-routines has a specific position as-
signed to it in STAB. Suppose now that
G24 generates a block of statements the
first of which is to be referenced by a “go
to”’-type statement of a block generated
by G25. Assume also that GCP selects
G25 to prepare its statements before it se-
lects G24, and that position 6 of STAB is
to contain the number of the first state-
ment generated by G24. The procedure
for inter-G-routine referencing in this case
is as follows:

At the time G25 is ready to write the
‘g0 to”’ statement, it interrogates position
6 of STAB. If no statement number ap-
pears there, it obtains the next available
statement number from STNGN and in-
serts it into that position as well as into
the appropriate spot of the “go to” state-
ment. Later when G24 is ready to write
its first statement, it also interrogates po-
sition 6 of STAB, finding in this case a
number which it then appends to the first
statement it writes. In the event that
G24 did not find a number in STAB, it
would have followed the same procedure
that G25 did in getting its statement num-
ber. The convention that has just been
outlined insures proper referencing of all
FORTRAN statements, regardless of the
order in which GCP selects the G-rou-
tines.

An exactly similar convention and ref-
erencing procedure was established for a
certain class of fixed point variables re-
quired in the preparation of the FOR-
TRAN program. Members of this class
are designated by the symbol NZXXX
where the XXX is a three-digit numeric
taking on sequential values beginning
with 001. These symbols are generated
by the routine SYMGN. For the
NZXXX symbols the table which corre-
sponds to STAB is SYMTAB.

Other symbol conventions established
are:

ZVXX always refers to a vector. The XX
denotes a numeric which takes on sequential
values.

ZMXX is used in referring to matrices.

Olsstyn—DYANA: Part I

ZEXX is an erasable floating point symbol.
Has a meaning only in the context of state-
ments created by a particular G-routine.

IZXX references fixed point variables,
otherwise has the same meaning as ZEXX.
Most frequently used as the running index
of a DO loop.

Summary
The DYANA program consists of the

four major components:

Sequencer
Scanner

Analyzer

oW o=

Generator

The sequencer’s prime function is to pass
control to the other three components.
The scanner processes statements written
in the DYANA language and prepares
primary tables. The analyzer operates on
these primary tables and produces a set of
secondary tables. At the completion of
the analyzing activity enough information
exists in tabular form to establish both the
mathematical model and the FORTRAN
program that will solve the model. The
routines of the generator controlled by the
GCP program interrogate and interpret
various tables and then prepare the final
FORTRAN program.

Conclusions

The author has been able to give only a
glimpse of the peaks in the development,
organization, and functioning of DYANA.
It is hoped, however, that this has been
sufficient to promote a flow and growth of
ideas which will find eventual fruition in
programs even more ambitious, and appli-
cable to vastly more complicated systems
than DYANA.

Discussion

G. W. Smith, Jr. (Bell Telephone Labora-
tories): What is the representation for a
transformer lever or gear ratio?

Mr. Olsztyn: Let me work with a specific
symbol say E01NO2, in order to answer this
question. First of all, such a symbol has a
dual role. Appearing in certain DYANA
statements, it signals the existence of a cer-
tain element connected to specific points of
the system. Hence, in this role the symbol
could be interpreted as follows: There is an
element (E) which is a lever () whose ter-
minals are points (01) and (02) of the sys-
tem. If we are talking about a gear set, the
interpretation would read: A gear set (V)
exists in the system, with the gear at point
(01) meshing with the gear at point (02).
The interpretation for a transformer would
then be: A transformer (V) exists whose
primary (secondary) coil is in loop (01) and
whose secondary (primary) coil is in loop
(02). In the other role; ie., whenever

EOINO2 appears in a FORTRAN arith-
metic expression, it refers to the numerical
value of a lever ratio, or a gear ratio, or a
ratio of windings in a transformer.

Paul H. Hertel (Atlantic Refining Com-
pany): What is the number of man-hours
consumed in development and program-
ming of DYANA?

Mr. Olsztyn: Four man-years.

Mr. Hertel (Atlantic Refining Company):
Is it available to the industry?

Mr. Olsztyn: Not at present. Plans are
being made, however, to release it about
May of 1959.

J. H. Milsum (National Research Council
of Canada): Your direct invasion of the
analog computer’s very own field (of dy-
namic problems) cannot pass unquestioned.
It is true, of course, that scaling and manual
setup have, in the past, prevented the ana-
log computer from fully realizing its great
advantages of fast solution time within
engineering accuracy requirements. How-
ever, many new advantages in analog com-
puters are appearing, simpler programming
and servo potentiometer settings are exam-
ples. I would like to see figures before con-
ceding that the digital solution is the cheap-
est all around.

Despite the above comments, however, 1
believe you have a very valuable new tool in
DYANA.

Paul Benetean (Burroughs Corporation):
Apart from simplicity of programming,
what advantages does this system present
over a conventional analog system?

Mr. Olsztyn: Well, I think in part you
have answered your own question. Sim-
plicity of programming is intended to be the
main feature of DYANA. But more than
that, DYANA represents an experiment to
get a digital computer to not only do a ma-
Jjor share of the programming of a problem,
but it also represents an attempt to get a
computer to do problem analyses and
mathematical model formulation.

Karl Nording (Burroughs Corporation):
Can you give an example of problems from
other than the vibrational field, that can be
studied using the DYANA programming
system?

Mr. Olsztyn: Electrical circuits, many
acoustical, magnetic, and heat transfer prob-
lems can be studied using this system. In
general, any physical system whose dy-
namic equations are formally identical with
the equations of motion of vibrating sys-
tems can be studied using DYANA.

J. C. Grube (United States Army Signal
Research and Development Laboratories):
What mathematical method of integration
is used to compute results?

Mr. Olsztyn: Gill’s variation of a fourth-
order Runga-Kutta method.

Nora M. Taylor (David Taylor Model Ba-
sin): What configuration of 704 is required
for DYANA? Does it use FORTRAN I or
II? Can it handle shock vibrations?

Mr. Olsztyn: At present DYANA re-
quires an 8,192-word memory and uses 4
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tapes and 2 drums. The version of DYANA
that will finally be distributed will be a
drumless version requiring 4 tapes and will

work on any 8,192-word or larger machine.
The FORTRAN source program produced
by DYANA can be compiled using either

FORTRAN I or II. Shock vibrations can,
definitely be handled in the DYANA sys

tem.

The Univac Air Lines Reservations

System: A Special-Purpose

Avpplication of a General-

Purpose Computer

D. K. SAMPSON

HE CONTROL of passenger space on

an airline is a key function of greatest
importance. It represents to the airline
the major contact with its buying public.
Essentially, the passenger space control
problem is the allocation of a fixed inven-
tory undergoing high activity up to the
aircraft departure, at which time the
salable commodity vanishes. Passenger
space control systems must satisfy the
following criteria:

1. From the customers point of view, the
system must provide quick service and keep
the probability of overbooking to mnearly
zero,

2. From the airlines point of view, the
system must be fast enough to insure that
any available seats on an aircraft are sold,
thus insuring the highest possible profit
margin. .

These criteria apply to any reservations
system, whether manual or automatic.

Fig. 1.

Ticket agent set

V. E. HERZFELD

C. W. FRITZE

The diligent application of efficiency tech-
niques and time-saving routines have
allowed the airlines to meet these criteria
and, at the same time, impress the con-
suming public that excellent service in this
category is only to be expected.

Since the performance criteria for
these systems stress both speed and ac-
curacy, it is natural to expect that the
application of electronic computers should
be considered in these systems. There
has been an evolution of systems from
the purely manual through the semiauto-
matic to completely automatic special-
purpose magnetic drum machines. This
paper describes the continuation of that
evolution, the application of the general-
purpose business-data processor in an
on-line inventory control problem. It
will attempt to show the soundness of
such an application by showing the possi-
bilities of future evolution of such systems
by gradual growth of the peripheral sys-
tem and increased utilization of the input-
output power of the central computer.

Functional Characteristics of the
System

The basic function of the airlines res-
ervation system is to maintain an up-to-
date inventory of seats on aircraft and to
accomplish direct communication con-
cerning that inventory between a central
computer (or computers) and each reser-
vation agent at the various places of bus-
iness of the airline. A secondary func-
tion is to maintain a current record of
flight status, including whether a flight is
on time, early or late, the amount of time,
and the reason for schedule changes.
Communication with the inventory is ini-
tiated by the agent and consists of two
broad types of transactions; first, those

Fig. 2. Low-speed programmer-scanner

which merely inquire as to the status of a
pertinent part of the inventory, and sec-
ond, those which directly change the in-
ventory. The first type of transaction
includes “ask” transactions which merely
query the computer as to the availability
of seats on one or several flights. Flight
information requests concerning arrival
and departure times also fit this category.
The second type of transaction includes
“sell,”” “‘cancel,” “‘waitlist,” and ‘‘cancel
waitlist.”” These transactions directly
effect the inventory.

The Agent Set

The agent set (Fig. 1) is the input-out-
put unit which permits the agent to es-
tablish communication with the com-
puter. The agent set is basically a regis-
ter of contact closures and gates compris-
ing an input message register, and a group
of lamps comprising an output register,
which are illuminated as a result of a re-
sponse message from the computer. A
time-table projected from a slide onto a
glass viewing screen is also provided.
This satisfies the system need fora catalog
of items for sale which are held in inven-
tory in the computer. Photocells behind
the upper front panel and adjacent to the
viewing screen detect edge coding of the
slide, which locates the general area of
inventory desired. By means of push-
buttons along the edges of the projected
image of the portion of the airline time-
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table, the agent selects the flight num-
ber, origin, and destination of the flight.
Numbers of seats, month, and day are
entered by means of the appropriate push-
buttons, thus completing all of the re-
quired information to locate the inven-
tory desired. The agent may then ask if
seats are available on a given flight or on
all the flights on the selected timetable,
by means of transaction pushbuttons.
By indicator lamps, his response reflects
the condition of the inventory, indicating
that he may sell the inquired seats, or
that there is a waiting list and whether
the waiting list is open or closed. By
pushing a ‘“clear” button and then a
“sell” or “waitlist” transaction pushbut-
ton, the agent completes his transaction.

Flight information inyuiries are re-
sponded to by means of combinations of
36 indicator lamps which indicate that a
flight is on-time or late, and the reason for
the altered flight status.

Two very important reply lamps are
“error’” and ‘re-enter.” An ‘“‘error”
reply indicates that a message. of the type
which can effect the inventory was re-
ceived at the computer and some error
was made during or after the ecomputer
processing cycle. Since the inventory
could have been effected, supervisory
action is required. ‘‘Re-enter’” on the
other hand, indicates that the message
was found to be in error but was of a type
which could not effect the inventory, or,
in the case of inventory effecting trans-
actions the error was detected before the
process began, and thus can be re-entered
by the agent.

Univac File Computer, Model I

The Model I, Univac File Computer, is
the heart of the system. It satisfies the
need for an inventory with input-output
flexibility and record generation ability.
The inventory is kept on random access
magnetic drums rotating at 1,800 rpm
with 180,000 characters capacity per
drum. The usual arithmetic and control
means are supplied and programming is
stored either on a high-speed magnetic
drum or is set up on a plugboard. Input
and output to the computer is buffered by
means of the high-speed magnetic drum
which rotates at 12,000 rpm. The input-
output section of this drum is organized
into ten demand stations, each of which
consists of two magnetic recording tracks
of 120 characters capacity. A track
switch function is supplied, which enables
the computer to be carrying on a trans-
action on one of the tracks of a demand
station while loading or unloading the
other. Each demand station has a num-
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Fig. 3. Basic airlines reservations system

ber of general-purpose control lines; i.e.,
ten computer to input-output control
lines, ten input-output to computer lines
and four high-speed input-output to com-
puter control lines which are capable of
altering the program. Record genera-
tion capabilities are provided in the Uni-
vac File Computer by an inquiry type-
writer, a 90-column read-punch card
unit, magnetic tape units or perforated
tape units.

The System Design Problem

The system design problem is essen-
tially a communications design, switching,
and an error control problem. The agent
set and the computer described provide
the means for manual entry of inquiries
to an inventory and automatic response
concerning that inventory status. Pe-
ripheral devices must be provided, which,
when connected to communications facili-
ties, the agent sets, and the computer,
allow the agent’s inquiries to be quickly
and accurately answered.

The speed of response is dependent, to a
great extent, on the following system char-
acteristics: First, messages are generated
at random times by a large number of
agents. Second, each computer makes
many types of transactions of varying
program lengths. Third, the peak mes-
sage generating capacity of the agents
may exceed the peak handling capacity of
the computer. For this reason, conges-
tion may occur at times, resulting in a
waiting time for some transactions and
thus to some agents,

The error control problem is to guard
against erroneous messages effecting the
computer inventory and erroneous mes-
sages reaching the agents. This error
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control must be applied in such a way that
the system does not “hang up” when an
error is detected and thereby aggravate
the inherent congestion problem.

The System Solution

The initial applications of this system
are representative of the first solution of
the system design problem. They are
analogous to the “request and confirm”
manual reservations systems. In such a
system, each inquiring agent in turn has
access to the central seat inventory held
in a single central computer in order to
place a reservation. The inventory is
thus completely up to date and the prob-
ability of overbooking is zero.

The communication logic is half duplex
in nature. That is, a message can be sent
only to the computer or from the com-
puter at a given time over a given line.
Simultaneous message flow in both direc-
tions is not permitted. After acquiring
the line, the agent holds the Iine until the
message has been transmitted to the
computer. The message waits at the
computer for service, is serviced and the
answer is transmitted to the agent set.
The reply to the agent completes the
transaction and confirms the reservation.
In this system philosophy where the line
is held until a reply is received, it is evi-
dent that message addressing is not re-
quired.

The Low-Speed Programmer
Scanner

The first switching device between the
remote agent set and the computer is the
low-speed programmer scanner (shown in
Fig. 2).

The low-speed programimer scanner isan
electroimechanical switching device which
may connect up to eight agent sets to a
telegraph line drop, thus satisfying the
need for communications between remote
agents and the computer. Its functions
are: to seek the agent set with a message,
to scan and program the message in the
agent set register onto the telegraph line
at a rate controlled by the telegraph dis-
tributor, and then to wait at the agent
set connection until a reply message is
received. It then provides light-holding
power for the agents reply message and
steps on, seeking the mext agent with
business. If no more business exists, it
releases the telegraph line. The low-
speed programmer scanner checks char-
acter parity and character count of input-
output message and causes, under certain
conditions, a repeat of the message if
found to be in error.

153



Fig. 4. High-speed programmer-scanner

The Telegraph System

The telegraph system (Fig. 3) consists
of a master station control unit, and an
outstation control unit or drop at each
place of business of the airline. Each
telegraph drop accommodates one to two
low-speed programmer scanners. In-
formation is transmitted at the rate dic-
tated by the telegraph line, either 10
characters per second or 20 characters per
second. Present systems are operating
at 10 characters per second. The time to
switch between drops in a selective se-
quence calling (polling) system which
polls the line to ask which drops have
message traffic is about 475 milliseconds
per drop.

The High-Speed Programmer
Scanner

The high-speed programmer (Fig. 4), a
solid-state switching device at the com-
puter site, satisfies the need for communi-
cation between the local agent and the
computer. Information is transferred at
a rate dictated by the computer, in this
case, a character for each high-speed
drum revolution time, or 200 characters
per second. Each high-speed program-
mer attaches up to 32 agent sets via an
input-output unit to the computer. All
of its functions are similar to a low-speed
programmer scanner,

The Input-Output Unit
The input-output (I/0) unit provides

the major interface connection between
the computer and the peripheral equip-
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ment by connecting telegraph master-
station control units or high-speed scan-
ners to the computer. Two units are now
being provided; the Model C, which con-
nects the computer to two master station
control units or to two telecommunica-
tions systems, and the Model E, which
connects the computer to one master
station control unit and four high-speed
programimer scanners. The track switch
feature is not used in these I/O units
since this system holds the line and no
time would be saved by the time sharing
feature of the track switch. The func-
tions of the 1/0 unit are to record the
input message on the I/O track in the
proper format and signal the computer
when ready. In response to a “‘computa-
tion finished” signal from the computer, a
reply message is read from the track and
transmitted to the high-speed scanner or
the master station control unit. Infor-
mation rates are again similar to the in-
put. They are dictated by the telegraph
line in the case of the connection to the
master station control unit and by the
computer in the case of connections to the
high-speed programmer scanner. The
I/O unit checks character parity as it
unloads information onto the drum, re-
peating a character if found to be in
error.

System Performance

Three systems of this type have been or
are being installed. One of these is oper-
ating and is servicing 135 agents sets, 95
local and 40 on the remote telegraph con-
nections. The system is fast enough to
accomplish from 1 to 11/, transactions per
second with response times to the agent of
1 second locally and 10 seconds on the tele-
graph connections. These response times
depend heavily, of course, on computer
program time and will vary with each
application.

Initial system performance has ex-
ceeded expectations with respect to reli-
ability with a performance of 99.79, of
scheduled time for the first 6 week period
of operation. Actual transactions are
numbering in excess of the estimated
number. Program times are longer than
estimated. Since the Univac Air Lines
Reservations System is the application of
a general-purpose computer in an on-line
inventory processing system, the user has
complete freedom in writing his program.
For this reason, the program times are
determined by the user and as a result,
become part of the system environment.
If a fixed program, or special-purpose
machine were used in this application, the
program times could be expected to be

Fig. 5.

Input-output unit

described as equipment operation times.
The operational speed of each of the com-
ponent equipments is not sufficient to pre-
dict the system speed when the system is
placed in its environment. The environ-
ment determines the operational speed of
the system, and, to this extent, the system
user determines the speed of the system.

System Expansion

With the advent of jet travel and the
expected increase in air travel, the air-
lines find themselves with an increasingly
difficult reservations problem. A typ-
ical future system might be required to
service up to 1,200 agent sets distributed
over the entire nation. Message rates
from these sets would be as high as 10 to
15 transactions per second. Response
times to the agents should be, however,
the same. That is, the response to the
local agent must be within one second and
to a remote agent, 10 seconds.

Systems of the type just described may
be expanded by duplications of the basic
system. The inventory in such an ex-
panded system would be divided on a
geographical basis. The advantage of
zero probability of overbooking would be
retained if an agent set in city 4 could
make sales against the inventory held in
a computer in city B. The need for
rapid communications between computers
is clearly indicated for such an expansion.
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Another solution of this expanded
system design problem, which draws an
analogy with the previous expansion
techniques of the manual reservations
systems, involves changing the system
philosophy from a “‘request and confirm”
system to a “sell and record” system.
This results in a system which is decentra-
lized by function rather than by geo-
graphical . distribution of inventory.
When it is recognized that the types of
transactions which directly affect the
inventory are less in number than those
which merely ask about the status of an
inventory, it is recognized that there is an
opportunity for a filter concept. This
concept utilizes the fact that several
status computers can be operated simul-
taneously, answering questions only as
to status of the inventory, while a single
inventory computer changes its inven-
tory in response to sell transactions, in
the case of airlines applications. Sales
are made against the status record in
such a system rather than against the
inventory itself. Sell messages must then
be transmitted to the central inventory
computer in order to change the inven-
tory. Replies are made to the status
computers when a status change is made
by the transaction.. Such a system is
vulnerable to overbooking during the
time that updatings are being made and
the need for high-speed communications
between the status computer and the
inventory is established.

Initial analysis also indicates that a
computer is not needed for each large
center of business of the airline, that is,
each major city. However, the message
traffic generated in such large installa-
tions exceeds the capacity of telegraph
equipment. - Telephone quality lines
capable of transmitting the data faster
must be provided for information flow
between large cities and the status com-
puter. By application of statistical
analysis, in particular queuing theory, to
such a system, it is soon recognized that
a hold-the-line philosophy of half-duplex
communications may seriously limit the
speed of the system.

