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Editorial Policy Notices

EDITORIAL

The Digital Computer Newsletter, although
a Department of the Navy publication, is not
restricted to the publication of Navy-originated
material. The Office of Naval Research wel-
comes contributions to the Newsletter from
any source. The Newsletter is subjected to
certain limitations in size which precent pub-
lishing all the material received. However,
items which are not printed are kept on file
and are made available to interested personnel
within the Government.

DCN is published quarterly (January, April,
July, and October). Material for spacific issues
must be received by the editor at least three
months in advance.

It is to be noted that the publication of in-
formation pertaining to commercial products
does not, in any way, imply Navy approval of
those products, nor does it mean that Navy
vouches for the accuracy of the statements
made by the various contributors. The infor-
mation contained herein is to be considered
only as being representative of the state-of-
the-art and not as the sole product or technique
available.

CONTRIBUTIONS

The Qifice of Naval Research welcomes
contributions to the Newsletter from any
source. Your contributions will provide assist-
ance in improving the contents of the publica-
tion, thereby making it an even better medium

for the exchange of information between govern-
ment laboratories, academic institutions, and
industry. It is hoped that the readers will par-
ticipate to an even greater extent than in the
past in transmitting technical material and sug-
gestions to the editor for future issues. Mate-
rial for specific issues must be received by the
editor at least three months in advance. It is
uften impossible for the editor, because of lim-
ited time and personnel, to acknowledge indi-
vidually all material received.

CIRCULATION

The Newsletter is distributed, without
charge, to interested military and government
agencies, to cortractors for the Federal Gov-
ernment, and to contributors of material for
publication.

For many years, in addition to the ONR
initial distribution, the Newsletter was re-
printed by the Association for Computing Ma-
chinery as a supplement to their Journal and,
more recently, as a supplement to their Com-
munications. The Association decided that
their Communications could better serve its
members by concentrating on ACM editorial
material. Accordingly, effective with the com-
bined January-April 1961 issue, the Newsletter
became available only by direct distribution
from the Office of Naval Research.

Requests to recelve the Newsletter regu-
larly should be submitted to the editor. Con-
tractors of the Federal Government should ref -
erence applicable contracts in their requests.

All communications pertaining to the News-
letter should be addressed to:

GORDON D. GOLDSTEIN, Editor
Digital Computer Newsletter
Informations Systems Branch
Office of Naval Research
Washington, D. C, 20360
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Computers and Data Processors, North America

B300 Muiti-Processing

Burroughs Corporation
Detroit, Michigan 48232

In July 1865 Burrougha Corporation con-
ducted a successful series of demonstrations
emphasizing the power and versatility of an un-
usual two-processor B300 computer system in
multi-processing and time sharing.

The random access data communications
contiguration of Burroughs new B300 series—
the industry's first moderately-priced multiple-
processor computer system-—simultansously
handled continuous on-line teller transactions
and on-line integrated inventory and accounting.
While these applications wee running, the sys-
tem also processed input from punched paper
tape praoduced by an E2190 electronic direct
accounting computer,

At the heart of the on-line applications was
& Burroughs random access electronic disk file
shared by the two-processor system. Actually,
in both on-line and general purpose computer
configurations, as many as four B300 proces-
sors can share a disk file.

For the demonstrations, the twin B300/disk
file system stored more than a million charac-
ters of memory, showing the feasibility of uti-
lizing the disk file as a practical extension of
the proceseors’ core memories. Each proces-
sor has 9.8 thousand characters of core memory.

Access to any record throughout the file is
by electronic switching in an average time of 20
milliseconds. The "head-per-track" design of
the random access file eliminates mechanical
arm positioning, card drops, and all other me-
chanical accessing movements that have been
responsible for the previous siowness of disk
file access.

In the on-line teller system demonstration,
the B300 was used as the central processor and
the on-1ine disk file as storage for account rec-
ords and programs. Located some distance
from the computer waa the Burroughs on-line
teller console, where transactions were origi-
nated and where processed information was
printed out.

The other major application performed by
the processor/disk file system was a data com-
munication network of two dial TWX units and a
Teletype typewriter. Visitors were invited to
operate the equipment, sending inquiries and
transaction information into the disk file and
recelving printed results.

