














ADDITIONAL FEATURES AND REMARKS FUTURE PLANS
Outstanding features include the ability to have Continued development of I/0 equipment.
extremely flexible order structure, due to instrue-
tion card principle, flexible externel machine commun-

ications, magnetic core I/O buffers, and air-condi-

tioning ;.s not required. / ’ INSTALLATIONS
Unique system adventages include special instruc- General Mills

tion for individual requirements without any modifi- Mechanical Division

cation of the computer, and ease of addition of a 2003 East Hennepin Avenue

wide varlety of peripheral equlpment without computer Minneapolis 1%, Minnesota

modification.

277 GENERAL MILLS AD/ECS



GENERAL MILLS APSAC

General Mills APSAC Computer

Dust Covers Removed

APPLICATIONS

General purpose computer used in on-line automatic

survey system.

PROGRAMMING AND NUMERICAL SYSTEM

Binary

Tnternal number system
Binary digits/word

35 (plus sign)

Binary digits/instruction 18
Instructions per word 2
Instructions decoded 29
Arithmetic system Fixed point
Tnstruction type One address
Number range 2—55 to 2+55
Instruetion word format - ;.4

6 12 3 6 12

Oper Address Oper Address

GENERAL MILLS APSAC
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General Mills

MANUFACTURER

Mechanical Division

Photo by General Mills

Explanation of last three bits in each instruction

Address Clear A Breakpoint
A Reg. Register
First two bits in this group are not used by every

instruction.

Registers include an accumulator reglster (A) and

a remainder reg

Add
Mult
Div

ister (R).

ARITHMETIC UNIT

Incl Stor Access Exclud Stor Access

Microsec Microsec
120 120
1,520 1,500
16,200 Done by sub routine



Construction (Arithmetic unit only)
Transistors Approx 1,200
Condenser-Diodes Approx 16,000
Magnetic Cores Approx 20,000

Arithmetic mode Parallel

Timing Synchronous
Operation Sequential
STORAGE

No. of No. of Access
Medium Words Digits Microsec
Magnetic Core 512 35 + sign 10
Magnetic Tape
No. of units that can be conmected 2 Units

No. of chars/linear inch 48 Chars/inch
Channels or tracks on the tape T Tra.cks/tape
Blank tape separating each record 0.667 Inches

Tape speed 25 Inches/sec
Transfer rate 1,200 Chars/sec
Start time 3 Millisec
Stop time 3 Millisec
Average time for experienced
operator to change reel of tape 60 Seconds
Physical properties of tape
Width 0.5 Inches
Length of reel approx 300 Feet
Composition Mylar
INPUT
Mediun Speed
Flexowriter 10 chars/sec
OUTPUT
Medium Speed
Flexowriter 10 chars/sec

Typewriter and punch

System has, in addition to Flexowriter and magnetic
tape, real-time input from digital clock and from
astrolabe.

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Type Quantity

Diodes 20,000

Transistors 1,500

Magnetic Cores 20,000
CHECKING FEATURES

Magnetic tape has parity check across tape, and
merkers for usable and non-usable tape. Paper tape
also has parlty check.
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POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 0.86 Kw 0.96 KVA 0.9 pf
Volume, computer 52 cu ft
Area, computer 15 sq ft

Floor loading 35 1bs/sq ft
35 lbs concen max
Weight, computer 520 1bs

No special site preparation or air conditioner

needed.

PRODUCTION RECORD
Number produced to date 1

Number in current operation 1

Number in current production Now in fileld test
Number on order Now in field test
Time required for delilvery 6 months

PERSONNEL REQUIREMENTS

Operator, programming, and maintenance courses are
optional. Ordinarily GMI trains meintenance per-
sonnel, although it can be handled on contract basis
1f desired.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

Both computer and magnetic tape equipment designed
to operate under field conditions. Average operating
time between component failures is about 600 hours.

FUTURE PLANS

Anticipate repackaging to minimize space requirements.

INSTALLATIONS

General Mills Mechanical Division
1620 Central. Avenue
Minneapolis 13, Minnesota

GENERAL MILLS APSAC



GEORGE

Argonne National Laborastory "GEORGE" Computer

APPLICATIONS

Scientific problems.
Data handling and data reduction.

PROGRAMMING AND NUMERICAL SYSTEM

Internal number system Binary
Number of binary digits per word Lo or 80
Number of binary digits per instruction 20 to 100
Number of instructions per word Variable
Total number of instructions decoded 220
Arithmetic system

Floating Point
Sign + 62 bit fraction
Sign + 10 bit power
6 bit index of significance
Instruction type

Fixed Point
Sign + 39 bit fraction
20 bit positive integers

Modified two-address

for fixed point

Variable zero through

four-address for float-

ing point

Number range
Fixed Point 1< n «§ 1-2-9

Floating Point [-1/2gcg +1/2] [2'1021‘ N \<2+10.2h]
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MANUFACTURER

Argonne National Leboratory

Photo by Argonne National Laboratory

Instruction word format

B-Address Order Tag
0-11 12 - 19

A-Address
20 - 27 28 39

Order A-Address | B-Address|C-Address | D-Address
0 - 19 20 - 39 4o - 59 | 60 - 79 80 - 99

Automatic built-in subroutines
Square root on floating point
Automatic coding
GAR - George Assembly Routine (with Macro-instruc-
tions)
Reglsters and B-boxes
Fixed and floating point arithmetic registers
Four high speed floating point registers
16 high speed index registers and any memory lo-
tion
An index of significance is carried with each float-
ing point number and is corrected with each opera-
tion as to the number of bits which are still
significant.