The half-duplex or strict “request and
confirm’ system in the queuing sense is
analogous to a series of long corridors
leading to a single cash register and a
large number of people trying to get
through these corridors to be serviced at
the cash register. Only one person can
occupy the corridor at a time, so that the
time the line is held busy is not only the
time taken to travel the length of the
corridor, be serviced at the cash register,
and return, but also the time that is spent
in waiting at the cash register. Persons

at the input end of the long corridor are
then waiting while persons at the other
end are also waiting. This represents a
highly inefficient use of the line or the
corridor. Further queuing analysis in-
dicates that the application of full-
duplex telephone speed communications
more than doubles the speed of response
or, in some cases, more than doubles the
speed of the system at a reduced cost
compared with half-duplex communica-
tions.

This change of communications phi-
losophy from half-duplex to full-duplex in
all or part of the system represents a
major system philosophy change. The
first effect of this change requires that
messages sent from the computer over
the full-duplex line must be addressed to
their origin since the line has been re-
linquished by the origin after sending the
message. The second effect of the change
requires that buffering for more than one
message must be provided at the com-
puter at the output of a full-duplex line,
in order that messages may be sent one
after the other, thus fully utilizing the
line. The third is a major change in
error control philosophy. In the hold-
the-line system, each message originat-
ing center required that a response be
given indicating that a transmitted mes-
sage has been accurately received before
relinquishing the line. The full-duplex
system requires that a correct copy of a
message be retained at the origin until
the functional reply to that message is
received, allowing the message to be
cleared or erased.

Queuing analysis was applied to de-
termine which portions of the basic sys-
tem should be full-duplex and addressable.
It was found that the agent set, the high-
speed scanner, and the low-speed scanner
are adequate in either expanded system
and may be applied without change.
The high-speed scanner and the low-
speed scanner may ‘‘hold the line” after
sending their message at normal agent
set traffic rates without limiting the
system capabilities. This is true because
the low-speed scannmer is generally lo-
cated in areas of low activity and low-
message rate transmission; i.e., tele-
graph, and the high-speed scanner is
located in areas of high activity and is
served by high-message rate transmission,
i.e., 200 character per second lines. The
initial specifications required a 10-second
response at the low activity centers in the
remote areas and a l-second response in
the high activity centers. The probabil-
ity of blocking traffic at these devices
under these conditions can be shown to
be small and about equal for each device.
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It would seem that addressability
should extend also to the telegraph line.
Again, queuing analysis shows that this
feature would not substantially improve
the system performance and would gen-
erally increase the cost. This results
from the specific nature of this particular
application. That is, the airlines prob-
lem is one which consists of a high
activity of short messages. Since the
polling time is comparable with the mes-
sage transmission time, the system is
switching limited thus permitting a hold-
the-line solution. In the more usual
system, such as air traffic control, it is
found that the message activity is lower
and messages are of longer length. In
such a system full-duplex telegraph com-
munications could be expected to sub-
stantially speed up the system.

The Multiplex Unit

Several peripheral equipments are now
proposed and are being investigated to
implement the incorporation of full-
duplex communications in airline-type
problems. In general, these new equip-
ments are envisioned as applicable to any
on-line inventory problem. The first of
these devices, which permits address-
ability of messages from the computer to
the origin, is the multiplex unit, which is
merely a switch that connects the com-
puter to the line which terminates at the
message origin. This can be accom-
plished by detecting an address character
in the content of the message. In a multi-
level system address characters can be
added at each input multiplex unit as the
message proceeds towards the computer
and a character can be subtracted at each
multiplex unit as the message is addressed.

The Communications Control Unit

Communications control units (CCU)
are being explored as equipment to be
associated with the multiplex units. The
function of these units would be to si-
multaneously transmit digital information
from and to the digital portions of the
system, the computer and the program-
mer scanners, and to receive and send
modulated information on a full-duplex
telephone line at a rate of 200 characters
per second. The communications con-
trol units will send messages of variable
length and format. Error control will be
implemented by means of character
parity checks and message parity checks.
The communications control units will
signal the next unit in line by means of
control lines if messages were found to be
in error, causing the source address of the
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erroneous message to be displayed for
maintenance purposes. In contrast to the
hold-the-line system or half-duplex sys-
tem, the CCU’s in the full-duplex system
would not attempt to repeat a message or
a character found in error.

As previously pointed out, the sys-
tem gain in speed is minor by providing
full-duplex telegraph communications in
a system which is characterized by large
message traffic volume of short messages.
For this reason, a telegraph buffer and
control unit is being explored which
functions in a manner similar to the com-
puter in the basic system. That is, it
would hold an input message to be read
out through the multiplex unit onto a
CCU or an 1/0 unit, and await the reply
message.

The Input Unit

The bulk of the system adjustment to
provide for full-duplex communications
must be handled by the input-output
unit design. It is here that the value of a
computer with true versatility of input-
output is experienced. A major system-
design philosophy change can be made
with no modification of the computer, but
merely greater utilization of the input-
output functions provided.

The new input-output unit being in-
vestigated would actually be two boxes;
an input unit and an output unit. The
input unit would take information from
a multiplex unit or a CCU and transmit
it to the I/O track. Consistent with the
nature of an on-line system, there would
probably be many input units for each
output unit, since messages arrive ran-
domly at the computer and simultaneous
arrival may be expected. Since the com-
puter can handle only one message at a
time, messages will be in line as they come
out, thus requiring only a single output
unit. The functions of the input unit are
to arrange incoming message on an 1/0
track of the high-speed drum and keep a
record of the number of messages re-
ceived since the last service at that track.
The input unit would signal “ready”
following the receipt of each message and
await its turn to be serviced. However,
when the number of messages buffered
on the I/0 track reaches a level close to
the full condition of the buffer, the I/0
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unit must signal the computer that it is
in a priority condition and claim pre-
cedence over less busy tracks. In the
Univac File Computer, sufficient buffer-
ing capacity is provided for five messages
on each track for a total backlog at each
demand station of ten airlines reserva-
tions input messages. The four high-
speed control lines, previously not used in
airlines applications, are well suited for
priority indication. These lines, W, X,
Y, and Z, may each be associated with an
input unit. As input unit X, for example,
reaches priority condition, the computer
may find input unit ¥ ready. When
input unit Y is demanded, it will re-
spond with signal X, indicating that the
computer should skip to demand station
X and process messages buffered there.

The Output Unit

The output unit would have a task
which is new compared with the basic
I/0 unit in that it must follow the error
control logic of retaining a valid copy of
all messages sent from the computer to
another computer until the messages
have been acknowledged. Again, the
buffering capacity of the high-speed drum
is sufficient to store a large number of
output messages. By means of the track
switch feature the computer can write an
output message on one track of the de-
mand station, while the other track is
busy transmitting a message to other
units. By means of the low-speed com-
puter to I/O lines A through J, a com-
puter can record the fact that the output
unit has sent a message from storage
location 4 by pulsing control line 4 and
require that a new message may be
recorded for transmission at word loca-
tion A only after control line F is pulsed,
signifying that the computer has re-
ceived a valid answer to the question
sent from word location A. If the com-
puter subsequently tries to send a mes-
sage from word location 4 without having
received F, the message stored at word
location A, the valid copy, is then printed
out under a subroutine.

Conclusions

In conclusion, it has been found that
this system can be expanded to accom-

modate an increase in traffic by means of
equipment duplication or reorganizing
the system into one which is decentra-
lized by function or geography, utilizing
full-duplex high-speed digital communica-
tions and very fully using the input-
output versatility of a machine like the
Univac File Computer. The author
wishes to emphasize that this system de-
sign problem has not been solved solely
by the company’s efforts, but include
contributions from customers and pros-
pective customers. The basic solution
was inherent in the initial design of the
input-output system of a general-purpose
machine like the Univac File Computer,
which takes in stride a major design
philosophy change which may not have
been anticipated in the design of a special
purpose machine. The effort has been
to design peripheral equipment with this
lesson in mind. As a result, it is believed
that the airlines reservation system
peripheral equipment described here,
with the exception of the input-output
units, is directly applicable to new gen-
eral-purpose computers. The multi-
plex unit, the communications control
units, the telegraphic buffer and control
units, and the proposed full-duplex in-
put and output units are applicable in
any Univac File Computer on-line in-
ventory problem.

Discussion

E. Sacks (Teleregister Corporation): Do
you propose to handle other airline func-
tions, such as fare quotation, ticketing,
and maintenance of passenger records?

Dr. Herzfeld: Fare quotation on an
intra-line basis can be easily handled on
the slide or groups of slides which can be
projected right onto the agent’s screen.
Inter-line fare computation, which I believe
is what Mr. Sacks is referring to, is still
being investigated.

Electronic passenger control record
storage will arrive when development is
complete on our mass storage system.

The automatic ticketing problem has
not been completely investigated up to
this moment. We are concentrating ini-
tially on handling the anticipated volumes
of traffic which will arise as the systems are
expanded.

Sampson, et al.— Univac Air Lines Reservation System



The Siemens Digital Computer 2002

H. W. GUMIN

HE SIEMENS Digital Computer

2002 is a medium-scale transistorized
computer being developed by the Siemens
& Halske AG, Munich, Germany. The
2002 is a general-purpose decimal ma-
chine with a word length of 12 decimals
plus sign and an average speed of 2,000
operations per second. Special features
of the 2002 include three index registers,
the use of the instruction location counter
for address modifications, the automatic
address substitution, and fixed- and float-
ing-point operations. The 2002 has a
transistor-driven magnetic core memory
of variable size (units of 1,000, 2,500,
5,000 and 10,000 words) and a magnetic
drum memory with a capacity of 10,000
words. Input and output data are
handled by means of punched paper tape
and punched cards. Considerable ex-
pansion by magnetic tape equipment is
possible, -

Characteristics

The 2002 is a decimal machine, where a
decimal digit is represented by a 4-digit
binary number (excess-three-code).

WORD STRUCTURE

A word can be interpreted by the ma-
chine in four different ways, namely:

1. As an instruction.

|£|M|RIO|O|OISIA[A[AJAIA]I
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Decimal 1 can be used together with the
sign to mark an instruction. Decimal 2
serves several purposes. It indicates for in-
stance, whether the result of an arithmetical
or shift operation is to be rounded or not.
The operation to be executed is identified by
the three decimals, 3 to 5. Both decimal 6
(address substitution) and 12 (index tag)
are used for address modifications., The
address part of the instructions is given by
decimals 7 to 11.

2. As a fixed-point number, with the
decimal point being assumed on the left of
the most significant digit, the numbers being
represented by sign and magnitude.

3. As a floating-point number, where the
mantissa occupies ten (decimals 1 to 10) and
the characteristic two places (11 to 12).

4. As an alpha numerical expression with
two decimal digits characterizing one alpha-
numerical character.

ApDRESS MODIFICATION

The usefulness of an instruction code
depends greatly on the possibility of per-

forming automatically address modifica-
tions. The 2002 allows modification of
the address part of an instruction in two
different ways, namely by address sub-
stitution and by index register modifica-
tion, this being dependent on the con-
tents of position 6 (substitution) and
position 12 (index register modification)
of the instruction word. These two types
of modification can be combined and are
carried out as follows:

The control unit of the 2002 includes
three index registers, numbered. 1, 2, and
3. When executing indexable instruc-
tions, the number in position 12 of the
instruction (in the instruction register)
determines the index register, the contents
of which is to be added to the address part
x (position 7 to 11) of the instruction.
The number “4” in the index tag indi-
cates that the contents of the instruction
location counter is to be added to the ad-
dress part of the instruction.

After this modification of the address
part by the contents of one of the index
registers or by the contents of the instruc-
tion location counter, resulting in a modi-
fied address x;, position 6 of the instruc-
tion word is checked.

In case the number in position 6 is ““0,”
the instruction will be executed in the
normal way with the modified address x;.

If the number in position 6 is ““1,” then
the contents of location x; is read out of
the memory, and positions 6 to 12 of the
contents of location x; replace positions
6 to 12 of the instruction in the instruc-
tion register address substitution. Then
the cycle starts again with a modification
of the new address part by the contents
of one of the index registers or by the
contents of the instruction location
counter, dependent on the number in
position 12 of the instruction word and
so forth.

The process ends after an index register
modification, resulting in a modified ad-
dress x,, position 6 of the instruction word
contains “0.” Following this, the instruc-
tion (with address part x,) is executed in
accordance with the instruction list.

If the instruction to be executed is not
indexable, the modifications by the con-
tents of one of the index registers are
suppressed. In case the number in posi-
tion 6 is “‘0,” the instruction will be
executed in the normal way. If position
6 of the instruction word contains “1,”
only positions 6 to 11 of the contents of

Gumin—The Siemens Digital Compuier 2002

Fig. 1.

Circuit board

location x replace positions 6 on 11 of the
instruction word in the instruction reg-
ister.- Again position 6 of the instruction
word is checked, etc.

A few examples are to illustrate the fore-
going. The (indexable) instruction

+00 ADD 0 99999 4

will effect the addition of the contents of
the preceding memory location to the
contents of the accumulator, independent
of its position in the memory (important
for relative programming). If, for in-
stance, the contents of the index register
1 is 100, the contents of the index register
2 is 200, and the contents of memoty
location 600 is

400 000 0 3570 2,
then the instruction

+00 ADD 1 00500 1

causes the contents of storage location
3770 to be added to the contents of the
accumulator. The (not indexable) in-
struction

+00 ADI 0 00001 2

effects the addition of 1 to the contents of
index register 2, whereas

400 ADI 1 00001 2

results in an addition of the contents of
storage location 1 to the contents of in-
dex register 2, provided position 6 of the
contents of storage location 1 is “0”
(otherwise the process of substitution
would be repeated).

INSTRUCTION AND SPEED

The instruction list of the 2002 con-
tains:

1. 28 instructions for arithmetic oper-
ations for fixed-point and floating-point
numbers, shift operations and other spe-
cific operations. In order to increase the
calculating speed, devices are provided

H. W. GuMiN is with Siemens & Halske, A. G.,
Munich, Germany.
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which produce multiples of multiplicands

and divisions. Special attention has
been paid to the built-in unnormalized
floating-point arithmetic, so that, roughly
speaking, the precision of the results is
about the same as the minimal precision
of the two operands.

2. 12 jump and other control instruc-
tions, one of which, the so called subrou-
tine jump UNT (unterprogramm) is
exectted as follows: suppose the instruc-
tion :

UNT B

is stored in memory location a, then a1
is stored automatically by this instruction
in memory location 8 (precisely: in posi-
tions 7 to 11 all other positions being re-
set to 0) the next instruction to be per-
formed will be taken from memory loca-
tion 8+1. The last instruction of a sub-
routine is a fine example of address sub-
stitution. The (unconditional) jump in-
struction SPR (springe) for switching the
control to memory location a+1 of the
main program has the form

SPR 18

where position 6 (address substitution) is
equal to 1.

3. 9 instructions for index register
operations including jump instructions
dependent on the contents of an index
register.

4. 4 instructions for a transfer of data
between drum and core memory in blocks
of variable length.

5. 9 instructions for punched paper
tape input and output.

6. 9 instructions for punched card
input and output.

7. 7 additional instructions for mag-
netic tape equipment.

Total: 78 instructions

The sign of an instruction is used for
program testing. Normally the sign of
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Fig. 2 (left). Central
processing unit

an instruction is not considered by the
control unit. After pressing a button on
the control desk, instructions with a posi-
tive sign are executed as usual, instruc-
tions with a negative sign (which are not
performed) initiate the following proced-
ure:

The contents of the instruction location
counter is stored in memory location 0.

The next instruction in sequence will be
taken from memory location 1.

All operation cycles of the 2002 are
integral multiples of the ‘‘basic machine
cycle,” which requires 90 usec. One basic
machine cycle is equal to the time inter-
val necessary for adding the content of a
memory location to a number in the
accumulator, including reading out of the

Table I.
(Including Reading Out of the Operand)

Operational Speed

Add, fixedpoint............... ... 90 usec
Multiply, fixed point.................. 1,260 psec
Divide, fixed point.................... 3,510 psec
Add, floating point, normal............ 450 usec
Multiply, floating point, normal........ 1,350 usec
Divide, floating point, normal.......... 3,240 psec
Shift accumulator, # places............ 180 psec

Table Il. Physical Characteristics

Internal number system. . . Decimal
Excess-three-code

Mode of operation........ Serial
Bits of a decimal digit
paraliel
Word length. . ........... 12 decimal digits plus
sign
Timing.................. Synchronous
Pulse repetition frequency. . 200 kc per second
Circuitry. ............... Transistorized mounted
on circuit boards
Memory........covuvunnn Core memory

Magnetic drum
Power consumption basic

computer®. .. .......... 5 kw
Floor space requirements
basic computer......... 600 square feet

* Central processing unit, 1,000-word core memory,
10,000-word magnetic drum, control desk, punched
paper tape input and output.
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addend. Reading out of an instruction
from the core memory, its interpretation
by the control unit and the address
modification by index registers also covers
one basic machine cycle. Each address
substitution requires another 90 usec.

Reading, interpreting, and address
modifications of the next instruction are
done by the control unit simultaneously
with the carrying out of the preceding in-
struction provided the control unit is not
used for the execution of the preceding
instruction and the execution of the latter
requires more than 90 psec. For this
reason the numbers in Table I, Opera-
tional Speed, do not include the 90 usec
for reading, interpreting, and address
modification (by index registers) of the
instruction. The next instructions are
in some cases even carried out during the
execution of a preceding one, as is shown
by the sequence of instructions:

MLT «x Multiply, fixed point
ADI y Add to index register
SPR  z Jump (unconditional)

After initiating the multiplication in the
arithmetic unit, the control unit reads and
interprets the mnext instruction in se-
quence (one machine cycle). Because
the instruction “add to index register’” can
be performed without using the arithmetic
unit (the control unit has its own adder),
the ADI instruction is executed (two ma-
chine cycles). Then, the next instruc-
tion is read out of the memory, inter-
preted and executed, as the uncondi-
tional jump can be performed independ-
ent of the arithmetic unit, etc. This 1s
done during the execution of the multi-
plication (14 cycles).

Gumin—The Siemens Digital Computer 2002



Fig. 5. Core memory unit (1,000 words)

Under certain assumptions concerning
the distribution of instructions of a pro-
gram (259, additions, 25% multiplica-
tions, 509, instructions for organization
etc.) the average speed of the 2002
amounts to 2,200 operations per second for
fixed point and 1,850 operations per
second for floating point calculations.

MEMORY

The basic memory unit for the 2002 is a
coincident current ferrite core memory.
There are several sizes of the matrix of the
core memory, depending on the memory
capacity, namely

1. A 20-by-50 matrix for a 1,000-word
memory.

2. A 50-by-50 matrix for a 2,500-word
mermory.

3. A 50-by-100 matrix for a 5,000-word
memory.

4. A 100-by-100 matrix for a 10,000-word
memory.

52 of the matrices are used; this allows
storage of 1,000, 2,500, 5,000 or 10,000
words of 13 decimal digits each with a
decimal digit being represented by four
binary digits (excess-three-code). The
access time of the core memory is 5 usec,
the cycle time 14 usec. Up to ten memory
units can be connected with the 2002.

A drum memory (capacity 10,000
words) is attached to the ferrite core
memory, Data are transferred between
these two types of memory in blocks of
variable length by a sequence of three
instructions giving:

1. Thedrum address of the first word of the
block.

2. The length of the block.

3. The address of the first word in the core
memory.

The direction of transfer is also in-
dicated by the last instruction. The
average access time per word to the drum
memory 1is greatly reduced when trans-
ferring blocks of reasonable length. The
drum revolution time is 23 milliseconds
(ms), the drum clock frequency 200 ke
per second.