Here is a listing of transactions and inquir-
ies demonstrated by the two-processor B300/
disk file system:

MULTI-FILE INVENTORY AND
ACCOUNTING TRANSACTIONS

Product Sale (this single input transaction from
a remote source causes up to 20 accesses to
related records in the disk file)

Updates inventory file, reducing quantity on
hand and quantity reserved

Applies standard cost to issue quantity to
give extended value at cost

Posts cost value of the inventory reduction
transaction to the accounting files

Applies sales price to isgue quantity to
give extended value of the sale

Poste the sale transaction to the accounting
files

Updates the management reporting files
reducing total inventory value on hand
and reserved

Pusts the sale to the customer's record in
the accounts receivable file

Stock Receipt—Purchase

Updates inventory file, increasing quantity
on hand and reducing quantity on order

Extends quantity received by standard cost

Posts the receipt transaction to the ac-
counting files

Updates the management reporting files,
increasing total inventory value on hand
and reducing total value on order

Posts the receipt to the vendor's record in
the accounts payable file
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Payment Recelved From Customer

Records payment received in the custom-
er's record in the accounts receivable
file

Posta the payment transaction to the gen-
eral accounting files

Payment Made to Vendor

Records payment made in the vendor's
record in the accounts payable file
Posts the payment transaction to the gen-

eral accounting files

Journal Entry Posting

Debits designated account and department;
credits designated account and depart-
ment

Stock Reservation

Increases the quantity of stock reserved in
the inventory file

Updates the quantity of stock available in
the inventory file

Applies standard cost to the quantity re-
served to give extended value of the
reservation

Updates the management reporting files,
increasing the total value reserved and
adjusting the value of the available stock

Stock Issue

Updates inventory iile, reducing gquantity
on hand and quantity reserved

Applies standard cost to issue quantity to
give the extended value at cost

Posts the inventory reduction transaction
to the accounling files

Updates the management reporting files
reducing total inventory value on hand
and reserved

Stock Order—Purchase or Production

Updates the inventory file, increasing quan-
tity on order and adjusting the quantity
available

Applies standard cost to the purchase or
production quantity to give extended
value of the order

Updates the management reporting files,
increasing the total on order value by

i the value of the order commitment, and
' adjusting the total value of the avallable
stock

Stock Order Deletion—Purchase
or Production

Updates the inventory file,decreasing
quantity on order and adjusting quantity
avallable

Applies standard cost to the order deletion
quantity to give extended valve of the
order cancellation

Updates the management reporting {iles,
decreasing total on order value by the
value of the order cancelled and adjust-
ing the total value of the available stock

Stock Receipt From Production

Updates the inventory file, increasing quan-
tity on hand and reducing quantity on
order

Extends the quantity received by standard
cost

Posts the receipt transaction to the ac-
counting files

Updates the management reporting files,
increasing total inventory value on hand
and reducing total value on order

INVENTORY INQUIRIES

Full stock status with price and location
On hand quantity

On order quantity

Description

Reserved quantity

Price

Avaflable qurntity

Location

Show record

ACCOUNTING INQUIRIES

Department expense totals

Accournt balance

Selected account balance for a given de-
partment

Account description

MANAGEMENT INQUIRIES

What is total value of inventory

What is total open order balance

What is total demand value

What 1s total available inventory value

REMOTE PRINTOUT REQUEST

Print financial reports
Print department expense reports for a
designated department




Print inventory dollar value report
Print customer statements

Print accounts payable reference
Print accounts receivable reference
Print departmental expense reference

ADDITIONAL ACCOUNTING
TRANSACTIONS

Add new accounts to accounting file

Add new departments to accounting file

Add new customer recard to accounts re-
ceivable file; inquire into customer rec-
ord for name, address, credit rating,
balance, or entire file

Add new vendor to accounts payable ile;
inquire into vendor record for name,
address, terms, balance, or entire file

ON-LINE TELLER SYSTEM
TRANSACTIONS

Cash depousit

Withdrawal

Deposit, with automatic pasabook updating
of dividend

Withdrawal, with automatic passbook up-
dating of dividend and previous no-book
transaction

Check deposit with automatic computer hold
for uncollected funds

Withdrawal attempt against uncollected
funds, with computer enforcement of
hold

Supervisory removal of hold, and override
withdrawal

Detection of teller errors: incorrect ac-
count number, incorrect passhook bal-
ance, incorrect passbook alignment

Automatic spacing of passbook over cen-
terfold

Passbook mortgage payment

ON-LINE TELLER SYSTEM
INQUIRIES AND TOTALS

Request for abbreviated account status:
account balance, available balance, net
deposits, hold status, and previous
transaction information showing type,
date, and teller

Request for detailed account status: ab-
breviated status information plus divi-
dend loan amount, unposted dividends,
and amounts held for local and out-of-
town checks

Monthly analysis balances: account bal-
ance, dividend loan amount, four divi-
dend dollar-month balances

Teller totals from mechanical accumula-
tions in the Teller Console and from
computer accumulations

B8500 Modular Data Processing System
Burroughs Corporation
Detroit, Michigan 48232

The B8500 ie a dynamically modular, very
large scale information processing system
which utilizes the latest technological advances
in monolithic integrated circuitry and thin film
memory to achieve extremely fast and versa-
tile computing power.