ARITHMETIC UNIT

Operation time, excluding storage access, Microseconds

Fixed Point Floating Point
Ada 7 3
Mult 485 26
Div 595 27
Construction, arithmetic unit only
Vacuum tubes 1,800
Transistors 20,000
Crystal diodes 6,000
Arithmetic mode Parallel
Timing Asynchronous
Operation Concurrent

GEORGE 1s composed of two arithmetic units, a fixed
point unit and a floating point unit. Each has its
own word length snd instruction code. The two
arithmetic units work concurrently with a single
memory.
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Photo by Argonne National Laborsatory

STORAGE
Media Number Number Access
of Words of Digits Microseconds

Magnetic core 4,096 42 bits/word T+5
Wide magnetic U4 x 106 12 bits/word
tape
Magnetic tape system features are:

Maximum number of units that can be

connected to the system L4 Units

Channels or tracks on the tape 42 Track/tape

Tape speed 43 Inches/sec
Physical propertles of tape :
width 2 Inches
Length of reel 1200 Feet
Composition Mylar Sendwich
Tape has fixed blocks of 128 words. The time per

block is 70 millisec: Including start, read or
write, and stop. Tape may be searched for a partic-
ular block while the computer is computing.

GEORGE



INPUT
Speed

1,000 alphanumeric char/sec
15,000 alphanumeric cher/sec

Media
Paper tape (2 readers)
Narrow mag ‘tape

Keyboard Manual
OUTPUT
Media Speed
Paper tape 60 alphanumeric ch&r/sec

Narrow mag tape 15,000 alphanumeric char/sec
Buffered 16 microsecond tieup for computer

On-line printer 72 columns; 600 lines/minute
Buffered 28 microsecond tieup for computer

Congole typewriter 10 char/sec

Cathode ray tube

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Tubes
Type Quantity
5670 T0% of 3,500
Diodes
1N191 30% of 6,000
1N628 20% of 6,000
S55G 50% of 6,000
'ransistors
2N%93 85% of 20,000

Magnetic cores 164,000

CHECKING FEATURES

Parity on Input, Output, and Core memory.
Complete redundancy and Dropout error.
Correction on wide magnetic tapes.

POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 50 K.W.
Air conditioner part of building system.

PRODUCTION RECORD

Number produced to date 1
Wumber in current operation 1

Floating point is under construction. Completion
date is 31 December 1960. Fixed point has been
in operation since September 1957.

PERSONNEL REQUIREMENTS
Two 8-Hour Shifts
Supervisors
Analysts
Programmers 1
Clerks
Librarians
Operators
Eugineers
Technicians
In-Output Oper

PPN NDUTWW
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Description of the order structure and the program-
ming systems available are found in ANL-5995,
GEORGE Programming Manual by Loretta Kassel.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

Fixed Point GEORGE hes been operating two and 1/2
years with an average effective time over 80%. In
the past year the effective time has been about 90%.

ADDITIONAL FEATURES AND REMARKS

Outstanding Features:

1. FLIP (Floating Point Unit) numbers have index
of significance, i.e. an indication of how many
significant bits remain in the number.

2. In fixed point (GEORGE) the first 12 bits of
any memory location can be used as an index register.
Thus, 4096 "index registers” are available.

5. In fixed point operations, GEORGE Instructions
2-nd address (B-address) has a variety of uses, it
can be used as an index address, a "preliminary add"
address, a store address, and/or a jump address.

Unique System Advantages:

1. TFlexibility of B-address allows for compact
coding - to make for better use of the 4096 word
memory in fixed point operations.

2. Length of floating point word, and the index
of significance, allow for more accuracy in floating
point operations.

INSTALLATIONS

Argonne National Laboratory
9700 Cass Avenue
Argonne, Illinois

FUTURE PLANS

Present plans call for a 128,000 word drum and for
a larger, faster core memory.
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GEOTECH AUTOMATIC wmwracrurer

Geotechnicel Automstic Chart Reader

APPLICATIONS

System reads informetion contained on plotted
charts, converts into several forms of output, and
performs simultaneous computations, dlgital or ana-
logue. The recorded charts are scanned optlcally,
output is produced proportional to trace ordinate,
and. operations are performed on the output.

So many different sizes and configurations of charts
and films are recorded by such a variety of techniques
that no one instrument configuration could possibly
be designed to read them all. However, the basic
techniques, utilizing the BASIC READER, the CONVER-

GEOTECH AUTOMATIC 28h

The Geotechnical Corporation

Photo by the Geotechnicel Corporation

SION UNITS, or the COMPUTING UNITS, can be applied
successfully to many unusual types of charts and
films. A drive system for the chart is often ob-
tained by employing a drive similar to the one on
which the chart was origlnally recorded. For best
results, the trace on the chart should have good
contrest with the chart paper. For example, a BASIC
READER, with the digital computer, reads year-long
river and stream water level charts, feeds the com-
puter vwhich computes daily mean discherge and water
level, and reads out to punched tape, then automatic
typewriters.