Words are written on four parallel
tracks with 3.7 bits per millimeter (94
bits per inch) and 250 words per group
of fourtracks. The track selection is made
by dry reed relays in such a way that
always two consecutive groups of four
tracks are selected. After having finished
reading (writing) the first selected group
of four tracks, switching to the next
groupof tracks is done by electronic equip-
ment, so that uninterrupted reading
(writing) is possible. While reading
(writing) the second group of tracks, the
third group of four tracks is selected by
relays, etc. Thus, the number of read-
write amplifiers is reduced from 4X40
to 4, but the average access time to the
first word of the block is increased by
7.5 ms. With a word transfer time of 90

Fig. 6 (left). Core

memory matrices

Fig. 7 (right).  Sie-
mens Digital Com-
puter 2002
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usec, the transfer time of a block of =
words is on the average

(11.54+7.54#-0.09) ms
=(19+4+n-0.09) ms.

The average transfer time of 1,000 words
is therefore 109 ms.

InpUT-OUTPUT

Input and output data are handled

. by means of punched paper tape, punched

card and magnetic tape equipment.

In the case of punched paper tape,
data are read into the machine by a photo-
electric high-speed tape reader, one
character per instruction, with a speed up
to 200 characters per second in start-stop
mode. Results are punched on paper
tape at a speed of 50 characters per second.

If input data and results are to be avail-
able in the form of punched cards, a special
buffer and control unit can be added.
Punched card machines of various makes
can be connected with the card control
unit.

The punched card control unit contains
a core buffer storage for each punched
card input or output. The buffer storage
has a capacity of 80X12=960 bits, the
columns (rows) of the buffer being the
equivalent of the columns (rows) of the
punched card. The next card is read into
the input buffer storage (the contents of
the output buffer storage is punched
into the next card) while calculating. A
special column, numbered 0, is provided
in the input buffer storage. Any of the
960 points of a card can be wired into
any position of column 0.

Data are read out of the input buffer
columnwise, beginning with column O,
continuing with column 1, 2, 3, .... Up
to 12 consecutive columns can be read
by one instruction, the number of columns
as well as the buffer unit are indicated by
the address part of the read instruction.
The execution time for reading 12 columns
is 540 usec. Data are read into the
accumulator. There are two groups of
instructions for reading numerical and
alphanumerical characters being repre-
sented by two decimal digits. The out-
put buffer is filled columnwise in a similar
way. If a printer is to be connected with
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an output buffer, the number of columns
can be increased.

The magnetic tape equipment is at-
tached to the 2002 in a similar way. The
tape control unit contains ome or two
buffers with a capacity of 1260X6 bits
(one character per column).

The next record on tape is read into
the buffer storage (the contents of the
buffer storage is written on the tape) by
read (write) instructions while calculating.
If two buffers are installed, two records
can be transferred simultaneously to or
from two tape units. Up to 10 tape units
can be connected with the tape control
unit.

The instructions for reading data out
of the tape buffer into the accumulator
ond for filling the tape buffer from the
accumulator are the same as for the
punched card buffers. The execution
time for reading 12 columns is 270 psec.
Because of the length of the tape buffer,
four block transfer instructions are pro-
vided which transfer the next # columns
of tape buffer & into the core memory,
beginning with memory location x, or the
data stored in the core memory beginning
with memory location x, into the next =z
columns of tape buffer 2; two imstruc-
tions serve the transfer of alphanumerical
and two instructions the transfer of
numerical data,

Physical Construction

For the most important physical
characteristics see Table II. The cir-
cuitry in the arithmetic and control unit

is of the dynamic type using gates and
delay-lines. The circuitry in the memory
units is of the static type. All circuits
are composed of 16 types of different
units which are dip soldered into etched
circuit boards of the plug-in type (size 6.5
X4 inches), one of which is shown on
Fig. 1. TFig. 2 shows a central processing
unit. The control and arithmetic units
are of five different types, the logical con-
figuration of two of them is reproduced on
Figs. 3and 4. The output of the circuit
boards is delayed by 1.25 psec. Up to 8
inputs can be driven by an output of one
of the circuit boards.

On Fig. 5 a part of the rackmounted
transistorized core memory unit (1,000
words) together with the read and write
amplifiers are to be seen. The 52 matrices
are combined within two blocks of 26
matrices each, Fig. 6. In the case of
the 2,500-word memory, 160 plug-in units
with 1,037 transistors are built into the
memory unit (excluding buffer registers).

Fig. 7 gives a general view of the 2002
computer (punched paper tape input and
output).

Conclusions

The 2002 has been working since Nov-
ember 1, 1958. A prototype has been
operating successfully since October 1956.
The 2002 is an enlargement of this proto-
type

Discussion

E. Goldstein (Bell Telephone Laboratories):
Are parity bits included in the core memory?

What checks are made to insure accuracy
during data transfers between cores and
drum, etc.?

Dr. Gumin: One parity bit per word in
core memory; and four parity bits per word
in drum memory. Data transfers are
checked by means of “pseudo tetrads” (for-
bidden combinations of four bits).

J. Reitman (Teleregister Corporation):
Please describe the size of the input and out-
put punch paper tape buffers.

Dr. Gumin: The prototype has punched
paper tape buffer of one word (input, one
word; output, one word).

J. D. Babcock (The Rand Corporation):
Has an assembler-compiler system been de-
vised for the 2002? If so, would you please
give a short description of it?

Dr. Gumin: An assembler-compiler sys-
tem will be available during the summer of
1959. This will be a generalized formula
translating system.

G. M. Wilson (United Shoe Machinery Cor-
poration): What is the card-per-minute
speed of reading and punching? Also, what
are the read-write speeds of the magnetic
tape?

Dr. Gumin: Siemens does not manufacture
punched card equipment. Punched card
machines and printers of various manufac-
turers can be attached to the 2002 com-
puter. The system is designed to permit
the use of either International Business
Machines Corporation or Bull peripheral
equipment.

W. R. Haber (Remington Rand Univac):
What is the drum speed in milliseconds, and
how many drum bands are there?

Dr. Gumin: A drum revolution requires
23 milliseconds, and there are 40 bands each
containing 50 words per band.

Design of the RCA 501 System

J. G. SMITH

HE RADIO Corporation of America

(RCA) 501 System (Fig. 1) was de-
signed specifically for a wide range of data
processing applications. This paper de-
scribes the system and relates specific
functional characteristics of the require-
ments that are found in data processing
activities.

System Highlights

Some of the outstanding features of
the RCA 501 Electronic Data Processing
System are mentioned here to provide a
framework of reference for the remainder
of the discussion.
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T. M. HUREWITZ

SoLip StaTE TECHNOLOGY

The RCA 50! Data Processing System
is comprised entirely of solid-state de-
vices. The logic of the system is imple-
mented with transistors, over 909, of
which appear in the basic “Nor” circuit
configuration. There are approximately
17,000 transistors in a typical system.
During the first 6 months of 3-shift opera-
tion involving more than forty-four
million transistors hours, there were only
three transistor failures. These initial
data indicate an expected failure rate of
less than one transistor failure during
1,000 hours of system operation. The
use of transistors has had a potent impact

on design particularly in the area of
reliability.

VARIABLE DAtA LENGTH

In keeping with the emphasis on data
processing, the 501 system retains the
RCA-developed concept of variable word
length. This concept of information
organization on magnetic tape lends it-
self naturally to the types of data en-
countered in processing applications and
results in minimum processing times.

BUILDING BLOCK EXPANDABILITY

Another highlight of the RCA 501 sys-
tem is its expandability features. The
high speed magnetic core storage of the
computer may be expanded from a mini-
mum of 16,384 characters (a character

J. G. SmitH and T. M. HUREWwITZ are with Radio
Corporation of America, Camden, N. J.
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Fig. 1. The RCA 501 system expanded

being 7 bits) to a maximum of 262,144
characters. The expansion occurs in
increments of 16,384 characters. The
number of magnetic tape mechanisms
directly under program control may ex-
pand from one (1) to a total of 63.
Finally, peripheral equipment may be
used on-line or off-line as dictated by
machine loads.

For reasons of ecomomy, particular
emphasis was given to reducing, or in
some cases eliminating, the need for
special control devices for operation of
peripheral equipment.

PowerrUL FiLE HANDLING CAPABILITIES

The computer records on magnetic tape
at the rate of 33,300 alphanumeric char-
acters per second. The information can
~ be read from the tape while it moves in

either direction.

To add to the file handling capabilities
of the 501 system, the computer performs
certain combinations of operations si-
multaneously. These combinations are
read-compute, write-compute, and read-
write. The simultaneity is handled by
an interrupt technique which will be dis-
cussed in greater detail.

Accuracy CONTROL

Again consistent with the data-process-
ing emphasis, the 501 system incorporates
a thorough system of wired-in checks
which monitor and safeguard the proc-
essing of data. Among these checks are
provisions for performing each arithmetic
step twice and a complete parity preserv-
ing system of information transfer and
modifications.

Basric Circuit

Fig. 2 is the so-called “Nor” circuit
which is the basic circuit used repeatedly
in the over-all system. (The SM2 is the
RCA designation for this submodule.)
The operation of this basic circuit is as
follows: If both inputs are sitting high,
the emitter-base junction is reverse-
biased and hence the transistor is cut-off.
This causes the output to be clamped to
ground. When either one of the inputs
goes low, the divider network yields a
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Fig. 2. Basic transistor circuit

potential which is below .the emitter
potential and the transistor turns on.
The output rises to 6.5 volts, lesswhatever
drop occurs through the transistor, which
in this case is a maximum of 0.3 volt.
This basic circuit is used to achieve sig-
nal standardization and to accomplish
all logic. The basic logic, in terms of the
“Nor”’ circuit, can be described by a truth
table. Using inputs 4 and B, and letting
“0” represent ground potential and “1”
represent +6.5 volts, then when either
one of the inputs is at ground the output
remains high. Only when both inputs
are high does the output go to ground.
When both inputs are at +6.5 volts the
output is at ground potential. By cross
coupling two of these circuits so that
the output of one is the input to the
other, a flip-flop results. Negative pulses
are used to set and reset the circuit,

System Equipment

RCA 501 systems are tailored to specific
applications by adroitly choosing “‘equip-
ment modules.” A brief description of
the items from which this choice may
be made will serve to indicate .the
degree of flexibility available in arranging
system configurations. For purposes of
this description equipment is classed into
three major types: Computer, magnetic
tape, and input-output.

COMPUTER

The basic computer is composed of the
following elements: program control,
operating comsole, paper tape reader,
monitor printer, high-speed core storage
(16,384 alphanumeric characters mini-
mum), controls (switching and buffering
for eight magnetic tape stations), and
power supply.

The high-speed storage unit, Fig. 3,
starts with a basic building block of 16,384
characters. It contains a stack of planes,
28 deep, with each plane having 64X 64
cores to give 4,096 cores in a plane.
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Fig. 3.

High-speed memory (32,768-

character capacity shown)

Since one character consists of 7 bits,
this stack of 28 planes represents a 4
character-deep array. Hence, informa-
tion is called from the storage umit in
groups of 28 bits or 4 characters in parallel.
The method of using these 4 characters
will be described in greater detail in the
discussion of the block diagram of the
computer. Memory access time, the
time for retrieving or storing four char-
acters, is 7.5 microseconds (usec). A com-
plete memory cycle requires 15-usec.

The storage unit may be increased in as
many as fifteen steps of 16,384 charac-
ters to a maximum of 262,144 char-
acters (218). The addition of a bank of
memory in no way affects previously
written programs. Further, the only
distinction between individual banks are
the addresses, which for purposes of pro-
gramming are considered to be con-
tinuous. The unit depicted contains two
stacks of memory or a total of 32,768
characters. The same unit can be ex-
panded to a total of 65,536 characters.
Four such expanded wunits may be
added to the program control.

The order code consists of 49 instruc-
tions covering input-output, data han-
dling, arithmetic, and decision and con-
trol. The instruction format, Fig. 4 is as
follows: One character is designated the
operation code, three characters (18 bits)
specify the A address; the N character
specifies the index register to be used as
a modifier for either the A or B address;
three characters specify the B address.
The N character is split into two groups
of three bits each. The left-hand group
specifies how the 4 address is to be modi-
fied and the right-hand group specifies
how the B address is to be modified.

161



ONE_INSTRUGTION

OPERATION A ADDRESS ADDRESS 8 ADDRESS
CODE MODIFIER
0 244 ~ 888

THE ¥ GHARACTER

MODIFIES MODIFIES

A ADDRESS XXX XXX B ADDRESS
—

Fig. 4. Instruction format

Particular characteristics of the com-
puter of special interest to programmers
will be discussed as a separate topic.

MAGNETIC TAPE

Some specifications of the magnetic
tape stations, Fig. 5 serve as an introduc-
tion to this topic. Gross data-transfer
rate is 33!/; thousand characters per
second, achieved by recording 333!/s char-
acters per inch and moving tape at the
rate of 100 inches per second. The tape
is 3/4 inch wide, Mylar base. Reels
accommodate up to 2,400 feet of tape.
The gaps generated on magnetic tape
are 0.35 inch. The tape start time is 3.5
milliseconds. The tape has a lock-out
feature which provides for the safety of
program and master file tapes. Char-
acters are recorded twice on magnetic
tape, substantially increasing reliability.

As many as 63 tape stations may be
made available to the computer at one
time. Expanding the number of tape
stations is done as follows: eight tapes
may be connected without any additional
equipment. A B-level switching unit is
substituted for one of the original eight
tape mechanisms. This unit provides
for connection of as many as eight addi-
tional tape stations. Thus, 15 tapes are
available with one B-level switching unit,
22 with two B-level switching units, etc.
Two B-level unmits, together with their
power supplies are contained in a single
cabinet.

InPUT-OUTPUT EQUIPMENT

It has already been mentioned that a
1,000-character per second paper tape
reader is available as an on-line device.
Similarly, a monitor printer (10 characters
per second), with a paper tape punch is
used on-line. High-speed output is also
available on-line in the form of a 600-line-
per-minute, 120-character-wide printer,
Fig. 6. This printer uses the computer’s
electronics for most of the buffering and
control functions.

Off-line devices are available which
provide for card-to-tape conversion and
high-speed printing. The card-feed rate
on the card transcriber, Fig. 7 is 400 cards
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Fig. 5. Tape station

per minute. Characters are written on
magnetic tape at a rate of 33,300 char-
acters per second. The input and out-
put hoppers hold up to 1,000 cards for
continuous operation. For continuous
operation beyond 1,000-card capacity,
the cards may be loaded or unloaded dur-
ing transcription. There is a consider-
able amount of editing that can be done
through the use of the plugboard. Asin
all RCA 501 equipment, considerable care
has been taken to ensure accuracy control.
There is a dual sensing station. The
card is read twice and the readings are
compared. Overpunching which may
represent three or more punches in a
particular column is sensed and detected.
Character parity is checked as is data
format. Finally, when informatior. is
transferred from the cards to magnetic
tape, the echo signal check is used.

Transcribing card punch, Fig. 8, fea-
tures are as follows: A maximum of 80
columns can be punched in an 80-column
12-row card. The card punching rate is
150 cards per minute and input-and out-
put-hopper capacity is 1,000 cards each.
Again there is extensive editing through
the use of the plugboard, and accuracy
control features similar to the card tran-
scriber are included.

Off-line printing is accomplished with
the Electro-Mechanical Printer, Fig. 6.
This device operates with a standard tape
station and prints at the rate of 600
lines per minute. Paper skipping can be
done at a rate in excess of 70 lines per
second. Editing can be accomplished
through the use of a plugboard and a paper
tape loop. Among the accuracy control
provisions for the printer are print-

Fig. 6. High-speed printer

hammer failure check, overlong-line check,
tape parity check, warnings for low paper
supply, tape station inoperable and
printer inoperable.

Large-scale random access facilities are
in the random access file drum, Fig. 9. A
file control unit may be connected to any
tape trunk and each unmit provides for
the control of up to 12 drums. A drum
has a capacity of 1,500,000 characters and
an average access time of 192 milli-
seconds.

Computer Characteristics

The logic of computer forms the frame-
work of reference for discussion of specific
features. The data flow within the com-
puter occurs over a bus system, Fig. 10.
Addressing information flows to the mem-
ory over the address bus on which are
located the P-, A-, B-, T-, and S-registers,
and the bus adder. The P-register is the
program register and always contains the
address of the next instruction. The A-
and B-registers correspond to the 4 and
B addresses of the instruction format.
The T-register can be preset by instruction
to provide a third address for certain
transfer and arithmetic instructions. The
S-register is used to address the memory
during “interrupt cycles” associated with
simultaneous operations. The bus adder
is an 18-bit half adder used to modify the
contents of the various registers.

A register is made to advance in counter
fashion by having its contents transferred
to the bus adder, where one is added to
the number. The resulting sum is then
transferred back to the register. Besides
adding to the over-all reliability of the
computer, the bus adder also preserves
the parity of addresses in accordance with
rules independent of those for addition and
thus permits a check to be made on all
addresses transferred within the machine.

Information flows in groups of four
characters from the high-speed memory
to the memory register and over the data

Smith, Hurewitz—Design of the RCA 501 System



Fig. 7. Card reader

bus into the program control. This
same path provides for the flow of data
back to the high-speed memory. On the
data bus are located the normal operation
register, the N-register, used to contain
automatic address indicators, and the
tape read-write buffers. The interchange
is located between the data bus and the
single character bus and provides a means
of selecting one character from the four
on the data bus or transferring a character
to one of four paths. By this device,
individual characters may be positioned
anywhere within a group of four char-
acters comprising a memory word. On
the single character bus the L- and R-reg-
isters are used to hold an addend char-
acter and augend character, respectively.
They in turn feed the arithmetic unit.
The arithmetic unit returns its results to
the adder output register which is con-
nected to the single-character bus. Also
on the single-character bus are the SW-
and SR-registers which select the write
trunk and the read trunk for tape opera-
tions.

Fig. 8. Card punch

Many schemes for tape simultaneity
were considered for inclusion in the com-
puter. All of the schemes that were con-
sidered had their advantages and dis-
advantages. The one chosen was con-
sidered to be the most useful from the
programmer’s standpoint as well as the
least costly in equipment. It is believed
that this particular scheme eliminates the
need for complex. scheduling of special
purpose buffer memories, hence, allow-
ing the programmer maximum flexibility.

Simultaneity of tape operation is a
demand-type function. The process is
initiated when a tape instruction is re-
ceived from storage. At the time of
execution, three tests are made: 1. Is the
instruction a type which is ‘“‘potentially
simultaneous?”” 2. Is the simultaneous
mode free, i.e.,, not already occupied?
3. Is the program-controlled gate to
the simultaneous mode open? If the
answer to all three of these questions is
positive then the operation code and
memory address are transferred to the
simultaneous operation register (SOR)
and the S-register, respectively, and the
computer selects the next instruction
sequence. Note that if the answer to
any of these questions is negative, the
instruction is accomplished in normal
fashion.

When a tape operation is being per-
formed in the simultaneous mode, buffer-
ing is such as to require the interruption
of one 15-usec memory cycle out of
every eight. Thus computation can
proceed for 7 cycles before being inter-

Fig. 9. Random access file

rupted. Of course, no interruption is
required while tapes are accelerating.
From the programmer’s standpoint, it
was deemed extremely desirable to in-
clude equipment in the computer for ut-
most flexibility in modifying instructions.
For this reason a highly capable set of
index registers are incorporated. There
are seven index registers which may be
used to modify instruction addresses.
Of these, four are fixed high-speed memory
locations which can be operated upon by
any of the normal instructions. In addi-
tion, three of the index registers are
registers which are dynamically used dur-
ing the normal course of instruction execu-
tion. For example, the program register
is also an index register. By this device,
programmers may write completely self-
relative routines in machine code. Two
of the other registers, the A- and T-
registers, are used normally for addressing
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Fig. 10. Computer flow diagram
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data in the high-speed memory. Hence,
references can be made data-relative,
tying-in with the use of variable length
operations.