The system is intended for the user whose
computational and communications needs are
more complex and demanding than can be effec-
tively solved by a conventional approach to
electronic data processing, or even by dis-
persed multi-computer installatiors.

Inherent in a system ‘which can accomplish
this goal is the necessity for efficient multi-
processing, time sharing, and true medularity.
The practicality of these features, thoroughly
proved in scientific, commercial, and manage-
ment data processing applications by Burroughs
D828, B5000, and B5500 information processing

systems, has been extended and tranglated into
the advanced design of the B8500 system; see
Figs. 1-3. A typical small B8500 System might
include 1 computer, 3 memory and 1 input/
output module to service 2 disk files, 13 tape
units, as well as other random acceas equip-
ment, and a console. The data transter rate
for such a system would be approximately
71.5 % 10° characters per second. The L/O s
capable of handling many more peripheral de-
vices as shown by the 468 spare channels.

The unique modular system organization,
developed by Burroughs Corporation and proved
in use by B5500 commercial (see DCN, January
1965) and D825 military data processing sys-
tems (eee DCN, April 1964), has been extended
to the very large scale B8500. This organiza-
tion permits multiple computer and 170 modules
to share fully in the memory, making effective
multi-processing practical. In the B8500, as

-t ] o i st i L Bt s Ly 5

1

N

vl o3ke . IS o N e

.02

- Rardriey ¥

oty

Cilcoiguatony cin: 3 : aliiEicon. o diakt i



e — e T

R R T e L

49,152 WORDS
assos| [eesos| | pecrnE RANOOM ACCESS
MEMW. EN. € LLELIRUNIL UNITS ({1 ﬂ.
| & S¥oRAGE MobULES COMPUTER EQUI
35501 CONTROLLER
COMP. 340MGPCHAR STORE
80103 CHAR / SEC ,3\& =
70,8310 CHAR, STORE oss"'sc&
2.18:10°CHAR/SEC
[ [ 1]
a7 4o |Jon
BESOS
MEM. 71,95 10YCHAR/SEC B ShonE
-9
/ Looow 486 CHANNELS
3842103CHAR/SEC
4 CONTROLLERS
13 B4 28({9BKC)
MAGNETIC TARE UNITS
Figure 1--Typical B8500 system
DISK FILE
8 ECECTRAONIC UNITS RANDOM ACCESS
40 STORAGE MODULES COMPITER EQUIR
d
CONTROLLER
147,436 WORDS
~— A —
1020110° CHAR STORE
88505 | 88203 ! [nasos | [sssos | [sesos| oSy, 802 160 CHAR/SEC 907 CHANNELS
MEM, MEM. MEW, MEM. MEM, . SPARE
Ry 384110°CHAR STORE
ABMAPCHAR/SEC I Y x
[ I 1] 11} Al
s ——
88501
COMP. _ N
o 1Y see
o GROWTH OPERATO
28501 ‘ CONSOLE 112 le
COMR .
768110
':%0 CHAR/SEC
88504 |
COMP !
88305 | |nBs0s| |88508 | |8 308 | (86503 534110 CHAR/SEC SeRazsinncy
MEw, | "B | W | |aiw | |ew: MAGNETIC TAPE UNITS