PROGRAMMING AND NUMERICAL SYSTEM

Computations are performed with moduler computing
units. Rack mounted computing units may be added
in building block fashion. Computing units perform
integration, multiplication, addition, subtraction,
reclprocal, variabl: functions and others.

INPUT OUTPUT

The BASIC READER consists of an optical projection
system, a scanning system, and electronic circuitry.
It 1s located so that a thin strip of light, focused
on the chart at right asngles to the long axls of the
chart, reflects a narrow cross-sectional image of the
chart onto a rotating scan disk. The dark trace of
the chart does not reflect light; however, the white
paper background on either side of the trace does
reflect. Therefore, the strip of light imaged on
the scan disk appears to be broken by a dark "spot."
When the drive 1s turned on and the chart 1s set
into motion, this spot undulates back and forth
across the surface of the disk exactly as the trace
undulates on the chart. The rotating scan disk is
made of glass with an opaque coating through which
two or more transparent slits have been scribed.
These scribed slits are usually in the form of in-
volute curves because a rotating Involute provldes
a linear sweep and always intersects the strip of
light from the chart at right angles. The type and
number of slits scribed on the scen disk, as well
as the rotational speed of the disk itself may vary
according to particular requirements, however a
gpeed of %600 RPM and two involutes are common. As
the disk rotates and its involute slit first inter-
sects the strip of light imaged on it, light i1s
allowed to pass through the slit to strike a photo-
multiplier tube. As rotation continues, the involute
next intersects the dark spot, 1.e. the reflected
trace, and light to the photomultiplier is momemtar-
ily cut off, generating a pulse. A reference trace
on the chart or reference marks on the disk are often
used to generate another pulse which defines the
base of the chart. A gating circuit then forms a
measuring pulse whose duration 1s proportional to
the spacing of these two pulses, and therefore pro-
portional to the ordinate of the recorded trace. By
rotating the disk containing the two slits at 3600
RPM, the location of the ordinaste of the trace is
pin-pointed T200 times a minute. This system pro-
vides a continuous or periodic pulse-width output
proportional to the trace ordinate of the moving
chart, accurate to * .l% of full scale, and this
output is all that is required for many purposes,
however, additional outputs are available with modu-
lar conversion units. By adding optional rack-mount-
ed conversion units in building-block fashion, the
basic pulse-width output may be converted to digital,
analog voltage or current, or mechanical rotation or
displacement.
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POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 1 Kw
Volume, computer 16 cu ft
Weight, computer 300 1lbs

COST, PRICE AND RENTAL RATES

$10,000 for analog
$20,000 for digital
Maintenance contract is available

PERSONNEL REQUIREMENTS

One operating technician is required. He can be
taught on-the-job.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

150 Hours/Week (Average)
180 Hours/Week (Average)

Good time
Attempted to run time

ADDITIONAL FEATURES AND REMARKS
SPECIFICATIONS
Synchronous motor
12" per minute.
upon request.
120 scens per second. Approxi-
mately 600 scans and PWM pulses
per linear inch of chart at speed
of 12" per minute.

PWM pulses proportional to trace
ordinate are accurate to within

+ 0.1% of full scale.

Analog voltage output proportional
to trace ordinate is accurate to
within + 1% of full scale.

This model: 1 MA into 40 K ohms,
designed to match a TI recti/riter
recorder.

500 VA, 115 volts, 60 cps.
Dimensions 24" deep; 24" wide; 50 1/2" high.
Welght 250 1bs (115 kg.)

Chart Requirements This model is designed to read 6"
rectilinear, single-trace charts.
Chaerts must be free from marks
that will produce spurious signals.
Continuous bleck line at least
.020" wide.

Trace should have good contrast
with chart paper.

Preferably none; watery-green
grid lines acceptable.

Chart Drive

Chart Speed Others available

Scan Rate

Accuracy

Output

Power Requirements

Extraneous Marks
Trace
Trace Contrast

Grid Lines

GEOTECH AUTOMATIC



HAMPSHIRE CCC 500 MANUFACTURER

Coordinate Conversion Computer Model 500 Hampshire Engineering Company

Photo by Hampshilre Engineering Company

APPLICATIONS

Computer is used with automatic tracking theodo- tion of aircraft position in rectangular coordinates.
lites to give real time display and rapid tabula-

HAMPSHIRE CCC 500 286



PROGRAMMING AND NUMERICAL SYSTEM

Binary

20

Fixed point
Wired program
Fractional

Internal number system
Binary digits/word
Arithmetic system
Instruction type
Number range

Automatic built-in subroutines include transla-
tion of binary to binary coded decimal excess 3.

ARITHMETIC UNIT

Incl. Stor. Access Exclud. Stor. Access
Microsec Microsec
Add 428 428
Mult 8500 8500
Div 8000 8000

Construction (Arithmetic unit only)
Vacuum-tubes, magnetic cores, and diodes

Arithmetic mode Serial
Timing Synchronous
Operation Concurrent

Arithmetic functions are performed concurrently
by several small units comnected directly with
magnetlc storage registers. Diode logic and vacuum
tube amplifiers are used.

STORAGE
No. of ©No. of
Medium Words Digits
Core-Diode Shift Registers 9 22
Magnetic tape used for output only.
INPUT

Input 1s by cable connection to shift registers
in theodolites, and i1s in the form of binary coded
pulse trains.