While it is impossible to describe com-
pletely the instruction complement at this
time, a brief resume is in order. It is
natural in a system such as the RCA 501,
which has been designed primarily for
data processing, that highly flexible use
of magnetic tape be made. Some ex-
amples of the facilities available in the 501
for tape use can be cited. First, tape may
be read in either direction. Those
familiar with sorting will realize that by
reading tape in reverse and writing for-
ward on tape, rewind time can be elim-
inated. A second ability, important in
data processing, is the provision for posi-
tioning tapes in either a forward or re-
verse direction by control symbols or by
gaps. This last feature permits the
scheduling of multiple files on the same
teel of tape eliminating both tape costs
and operating time. Lastly, data may be
stored on tape in either program form or
message form. Instructions have been
scheduled to offer complete sets of func-
tions for data no matter which of the
forms are used.

Data-transfer functions are arranged
for either address or symbol control, and
either serial or parallel (4 character) opera-
tion. In addition, special {functions
deemed appropriate for data processing
problems have been provided. Examples
include an instruction which searches
consecutive memory locations and stops
on the nth occurrence of any prescribed
character. Another example is an in-
struction which distributes incoming data
to the maximum fields for each item.
its converse performs data compression
prior to tape write-out.

Arithmetic instructions provide for the
four basic decimal functions, in addition
to binary and logical functions. The
latter two categories are designed to work

“alphanumeric data as well as program
data.

Decision and control functions include
the ability to set or store the contents of
all of the addressing registers. Condi-
tional jumps can be based on the sign of
previous arithmetic results, on tape status,
simultaneous  availability,  program
counter exhaust, presence or absence of
data, etc. A special tally instruction is
included for loop repetition. The instruc-
tion decrements a binary quantity, tests
for zero, and jumps on non-zero. The
jump is ignored for the zero case.

The comments on instruction functions
indicated some of the properties available
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to programmers for flexibility in coding.
Another important programming task,
that of debugging newly-written routines,
has not been ignored. Six breakpoint
switches are available on the console
which operate in conjunction with bits
in the B address of the unconditional
transfer of control instruction. These
bits are used to obtain a “‘jump or ignore”
function. Correspondence with any bit,
and an “on” setting of a switch, causes
the jump instruction to be ignored.

Availability of a paper tape reader and
monitor printer at the computer console
facilitates program debugging. These
devices are normally operated by any of
the magnetic tape instructions having the
tape station address of (77)s. A switch
on the console is used during debugging
to convert all tape station addresses in
magnetic tape instructions to (77)s.
Thus, the reader and printer may be
called without necessitating program
modification or, in fact, any provision in
prograims.

A memory address register is the focal
point for the contents of all five register
(P, A, B, T, S). Switches have been
included on the console which, when used
permit stopping at any memory location.
Thus, a program may be stopped at a
given instruction or whenever the con-
tents of any data location are affected.

Lastly, it has been found useful to estab-
lish an audit trail through programs.
This function is made possible in the RCA
501 computer. Every jump, either condi-
tional or unconditional is accompanied by
the automatic storing of the contents of
the program register in a standard mem-
ory location, prior to performing the jump.
Construction of jump tables is accom-
plished by transferring the contents
of the standard memory locations.

Summary

Many yeurs of experience in engineering
and in analysis of data processing require-
ments have been uniquely combined in the
design of the RCA 501 system. Design
emphasis has been dictated by the rela-
tive sensitivity of the criteria of data
processing problems.

Discussion

Edwin Freeman (Remington Rand Univac):
Since both the on-line and off-line printers
operate at the same speed, it would seem
unnecessary to use two printers in the
svstem. Couldn’t vou use one printer that
could be put on-line or off-line, depending on
the program?

Mr. Smith: Ves.

H. E. Hortle (Hall Engineering Company):
Are all logical functions realized exclusively
by “Nor” circuits? If so, how many of
these are used?

Mr. Smith: Yes, the logical functions are
carried out exclusively by the ‘“Nor”
transistor circuits. There are approxi-
mately 13,650 of these modules in the
computer, not including the high-speed
memory,

P. S. Dorn (Sperry Rand Corporation):
What is the makeup of the typical system
of 17,000 transistors?

Mr. Smith: High-speed memory of 16,384
characters, program control, A:level tape
selecting and buffer unit, five tape stations,
high-speed on-line printer, monitor printer,
and paper tape reader. The A-level
selecting unit provides input-output capa-
bilities for the monitor printer, paper tape
reader and eight magnetic tape stations.
The on-line printer logic is included in the
main frame.

W. J. Thielen (Ampex Corporation): What

is dual recording?

Mr. Smith: Briefly, each character is
recorded on two separate locations on the
magnetic tape. There are a total of 16
tracks in line across the tape. Eight tracks
provide for a timing track and seven infor-
mation tracks on one half of the tape. The
other eight tracks are the exact duplicates of
the first but recorded on the other half of the
tape. A series connection of the two
magnetic head windings of duplicate tracks
supplies the read signal. As little as 409,
of normal signal from one track is sufficient
for detection by the amplifier. Thus, flaws
like oxide holes, oxide nodules, dust particles
and the like do not prevent recording or
recovering information.

M. A. Powers (Westinghouse Electric
Company): What is the approximate
additional cost of the duplicated circuitry?

Mr. Smith: Here, I assume the question
has to do with the statement that we
perform each arithmetic operation twice.
The fact is that there are no duplicate
arithmetic circuits; we use the same adder
twice. The operands pass through the
adder the first time to obtain the result.
The second time, the complemented oper-
ands pass through the adder to obtain the
complemented results. The effect we rely
on for checking is that a transistor which
was “‘on’’ the first time must be “off’’ the
second time; and conversely, a transistor
which was “off’”’ the first time is “on”’ the
second time. Thus, we have a more
powerful check without duplicate circuits
than in a two adder system.

If, however, your question relates to
duplicate circuitry for dual recording,
again no duplicate circuitry is required.
Each of the eight channels has one read-
write amplifier. For writing on tape, each
channel amplifier drives two series windings
in the magnetic head to record the infor-
mation simultaneously on two in-line
locations on tape. It is the same for
reading. The two windings simultaneously
sense the record information at the two
locations and supply a single signal for the
channel amplifier.

Smith, Hurewitz—Design of the RCA 501 System



The IBM 7070 Data Processing System

R. W. AVERY

HE INTERNATIONAL Business

Machines Corporation (IBM) 7070 is
a high-speed solid-state data processing
system designed for both commercial and
scientific applications. Itsversatility and
range enables easy expansion from a
basic card system to a tape or tape
RAMAC system which incorporates the
speed and capacity of many large-
scale data processing systems.

In both commercial and scientific ap-
plications, it is becoming essential that the
data processing system be flexible to
meet both current and future require-
ments of the application. The IBM 7070
system has been designed with such
flexibility in mind. A wide variety of con-
figurations can be utilized to meet in-
creasing customer needs.

Description of a Typical 7070 System

A typical 7070 system is composed of
the machine wunits shown in Fig. 1.
These units are:

Console: This is a separate unit which
includes the console typewriter and a
small operator's panel. The console
unit is designed to simplify and expedite
the operator’s tasks and insure maxi-
mum productive machine time.

The typewriter is the principal op-
erator’s tool, and replaces many of the
indicator lights and control switches of
previous data processing machines.

Operator errors should be minimized
by the computer’s ability to audit op-
erator commands by a stored program,
and by the existence of a printed record
from the console typewriter.

Magnetic Tape Units: Two different
magnetic tape units are available. The
Model 72911 reads or writes tape at
a rate of 15,000 characters per second,
while the Model 7291V reads or writes at
a rate of up to 62,500 characters per
second. Any combination of up to 12
of these units can be employed in the
7070 system.

Fig. 1.

Typical IBM 7070 system

S. H. BLACKFORD

J. A. McDONNELL

Each tape unit is attached to on& of
two independent tape channels. This en-
ables the system to simultaneously read-
write compute, read-read compute, or
write-write compute.

To insure that the tape record is
properly written, an additional set of
magnetic reading heads is mounted in
the tape drive adjacent to the writing
heads, providing an immediate validity
check of the written record.

Disk Storage Units: The 7300 disk
storage units consist of a magnetic disk
storage array with a capacity of six
million digits. Each record is 60 words
in length, making a total of 600 digits
and 60 signs.

Records are read or written by a
mechanical access mechanism containing
a magnetic recording head. This mech-
anism moves rapidly to any record in the
file. Three of these mechanisms are
provided in each disk storage unit to
minimize access time by overlapping the
operation.

Up to four disk storage units can be
utilized in the system, providing a total
storage capacity of up to twenty-four
million digits. These units are attached
to the system by the same two data
channels as the magnetic tape units.
Each of these data channels is connected
to a disk storage unit by program control,
thus enabling simultaneous read-write
compute, read-read compute, or write-
write compute on different disk storage
units.

Manual Inquiry Station: The 7900
manual inquiry station permits fast
interrogation of the status of data stored
in core storage, in a disk storage unit,
or on magnetic tape. The station con-
sists of a special typewriter equipped
with a solenoid-driven key-board and
transmitting contacts. A 16 - channel
punched Mylar tape provides format
control.

Up to ten manual inquiry stations can
be attached to the system, each one sepa-
rately buffered, and designed for connec-
tion to the system by cable up to 2,500
feet long.

Card Reader: The 7500 card reader
operates at a rate of 400 cards per minute,
with format control by means of a control
panel mounted on the reader. Data
from a full 80-column punched card may
be transferred into the computer.

The card reader is equipped with a
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Fig. 2. Two-out-of-five code

front-attended tray-feeding hopper and
stacker.

As many as three 7500 card readers
can be utilized for card input. Selected
cards may be offset in the stacker as de-
sired.

Card Punch: The 7550 card punch
operates at a punching speed of 250
cards per minute, with format controlled
by control panel wiring. Front-attended
hopper and stackers are used. Selected
cards may be offset in the stacker.

As many as three 7550 card punches can
be utilized for card output.

Printer: The 7400 printer operates
at a speed of 150 lines per minute, with
format control provided by the control
panel. The printed line output consists
of a span of 120 characters, spaced ten
to the inch.

As many as three 7400 printers can be
utilized for printed output.

However, as printed and/or card out-
put, a maximum of three 7550 card
punches and 7400 printers can be used
in any combination.

Main frame: The main frame of the
7070 system contains most of the system
electronics and consists of the following
elements:

R. W. Avery, S. H. BLacgFORrRD, and J. A. Mc-
DoNNELL are with International Business Machines
Corporation, Endicott, N. Y.
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1. Arithmetic registers and core adder.
2. Indexing hardware.

3. Space for optional floating decimal
arithmetic.

4. Main core storage consisting of 5,000 or
10,000 words of magnetic cores. )

5. Two data channels, code translators,
data registers and controls for magnetic tape
and disk storage units.

6. Buffers and controls for card input/out-
put and printer.

Machine Characteristics of the
7070 System

Storage address and arithmetic registers
are of fixed length of ten digits. However,
the execution times of arithmetic opera-
tions and data transfers are completely
variable.

Digit Code: A word in machine code is
composed of 55 bits consisting of ten
digits plus sign, each digit of which is
represented by five bits in a two-out-of-
five code. Fig. 2 illustrates this code.

Modes of Data Transmission: Parallel
modes of data transmission include data
transmitted to or from core storage via:

1. The program register.
2. The arithmetic register.

3. The tape synchronizing transmission
registers, and

4. The auxiliary registers.

Serial modes of data transfer include
data moved to and from the tape units.
Accumulators, arithmetic registers, and
auxiliary registers all have serial paths
connecting them to and from the core
adder. There is also a serial data path
to and from the input/output syn-
chronizers.

Rates of Data Transmission: The 7070
system operates at a 250-kc digit rate,
with data transmitted to or from core
storage at a 6-microsecond (usec) rate.
Data is transmitted to or from the core
shift registers within the main frame at
a 4-usec rate.

On the disk storage unit, access time
varies from a minimum of approximately
105 milliseconds (track to adjacent
track of the same disk) up to approxi-
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Fig. 4. One of the sliding gate cabinets
housing the system electronics

mately 850 milliseconds (track to track
of different disks).

Instruction Format: All operations
performed by the 7070 are controlled by
numerically coded instructions consisting
of 10 decimal digits and sign.

The instruction frrmat is shown in
Table I.

Internal Organization of the
7070 System

Fig. 3 illustrates the major functional
elements in the machine organization.
Storage: Main Storage consists of

Fig. 5. Sample IBM 7070 printed circuit card
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Fig. 6. CTDL transistor circuits

5,000 or 10,000 words of magnetic cores
operating on a 6-usec cycle.

The 55 bits of a word are read into or
out of core storage in parallel under con-
trol of priority circuits. These parallel
data channels interconnect all of the ma-
jor elements of the system,including arith-
metic registers, instruction register,
control registers, and input/output reg-
isters.

Arithmetic Registers: Arithmetic is
performed by three registers with the
adder and its controls. A sum is obtained
by adding the contents of any two
registers serially by digit, with the sum
transferred to the specific arithmetic
register.

In multiplication, the multiplicand is
stored in accumulator 3, the multiplier in
accumulator 2, and the product is gen-
erated in accumulators 1 and 2.

In division, the divisor is stored in
accumulator 3, the dividend in accumula-
tors 1 and 2, and the quotient is trans-
ferred to accumulator 2. The remainder
is located in accumulator 1.

Program Registers: The program sec-
tion contains the instruction register, ad-
dress register, and program register and
an arithmetic register (oot shown).

Indexing makes use of the main adder
and controls.

Up to 99 index words stored in core
memory are available for automatic in-
dexing during instruction interpretation.

Magnetic Tape Control: The two mag-
netic tape channels are buffered by time-
sharing main core storage through a tape
buffer register of ten digits. When this
register is filled, its contants are trans-
ferred in parallel into core storage at a
location specified by a special control fea-
ture called scatter read-write. The
scatter read-write feature provides, by
means of a sequence of stored control
words, the format in memory of the
record read from tape. This feature is
also used in other input/output operations,
including disk storage operations.

In a data processing system containing
a multiplicity of input/output devices,
there has been a need to provide an effec-
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tive means of running two or more applica-
tions simultaneously. The 7070 solves
this problem by a mode of operation
known as “automatic priority process-
ing” in which a given input/output de-
vice interrupts the sequence of the main
routine, temporarily stores machine status
information, and causes a program branch
to the new routine.

After completion of priority processing
routine, the machine returns to the
original program.

This mode of operation is provided for
in the control of magnetic tape as well as
all other input/output devices.

Disk Storage Control: Control of the
data format of disk storage records is
very similar to the format employed in
magnetic tape. Scatter read-write and
priority processing are employed.

Card Input/Output and Printer Syn-
chronizers: Each card input/output de-
vice is attached by means of a separate
synchronizer to permit operation of all
these units in parallel with computing.
All synchronizers are connected to core
storage by a parallel data channel to per-
mit scatter read-write and priority proc-
essing functions.

Physical and Electrical
Characteristics of the 7070 System

Printed Circuit Cards: The system
electronics are housed in a group of
sliding-gate cabinets, one of which is il-
lustrated in Fig. 4. These cabinets
are designed to accommodate printed
circuit cards of a type shown in Fig. 5.
These printed cards, which mount up to
six transistors, are designed for auto-
mated fabrication. The number of differ-
ent card types utilized is held to a mini-
mum. Approximately 14,000 cards are
employed in the 7070 system shown
in Fig. 1. A total of 30,000 alloy-junc-
tion germanium transistors, and 22,000
germanium diodes, are wused in this
system.

Chassis intercard signal wiring is pro-
vided by jumper wires which are con-
nected to the card socket by wire-wrap
connections. This wiring is designed to
be accomplished automatically by wire-
wrap machinery.

Distribution of power supply voltages
to the transistor cards is accomplished
by printed circuit strips. This enables
a major portion of the electronic system
to be fabricated by automatic equip-
ment.

CTDL Transistor Circuits: The logic
and control sections of the 7070 utilize
complementary-transistor diode logic
(CTDL) to provide economical logic

Table I.

Instruction Format

S 01 23 45 6789
Sign........o...... Op....IW..... Co...... D
Position S............... Contains the sign: 6

minus; 9 plus.
Positions 0—1............ Contain the operation
code.
Positions 2-3............ Contain the indexing
word designation.

Positions 2-3 of the
instruction word spec-
ify the indexing word
to be used with the in-
struction. Value 00
indicates no indexing;
values 01-99 are di-
rectly related to core
memory words 0001—
0099.

Positions 4-5. .. ......... Contain the control in-
formation, field defi-
nition, index word to
be operated on, or an
extension of the op-
eration code. Position
4 specifies the starting
position of the field
(high-order position
of the field). Posi-
tion 5 specifies the
last position of the
field (low-order posi-
tion of the field).
The field specified
may not extend be-

yond the limits of one -

word to the adjoining
word. If the start
position is greater
than the last position,
an error stop occurs.
The sign of the speci-
fied field is the sign of
the word whichk con-
tains the field.

Positions 6-9............ Contain the data ad-
dress (address of the
operand), control in-
formation, or branch
address.

circuitry for the system. These circuits
are illustrated in Fig. 6. The basic build-
ing blocks can be described as using two
circuits in each system; each block com-
prising a p-n-p (N-block) inverter and

+E

_E‘
CURRENT MODE N” BLOCK

Fig. 7. Typical current mode transistor circuit

-E
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n-p-n (P-block) inverter. Each inverter
has an input circuit that in combina-
tion controls the “on” and “‘off” states
of the transistor and, therefore, per-
forms the logic. In addition, outputs
can be wired so that logical switching
functions are also performed by transis-
tors. Thus, two logical operations may
be performed in a single stage with various
block comnnections.

Current Mode Circuits: Current mode
transistor circuitry is used in the timing
storage and core storage portion of the
7070 system. Current mode logic pro-
vides a building block in which the flow of
sufficient current rather than the voltage
levels affects the logical operation. Here,
the transistor is considered as a current
amplifier. Thus, when X milliamperes
of a base current flows, KX milliamperes
of collector current will flow, K being the
cwrrent gain of the transistor. These
circuits are employed to represent a
“logical 1’ when they do not supply
base current, and a ‘logical 0’ when
they do supply base current. A typical
circuit is illustrated in Fig. 7.

Magnetic Core Registers and Transla-
tors: Magnetic devices are used in sev-
eral 7070 units in addition to the core
memory.

These units are:

Arithmetic registers.
Adder.
Code Translators.

oW N

Validity check circuits.

The registers utilize magnetic core
shifting registers.

The adder and code tramslators are
coincident current core arrays in the form
of truth tables.

Summary and Conclusions

The IBM 7070 system offers facilities
required for complete data processing ac-
cording to the most modern concepts.
In addition, by utilizing recent develop-
ments in transistor and magnetic tech-
nology, the 7070 provides these functions
at a minimum cost.

An equally new and modern approach
to the manufacture of data processing
machines is an important part of this
product.

Discussion

H. P. Peterson (Lincoln Laboratory, Massa-
chusetts Institute of Technology): Is arith-
metic done in the 2-out-of-5 code?

Mr. Avery: Arithmetic is done in the 2-
out-of-5 code using a serial by digit adder.
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Mr. Peterson: How long is a full carry

time?

Mr. Avery: 4 microseconds.

T. J. Beatson (General Electric Company):
How are alphabetic or non-numeric data
handled in the 2-out-of-5 code structure?

Mr. Avery: Alphabetic data are represented
in the machine by two numeric digits. Al-
phabetic input-output 1is automatically
translated to and from this code representa-
tion.

Alphabetic words in memory are identi-
fied by a special symbol in the sign position.