Figure 2—Further expanded B8500 system

ko

e

-

o0 W

[ RS ST,




, oL TR TTa

R5500 MODULAR DATA PROCESSOR

4on-woao \
m | | MEMORY uom
40 OYCLE TINE

.
YO N D VTR I, - 3ol ¢ 1

a -T- [ TWORD PR TULH PLRIPHERAL
1 2--omemm o m - o DEVICES
< i fmm—— - 32
1 MgACYELE . 1] o
1x w0t T N
- WOTRUCTIONS/BEC, CENTRAL EXCHANGE . ,
- s E INPUT/QUTPUT
] c (48 X 10°% 8ITS/SEC) [ EXCHANGE
: 7.5X%10°
8/TS/SEC
‘ . 4110
D825 MODULAR DATA PROCESSOR
4098 - WORD
M CORE MEMORY MODULES | M
0828 4 pus CYCLE rme] pe2s
‘ 1WORD FETCH PERIPHERAL
: v Remmmmcmmmemmems 6 DEVICES
e e,
vezs 1 \ ‘2 Rkl
1 S MEGACYCLES
o 2 CENTRAL EXCHANGE |
INETRUCT IONS/9EC.
10* 8iTS/ INPUTIOUTPUT
- (36 X10% 8iTS/SEC ) | exerance |
3 Ix 10
pe2 : gITS/SEC
i ER 170 MODULE
5 i
B8500 MODULAR DATA PROCESSOR
. ) 16,384 -WORD
" / T eiuw :s rT PERIPHERAL
ng Ng_ﬁl os,. cvcu Tig)  |88908 DEVICES
& WORD FEYCH COMMUNICAT ION
4 e — e — - -l CHANNEL S
- ) et N
\ T |
: 20 MEBAGYCL [i70]
s TaucTIoNg seC. z CENTAAL EXCHANGE ®esd ™ [mpur/ourpur
T (520 X100 BITS /SEC ) EXCHANGE
ne 3 o’ 81TS/ SEC
I PER J70 MODULE|
[io]l 1
ry - w
i & ALL PEMPHERAL DEWCES MAY
; BE OPERATED WITH A SINOLE
| 28501/ MOOULE
Figure 3--Modular data processors .

ke,

-3
b A it . ..




many as 16 memory modules and a combination
of up to 16 computer and/or 1/0 modules can
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rate of 520 x 10° bits per second.

Typical of applications for which the RSS0D
can be used effectively are centralized manage-
ment information processing, large time-sharing
requirements, real-time communications, st.re
and forward message processing, centralized
or decentralized aclentific and enginearing
communications, and military command and
control,

In order to handle these requirements ef-
fectively, certain syatem capabilities are nec-
espary. These are:

Bystem flexibility for growth and modifica-
tion

Real time reaponse to external stimull

High system reliability with minimum
module down time

Dynamic responsiveness to human opera-
tors and users at dispersed locations

These capabilities are realized in the
B8500 through the inter-relation of hardware,
software, and organizational concepts embodied
in these features:

Extensive executive program

Modular software

Multi-programming and multi-processing
for increased throughput

Capability for multiple, simultaneous, high
speed input and output

System expansion

High system reliability and availability

Extensive interrupt and external request
capability

Efficient use of storage

EXTENSIVE EXECUTIVE PROGRAM

The execitive program supervises the
compilation of all programs to generate data
and program objects in 2 format that permits
the moat efficient handling by the executive
program. Memory boundt and dynamic storage
protection permit programs to be debugged
while production programs are being executed.

The executlve program is written to handle
the maximum B8500 system configuration (16
memory modules and 16 processor or input/
output modules). This approach permits auto-
matic self-regulation as configurations change
and provides the basis for automatic scheduling
around any malfunctioning moduie.

MODULAR SOFTWARE

Modular anfiware molrae {t saaw tn add ar
modify functions in order to advance to new
modes of controlling and processing problems.
The segmentstion of 8 joh—orgunizing it into
number of data and program objecte which do
not need to be in main memory at the same
time —permits jobs to be run with much less
muemory than would normally be required. This
is particularly important in on-line real time
applications where the sequence of jobs is con-
stantly changing, and where multi-programming
is essential to achieve the greatest equipment
utilization.

MULTI- PROGRAMMING AND
MULTI-PROCESSING FOR
INCREASED THROUGHPUT

Muiti-programming in the B8500 is essen-
tial for making the most effective use of the
system's high-speed processing capability.
Programs are run when all necessary informa-
tion has been assembled on the high-speed disk
file, but while any given program is waiting for
additional input from disk, other jobs can be
activated. Waiting time i8 therefore not wasted
time. Multi-programming also occurs when
programs are shared by more than one user
program. During periods of extensive compil-
ing, for instance, two or more complle jobs
might be multi-programmed at the same time
from a single copy of the complier in main
memory.

Multi-processing occurs at many levels in
the B8590. 1/0 operations occur almost com-
plately independently of the processor module,
and in parallel with processor module opera-
tions. Multi-processing occurs in multiple
processor installations, so that two processor
modules almost double the throughput of the
system. In addition, its unique internal organi-
zation permits multi-processing within a single
processor module and gives more efficient exe-
cution of single and multiple programs. Mem-
ory processor operations can also occur inde-
pendently of the other system operations. The
B8500's instructions facilitate such operations
as list searching.