OuTPUT
Media

Analogue Voltages for X, Y, Z
Used by plotting board

Punched tape 60 char/sec
Feeds ELECOM 120 Computer or Flexowriter

Magnetic tape 2 & b in/sec
X, Y, Z in serial form. X, Y, and Z refer to
rectangular coordinates.

Speed
Real time

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Type Quantity
Tubes 98 in computer
66 in output units
Diodes Approx 1,000
Magnetic Cores
SR-100 450
CHECKING FEATURES

Checking features include built-in marginal check-
ing and bullt-in test problem input and output mon-
itor.
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POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 1.0 Kw

Volume, computer 38 cu ft
Area, computer T sq £t
Room size Any room

No speclal site preparation requlrements.

PRODUCTION RECORD

Number produced to date 1
Time required for delivery 6 months

COST, PRICE AND RENTAL RATES

Computer only Approx $50,000
Computer with output equipment Approx $80,000

PERSONNEL REQUIREMENTS

No special operators needed. Equipment can be
operated by one man after a few hours! checkout.
Service easily handled on part-time basis by one
engineer or senior technician.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

Simplicity is obtained by semi-permanently wiring
computer to perform a specific problem solution.

Magnetic core storage driving diode logic directly
reduces actlve elements and increases reliabllity.
Dynamic pulse techniques used.

Total failures to date consists of L diodes, 1
resistor, and 3 printed circult board connections.
Thils covers a period of 3 years.

ADDITIONAL FEATURES AND REMARKS

Outstanding features include speed ample for real-
time uses, computer is very simple with high relila-
bility, and is unusually accurate in analogue out-
put.

FUTURE PLANS

This system 1s being superseded by Model 932
Computer, which is faster, is more flexible, has
greater capaclty, and uses transistors rather than
tubes.

HAMPSHIRE CCC 500



HAMPSHIRE
TRTDS 932

Hampshire Theodolite Real Time Display System
Model 932

APPLICATIONS

The real time computer and display system is used
with Contraves Phototheodolites to produce precision
plots and tabulation of aircraft position in rectan-
gular coordinates. It can also be used for radar
coordinate conversion and other real time problems
with appropriate problem changes.

PROGRAMMING AND NUMERICAL SYSTEM

Internal number system Binary

Binary digits/word 22

Binary digits/instruction Wired problem

Arithmetic system Fixed point

Instruction type Wired problem

Number range 22 bits (Fractional, incl. sign)

Avtomatic bullt-in subroutines include sine, cosine,
tangent and translation of binary to binary coded
-decimal.

ARITHMETIC UNIT

Incl. Stor. Access Exclud. Stor. Access

Microsec Microsec
Add 220 220
Mult 1760 1760
Div 5300 5300
Construction (Arithmetic unit only)
Transistors 85
Magnetic Cores 165 Core-transistor shift reglsters
Arithmetic mode  Serial
Timing Synchronous
Operation Concurrent
STORAGE
No. of
Medium No. of Words Dig/Word
Core-Transistor Shift 15-easily expanded 22
Register
INPUT
Media Speed
Magnetic Tape Real time
Telephone Lines Real time

Telephone lines comnect to the theodolltes.

HAMPSHIRE TRTDS 932
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MANUFACTURER

Hampshire Engineering Company

OUTPUT
Medla Speed
30" x 30" Plotting Board Real time
Magnetic Tape Real time

Punched Tape 1/3 real time

Flexowriter 1/10 real time
Analogue Voltages for Real time
X Y, z

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Type Quantity Use
Tubes 65 Output units
Diodes 3,000
Transistors 500 Computer

%00 Auxilisry equipment
Magnetic Cores 650 Computer

450 Auxiliary equipment

All figures are approximate. The computer cores
are in the core-transistor shift register.

CHECKING FEATURES
Checking features include built-in marginal check-

ing, built-in test probleminputs and output monitor,
and parity check on data transmission.

POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 1.5 Kw, approx
Power includes auxiliary equipment.

PRODUCTION RECORD

Number in current production 1
Number on order 1
Time required for delivery Approx 6 months

COST, PRICE AND RENTAL RATES

Computer $50,000 to $100,000
Complete system $100,000 to $250,000



PERSONNEL REQUIREMENTS
One 8-Hour Two 8-Hour Three 8-Hour
Shift Shifts Shifts
Operators 1 2 3
Engineers 1/4 /4 1/2
Technicians 1/2 1 1
RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

Simplicity is obtained by semi-permanently wiring
computer to handle a specific problem. Extremely
conservative design is used. Magnetic cores are
used for storage. Cores drive diode loglc direct-
1y, thereby reducing number of active elements. A
modified dynamic pulse technique with magnetic cores
is used.
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ADDITIONAL FEATURES AND REMARKS
Outstanding features include ample speed for real
time use, simplicity with high rellebility, operabil-
ity by personnel with minimum treining and unusual

accuracy in anslogue output.

INSTALLATIONS

Hampshire Engineering Company
2300 Washington Street
Newton Lower Falls 62, Mass.