F. B. Pace (Bell Telephone Laboratories):
How many different modular types are used
in the IBM 7070?

Mr. Avery: One printed-circuit card de-
sign is used for all circuits. About 10 dif-
ferent printed patterns are used. A total
of 73 different circuits may be achieved by
the manner in which circuit components
are mounted on the card.

Mr. Ottollanch: When will IBM make the
first commercial installation?

Mr. Avery: The first commercial installa-
tion will be in the Spring of 1960.

Mr. Ottollanch: What are add, multiply,
and divide time for minimum and full sys-
tem?

Mi. Avery: Arithmetic times are not de-
pendent upon system size but are dependent
upon field size of the record.

A 5-digit add requires 60 microseconds.

Multiply time in microseconds is: 192+
48. (No. of 1’s, 2’s and 4’s in multiplier) 4+ 2
(No. of 3’s, 5’s, 6’s, and 8’s in multiplier) + 3
(No. of 7’s and 9’s in multiplier) + (No. of
zero groups in multiplier)

Divide time in microseconds is: 264 + 48
10 4+ quotient digits.

H. F. Sherwood (Touche, Niven, Bailey &
Smart): Is use of a high-speed printer
planned with the 7070 system, and if so,
what type?

Mr. Avery: The type 7204 printer with
the 760 buffer and 727 tape unit may be used
off-line with the 7070.

The system is designed to be compatible
with new IBM printers when available.

W. R. Haber: In the card punch machine,
what is the maximum number of holes al-
lowable for punching?

Mr. Avery: A maximum of 80 columns
may be punched in each card. Each col-
umn may contain all allowable numeric, al-
phabetic, and special characters together
with special control punches in the zone
portion of the card.

J. H. Waite (Radio Corporation of Amer-
ica): What are some representative times
for matrix inversion?

Mr. Avery: Information on matrix inver-
sion times will become available at a later
date.

J. H. Waite: What are program running
times for sine, arctan subroutines?

Mr. Avery: Sine routine: 7.7 milliseconds
minimum
10.3 average
12.9 maximum
9.9 minimum
14.1 average
17.2 maximum

Arctan routine:

Performance Advances in a Transistorized

Computer System: The
TRANSAC S-2000

R. J. SEGAL

HE THEME of this 1958 Eastern

Joint  Computer Conference is
“Modern Computers.” It is significant
that all of the new computers described
at this conference are transistor machines.
In order for a particular transistor
machine to be properly described as a
“modern computer” it should satisfy the
following three criteria:

1. Performance of the transistor machine
should be notably better than currently
available vacuum-tube machines in the same
class. An increase in the speed of arith-
metic operation by a factor of 3 (or more) to
1 is an example of this type of performance
advance.

MAGNETIC
CORE
STORAGE
PROGRAM ARITHMETIG |  [INPUT/OUTPUT]
SECTION SECTION SECTION
Fig. 1. Magnetic-core storage unit is time

shared by other sections of the S-2000 system
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2. Performance characteristics should be
obtained from a working model of the
transistor machine. More than one finely
conceived system has been unable to over-
come the difficult technical and economic
obstacles between the initial concept and its
realization in the form of hardware.

3. The existence of a single working model
still does not imply the ability to produce
many machines with the same performance
characteristics. The design specifications,
the equipment components, and the pro-
duction organization must make it possible
to produce and deliver many machines on
schedule before a particular “modern com-
puter’”’ can be said to truly exist.

In the field of large-scale data process-
ing systems the TRANSAC S-2000 is a
“modern computer” which meets the
criteria just outlined. The first .S-2000
system was delivered to the field in
November 1958. The Philco production
organization is mnow producing both
transistors and additional S-2000 systems
on schedule. As of December 1958,
three systems of the S-2000 class exist in
the form of hardware and additional
systems are in production. The per-

PROGRAM MAGNETIC CORE
SECTION STORAGE

D — REGISTER
ARITHMETIC

ADDER NETWORK

A — REGISTER
Q — REGISTER

29971572 000 P

CONTROL

—
f—
°
°
CONTROL
GATES

Fig. 2. Avrithmetic section block diagram,
fixed point

formance advances of the S-2000 stem
from the versatility of the computing
sections, the particular organization of
the input-output system with relation
to the computing and memory sections,
and the new and sophisticated imple-
mentation of the S-2000 logic by mass-
produced units of hardware which in-
corporate the transistor as the active
logical element.

S-2000 System Organization

The TRANSAC S-2000 organization
centers around a magnetic-core storage
unit. To the memory are connected the
other three essential computer sections:

R. J. SEGAL, J. L. MADPDOX, and P. PLaNO are with
Philco Corporation, Philadelphia, Pa.
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MAGNETIC CORE

STORAGE
CONTROL - CONTROL
GATES “l A - [GATES
1 * | D-REGISTER
“|FLOATING

ARITHMETIC [

—| ADDER NE'EWORK ]

-

POINT

A-REGISTER 7°°NTR°'-
Q-REGISTER ]

20 2-35 2-36 2-47

CONTROL

I R E—
MAGNITUDE EXPONENT

Fig. 3. Arithmetic section block diagram,
Roating point

the arithmetic section, the input-output
section, and the program or control sec-
tion, as illustrated in Fig. 1. In effect,
the magnetic core storage is time-shared
by the other three sections.

The capacity of the magnetic core stor-
age unit may be expanded from 4,096 to
32,768 words depending on the require-
ments of a particular installation. The
word length is 48 binary bits. The basic
memory module contains 4,096 words. It
operates on a coincident current arrange-
ment giving a complete read and write
cvcle of 10 microseconds (usec).

The arithmetic section can perform
both fixed- and floating-point arithmetic.
Two's complement, fractional arithmetic,
is performed in both fixed- and floating-
point arithmetic. =~ When performing
fixed-point arithmetic, the arithmetic
section is arranged as shown in Fig.
2. Operands results are transmitted
between the magnetic-core storage and
the arithmetic section via the D-register
which serves both as an operand register
for the arithmetic section and as a buffer

D~REGISTER

- — MAGNETIC
CORE
' [ PR-RESISTER | ' STORAGE
PROGRAM
ADDER
NETWORK INDEX
REGISTERS

JA-REGISTER

PA-REGISTER

[ R,-REGISTER
[ Ro-REGISTER |

INDEX INDEX R 12 8 BITS
REGISTER}_\ ggil:g'ﬁgn ADDRESS COMMAND D' g NUMBER OF TIMES
INVOLVED .
ORNOT g 3BITS 12 BITS [ smits | <0 FOR PERFORMANCE I REPEAT |
INDEX. | S W
REGISTER I In
1S NOT | |
INVOLVED I ————————— -
——— ]
1" | [PRoGRAM ADDER NETWORK] 1 118
% [ LEFT INSTRUCTION [ RIGHT INSTRUCTION |
INDEX REGISTER] :
1S INVOLVED
[ seiesTeD WoEx RESISTER Fig. 7. Repeat instruction format

TRANSFER
ADDRESS TO
MA-REGISTER

MA-REGISTER ]

Fig. 5. Computer instruction word format and
use of index registers

for the magnetic core storage. The A-
register is an accumulator and the Q-regis-
ter handles the multiplier-quotient oper-
ands. The arithmetic control sequences
the gating operations with an asynchro-
nous timing device.

When performing floating-point arith-
metic, the logic of the arithmetic section
is arranged as shown in Fig. 3. Func-
tionally, the floating-point arithmetic
section is divided into two parts. Bits 20
through 2% (36 bits) form the magnitude
portion of the word while bits 2% through
2-% (12 bits) form the exponent portion
of the word. With the exception of pre-
and post-normalization, the magnitude
portion is operated on in the same manner
as in fixed point utilizing the same con-
trol. The floating-point control, how-
ever, also comes into play and performs
the necessary operations on the exponent
portion of the word. Table I lists some
arithmetic operations and their speeds.

A block diagram of the program section
is shown in Fig. 4. The program register,
which has a word-length of 48 bits, con-
tains two single-address instructions.

INDEX
REGISTERS

SELECTION

INDEX REGISTER CALLED FOR
BY DESIGNATOR BIT

;‘:;;g; PROGRAM
REGISTER ADDER

R,-REGISTER

MA-REGISTER

CORE STORAGE
SELECTION
NETWORK

Fig. 4. Block diagram of program section

NO SPECIAL REPEAT
MODIFICATION INVOLVED

[ f f E ADDRESS PORTION OF INSTRUCTION ]

Fig. 6. Use of index registers in obtaining
memory address
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- | D—REGISTER | | MA-REGISTER

The program register receives instructions
directly from the core storage, hence it
also acts as a buffer for the core storage.
The remaining registers of the program
section (jump address register, program
address register, memorv address regis-
ter, and index registers) each have a word
length compatible with the magnetic-
core storage capacity. For example, the
registers are 12 bits long for 4,096 words
of core storage, 13. bits for 8,192, etc.
The program address register is responsi-
ble for sequencing the instructions of the
program. The contents of the PA-regis-
ter behave as a counter by employing the
program adder network. The MA-regis-
ter acts as an accumulator for the pro-
gram adder network, with the principal
responsibility of furnishing addressing
information to the core storage selection
network. For example, the address por-
tion of the instruction being performed
(contained in the PR-register) is trans-
ferred to the MA-register which selects
the address of the operand or storage loca-
tion required by the instruction.

The function of the jump address reg-
ister is to store the return address for a
subroutine. The return address locates
the next consecutive instruction follow-
ing the jump instruction to a subroutine.
This enables the program to remember
where to jump back in order to continue
following the subroutine execution.

The index registers may operate in
several modes. The most common mode,
however, is to add the contents of the
selected index register to the address
portion of the instruction being per-
formed, using the sum as the effective

SELECTION

INPUTZOUTPUT ’ INPUT/OUTPUT
CONTROLS MA~REGISTERS

[APJ |
(g
® O =

MAGNETIC PAPER PUNCHED  MAGNETIC PRINTER
TAPE TAPE GARDS DRUMS

INPUT/OUTPUT BUFFER

Fig. 8. Input-output system block diagram
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D-REGISTER
16 8 16 4

ADDITIONAL |UNIT INVOLVED | QUANTITY OF
INFORMATION | (TAPE UNIT OR | INFORMATION
IF REQUIRED | DRUM BAND) ' TO TRANSFER

1 -SUCH AS- 1
\DRUM ADDRESS

: OR

INUMBER OF BLOCKS
1TO SPAGE MAGNETIC
ITAPE PRIOR TO

| READING

4 BITS

FROM TO
DEVICE | DEVICE

Fig. 9. Input-output instruction word format

WORD FORMAT OF SKIP INSTRUCTION

5 " 8 BITS

DEVICE | QuantrTy [ skiP_|

FLOW CHART OF SKIP INSTRUCTION USE

PROCEED WITH SKIP S
START ISSUE PROGRAM X INSTRUCTION |no
INPUT/OUTPUT 4] NOT REQUIRING Is — PRO‘;R’“M
INSTRUCTION REQUESTED INFORMATION | | e NO
INFORMATION RECEIVED ? .

SKIP

INSTRUCTION |no | FAULT

s — sus—
INFORMATION ROUTINE
CORRECT ?

[ves
PERFORM PROGRAM Y WHICH
REQUIRES INFORMATION RECEIVED

[ conTinue mam ProGRaM |

Fig. 10. Skip instruction flow chart and word
format

address of the instruction. An extra bit
(flip-flop) which is assigned to each index
register determines whether the index
register is to behave as a counter or not.
This extra bit is set by a special computer
instruction, and remains until the special
instruction resets it. If the index register
is to behave as a counter, its contents are
increased by one after being employed to
modify the address of an instruction.
The contents of the index register are in-
creased by one by passing through the
program adder network. Other opera-
tions of the index register and the JA-
register will be explained in the section
concerning instructions. An S-2000 sys-
tem may have up to 32 index registers.

COMPUTER INSTRUCTIONS

The computer instruction format for a
system consisting of 8 index registers and
32,768 words of magnetic core storage
is illustrated in Fig. 5. The command
portion which consists of 8 bits is located
at the extreme right. The address por-
tion of a computer instruction consists of
16 bits to the extreme left. The bit on the
extreme left designates whether an index
register is involved or not. The next
3 consecutive bits specify which index
register is involved. If no index register
is involved, these 3 bits are then trans-
ferred along with the remaining 12 to
the MA-register to select a magnetic core
storage address.
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PROGRAM INTERRUPT

e
MAIN NO | MAIN |
START b rocRAM INTERRUPT?| PROCRAM
YES
STORE MAIN STORE MAIN

PROGRAM INFORMATION PROGRAM INFORMATION
|PERFORM INTERRUPTION PERFORM INTERRUPTION
RAPID INTERRUPT

PROGRAM

PERFORM
INSTRUCTION!
] YES
STORE RETURN ADDRESS (AUTOMATIG)
RECEIVE NEW PROGRAM ADDRESS
FROM INTERRUPTING DEVICE

STORE PROGRAM INFORMATION
PERFORM INTERRUPTION PROGRAM
RETURN CONTROL TO
INTERRUPTED PROGRAM

Fig. 11. Flow chart for interrupt techniques

The instruction catalogue of TRAN-
SAC S-2000 contains 227 instructions.
These are divided into the following types
of operation:

129 Instructions
16 Instructions

Arithmetic and shifts

Transfers of data

Transfers of control
(jumps)

Index register operations

Logical operations

Special operations

38 Instructions
20 Instructions

8 Instructions
16 Instructions

Total: 227

Among the several instructions in the
“special”’ class is the repeat instruction;
it can use index registers in a special way.
Fig. 6 shows how an effective memory
address can be made from the index reg-
ister contents alone, if a special repeat
modification is used. Fig. 7 illustrates
the format of the repeat instruction. The
bits labeled a and B refer to the left-
hand instruction following (if it exists)
and v and 6 refer to the right-hand
instruction following the repeat instuc-
tion.

If the repeat instruction itself is in
a left-half word, only the right-half word
following is repeated; if it is in a right-
half word, then the two instructions in
the next computer word are performed as
a pair, the number of times designated
by the 12-bit address portion of the re-
peat instruction itself.

If the o bit which refers to the left
instruction following is zero, 8 is ignored.
If the « bit is one, then the contents of

Table 1. Typical Speeds of Arithmetic
Operations, TRANSAC S-2000
Fixed Floating

Operation Point (usec) Point (usec)
Add-Subtract............ 5. ool 22
Multiply................ 65. ... ... 55
Divide.................. 5. i 70
Divide and store......... T8 73
Multiply and add........ ) 2 5
Note: These speeds include one operand access

and the access of the instruction. Times not under

repeat.

Fig. 12. Typical TRANSAC card

Fig. 13. Modular construction of computer
and control unit

the index register designated by that
instruction are used alone for the effec-
tive memory address of the instruction
operand. If =1 and B is zero, the con-
tents of the specified index register are
incremented by the contents of the
12-bit address portion of the instruction
after its execution.

If, however, a and B are both one, the
contents of the index register specified by
the left instruction is decremented by the
contents of the 12-bit address following
instruction execution. Similarly, vy and
8 refer to the right imstruction in the
same manner as vy and & refer to the left
instruction.

An unusual pair in the instruction
catalogue is ‘larger word,” ‘‘smaller
word.” The instruction ‘larger word”
brings the contents of the designated
core storage location to the D-register.
If the contents of the D-register are greater
(in an alphanumeric sense) than the
present contents of the A-register, the
contents of D are transferred to 4 and the
location of this information is trans-
ferred from the memory address register
to the JA-register. When this instruction
is used in repeat mode, the largest element
of a list may be found with a single
instruction word.

When the location of the largest element
has been stored in the JA-register, it is also
accessible for program use. The instruc-
tion ‘“‘smaller word” is used in order to
select the smallest element of a particu-
lar list.

Segal, Maddox, Plano—The TRANSAC S-2000



Fig. 14. An 8,192-word magnetic-core stor-
age unit has a volume of 55 cubic feet

INPUT-OUTPUT SECTION

Input-output equipment available for
an S-2000 system installation includes the
units in Table II.

Table H. Input-Output Devices and Speeds

Input-Output Device Operating Speed

Paper tape reader. . ...... 1,000 characters per

second
Paper tape punch........ 60 characters per

second
Magnetic drum. . ........ 491,520 characters per

second

High-speed printer........ 900 lines per min-
ute
Magnetic tape unit (No... 90,000 characters per
sequencing) second
Magnetic tape unit...360,000 characters per
(Multiple sequencing, second
4 units)

The paper tape, magnetic drum, and
magnetic tape systems operate in con-
junction with their own control units.

Fig. 15. Memory circuits are packaged on
four card types

Courtesy Power Designs, Inc.

Fig. 16. TRANSAC power supplies are

completely transistorized

In the case of magnetic tape, up to four
tapes may be operated simultaneously
through the magnetic-tape multiple-
sequencing unit. Each tape is controlled
by its own assembly unit. Any assembly
unit may be used with any tape trans-
port in the system as selected by the
input-output instruction.

Accuracy of reading and recording is
ensured by the use of separate read and
write heads (to read and check the
recording immediately) and parity checks.
Every character on tape has a parity bit
and every block has two parity characters
for horizontal as well as vertical checking.
To ensure that recorded data are pre-
served, when so desired, a physical snap
ring is provided with each tape reel.
Recording cannot occur without the snap

Fig. 17. Magnetic-tape unit
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Fig. 18. High-speed printer system

Fig. 19. Typical 5-2000 system

ring and the reel cannot be stored with the
ring inserted. In either case data on the
tape may be read.

Information written on magnetic tape
may be binary-coded decimal informa-
tion, pure binary information, or a com-
bination of both. Regardless of the data
form, the central computer accepts six
binary digits, plus a parity bit, as a
“character.” Because all numeric data
may be recorded and read in pure binary
form, tape and time savings on the order
of 509 will be realized. (A 7-place
decimal number (2,097,152) in binary-
coded decimal form may need as many
as 42 bits, and in pure binary form needs
21 bits.)

Up to 256 magnetic tape units may be
employed in one system, and every 16
require a magnetic-tape control unit:
The magnetic-tape control unit permits
reading or writing on one tape while the
central computer is processing other data.

Multiple tape sequencing provides si-
multaneous reading, writing, and comput-

. ing. In multiple tape sequencing under

control of a magnetic-tape control unit, up
to four tape units may be operated con-
currently while the central computer is
processing other data.

One of the important features of the
TRANSAC S-2000 input-output opera-
tion is the time sharing of the core
storage by the central computer and the
various input-output devices. Fig. 8 is
a block diagram of the input-output sys-
tem. Top priority for access to the
magnetic-core storage goes to the mag-
netic tape assembly units. By means of
these assembly units and the priorities
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Table Il

Electrical Component Count for a Typical $-2000 System (Critical Parts)

Card Module Tran- Capac- Trans- Connec-

S-2000 Units Blanks Blanks sistors Resistors itors Diodes Neons formers tors Totals
Computer and control unit.......... 19,297
Floating-point option................ 1,232..
Input-output option................. 863
Index register option

(8 index registers)................. .. 2,286
Subtotals.................... ..23,678 80,889
(Computer and control unit)

Magnetic-tape control............... 125....... 2,172.. . 8.221..
Paper-tape control. ... . 1,396..
Magnetic-core storag: 5,512..
Printer control .. 753..
Drum control. . 2,048..

Totals............ovviunn.n. 41,610 147,739

established within the magnetic tape
system, up to four magnetic tapes may be
operated simultaneously. The central
computer assigns the core storage by a
priority system such that if magnetic tape
does not require immediate memory
assignment, slower devices such as
cards, paper tape, or the printer are
assigned the core storage if it is requested.
If no input-output device requires core
storage access, the central computer is
assigned. Hence, the execution of an
instruction such as multiplication, divi-
sion, or floating-point arithmetic can go
on simultaneously with the reception or
transmission of information.