CAPABILITY FOR MULTIPLE,
SIMULTANEQUS, HIGH SPEED
INPUT AND OUTPUT

Up to 512 simplex peripheral channels mgy
be buffered and controlled by & single input/
output module, handling peripheral devices such
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as card readers, magnetic tape units, teletype
equipment, display devices, and so on. Addi-
tional devices can be handled if the /O chan-
nels are multiplexed. The 1/0 module contains
4n independent processing capability which
minimizes the amount of compuier monitoring.
One of the primary functions of the I/O module
is to enter automatically into high speed disk
{iles the low speed data coming from external
periplieral devices. The central processor thus
services peripheral devices from the high-
speed disk file, thereby increasing the total
efficiency of the system.

SYSTEM EXPANSION

The B8500 computing system was designed
for easy expansion as needed. Processor, mem-
ory, and I/O modules can be added and begin
operation immediately without interruption to
the system. All software is written to utilize
the equipment availabie at a given moment in
any system configuration. ¥ more equipment
ic made available through expansion, greater
throughput is realized.

The B8500 system might typically be fur-
ther oxpanded to include 3 computers, 10 mem-
ory, and 2 input/output modules which service
8 disk files, 26 tape units, as well as other ran-
dom access and console equipment, Fig. 2. The
data transfer rate for such a system would be
584 x 107 characters per second with 907 1/0
still available. Any combination of 11 1O mod-
ules or computer modules and 6 more memory
modules could atill be added to achieve a maxi-
mum configuration.

HIGH SYSTEM RELIABILITY
AND AVAILABILITY

The highly advanced circuit and memory
techniques, in conjunction with the unique inter-
connection network in the B8500 computing sys-
tem, provide extremely high availability and re-
liability. The interconnection network permits
the various functional modules to communicate
simultaneously without restriction. This net-
work is distributed among the units it services
and exists as part of the functional module. The
system, therefore, adjusts to any change in ite
configuration. Thus, if there are at least two
modules of the aame type in the system, the
system will remain operative even though onhe
module is not available, Throughput will con-
tinue, but at a proportionally reduced rate.

B
+

1

EXTENSIVE INTERRUPT AND v
EXTERNAL REQUEST CAPABILITY o2
The B8500 has a comprehensive interrupt i
system utilizing condition and mask registers '
to control interrupt conditions. An interrupt N
processor program determines what action is X
to be taken for each of the interrupt conditions. 4
"

External requests for service are speclally £

encoded for fast recognition by the I/O module.
1/0 service programs communicate directly
with peripheral equipment and begin the neces-
sary response to the request, I the request
requires processing in the computer module,

an interrupt is passed on to the processor for
the proper scheduling of the request for service.

EFFICIENT USE OF STORAGE

The B8500 system utilizes a hierarchy of
memories ranging from the 0.1 microsecond
cycle thin film memory in the computer mod-
ules, through the high aspeed disk file system,
to tape storage. Throughput is maintained at a
high level by balancing the flow of information
among theae various memories. The B8500
executive program manages this information
flow so that data is available in high speed (0.6
microseconds) main memory storage when re-
quired by the operational program,

Look-ahead logic transfers data and in-
structions from 0.5 microsecond memory to 0.1
microsecond memory for execution. The 0.5
microsecond main memory communicates with
the next level in the hierarchy, namely the fast
disk file system, which has an average transfer
time of 5§ microseconds per word. In general,
the executive routine coilects programs and
data in the disk file before initiating their exe-
cution. As much data as is needed at any one
time is then brought into the 0.5 microsecond
main memory by the executive program.

HARDWARE CHARACTERISTICS

The flexibility inherent in the modular or-
ganization of the B8500 enables Burroughs to
offer a system tailored to meet specific compu-
tational requirements. The growth potential of
a minimal B8500 results in an increase in pro-
ductivity by a factor of at least ten. This bal- '
anced growth is accomplished with no changes
to existing programs or operating procedures.
The economical expansion achieved provides
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greater throughput and lower cost per unit of
computation.