HAMPSHIRE TRIDS 932



HONEYWELL 290

Honeywell Computer Model 290

APPLICATIONS

The Honeywell 290 Computer 1s a general purpose,
internally stored program digital computer especilally
designed for use as a highly reliable on-line comput-
er for process or operation monitoring and-or control.
The H290 features all solid state circuitry, high
speed, low clock rate, both core and drum memory, con-
current input, output and compute operation. The
H290 can be furnished with over 70 instructions
selectable by the user from a list of over 150 avail-
able instructions.The H290 Computer with associated

HONEYWELL 290 290

MANUFACTURER

Minneapolls-Honeywell Regulator Company
Special Systems Division

Photo by Minneapolis-Honeywell Regulator Company

peripheral equipment can accept over 4,000 inputs

at scanning speeds up to 1,000 points per second,

perform calculations in real-time and produce over
4,000 outputs.
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HONEYWELL

INDUSTRIAL DIGITAL COMPUTER

CONTROL SYSTEM DIAGRAM

PROGRAMMING AND NUMERICAL SYSTEM

Internal number system Binary or Bin. Coded Dec.
Binary digits/word 18 Binary or 4 1/2 decimal
Binary digits/instruction 18 Binary
Instructions per word One
Instructions decoded Variable - any TO or so
out of over 150
Arithmetic system Floating point
Can be provided as single instructions
Fixed point
Fractional (2's complement erithmetic)
Instruction type One address
6 bit operation code and 12 bit address. Several
complex orders use two words as a single order.
Number range 0 to 262, 143 in Binary
and 0 to 39,999 in Binary-Coded- Decimal

Instruction word format
6 bits 12 bits
Operation Code Address
18 13 | 12 1

There is no need for "bullt-in" subroutines. A
group of 80 micro-instructions are assembled into macro
macro-instructions dependent upon the Control Section
logic. These macro-instructions may be changed with
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Diagram by Minneapolis-Honeywell Regulator Company

comparative ease. A Control Section will be supplied
according to the application and the user's desires
and it can be modified or changed if the oneed arises.

Assembly routines are provided.

The H2G0 utilizes over 26 registers. Three are
for inputs, 5 for outputs, 1 for instruction seguence,
4 for arithmetic and the balance for other internal
computer functions. The entire core memory could be
utilized as index registers.

The basic operation code consists of 6 bits, 64
orders involving memory addresses. A "no-address"
type of order allows for 6l additional orders not
involving verisble addresses. If additional orders
involving memory are required, the Control Section
may be easily modified to utilize a "no-address"
order as one addressing memory. The Control Section
by being mostly magnetic, can have its entire order
structure completely altered if desired. Because
it is not conceivable that any one application would
have need of the complete possible instruction vocab-
ulary, 1t can be said that the number of available
instructions 1s limitless for & particular applica-
tion.

HONEYWELL 290



ARITHMETIC UNIT

Incl Stor 1Incl Stor Access No Access to
Access to to One Operand Operands and.

both Oper- & "Housekeep- No "House-
ands & ing" keeping"
"Housekeep- Microsec Microsec
1ng"
Operation Microsec
Ada 200 140 100
Mult 860 800 T60
Div 120 1360 1320

"Housekeeping" consists of those portions of each
order that are identicel for all orders and it
accounits for 40 microseconds.

Construction (Arithmetic unit only)

Transistors 500 approx.
Diodes 1,500 approx.
Arithmetlc mode Parallel

2's complement aritlmetic is used throughout which
allows a powerful but comparatively simple add net
work. No specilal logic is needed to handle sign
determinstion. Arithlmetic is completely binary with
a relatively simple decimsl translstor for addition
and subtraction. Binary-to-Decimal and Decimal-to-
Binary conversion orders are provided for complete
flexibility.

Timlng Synchronous and Asynchronous

The basic clock frequency of 50 kc¢ is realized
through use of an asynchronous logical clock of six
unique time periods each of which is independently
variable.

Operation Sequential and Concurrent
Instructions are executed in sequence but input,
output and internal computations are easily realilzed
simulteneously. The computer itself is synchronized
by the clock, but the clock is not an oscillator or

multivibrator. A baslec timing device and logic
manipulator have been combined into the Primery Clock
which can have no false moves. Seperate Core Memory
snd Drum Memory Clocks are synchronized by the Pri-
mary Clock.

STORAGE
No. of Access
Media No. of Words Digits (Max) Microsec
Magnetic Core 1,024; 2,048; Binary 73,728 20

or 4,096 Decimal 16,384
Drum L, 096 or Binary 147,456 1700 Avg
8,192 Decimal 32,768

Drum cepacity 1s expandable to 32,000 words. Drum
successive locations will require only 128 microsec-
onds up to a maximum of 252 words. The first word
of a series will average 1700 microseconds.

INPUT

Media Speed
On-line from Analog-to- Up to 10,000 18-bit
Digital Converter or char/sec

from Digitel Inputs directly
For real-time on-line acquisition of process
messurements.
Manual Dials Approx 60 microsec
per setting of the dials
For occasionsl entry of new fixed informstion or
new instructions.
Punched Paper Tape 20 cher/sec
Primarily for Program Loesding.

HONEYWELL 290 292

OUTPUT
Media Speed

On-line to Digital~-to- Up to 10,000 18-bit char/sec
Anslog Converter or
to Digitel Devices
For real-time on-line control of process variables
or for actuating alarms, on-off devices, etc.
Numerical Display Lights
For decimel or hexadecimal notation of computer
words.
Punched Paper Tape Up to 60 char/sec
For subsequent feed to electric typewriters
On-line Digltal Up to 10,000 18 bit char/sec
Two paths for selection of Input and Output
Channels.