INPUT-OUTPUT INSTRUCTIONS

A single computer instruction in-
dicates that an input-output device is in-
volved. In this case, the specific input-
output instruction is sensed in the D-
register. An input-output instruction
word consists of 48 bits as shown in Fig.
9. The command portion of the instrue-
tion is in the right eight bits. The num-
ber of bits actually used to designate
quantity of information depends on the
requirements of the particular equip-
ment.

In order to make efficient use of memory
sharing, two special computer instruc-
tions exist. The first of these is a skip
instruction which indicates to the com-
puter whether a specified quantity of
information has been received. The
skip instruction has several variations de-
pending on the device involved. Word
format of the skip instruction is shown in
Fig. 10. The left five bits of the skip
instruction specify the device involved.

The first variation of the skip instruc-
tion involves magnetic tape. In this
variation the question is whether there
are X or more words left to process.
This number is placed in the remaining
11 bits of the instruction address and is
compared with the counter of the mag-
netic-tape assembly unit connected to
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the tape unit specified in the device por-
tion of the instruction. If the processing
has not reached the questioned point,
the computer sequences to the next in-
struction which is always a transfer of
control instruction. If the processing
has proceeded to the questioned point,
the computer skips over the next instruc-
tion and executes the routine which de-
pends on the reception or transmission of
this data.

The second skip instruction variation
involves the paper tape, printer, or cards.
In this case, the question is simply, “‘Is the
device activelv processing information?”’
If it is, control passes to the next instruc-
tion which is a transfer of control. If the
equipment is no longer active, the skip

over the next instruction takes place. .

In the case of a device, such as paper tape,
which halts on a stop character, another
instruction of this class can then check
on whether the device finished because
of the quantity of information received
or because of the appearance of a stop
character.

The third variation is used for pro-
gram interrupt. This will be explained
in the next section.

The second special computer instruc-
tion is a skip which checks that the in-
formation received is correct as far as
can be determined by the various error-
detecting features of the input-output
equipments. This instruction has two
variations. For devices other than mag-
netic tape, the question is simply, “Did
a fault occur?” For magnetic tape there
are a number of types of faults recog-
nized. With the use of a proper suc-
cession of “skip if magnetic tape fault”
instructions, it is possible to isolate which
of the errors occurring was most serious.

TRANSAC S-2000 has two interrupt
features. TFig. 11 illustrates these inter-
rupt techniques. The first is a program
interrupt which is accomplished by in-
structions within the program itself.
Therefore, the interruption is dome at

the convenience of the current program.
Tt also means that queueing of the inter-
rupting inputs is determined by the com-
puter program. Hence, any desired
scheduling system may be employed.
The instruction which is used, “‘skip the
next instruction if the specified device de-
sires to interrupt,” as was mentioned pre-
viously.

The second feature is a rapid interrupt.
The signal from the interrupting device
interrupts the program at the completion
of the instruction word being performed.
In this case the queueing is determined by
the interrupting devices. It is possible
by this method to have a series of
interruptions such that a higher priority
device may interrupt a lower priority
program and each program can be com-
pleted as the higher priority program
has finished.

THE TRANSAC AssgMBLER-COMPILER

The basic programming system for
the S-2000 is the TRANSAC Assembler-
Compiler (TAC). The TAC system in-
cludes many of the features which have
been proved in a number of programming
systems on other computers. TAC will
serve as the basis for a number of com-
pletely automatic programming systems.
The basic language of the TAC system is
a language of decimal numbers and alpha-
betic mmemonic instructions. By using
TAC, the programmer may, in general,
regard the TRANSAC S-2000 as a decimal
computer. The TAC system provides for
one-to-one translation of mnemonic pseu-
docodes into machine codes. Thus, it is
possible to make use of all of the features
and all of the flexibility of the computer.
However, TAC also permits reference to
previously coded macro-instructions and
subroutines. These are treated just as if
they were ordinary machine codes so that
in effect, it is possible to expand the in-
struction catalogue to include almost any
function that is desired by the pro-
grammer.,
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S-2000 Hardware and Packaging

The modern transistorized data-proc-
essing system inherently offers many
hardware advantages to both the pro-
ducer and user of such equipment. Some
of these advantages are:

1. Transistorized hardware is most amen-
able to mass production techniques. More
efficient production and quality control
operations may be employved than in the
case of vacuum-tube equipment.

2. Transistorized hardware offers signifi-
cant increases in speeds of operation and in
equipment reliability over vacuum-tube
systems. Both of these advances follow
directly from utilization of the transistor
rather than the vacuum tube.

3. Transistorized hardware costs less to
install and operate than vacuum-tube hard-
ware. The TRANSAC S-2000 computer,
for example, requires less than 1/5 the power
and 1/5 the space of a comparable vacuum-
tube computer. Air conditioning require-
ments are small and in some modern installa-
tions no additional air conditioning is re-
quired. Signal and power connections are
built into S-2000 equipment, eliminating the
need for false floors or ducting of floors.

4. The compactness and modular con-
struction of transistorized hardware as
executed in S-2000 equipment makes it sim-
ple to add optional features, or to expand
the capacity of an S-2000 system at any
time after installation without the need for
rewiring or modification of any. of the
equipment in use. Wiring to accommodate
system expansion is designed into the basic
system. Additional building blocks or
optional features plug into the basic equip-
ment, virtually eliminating down time for
system changes.

S-2000 ProDUCTION TECHNIQUES

A component count for a typical S-2000
system is given in Table ITI. Successful
production of modern transistorized com-
puters is entirely dependent on the
availability of production quantities of
reliable switching transistors of uniform
predictable quality. The surface-barrier
transistor, a Philco development, has been
produced by the millions since 1953 by the
Philco Corporation at its Lansdale Tube
Company plant. The world’s most com-
pletely automated transistor production
facility insures that S-2000-production
lines will have a constant flow of transis-
tors of uniform and carefully controlled
quality. The undesirable process of
transistor selection within narrow limits
is not required in S-2000 production.

S-2000 circuits are packed on TRAN-
SAC cards. Fig. 12 shows a typical
TRANSAC card. Each TRANSAC card
mounts up to 80 transistors, together with
their related circuit components in groups
of 4 transistors. Each group of 4 tran-
sistors and related components is mounted

on an electrical module subassembly.
The electrical module and TRANSAC
card blanks are printed circuit elements.
All of the TRANSAC cards for an S-2000
basic computer and control unit are ob-
tained by first running 4,717 electrical
modules of uniform mechanical dimen-
sions through a conventional production
line. These 4,717 modules are then
assembled to 260 TRANSAC card blanks
of uniform mechanical dimensions to
produce the computer TRANSAC cards.
Production and quality control facilities
were brought into the S-2000 program in
the design phase and gradually expanded
in the production phase of the first .5-2000
system.  Trained factory personnel
handle the production of TRANSAC
cards without the need of engineering sup-
port. Each electrical module and
TRANSAC card is statically and dy-
namically tested on sophisticated factory
test equipment. The production opera-
tions are so simple that production capa-
bilities may be easily and rapidly ex-
panded in a matter of days.

The modular concept is also applied
to the mechanical construction of S-2600
equipment. The basic computer and
control unit is composed of three mechan-
ical modules as shown in Fig. 13. Each
mechanical module contains four levels
of back panel wiring. Horizontal wiring
of each level is accomplished independ-
ently and the prewired levels installed in
the module. This process speeds up the
back panel wiring operation. Power sup-
plies for the computer and control unit
are completely transistorized. They oc-
cupy a volume of approximately 24 inches
by 20 inches by 18 inches and require less
than 1,500 watts of input power.

SvysTEM EXPANSION AND OPTIONAL
FEATURES

Optional features may be added to a
basic S-2000 system at any time by the
simple process of plugging in kits of
TRANSAC cards. The floating-point
arithmetic kit, for example, contains 17
TRANSAC cards which may be plugged
into the designated connectors in the
computer and control unit in a matter of
minutes. The floating-point arithmetic
feature is only a matter of a few minutes.
The floating-point arithmetic feature is
thus easily incorporated into a basic
S-2000 computer with no rewiring or
equipment modification. In a like man-
ner, kits of TRANSAC cards are avail-
able for index registers (in groups of 8§,
up to a maximum of 32), and for the addi-
tion of input-output control cards for the
various input-output devices.

Fig. 14 is a photograph of a magnetic-
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core storage unit (8,192 words). The
size of the magnetic-core storage unit may
be doubled by the addition of a second
unit identical to the one shown. This
is also accomplished by a simple plug-in
operation requiring no rewiring or re-
work. The memory may bhe expanded
beyond 32,768 words in blocks of 32,768
words if desired. Read-write and selec-
tion electronics are, of course, completely
transistorized and packaged on four types
of TRANSAC memory cards as shown in
Fig. 15. The transistorized power sup-
plies for the magnetic core storage unit
occupy a volume of 22 inches by 19 inches
by 16 inches as shown in Fig. 16.

Examples of TRANSAC S-2000 input-
output hardware are shown in the para-
graphs of a magnetic tape unit (Fig. 17)
and the high-speed printer system (Fig.
18). A layout for a typical S-2000 sys-
tem is shown in Fig. 19.

Conclusions

The conference announcement for the
1958 Eastern Joint Computer Confer-
ence promised the answers to the follow-
ing questions, among others.

1. What is the status of transistors?

2. How will they affect the possible obso-
lescence of your present computer?

As a result of Philco’s experience in
placing the transistorized TRANSAC
S-2000 into production, the authors are
able to supply these answers:

1. The role of the transistor as the active
element in modern computers is established.
The transistor is no longer a new device;
rather, it is a proven component that has
replaced the vacuum tube in the vast
majority of computer applications.

2. A modern computer such ' as the
TRANXNSAC S-2000 demonstrates important
performance advances over present vacuum-
tube computers. It has much greater
operating speeds, requires much less power,
space, and air conditioning. Because of its
greater reliability, it is easier to maintain.
It costs less to install and operate,

Modern computers are transistorized
computers. Vacuum-tube computers are
obsolete.

Discussion

A. L. Tritter (Lincoln Laboratory): Is the
“Repeat” instruction the only progammable
function in which half-word boundaries
matter? That is, can jumps occur in either
half-word which effect a jump to either half-
word?

Mr. Maddox: I may have misled you
to some extent by saying that when we form
instruction pairs that they did look like two
address instructions. The two instructions
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are certainly independent, and jumps can
occur from any one to any other. As far as
the programmer is concerned, he is listing
single-address instructions.

A. L. Tritter: Are there full-word instruc-
tions (except the input-output control
words) as such?

Mr. Maddox: There are not, except for the
input-output control words. I was only
trying to make the point that there was an
endeavor to make the single-address instruc-
tions match so that they form efficient pairs.

W. W. Bledsoe (Sandia Corporation):
Please indicate the range of cost with a
“typical example.”

Mr. Maddox: I am afraid that this is really
bevond the scope of an engineer to answer a
question of this sort. This is handled by
the Sales Department, and to discuss the
cost, rental, or sale, is a matter of discussing
a long list of part numbers and then sum-
ming them up to decide what a typical ex-
ample might look like.

A, J. Azzari (Remington Rand Univac):
How many S-2000 units have been de-
livered?

Mr. Segal: We have delivered one to date.

Mr. Jones (International Business Ma-
chines Corporation): Are there any provi-
sions for marginal checking?

Mr. Segal: As a matter of fact, there are
provisions for marginal checking in S-2000
but we do not use them. We are not con-
vinced at this date that marginal checking,
at least the conventional variety, really
offers an advantage. 1 think we will have
to wait until next year’s conference before
we know the value of any kind of marginal
checking.

L. L. Auerbach (Auerbach Electronics Com-
pany): Please report on reliability of the
S-2000 system.

Mr. Segal: There will be a reliability report
about a month from now in the next annual
Symposium on Reliability and Quality Con-
trol.

Programming Design Features of the

GAMMA 60 Computer

P. DREYFUS

HE GAMMA 60 is a complete, closed-

loop electronic system designed to
analyze, process, and produce information.
The GAMMA 60 can at the same time
read, write, punch, print, calculate, sort,
compare, and make decisions. (See Fig.
1.)

In order to do so, the GAMMA 60 is
equipped with:
1. Input equipment (card readers, paper
tape readers, magnetic tape units).

2. Data processing units (calculators, com-
parators, transcoders).

3. Storage media (high-speed memory,
magnetic drums, magnetic tape units).

4. Output equipment (card punches, paper
tape punches, line printers, magnetic tape
units).

5. Control elements which allocate instruc-
tions and data (program distributor, data
distributor).

The control elements and the high speed
memory make up the central unit of the
GAMMA 60.

The input-output units, auxiliary stor-
age units, and data processing units are
functional elements connected to the
central unit.

The fundamental principle in the design
of the GAMMA 60 has been the assign-
ment to the functional elements of a
completely closed loop mode of opera-
tion within the generally autonomous
framework of the GAMMA 60. A func-
tional element attains complete autonomy
once it has been furnished with basic
data (from cards, punched tape, magnetic
tape) and with a medium on which to
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record the information it produces (blank
cards, paper tape, magnetic tape). Fig.
2 illustrates a block diagram of the
GAMMA 60.

The compatibility of the functional
elements is made possible by their ability
to:

1. Request instructions.
2. Request data transfers.

3. Execute the specialized tasks for which
they have been designed completely. Inde-
pendent of the other components of the
GAMMA 60, once they have received
operating instructions and data.

This possibility which permits the
simultaneous operation of all the func-
tional elements is the basis of full utiliza-
tion of the GAMMA 60.

Within the generally autonomous
framework of the GAMMA 60, made
possible by the automatic scheduling of
the control element, it is possible to: 1.
execute simultaneously data processing
functions on items at different stages of
evolution in the same problem, and 2. exe-
cute simultaneously the data processing
functions of several different problems
(simultaneous parallel operation).

This makes it possible to obtain con-
siderable improvement in over-all execu-
tion times by operating each of the ele-
ments at optimum rates.

Information in the GAMMA 60

Information in the GAMMA 60 is al-
ways in coded form. Information may
be numeric or alpha numeric. Char-

Fig. 1,

A GAMMA 60 installation

This model is equipped with (clockwise from

the top right) main unit and high-speed

memory, power supplies, 2 magnetic drum

units, 16 magnetic tape units and their control

unit, 4 printers, 2 card readers, and 1 card
reader punch

acters and numbers can be stored in the
memory of the GAMMA 60 in the code of
an external medium (punched card code,
punched paper tape code).

However, information can only be com-
pletely processed after having been trans-
lated into the internal codes of the
GAMMA 60 by the transcoder. The
internal codes of the GAMMA 60 are
composed as follows:

Numeric information retains its decimal
structure, but each decimal digit is repre-
sented by a combination of four binary
digits (bits), a binary digit being repre-
sented by either the presence (1) or ab-
sence (0) of a stable electric or magnetic
state.

The ten decimal digits are represented
in the GAMMA 69 as shown in Table I.
This representation of numbers is called
the binary coded decimal representation.

P. DrEYFUS is with Compagnie Des Machines Bull,
Paris, France.
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Fig. 2. Block diagram of GAMMA 60
Table I. Representation of Decimal Digits in GAMMA 60
Decimal digits..... 0....... 1....... 2., 3., 4....... 5....... 6....... T 8 ..., 9

Machine code....0030....0001....0010....0011....

In the GAMMA 60 the number 247 would
be written as:

001001000111

Alphanumeric information retains its

usual structure, but each character
(alphabetic or numeric) is represented
by six bits.

The 64 possible combinations make it
possible to represent certain special
characters in addition to the 26 letters of
the alphabet and 10 decimal digits.

Letters, numbers and other characters
are defined in Table II.

A character is represented by the group
of binary bits found in the same line and
in the same column.

W is represented in the machine 010111
8 is represented in the machine 101000
= is represented in the machine 110000

The unit of information transfer in the
GAMMA 60 is a group of 24 bits called a
catena (the Latin word for chain).

Thus, 1 catena may contain the follow-
ing:

24 bits, representing data in binary form

6 decimal digits
4 alphanumeric characters.

Memory capacity and the length of
information transfers are expressed in
catena.

Description and Operation

The GAMMA 60, as has been seen, is
composed of the central unit to which are
connected a variable number of functional
elements. The number and type of ele-
ments connected is a function of the par-
ticular application.

CeNTRAL UNIT

The central unit contains the pro-
gram distributor, the data distributor and
the high-speed memory (HSM). The
central unit serves as:

A dispatcher (program distributor and
data distributor) which:

1. Distributes instructions.
2. Schedules data transfers.

3. Co-ordinates the activity of the various
elements.

A turn table (high-speed memory) through
which all information being transferred to
and from the elements must pass. The lat-
ter do not possess buffers but simply regis-
ters of limited capacity in which information
is stored only during operational cycles of
the elements.

TaE HIGH-SPEED MEMORY

The high-speed memory, serving as
buffer memory between the various ele-
ments, may contain at any instant:

Fig. 3. Coincident magnetic core memory
module

1. Program information (instructions)
which are the commands to the elements.

2. Quantitative information or data which
are to be processed by the elements.

The high-speed memory and the ele-
ments are linked by two information
channels:

1. Distributor bus over which is trans-
ferred all information from the HSM to the
elements.

2. Collector bus over which is transferred
all information from the elements to the
HSM.

THE PROGRAM DISTRIBUTOR

This unit is designed to:

1. Receive requests for instructions issued
by the elements to obtain instructions for
themselves or for another element.

2. Choose at a given time from among the
requesting elements, one of them, by means
of priority circuits, the order of priority
having been determined in advance.

3. Read out the instructions destined for
the elements as they are selected and inter-
pret them. This interpretation function is
very important and will be discussed in the
chapter on programming.

4. Give to the various elements the com-
mands and means to begin operational cycles
(their type of operation to be carried out,
addresses of data to be processed).

The program, which is a list of instruc-
tions intelligible to the different elements
of the GAMMA 60, is stored in the auxil-
iary and large capacity memories (mag-
netic drum, magnetic tape, etc. ...) and
brought as successive blocks into the

Table Il. Character Representation in the GAMMA 60
] 0000 | 0001 | o0ol0o | o011 | o100 | o101 | o110 | o111 1000 | 1001 | 1010 | 1011 1100 | 1101 | 1110 | 1111
00 A B C D E F G H 1 T K L M N [
01 P Q R S T U \4 w X v Z . , ' ; |
10 0 1 2 3 4 5 6 7 8 9 + — ( ) x /
11 = > > < A & x = % £ $ *
Dreyfus—Programming Design Features of the GAMMA 60 Computer 175



Fig. 4. Magnetic drum auxiliary store

HSM, from which the instructions are
then transferred one by one to the pro-
gram distributor, at its request.

THE DATA DISTRIBUTOR
This unit is designed to:

1. Receive requests for data transfers
issued by the various elements to obtain.
as necessary, data transfers to or from the
high-speed memory.

2. Select, in order to effect a data transfer,
a given receiver or emitter element and the
source or destination zone in the high-speed
memory. The choice between conflicting
requests is resolved by the priority circuits,
the order of priority having been determined
in advance.

Tue FUNCTIONAL ELEMENTS

Each functional element contains the
following:

1. Registers in which are stored the in-
formation to be processed.

2. A local built-in program which carries
out the specialized functions of the element.

3. Auxiliary registers to store data ad-
dresses and instructions.

Every element is capable of :

1. Sending requests for instructions to the
program distributor via the instruction
request circuits, one line for each element.

2. Sending requests for data transfers
from high-speed memory to the data dis-
tributor via the data request circuits, one
1ine for each element.

3. Recelving instructions from the pro-

gram distributor over the unique instruction
bis to which every element is connected.
4. Receiving data (input elements ex-
tepted) via the unique distributor bus to
which all the elements concerned afe con-
nected.

5. Sending data (output -elements ex-
cepted) to the high-speed memory via the
unique collector bus to which all the ele-
ments concerned are connected.
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Fig. 5. Output line printer

THE OPERATION OF AN ELEMENT

The operation of every element follows
this procedure:

1. Requests instructions from the program
distributor.

2. Consideration of the request (depending
on the position [rank] of the element in the
priority chain and on the number of requests
for instructions from other elements waiting
to be selected).

3. Request from the program distributor
to the data distributor for a transfer from
the high-speed memory of instructions rela-
tive to the element under consideration.

4. Consideration of this request by the
data distributor (depending on the position
of the program distributor in the priority
chain and on the number of requests for
data transfers waiting to be fulfilled) and
execution of the transfer.

5. Analysis of the instruction by the
program distributor and transfer to the
selected element of the instructions and
addresses of data to be processed.

6. Requests from the element to the data
distributor for a transfer from the HSM of
the data to be processed.

7. Consideration of this request and, when

the priority considerations are fulfilled, the.

execution of the data transfer.

8. Closed loop operation of the element and
eventual producing of a result.

9. Requests to the data distributor for a
transfer of the results to the HSM. -

10. Consideration of this request by the
data distributor and, when the priority con-
ditions are fulfilled, execution of transfer.

11. Return to operation 1.

For each of the. elements Magnetic
Drum, Arithmetic Calculator, Printer,
etc., the procedure is the same with a
few exceptions.

For example steps 9 and 10 are non-
existent during the operation of the printer
or of a HSM to magnetic drum data trans-
fer; steps 6 and 7 are nonexistent during
the operation of a card reader or a mag-
netic drum to HSM data transfer.

Fig. 6. Transistor amplifier module

Operation 8 is generally much longer
than the sum of all other operations.
This fact demonstrates how a single
program distributor and a single data dis-
tributor are sufficient to monitor si-
multaneous operation of a large number
of elements.

Technical Characteristics of the
GAMMA 60

MEMORIES

The GAMMA. 60 possesses--a..set--of -

memory devices for information storage,
the functional characteristics of which
are closely related to two technological
considerations. These are capacity and
access times.

Of the types of memory available those
with the shortest access times are called
high-speed memories. On the other hand
storage of information in high-speed
memories is expensive and therefore must
be temporary.

Growing out of requirements diametri-
cally opposed to the preceding, magnetic
tape storage offers the advantage of large
capacity but has long access times. This
type of memory, which is relatively in-
expensive to manufacture, makes it possi-
ble to store voluminous information which
is organized in the same sequence in which
the data are to be processed.

Magnetic drum storage occupies an
intermediate position with respect to
capacity and access times.

HicH-SPEED MEMORY

Physically, the high-speed memory is a
static memory of saturated magnetic
cores. Two stable states of magnetization
of the cores can be obtained. These two
states are made to correspond to the
symbols 0 and 1.

Technologically, the capacity of the

Dreyfus—Programmang Design Features of the GAMMA 60 Computer



Fig. 7. Logical diode switching card

high-speed memory can vary from 1 to
8 standard blocks of 4,096 catenae.

Table III gives in terms of various units
the capacity of the high-speed memory
as a function of the number of memory
blocks.

Table lll. Capacities of High-Speed
Memories
Units 1 Block 2 Blocks 4 Blocks 8 Blocks

Binary

digits. ... .. 98,304..196,608..393,216..786,432
Numeric

digits. ..... 24,576.. 49,152.. 98,304..196,608
Alpha

numeric

characters..16,384.. 32,768.. 65,536..131,062
Catenae..... 4,096.. 8.192.. 16,384.. 32,768

Each block of 4,096 catenae con-
sists of twenty-four 64X 64-core planes
(Fig. 3). The 32,768 catenae which
constitute the maximum capacity high-
speed memory are addressable and con-
stitute a common metmory pool, with the
exception of addresses 0 through 127
which serve a special purpose.

The contents of any address in the
high-speed memory can be read out or
written in 11 microseconds. This read-
write time is called the access time. Thus
the frequency of reading or writing from
the high-speed memory is approximately
90,000 catenae per second.

Tue MAaGNETIC DRUM

The magnetic drum (Fig. 4) is a steel
cylinder coated with a thin layer of mag-
netic material. The surface of the drum
is divided into 128 parallel tracks, each
track having a read-write head.

Fig. 8. Subassembly of two switching cards

The magnetic drum turns at a coastant
speed of approximately 3,000 rpm.

The capacity of each track is 200
catenae. Thus a magnetic drum has a
total capacity of 25,600 catenae, 153,600
decimal digits, or 102,400 alphanumeric
characters. The magnetic drum is an
addressable memory, each catena on the
drum having an address in the range from
00000 to 25,599.

The access time to an address on the
drum depends on the position of that ad-
dress with respect to the read and write
head at the instant the contents of that
address are called for. Thus the access
time varies from O to 20 milliseconds.
The magnetic drum is characterized by:

20 milliseconds
19 milliseconds.

1. Maximum access time:
2. Average access time:

The read or write time for one catena is
100 microseconds (usec). Data transfers
to and from the magnetic drum are com-
pletely variable in length.

MAGNETIC TAPE

Magnetic tape provides the GAMMA
60 with a very large capacity memory.
The tape itself consists of a plastic
(Mylar) tape which is coated on one side
with a layer of iron oxide. Magnetic
tapes are handled by tape units which
consist of:

1. Devices for unreeling and rereeling the
tape.

2. A write head.

3. A read head which also serves during a
write operation to check the information
being written on tape.

TarPe CHARACTERISTICS

1,100 meters (3,300 feet).
12.7 millameters (1/2 inch).
(200 per inch).

Length:
Width:
Packing Density:
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Fig. 9. Complete bay showing amplifier
accessibility

Tape speed: 1.9 meters per second (75
inches per second).

Information is recorded on eight 15-ke chan-
nels (one channel is for synchroni-
zation),

Instantaneous information rate:

22,570 decimal digits per second.

15,000 alphanumeric characters per sec-
" ond.

3,75) catenae per second.

Time to read or write a complete tape: 91/
minutes.

Tape reading in both directions is possible.

Tape can be written in one direction only.

Tare CAPACITY

1,600,000 catenae in blocks of 128 catenae;
Each block is separated from adjoin-
ing blocks by an inter-block or start-
stop space.

12,500 blocks per tape.

9,600,000 decimal digits.

6,400,000 alphanumeric characters.

TmMe 10 READ ONE CATENA

360 usec.
This time corresponds to an average rate of
2,800 catenae per second.

TAPE SECURITY

Physical security is provided for end-of-tape,
broken tape, jamming.

NuMBER OF TAPE UNITS

Variable.

Generally between 6-and 18 units.

Very high information flow rates can be
obtained since it is quite possible to
operate several tape units simultane-
ously.

Data Processing Elements

ARITHMETIC CALCULATOR
Number representation

The arithmetic calculator operates on
numbers in a form similar to logarithms.
Such numbers may be either normalized
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floating decimal point or have a pro-
grammed (fixed) decimal point.

Normalized form

Any signed decimal number can be
represented by the product of a num-
ber between 0.1 and 1.0, a positive or nega-
tive power of 10, and the algebraic sign.
For example:

—3242.3= —0.32423X10*
+0.0034=+0.34X10"2

A number can thus be completely speci-
fied by its algebraic sign, a power of 10
which represents its order of magnitude
and a mantissa which lies between 0.1 and
1.

So as not to have to manipulate nega-
tive exponents, a bias of 40 is added sys-
tematically. In addition, only the digits
of the mantissa to the right of the decimal
point need be specified. The two num-
bers in the previous example are written:

Sign Exponent Mantissa
- 44 3242300000
+ 38 3400000000

Actually numbers to be processed by
the arithmetic calculator are stored in
two catenae in the GAMMA 60.

The first binary position of the first
catena of the number contains the sign:
~+sign=1, —sign=0. The seven follow-
ing positions contain the biased exponent
which may vary from 00 to 79. This
represents a true variation of the exponent
from —40 to 4-39.

The 40 remaining binary positions of
the two catenae permit the representation
of ten significant decimal digits in binary
coded decimal form.

Programmed Decimal Form

In accounting applications it is par-
ticularly useful to be able to write all
figures placing the decimal point in a
known position. In order to do so, the
programmed decimal form is used in the
GAMMA 60.

To represent numbers in this form the
position of the decimal point between the
ten significant figures of a number is speci-
fied.

Writing a number in programmed
decimal form with the decimal pro-
grammed at 6 means that the decimal
point is to be taken as being six places to
the left of the least significant figure. In
this example, the integral part of the
number contains at most four digits. The
fractional part contains at most six digits.

The position of the programmed
decimal point is specified in the part of
the number in its machine coded form
reserved for the exponent. The position
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of the programmed decimal point may
vary from 0 to 10. The variation of the
position of the programmed decimal point
is actually expressed as a number be-
tween 40 and 50. When no decimal
places are to be retained (programmed
decimal at 0), the exponent is actually 50.
When no figures to the left of the decimal
point are to be retained (programmed
decimal 10), the exponent is actually 40.

The number —3242.3 with programmed
decimal 6 is represented in the GAMMA
60:

0443242300000

and with programmed decimal 0:
0500000003242

and with programmed decimal 10:
0403000000000

Operation times for operands of 10 sig-
nificant figures expressed in floating or
programmed decimal form are the follow-
ing:

Addition 100usec.
Subtraction 100usec.
Comparison 100pusec.
Round off 100usec.
Multiplication 300usec.
Division 600usec.

Double Precision Arithmetic

Normally the arithmetic -calculator
handles operands of ten significant deci-
mal digits. However, in certain scientific
applications more precision is required.
There exist programs for the GAMMA 60
which make it possible to perform calcula-
tions on operands containing 11 to 19
significant figures. This type of arith-
metic is called double precision arithmetic.

THE LocicaL CALCULATOR

The logical calculator is the element of
the GAMMA 60 designed to perform
arithmetic operations on binary operands
and to carry out logical operations.

GENERALIZED COMPARATOR

The Generalized Comparator makes it
possible to carry out the following opera-
tions in the GAMMA 60.

One way comparisons. Two variable-
length operands are compared catena
by catena, starting with the left most
catena of each operand. The comparison
process stops automatically as soon as a
difference is detected. Thus both nu-
meric and alphanumeric data may be
compared.

Execution time is 44 usec per catena.

Two-way comparisons. Variable-
length operand x is compared with two
other operands, 4 and B. The compara-

tor indicates after the operation the mag-
nitude of » with respect to 4 and B. For
example, if A<B the comparison shows
whether:

X<B
X>4
A<X<B
A<X<B
X=4
X=B

Execution time for the comparison is 66
usec per catena.

Variable Length Data Transfers.
Transfers of data from one zone in high-
speed memory to another are executed
using the registers of the generalized com-
parator. Time to execute HSM to
HSM transfers is 22 usec per catena.

THE TRANSCODER

The transcoder is the element of the
machine which makes it possible to
translate into GAMMA 60 internal code
(numeric or alphanumeric) information
in external codes (punched card code,
punched paper tape code etc.) and to
translate information expressed in
GAMMA 60 internal code into external
codes for punching cards, paper tape
etc., edit data for the printer, placing
spacings and printer format controls, re-
arrange data within a catena (reducing
redundancies and eliminating empty
character positions to obtain minimum
storage volumes and performing the in-
verse operations before data processing
operations).

Input-Output Equipment

InruT ELEMENTS

The following are the devices which
make it possible to bring information in
the GAMMA 60:

1. 80-Column Card Readers. Each
card reader consists of three sets of read
brushes. The first two sets make it
possible to read and check-read a card.
If the check fails the third set of brushes
makes it possible to re-read the card.
Each reader has two receiving bins.

300 cards per mintite
400 characters per second.

Reading speeds:

Any number of card readers may be
connected to the GAMMA 60.

2. Punched paper tape readers.
The punched paper tape readers can read
all 5- and 8-channel paper tape codes.

Each reader has only one sensing ele-
ment with a speed of 200 characters per
second.

Any number of paper tape readers
may be connected to the GAMMA 60.
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QutpuT ELEMENTS

1. Printers. A printer consists of a
rotating-type cylinder of 120 printing
positions, each printing position consisting
of 60 characters distributed around the
circumference of the cylinder, thus
forming 120 “type wheels,” (see Fig. 5).
The edge punched paper is driven past
the cylinder by means of sprocket wheels.
When a character moves past the printing
point a small hammer behind the paper
is actuated pressing the paper against the
cylinder. Fast paper feeds and line
spacing are program controlled. Operat-
ing speed is 300 lines per minute. Any
number of printers may be added to the
GAMMA 60.

2. 80-Column Card Reader-Punch. A
card punch is always equipped with read
brushes. A card reader can exist without
card punch. A single track serves both
units.

Each card reader-punch is equipped
with three sets of read brushes. The
third set is used to read back and check
the information punched. Card han-
dling speed is 300 cards per minute.

Any number of card reader-punches
may be connected to the GAMMA 60.

3. Paper tape punches. It is possible
to punch 5 and 8 channel tapes on the
Gamma 60.

Punching speed is 25 characters per
second.

Any number of paper tape punches may
be connected to the GAMMA 60.

Programming the GAMMA 60

Programming the GAMMA 60 consists
in writing in symbolic form a list of all
the operations to be carried out on one or
several items of information for the par-
ticular problem at hand.

A program consists of a combination of
several elementary instructions called
canonical instructions.

Since information transfers in the com-
puter are discontinuous, the length of an
elementary instruction has been assigned
as 1 catena; that is the length of the unit
transfer in the machine.

CANONICAL INSTRUCTIONS

When an operation is to be executed by
an element of the machine the following
specifications must be supplied:

1. Which element is called for?

2. The high-speed memory addresses of
the operands and/or the address at which
the result is to be placed, stored.

3. The operation to be carried out.

As the program distributor reads a

program, it decodes instructions which
are stored in successive memory locations.
A useful possibility is to be able to jump
either conditionally or unconditionally to
an instruction not stored in the same
sequence of consecutive addresses.

From the preceding, one can see the
necessity for four types of canonical in-
structions:

1. The C-instruction which designates
the element called for.

2. The A-instruction which designates
the addresses of operands in the HSM.

3. The D-instruction which designates
the operation to be performed.

4. The B-instruction or branch which
modifies the usual order of instruction
execution.

THE PROGRAM

A single canonical instruction is in
general not adequate to define an ele-
mentary operation in the GAMMA 60.

A sequence of canonical instructions
which completely specify an elementary
operation constitute a “complete instruc-
tion.”

A sequence of complete instructions,
all relating to the same element, constitute
an elementary program sequence.

A sequence of elementary program
sequences which are related to the same
program function constitute a subroutine.

Some types of program functions are:

1. Subroutines which perform calculation
of functions such as the elementary math-
ematical functions. ..sine, cosine, exponen-
tial, logarithmic. . .etc.

2. Subroutines which perform certain func-
tions. . .input, output, high-speed memory
sort routines.

3. Special subroutines which are due to the
particular idiosyncracies of the problem.

The first two types of subroutines are
known as general-purpose subroutines and
can be grouped into libraries. Stored in
large capacity memory, they are available
to the GAMMA 60 at all times.

A routine program consists of an
ensemble of special and general-purpose
subroutines to solve a particular problem_
which are assembled through the use of a
master program.

As actually carried out, a segment of a
master program, perhaps with parallel se-
quences, is brought into the high-speed
memory. Various subroutines are then
brought into HSM as they are needed
and jumps back and forth can be ex-
ecuted between the subroutines and the
master program as necessary.

Generally to facilitate the coding of
problems for the GAMMA 60, a symbolic
instruction code is used. The symbolic
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instructions are then translated by the
computer into canonical instruction.

There are two types of symbolic in-
structions. The first type is a symbolic
representation of one canonical instruc-
tion. The second type is the symbolic
representation of a sequence of canonical
instructions. (Such instructions are proc-
essed by the master program and become
program jumps to special and general-
purpose subroutines.)

The symbolic code has been designed
to facilitate as much as possible the work
of the programmer. The instruction
vocabulary is simple, and mnemonic
abbreviations have been used. For ex-
ample, the instruction which calls for
comparison of two program sequences is
written in symbolic code COMP. Opera-
tion of the arithmetic calculator is pro-
grammed ARIT.

As an example, to execute a high-speed
memory-to-magnetic drum transfer of
12 catena starting with HSM address
108 to magnetic drum addresses starting
with 17,400, the program is written:

DRUM 1
L 108

DSA 17,400
TMD 12

DRUM 1 selects magnetic drum No. 1.
L loads the address 108 in the current
address register of the Magnetic Drum.
DSA specifies the magnetic drum address
where the information is to be stored.
TMD is an operation code which specifies
the operation and the number of catena
to be transferred.

When this  program is brought into the
GAMMA 60 it is translated from its sym-
bolic form into an internal code which is
intelligible to the program distributor.
An important characteristic of the
GAMDMA 60 is the use of relative address-
ing in writing subroutines.

As in the case of the design of the sym-
bolic code to facilitate programming, the
numbering of symbolic instructions has
been designed in such a way that the pro-
grammer does not have to be concerned,
when he writes his program, with the
addresses in high-speed memory from
which his program is to operate. When
written by the programmer, the instruc-
tions of a subroutine are simply numbered
from 0 to #. It is the master program
which causes the GAMMA 60 to carry
out the transformation of relative ad-
dresses into absolute addresses once the
actual high-speed memory allocation is
decided upon.

Additional programming flexibility is
provided in the GAMMA 60. It is possi-
ble to write instructions which specify, not
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the actual address of an operand, but the
address at which the address of the
operand can be found. This operation is
called substituted or indirect addressing.

Checking in the GAMMA 60

Internal checking in the GAMMA 60
is extended to all data processing func-
tions, from the input of data to the out-
put of results.

These distinct problems must be solved.

1. Internal data transfers must be checked.

2. Data processing operations must be
checked.

3. Data input and output operations must
be checked.

INTERNAL DATA TRANSFER CHECKS

In internal code in the GAMMA 60
associated with each catena is a check
digit. This check digit is the remainder
of the division by 7 of the catena con-
sidered as a pure binary number of 24 bits.
Three binary bits are required to repre-
sent the check digit. Every time a catena
is transferred the checked digit is re-
calculated and is compared with check
digit accompanying the catena. The
check digits must be equal; if not, a faulty
transfer has occurred. This type of check
provides remarkable security. (Note: Itis
well to specify that a catena in the high-
speed memory, or in any register in the
GAMMA 60, necessitates the memoriza-
tion of 27 binary bits and not 24 as has
been assumed up to now. Each block of
the HSM actually contains 27 core planes
and not 24.)

CHECKING OF DATa PROCESSING
OPERATIONS

The check of data processing operations
is based on the fact that the same opera-
tions are carried out on the data and the
check digits separately, then the following
rule is applied. The check digit of the
result of an operation must be identical
with the result of the same operation
carried out on the check digits of the oper-
ands. More briefly stated; the check
digits of the result must equal the result
of the check digits. If this is not true
then the operation is in error.

CHECKING INPUT AND OUTPUT

With the exception of punched paper
tape on which each character is punched
with a parity check bit which makes it
possible to check the information punched
as it is being read, information on external
media (punched cards, printed characters)
not possessing check digits must be
checked during read-in on printout by a
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different procedure from that previously
described.

Magnetic Tape Units

When reading magnetic tapes, each
catena stored with its corresponding check
digit is checked for wvalidity. When
writing on magnetic tapes, a read head
provides simultaneous reading thus allow-
ing immediate checking. If an error is
detected, automatic rewrite occurs; if the
drop-out cannot be corrected, the corre-
sponding block on the tape is inhibited
to further use. This allows use of im-
perfect tapes.

Card Readers

Each card is read by two sets of brushes
and theresultsof both reads are compared.
In case of disparity, a third set of brushes
makes it possible to re-read the card.
The information from the third read
should validate one of the first two reads.
If the information read by the third
brush still does not match, the card is re-
jected into a special bin and an error
indicated.