By means of a unique order structure and proper
programming, it 1s possible to interlace an input
program, an output program and a computation program.
The input program will initiate input commands to
peripheral devices and then switch control to the
computation program. The computation program will
periodically check to see if the input device has
completed its conversion. When complete, the input
program mey then call for the next input and then
Jump to the output program. An output command may
then initiate action by an appropriate output device
and then jump to the computation progrem. This may
be considered as a form of "traffic control". Proper
programming prevents a series of input and output
commands from "backing up" and virtuslly eliminates
any walting time for peripheral devices. The order
structure enables the checking of peripheral devices
for the completion of their last task and upon com-
pletion another commend i1s issued to the peripheral
device and the program can then immediately branch
to another routine, periodically checking for the
completion of the latest command issued to the pe-
ripheral device. The manner in which this is
achieved by the program is quite simplified and
flexible. Input and output channels are selectable
by the twelve address bits of the input or output
instruction thereby enabling the selection of any
one of 4,096 inputs or 4,096 outputs.

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Type Approx Quantity
Diodes 9,000
Transistors 1,500
Magnetic Cores T5, 000
CHECKING FEATURES

Due to the nature of the applications on which this
computer 1s intended to be used there is no require-
ment for parlty checks nor checking bits assoclated
with any word. Programmed system self checks and
input and output reasonableness checks can be easily
incorporated into the complete progrem. Particular
types of checking can be incorporated in the order
structure as & part of the Control Section on spec-
ial order at additional cost. Simple program checks
and verifylng dlagnostic routines can easily be in-
corporated in the complete program.



POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer w/air cond 1.4 Kw 2.3 KVA 0.6 pf
Power, air conditioner 0.3 Kw 1.1 KVA
Volume, comp w/air cond 56 cu ft
Area, comp w/ailr cond 8 sq ft
Room size 10 £+ x 10 ft
Floor loading 14l 1bs/sq ft
Load is uniformly distributed over rectangular
2 £t x b £t freme with 1 5/8 inch frame width.
Capacity, alr conditioner 0.5 Tons
The H290 is designed for industrisl use and there-
fore no extreme site preparation is required. The
air conditioner is buillt in.

PRODUCTION RECORD

Time required for delivery from receipt of order
12 to 18 months.

COST, PRICE AND RENTAL RATES

For 1 Honeywell 290 Computer with 4,096 words of
core memory and 8,192 words of drum memory, 1 Paper
Tape Reader, and 1 Paper Tape Punch, the selling
price is approx. $170,000.

Electric typewriters or printers, analog-to-digi-
tal converter, digital-to-analog converter, multi-
plexers, operator console(s), and control amplifiers
are avallsble. The selling price of total system,
including additional equipment, varies, depending
upon the application requirements. Various lessing
and maintenance arrangements are available.

PERSONNEL REQUIREMENTS

Maintenance, programming and operator training are
provided according to the purchaser's requirement.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

The H290 Computer has been designed for maximum
reliabllity and 100% availabllity for continuous
operation. The "mean time between failures" 1s well
over & thousand hours of continuous operation. Wire-
wrap and jet soldering techniques have been used
throughout. Individusl package construction utilizes
ladder type arrangement of components. The number
of components per package greatly reduces the usual
number of mechanical connections; and floating
connections ere used throughout. Circuit paremeters
have been derated better than 50%. Computer operation
is such that complete protection 1s provided for the
prevention of the stored progrem or constants from
being inadvertently destroyed by the operator or an
external disturbance.
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ADDITIONAL FEATURES AND REMARKS

Outstanding features include high performance and
speed, high reliability, protected program storage,
flexible instruction vocabulary, use of both core
and drum memory, and ease of programming and main-
tenance. Single instructions can be provided for
complex sub-routines without requiring more than
one reference to memory.

Unique system advantages Include random selection
of inputs and outputs in accordance with the program,
concurrent input, output and compute operation, and
up to 1,000 points per second input selection speed.

The Honeywell Computer Control System utilizing
the H290 Computer is applicable for all types of
industrial, commercial and militery process or
operation monitoring and control. Complete appli-
cation assistance can be provided extending from
economlcal and technical feasibility study through
installation and meintenance of the system. All
process transmitters, transducers and perilpheral
equipment can be provided by HONEYWELL.

Concurrent Operation

Execution of internal computations, concurrent
with operation of elmost any number of peripheral
devices (such as paper tape reader, a tape punch,

a typewriter, an analog-to-digital converter, etc.)
1s possible due to the internal logic and random
access core memory of the computer. This fegture
effectively permits the attention of the computer
to be devoted to continuous process control of the
particular process and to the calculation of pro-
cess formulae.

For instance, the computer program can raendomly
select an input chennel. If this input chammel rep-
resents a process varileble such as a tempersture
(read by a thermocouple), its value is usually in
analog form (continuous signel) and must be convert-
ed to digitel form (discrete digits) for presenta-
tion to the computer. Conversions of this sort are
handled by the computer peripheral equipment; in
this case, the analog-to-digiltal converter. While
the computer peripheral equipment cerries out this
conversion, the computer 1tself 1s free to perform
other operations. Between operations, the computer
"looks at" 1ts input registers to see if the con-
version 1s completed. When the periphersal equip-
ment has completed the requested conversion, the
computer 1s signaled and will accept the digitized
value.