Card Punches

On the card track after the punch there
is a set of read brushes which are used to
check-read the card just punched. The
check is performed by comparing the
information read with that just punched.

Printers

The motion of each print hammer trips
an electrical pulse, which by comparison
with the position on the print cylinder
makes it possible to identify the character
printed. This “echo” is compared with
the information that was to be printed.

Error Routines

All checks are performed automatically
and locally and are of no concern to the
programimer.

Once an error is detected, it causes the
execution of an error routine. The me-
chine pinpoints the error and tries to
correct it.

If the error is due to the malfunction of
an element, then the computer cannot
remedy the situation. The computer is
stopped (partially or completely) with the
type of error and source indicated on the
console of the GAMMA 60. Rapid
trouble shooting and maintenance can
then be performed.

Conclusions

The GAMMA 60 is a universal com-
puter, the power, the flexibility, and the

speed of which make it an indispensable
management tool.

The possibility of connecting to the
GAMMA 60 functional elements in pro-
portions and dimensions tailored to the
application make it possible to assemble,
at any time, a computer suited to the
exact needs of the user.

The possibility of executing several
problems simultaneously gives the
GAMMA 60 great flexibility and power
(see Figs. 6-9).

In addition to these features, the sturdy
design of the hardware of the GAMMA
60 and the extended use of transistor cir-
cuits make it a remarkably trouble free
and reliable machine.

Discussion

Question: When will the GAMMA 60 be
available? How many machines are al-
ready ordered?

Mr. Dreyfus: The prototype will begin
operation in June 1959 and will be complete
and in full operation in October. The first
two deliveries are scheduled to take place
before the end of 1959.

As of today we have seven firm orders for
svstems in Europe.

Question: When will the GAMMA 60 be
available in the United States?

Mr. Dreyfus: Taking into account reserva-
tions and commitments, deliveries here are
about 2 years off.

1. L. Auerbach (Auerbach Electronics Com-
pany): What provisions are available for
real-time input and output in the GAMMA
60?

Mr. Dreyfus: Real-time computation can
occur both in data processing and industrial
control applications, not to speak of military
and engineering real-time problems. It is
easy to handle these problems on the
GAMMA 60 for, at any time, and whatever
the machine is actually busy on, one may
pick up a different processing routine which
will time share the machine with the other
programs on hand. This routine has access
to all the processing power of the systems,
searching files, computing, making decisions,
editing, and obviously, input and output.
One such application would be a permanent
inventory control where the main file need
not be on fast, but limited-capacity, random
access media but on ordinary magnetic tape,
this being up-dated permanently with a
maximum of 15 minutes between keyed in-
put and actual posting with eventual re-
sponse.

Another type of real time computation
will occur in control processes. In this
case, information is coming in at random
through proper input devices. The infor-
mation handling process will be initiated by
the input device without any delay even if
other processes have been started almost
contemporaneously and are not yet com-
pleted. The machine then simulates a
multiple processing system although re-
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maining economical in view of the fact that
the distribution of processing functions
assumed is the most probable instead of the
worst. Information flow in these problems
is limited by the maximum channel ca-

pacity, which is 2,200,000 bits per second.
This does not reflect the maximum input
or output capacity but corresponds to the
HSM cycle time of 11usec. per catena.
The actual input-output rate which could

be handled would be of about one-tenth of
that. This means that 200,000 bits per
second as an average input rate could cer-
tainly be handled whatever the time dis-
tribution may be.

The GE-100 Data

R. H. HAGOPIAN

H. L. HEROLD

Processing System

J. LEVINTHAL

J. WEIZENBAUM

T THE 1955 Eastern Joint Com-

puter Conference, members of the
Stanford Research Institute described a
developmental prototype of a business
data processor for accomplishing bank
checking account bookkeeping.! This
paper describes the electronic data proc-
essing system evolved in the course of
converting the developmental prototype
into a production system capable of meet-
ing the requirements of both satisfactory
operation for banking and manufactura-
bility.

The banking problem may be defined as
receiving handwritten checks from a
customer, converting the information on
the checks to posted entries in a ledger,
and periodically sending a copy of the
ledger entries to the customer as a state-
ment. The checks must also be sorted
and filed so that they may be included
with the customer’s statement (see Fig. 1).

It is essential that the system be able
to process the daily volume of entries in
no more than 24 hours so that processing
may be kept current. This must be
done in spite of business fluctuations.or
machine down time.

A further time limitation is the deter-
mination within a fixed time (imposed by
local clearing house regulations) of checks
that cannot be honored for reasons such
as insufficient funds or stop-payment ac-
tions since bad checks must be returned
rapidly enough to find the casher and
permit the cashing bank to both recover
the funds it has expended in cashing the
check and to prevent loss of interest on
these funds during this period. This
deadline also must be met in spite of muti-
lated checks, checks without identifying
account numbers, operator error, or equip-
ment malfunction.

The system design, including operating
procedures, programs, and equipment, has
been governed to a great extent by the
necessity of meeting these two time
requirements while working with prime
documents that are essentially identical

to those now in use. The system’s com-
ponents include input equipment, proc-
essing equipment, and output equipment
(see Fig. 2). The most important input
equipment is the document handler,
which reads and sequences the entries.
Additional input devices are the Flexo-
writer and the photoreader for name and
address changes. The central processor
performs the computing and data process-
ing for the system, and the output is pro-
vided by the high-speed printer. Mag-
netic tape units provide high-speed
auxiliary storage.

Document Handler

The development of a paper handling
system which sorts the items and con-
verts the transaction data into computer
language represents the most important
technological breakthrough in the design
of a system which will meet bank dead-
lines. Because this system has the
unique feature of utilizing the source doc-
ument itself as the means of direct input
to the central processor, the document
handler unit-may be properly regarded as
the key to the General Electric Com-
pany’s GE-100 system. The major com-
ponents of the document handler are a cor-
relaton character reader, 12-pocket docu-
ment sequencer, and sequencer control.

In the bank checking account applica-
tion, all of the necessary transaction data
are printed in magnetic ink in a single
line along the bottom of each check (see
Fig. 3). When a customer writes a check
which has been preprinted with the cus-
tomer’s account number, it is ultimately
returned to the bank and the dollar
amount is encoded with magnetic ink
during the proofing operation when the
bank verifies the dollar total of checks re-
ceived. Bundles of checks are then placed
in the feeder station of the document
sequencer and are automatically fed past
the magnetic read head of the character
reader. The transaction data are read
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electronically and transmitted to the
central processor by means of the se-
quencer control unit, which converts the
single character output to the modified
binary-coded decimal notation used in
this system. The checks are automati-
cally distributed to sequencer pockets as
designated by the central processor on
the basis of validity, readability, and other
information on the item.

After the first pass of the bank checks,
during which the data are captured by
the processor for later processing, the
character reader and document sequencer
subsystem may be placed in off-line opera-
tion for automatic fine sorting of the
checks by account number, transaction
code, or transit routing code. Pocket
decisions are made by the sequencer
control during the off-line operation.

The automatic processing of checks re-
quires that the printed information must
be read reliably from folded, crumpled,
and soiled documents. The system must
function even when the printed informa-
tion is overstamped or overwritten with
ordinary ink or pencil, and it must operate
satisfactorily regardless of the color or
tinted pantograph on the checks. Fi-
nally, any one of the conventional printing
processes may be used to print the
checks.

The GE-100 character reader is a
completely transistorized unit capable of
reading 14 characters (ten digits and four
special symbols). A block diagram of
the character reader is shown in Fig. 4.
The printed characters are first mag-
netized to saturation in order to erase
any previous magnetic history. As they
pass the reading head, they generate
unique voltage waveforms which can be
identified with each of the characters.?

The waveforms are amplified by a low
noise preamplifier and amplifier and then
fed into a lumped constant taped delay
line. The delay is sufficient to encompass
the longest waveform generated by the
widest character. From the delay line on-
ward, the circuitry divides into 14 parallel
recognition channelsand control functions.
The stored waveform is sampled at a
number of points along the delay line.

R. H. Hacorian, H. L. HEROLD, J. LEVINTHAL, and
J. WeIZENBAUM are with General Electric Com-
pany, Palo Alto, Calif.
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Each sample point goes to 14 resistor
matrix boards, one for each parallel chan-
nel representing a character.

The resistor matrix for a given character
essentially stores the waveform for that

character. The waveform in the delay
line is compared to these 14 stored wave-
forms, and the comparison output appears
in each of the 14 channels. Assuming
that a valid character is being scanned,
the delayed waveform will generate an
autocorrelation output in its correspond-
ing channel and cross-correlation outputs
in the other 13 channels. The auto-
correlation function for properly printed
characters is significantly greater than
cross-correlation functions. The auto-
correlation output is selected by means
of summing amplifiers and a peak com-
parator circuit.

Since the recognition process is dy-
narmic, it is necessary to monitor the input
in order to know when a valid character
is properly registered in the delay line.
This is the primary function of the timing
and control circuitry shown at the right of
the diagram (Fig. 4).

The E/13-A character font, which has
been approved by the Committee of
Office Equipment Manufacturers and
recommended to the American Bankers
Association as the common language for
field evaluation, is shown in Fig. 5. The
characters are stylized in order to obtain
an optimum compromise between machine
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Processing flow chart
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Fig. 3. Checks coded with magnetic ink

Fig. 2. The GE-100
system

readability, esthetics, and printability.

The character reader is designed to
read printing from conventional com-
mercial printing processes. These fallinto
the categories of preprinting and post-
printing.

Preprinting refers to printing on the
checks prior to issuance by the bank to its
customers. Such information as the
transit number, routing symbol, account
number, and transaction code are pre-
printed by letterpress, photo-offset, or
paper mat offset methods. Large quan-
tity evaluation of commercial printing in-
dicates that good quality commercial
printing techniques are sufficient to meet
the printing specifications for magnetic
character reading.

Postprinting takes place after the
checks return to the issuing bank. The
dollar amount, and if necessary the
account number and transaction code,
are postprinted. Several firms are engaged
in developing suitable magnetic transfer
ribbons and encoders for this purpose.

The document sequencer used in the
GE-100 system was developed by a sub-
contractor for General Electric. It is
designed to feed and stack documents of
varying size as normally used in the bank-
ing business at the rate of 750 documents
per minute. The 12 stacker pockets in-
clude ten for numerical sorts, one for re-
jects, and one for exceptional items as
determined by the sequencer control.

The feed station has a 12-ineh capacity,
and the pockets can accommodate check
stacks up to 6 inches deep. With approxi-
mately 200 checks per inch, this permits
sorting bundles containing as many as
2,400 checks.

Central Processor

The complexity of the banking problem
calls for an internally stored program
processor which makes use of a core
memory in order to achieve the speed re-
quired to meet the banking deadlines
with the volume of data handled. The
necessary speed is enhanced by using a
short word length which, in combination
with the order structure, allows complete
time overlapping of computation and
memory access. This short word length
permits the use of a single-address ma-
chine at high speeds plus the ability to
operate on double length words at
slightly reduced speed. Memory cycle
time is 32 microseconds (usec), or eight
periods of a 250-ke clock. A single-ad-
dress addition requires two memory
cycles for execution, or 64 pusec: one
cycle to get out the instruction, and one

cycle to get out the operand.

Transistorized circuitry is used through-
out. Flip-flops are used both for control
and for register storage. Diode networks
with intermediate emitter-followers pro-
vide the logic implementation.

The central processor operates in a
series-parallel mode, using a 4,000-word
core memory. FEach word is composed of
28 bits, 24 of which are used to form six
decimal digits (four bits each in 54 2 1
modified binary-coded decimal notation).
The remaining four bits make up the
seventh or sign digit. One bit represents
the sign. One bit serves as designator
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and can be tested by the programmer
when in data. In instruction words, the
designator bit automatically increases the
address portion by two when restored
into memory. The additional two bits
in the sign digit are used for a modulo-3
check.

The GE-100 has a fairly standard
instruction repertoire. Exceptions to this
are the search and tumble instructions,
which are very useful in sorting operations,
and blockette write, which permits
writing 100 words on magnetic tape in
20-word groups from five areas of
memory as specified by the programmer.
The latter instruction is also useful in
sorting operations.

The instruction logic is designed so that
the memory and the processor are well
matched time-wise. One almost never
waits for the other. Exceptions to this
are multiply and divide instructions,
where the memory essentially idles while
the processor works.

The central processor includes the
following electronic components (see
Fig. 6): two registers used for arithmetic
operations, L and R; one nonaugmenting
index register, B; a control counter
register, V; and the instruction address

o C < <) w
| ‘ |

‘rw ; I (fj’ JJH U,Jq

\L‘ 2 L) [ 1 lJ
el ial=
Syiey e 5l
o Qf:,,}J* T L)

i t"W ‘[“ ‘

oo W{p) P ‘ , 7[10
mooy Y Le U

Fig. 5. Series E/13-A character font

ADDER,—‘
H OM
P E
pu
r4
=]
5
=]
[
2 o
S g8, o
-
m; o %
Hz g
3 =R
3 =1
I

Fig. 6. Processor block diagram

register, I, which is subdivided into C and
A for the command and address, respec-
tively. In addition there is a memory
register, M, which communicates directly
with the core matrix, and the memory
buffer register, J, which allows the mem-
ory and the rest of the computer to work
simultaneously.

Input-output equipment consists of
magnetic tape units, a punched paper
tape photoreader, Flexowriter, high-speed
printer, and the document handler. A
one-word buffer, the P-register, buffers
input and output to the Flexowriter and
input from the photoreader. The mag-
netic tape buffers allow one tape to be
read and another to be written simul-
taneously with computation. This is
accomplished by automatically inter-
rupting computation in order to address
the core memory for each word that goes
to or comes from magnetic tape. Up to
13 magnetic tape units can be tied in to
the processor at one time. A fixed 100-
word block is used. Data are recorded
on ll-channel tape with two numerical
digits per cycle read or recorded in
parallel. The basic clock rate is 15 ke,
which yields a 30-kc rate for numerics.
Row and column parity is checked, but
the system is not self-correcting. A
trailing read head checks parity during
the writing operation.

The printer usually operates off-line
from the processor, using magnetic tape
as input, but it can be operated on-line.
In the latter case the magnetic tape buffer
is used with the printer as if it were a
writing tape unit.

High-Speed Printer

The GE-100 system’'s high-speed
printer is a small data processor in itself
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that takes information from either mag-
netic tape or the central processor and
prints it in an efficient and acceptable
manner. Format control is effected by
the use of plug boards and paper tape
loops.

The printer subsystem relieves much of
the burden that would normally be placed
on the central processor and on the pro-
grammer. The subsystem is composed
of a printing unit, thyratron drive unit,
and power supply and control unit.

The printing unit is of the revolving
drum type and contains a print wheel,
operator’s control panel, paper tape loop
control, and paper feed control. The
print wheel rotates at 900 rpm. Nine
hundred lines of numeric information or
600 lines of alphanumeric information are
printed per minute. The printer recog-
nizes the type of data received and auto-
matically prints at the highest speed
possible.

As many as three carbon copies can be
produced by the printer. Forms may
vary in length from 1 inch (for labels) to
22 inches, and in width from 3/, inches
to 19 inches. The forms are fed through
the printer by means of double sprocket
holes.

The print wheel is actually a set of 120
separate type wheels, each of which holds
56 characters. Characters are spaced ten
to the inch horizontally and six single-
spaced lines to the inch vertically. The
56 characters include 10 numerals, 26
alphabetics, and 20 special symbols.

The thyratron drive unit houses the
circuitry which drives the 120 individual
solenoid hammers, associated with the
120 print wheels, that cause a line to be
printed.

The power supply and control unit
includes the power supply, control logic,
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plug board, main core buffer, type line
buffer, and a tape unit.

Data are loaded into the main core
buffer a full block at a time from either
magnetic tape or the central processor
upon demand of the printer. This
loading process is initiated during a print-
ing or paper slewing cycle so that no time
is wasted in making the data available to
the printer. When the print or slew
cycle is complete, the printer calls for a
line of data from the main core buffer.
Data are then transferred from the main
core buffer into the type line buffer, where
it is routed to a particular column of the
120 possible print columns in accordance
with the configuration of the plug board.
After the line is set up, the appropriate
hammer is energized as the characters on
the rotating print wheels reach the print
position. After a full revolution of the
print wheel (for alphanumeric data) all
the characters in the type line buffer will
have been printed. Numeric data re-
quires only a half-revolution of the print
wheel. The main core buffer is loaded
during this operation as it becomes empty
and the type line buffer may then be re-
loaded for each of the lines contained in
the block.

Format control includes automatic and
controlled tabulation, in which 15 possible
tabulations may be set to any of the 120
column positions. These tabs may vary
in accordance with eight possible formats.
Selective tabulation rearranges the word
or item order according to criteria defined
by the programmer. For instance, all
positive items (deposits, on bank state-
ments) could be sorted to a certain tab
position regardless of their original posi-
tion in the line of data.

The format control also includes auto-
matic page numbering, automatic page
heading restoration, automatic file selec-
tion (the printer will select any one of
five files as specified by the programmer),
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automatic and selective zero suppression,
automatic and selective slew control, and
raw tape printout.

Conclusions

In order to insure that the banking job
would be finished within the required
time schedules in spite of possible down-
time, a system has been built employing
efficient paper handling techniques and
utilizing a data processor that achieves
speed through overlapping operation.
As a result, standardized circuitry,
working at slow speeds, may be used to
maintain reliability.

An elaborate printer system is utilized
to minimize editing time on the central
processor. The outcome of this approach
yields a general-purpose machine well
suited to the special purpose of banking
for which it was originally designed.
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Discussion

H. W. Graham (Sylvania Electric Products,
Inc.): How do you overcome the orienta-
tion problem of making sure the magnetic
writings are right side up?

Mr. Hagopian: During the normal proof-
ing operation, where the dollar amount is
postprinted on the check, the checks auto-
matically end up in the proper orientation.
Should the operator insert the check in the
postprinter incorrectly, the document is
rejected on the first pass.

N. J. Dean (Booz, Allen, & Hamilton):
What is the reliability of the magnetic ink

reader? That is, what is the reject and un-
detected error rate?

Mr. Hagopian: The reject and error rates
are governed primarily by the quality of
magnetic ink printing. For this reason,
it is difficult to state any figures. We need
to obtain statistical data from much larger
number of printers. Recently concluded
field evaluation tests, sponsored by the Office
Equipment Manufacturers Sub-Committee
on type design, involving some 47 printers
throughout the country, indicated that the
printers can meet the printing specifications.

T. Sapino (Datamatic): Another question
on reject and error rates: What is the rate
of rejects in magnetic character reading?
What is the rate of undetected error?

Mr. Hagopian: The same answer as for the
preceding question.

Mr. Dean: How many sorter readers can
be multiplexed as input at full speed?

Mr. Hagopian: With the use of auxiliary
equipment developed by the General Elec-
tric Company, up to three sorters may be
multiplexed as input at full speed.

Mr. Sapino: What is the speed of prepa-
ration of magnetic characters on checks?

Mr. Hagopian: The speed of preparation
of checks is determined by the printing
process used in preprinting operation; the
speed of preparation is no different than
when using conventional inks.

Postprinting requires manual operation
on the part of the operator performing the
proofing operation. This is no different
than what the operator would be doing
without magnetic printing. In one case,
the operator places the check, after entering
the amount on the proof machine tape, in
one of a number of bins. In the second case,
the operator places the check in the post

printer, From here on the operation is
automatic.
Mr. Sapino: Is only decimal information

printed magnetically or is alphabetic also
implemented?

Mr. Hagopian: For banking operation,
only numerics are printed. The system
described here reads numerics and four
special symbols. Future character readers
will undoubtedly read alphanumerics.
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