The same principle applies to all periphersl opera-
tions. All of these can occur concurrently.

Transistorized for Reliability

The Honeywell 290 has solild state components
throughout all electronic circults and 1s designed
to operate in an industrlal enviromment with a min-
imum of maintensnce. Rellability is further assured
not only by the low clock rate but also by operating
the transistors and diodes far below the maximum
levels recommended by the component manufacturers.
This lengthens component life. In additlon, the
Honeywell 290 contains & cooling unit to substanti-
ally lower the internsl temperature in the computer
proper to further increase component life.

HONEYWELL 290



HONEYWELL

Honeywell 800

800

APPLICATIONS

Designed for general purpose business, business-
scientific, and scilentific applicetions, system
capable of running eight programs simultaneously.

PROGRAMMING AND NUMERICAL SYSTEM

Binary and binary-coded
decimal
Number of binary digits/word 48
Number of decimal digits/word 12 plus checking
Number of binary digits/
instruction 48
Number of decimal digits/
instruction 12 plus checking
Number of instructions/word 1
Number of instructions decoded 59 basic types

Internal number system

HONEYWELL 800 29k

MANUFACTURER

Minneapolis Honeywell Regulator Company
Datamatic Division
Newton 61, Massachusetts

Photo by Minneapolis Honeywell Regulator Company

Flosting point (optional)
Fixed polnt (standard)
Three address

Arithmetic system

Instruction type

Number range eq
Decimal ng . 10 -6k £ e < 63
-(2-20719%g n, < (1-101)
B1 b e <
nary o, . 2 -64 £ ey < 63
-(1-2"9) € n, < (2-27%9)



Instruction and information word format

Word Structure - The Honeywell 800 word consists
of 54 bits, of which six are used for checking.
The 48 information bits mey represent an 1ll-decimal-
diglt number with its sign, several smaller decimal
numbers, with signs for each, eight alphabetic
characters, or a combination of these. A word may
also be interpreted as a 4i-bit binary mummber with
its sign, or as an instruction. Using the float-
ing-point option, & word may represent a sign bit,
a seven-bilt exponent, and a 40-bit mantissa in
binary form.

HONEYWELI, 800 WORD STRUCTURE

Type Example

Numeric Tlafa|s]|u|s|6l7|8|o|e] 2
Alphammeric| R [ B|I N 8 0 N
Alphanumeric
Compressed c . W|E | B |B|1]|7T]| %
Binary + (4h Binary Digits)
Instruction Opeé-ggéon Addiess Addgess Ad.d:gess
Floating Exponent Manti,

+ B88&
Point =l(7 %ﬁ;‘iﬁ (40 Binary Digits)
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Diagrem by Minneapolis-Honeywell Regulator Company

Instructions - In the instruction word, the infor-
mation bits are divided logically into four sections
which are interpreted as an operation code followed
by three addresses.

Instruction Word

Operation Address Address Address
Code A B c
12 bits 12 bits 12 bits 12 bits

Indexing - Each address in an instruction may be
designated as absolute or indexed. A total of eight
index registers are availlable to each program.

Masking - The ability to mask words allows most
internal processing instructions in the Honeywell
800 to work with fields of variable length. Each
program mey designate a group of 32 memory locations
as masking registers. Such a deslignation may be
changed by the programmer at any point in his pro-
gram. Thus, an essentially unlimited number of
masking registers is at his disposal.

Automatic built-in subroutines
Exponential Overflow
Exponential Underflow
Division over Capacity
Addition or Subtraction Overflow
Read or Write Error
Begin or End of Tape
Parity Failure

HONEYWELL 800



Automatic coding
Argus (Automatic Routine Generating and Updating
System)
Fact (Fully Automatic Compiling Technique)
Algebraic Compiler
Library of Subroutines
Executive Routine
Registers and B-boxes
64 Index Registers
8 Mask TIndex Registers
32 Input-Output Control
32 Sequencing and History
96 Special (Progremmer's Usage)
8 Automatic Subroutines
16 Internsal Control
Accumiletor Reglster
Low Order Product-Quotient Register
Mask Constant Storage Register
Program Control Register
Machine Control Register

ARITHMETIC UNIT

Incl. Stor. Access

Microsec.
Add time 24
Mult time 162
Div time 450

Construction, arithmetic unit only
Vacuum tubes None
Transistors 2,000
Condenser-Dicdes 10,000 diodes
Arithmetic mode Parallel-Serial-Parallel

Timing Synchronous
Operation Concurrent
STORAGE
Access

Medium No. of Words ©No. of Digits Microsec
Ferrite Cores Up to 32,000 Up to 384,000 2.1
Magnetic Tape
No. of units that can be connected 64 Units

No. of chars per linear inch
No. of decimal digits per linear in. 800 dd/inch
Channels or tracks on the tape
Blank tape separating each record
Tape speed

Transfer rate

Decimal digit transfer rate

Start time

Stop time

Aversge time for experienced

0.66 Inches

64,000 Chars/sec

96,000 dd/sec
3.5 Millisgec ,
3.5 Millisec

operator to change reel 30 Seconds
Physical properties of tape

Width 3/l Inches

Length of reel 2,h00 Feet +
leaders

Composition 1.5 mil mylar

INPUT
Media Speed

Punched Cards 240 cards/min
650 cards/min
200 chars/sec

Paper Tape
1,000 charg/sec

HONEYWELL 800

533 Chars/inch
10 Tracks/tape

120 Inches/sec

POWER, SPACE, WEIGHT, AND SITE PREPARATION

2%

OuTPUT
Speed.
100 ca.rds/min
250 cards/min

Media
Punched Cards

Printer 150 lines/min
900 lines/min
Paper Tape 60 chars/sec

CIRCUIT ELEMENTS OF ENTIRE SYSTEM

Type Quantity
Diodes 30,000
Transistors 6,000

Above excludes periphersl equipment

CHECKING FEATURES
Verification of all data transmission, arithmetic
processes, address modification, memory selections,
and central processing. Orthotronic correction of
tape datas and marginel checking for preventive
maintenance.

Power, computer 32 Kw 57 KVA 0.80 pf
Capacity, air conditioner 9.11 Tons
Weight, computer 15,720 1bs

Requirements for the physical installation of &
typical system are approximately as follows:
Data Processing Area 1,200 square feet

Service Engineering Area 400 square feet
(including parts storage)
Ceilling Height 8 feet
Floor Load Capscity 75 1bs/square
feet (max)

It is recommended that & raised floor be installed
over the existing base floor for the protection
of intercomnecting cables., This floor should be a
free-access type, 9 inches high with a minimum of
5 1/2 inches clearance underneath for accomodating
cables.

PRODUCTION RECORD

Deliveries start in December 1960.

COST, PRICE AND RENTAL RATES

Figures given are for a typlcal system.

Basic system, including a Central Processor, l,096
words of memory, High-Speed Printer Type Control,
High-Speed Card Reader, Six Magnetic Tape Units,
High Speed Card Punch, Printer-Card, Reader-Card
Punch Control.

Purchase price $975,000

Floating-point option 101,800

Additional memory blocks 153,600
(% ,096 words/block)

Rental, basic system asbove, monthly 20,665

Rental, floating point option, monthly 2,100

Rental, additional memory blocks 3,200

Maintenance service contract avallable.



PERSONNEL REQUIREMENTS

Personnel requirements depend on equipment config-
uration and application. Complete training courses
for programming and operating staff included with
purchase and rental charge.

RELIABILITY, OPERATING EXPERIENCE,
AND TIME AVAILABILITY

Each unit and entire system incorporate fail-safe
checking. Special construction techniques minimize
cold-soldexr Joints and intermittent contacts. All
units are designed for simplicity of maintenance
and speed of replacement of parts.
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ADDITIONAL FEATURES AND REMARKS

Outstanding features include parallel processing,
traffic control, system modularity, outstanding
system reliability, open-ended design, automatic
programming aids (FACT, ARGUS, Algebraic compiler).

Unique system advantages include ability to run up
to 8 programs simultaneously without any special
programming or special instructions.

Special procedures for magnetic tape labelling,
storing, shipping, and protection from humldity,
temperature, electrical, fire, or other damage are
that relative humidity in area should be held at
approximately 40% to insure meximum tape life, dry
bulb temperature shall not exceed T4OF, and wet
bulb tempersture shall not exceed 59°F.

INSTALLATIONS

Army Map Service
6500 Brooks Lane
Washington 25, D. C.

Ames Research Center
Moffett Field, California (Anticipated)

AVCO Corporation

Crosley Division

1329 Arlington Street
Cincinnati 29, Ohio (Proposed)

HOREYWELL 800



HRB SINGER

Haller Raymond and Brown - Singer Electronic
Memory Computer

APPLICATIONS

It will accept numerical information for storage
from either a push button or telephone input. It

will readout on tape, punch tape or cards or vocally.

Confirmation of instructions is obtained so correc-
tions can be made prior to telling the machine to
proceed.

STORAGE
No. of Access

Medium Words Microsec
Magnetic Drum 1,024 5,000

16 binary digits per word

INPUT

Media Speed

Telephone regular dial telephone

Ten-key Push Button
Teléphone can be located any place.
firmation is given.

Vocal con-

OuTPUT
Medium Speed
Paper Tape 1 line/second
Regular adding machine output

HRB - Singer Electronic Memory Computer

MANUFACTURER

Singer Manufacturing Company
HRB-Singer, Incorporated, Subsidiary
Science Park, State College, Pennsylvanie

Photo by HRB - Singer

POWER, SPACE, WEIGHT, AND SITE PREPARATION

Power, computer 0.01 Kw
Volume, computer 5 cu ft
Area, computer 2.25 s8q ft
Weight, computer 85 1bs

Wothing is required in the way of site preparation.

PRODUCTION RECORD

Number produced to date Several
Number in current production Several

COST, PRICE AND RENTAL RATES

Price of basic system, including telephone and push
button input, printed paper tape output and

computer $15,000

Additional 1,024 word storage drum 4,000

Monthly rental rate for basic system 400
RELIABILITY, OPERATING EXPERIENCE,

AND TIME AVAILABILITY

Attempted to run time 167 Hours/Week (Average)
Time 1s available for rent to outside organizations.



ADDITIONAL FEATURES AND REMARKS INSTALLATIONS

Outstanding features include low cost solution to HRB -~ Singer, Inc.
critical inventory problems. State College, Pa.
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