Advanced system and hardware techniques
are implemenied in the B8500:

The unique concept of modular system de~
sign provides an inherent ability to extend the
useful life of the equipment due to the flexibility
of application through reconfiguration of the
system by modules, and the modest cost to
modify system modules to incorporate proven
technological developments as the need arises,

The B8600 is fabricated with integrated
circuits. The circuits themselves are inte-
grated versions of the discrete circuit which
has been the Burroughs standard in the past.
The integrated version of the circuit retains its
high speed characteristics plus the inherent
greater reliability of an interconnected mono-
lithic array. The system maintenance and re-
liability is greatly enhanced,

'Thin film memory is used for the main
computer store., The thin {ilm memories have
been field-proven since their introduction by
Burroughs and have the unique advantage of ex-
tremely high-speed performance along with
high reltability.

B8501 Computer Module

The B8501 computer module is the latest
and most powerful of the Burroughs family of
modular systems. It represents the most rec-
ent state of the art techniques in system, cir-
cuit, and memory design.

The computer module, in employing multi~
processing and look-ahead techniques to greatly
increase processing speeds, remains consistent
with the tundamental design principles of previ-
ous Burroughs computers. In this regard, the
computaer has retained such features as:

An arithmetic stack for automatic call-up
of operands

A variable syllable instruction format and
a 48-bit operand

Independent computer, 1’0, and memory
modules

The incorporation of a local scratch pad
memory

To this traditional and proven procedure of
program execution, the concept of multiproc-
essing has been judiciously applier], effectively
eliminating many of the time-consuming proce-
dures of data and instruction fetches, stores,

address modifications, etc. Paramount among
these features are the following:

Instruction Look-Ahead=A fast-access (30
nanoseconds) buffer area inlocal memory

Asuoclative Indexing~Permits any memory
word to be used as an index word rap-
idly and completely automatically

Btack Extension— Permits the arithmetic
stack to be pushed down in local mem-
ory to a depth of 18 words without re-
coursge to main memory atorage.

B8610 Input/Output Module

The input/cutput module provides the nec-
essary interface control and buffering between
the peripheral equipments and the memory and
computer modules. Up to 512 simplex periph-
eral channels may be buffered and controlled by
a single I/Q module.

1/0 module functions include:

Independent and interlacing channel opera~
tions

Storing orfetchingto or from main memory

Accumulating a word in a variety of byte
sizes

Testing for word count and character coding

Modifying the main memory address field

Sequencing deascriptors for extended /'O
operations

The combination of descriptor word flexi-
tdlity, and a rapid charnel servicing cycle have
made the I/0 an outstanding channel of the
EI8500 system.

It is important for the descriptors to con-
trol the flow of data into and out of the system
minimizing the amount of computer monitoring.
In this respect, the 10 18 semi-autcnomous.
Thus, data is neither slowed down for lack ol
1/O response nor is the computer hampered by
a continuing need to supsrvise every detail of
each of the many 1/0 transactions.

B8505 Memory Module

‘rhe B8505 Memory Modulc is a 16,384
word memroy, 52 bits per word, with a full
cycle time of 600 nanoseconds. Words can be
stored or fetched in four-word groups so that
the maximum data rate possible for a single
memory module 1s 416 x 10° bits/second.

The speed of mailn memory j3 the result of
Burroughs continuing development and progress
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in the tield of thin film memories. The basic
thin flim stack and electronic circults have
hoan naad in tha NAA0 Nevelonmental Computer
System, a B8500 predecessor. Evecry phase of
the memory {abricatior from the film deposi-
tion vroaceas to alectronic circuit desian ia per-
formed at the Defense, Space, and Special Sys-
terns Group facilities of Burroughs Corporation.

In addition to the raw specd capabilities of
the memory, a seiection of powerful logic opera-
tions have been installed inthe memory module,

The B8500 aystem permits expansion up to
16 of these modules for a total of 262,144
words, each of which is randomly and directly
addressable,

B8500 Disk File System

The average access time of the disk fil» is
20 milliseconds. The trunsfer rate is 10.4 mil-
lion bits per second. Two important deeign
features of the dizk file system have made such
speeds possible.

A head-per-track organization, 2liminating
the need {or mechanically positioned
head assemblies.

A paralleled read/write operation which
accesses eight tracks simultaneously.

The disk file storage modules that are uti-
lized in the B8500 disk file system are mechan-
ically identical to the highly successful com-
mercial disk storage unit used in the Burroughe
B5500 and B200/RB300 series computers. Up to
50 storage modules may be included with each
B8500 system fcor a total of 60 million 52-bit
words of storage.

The disk file i# very important to meet
economically the total system reguirements be-
cause of the speed and ease with which data and
progranis may be made available to main mem-
ory. Without the disk system, main memory
wouid have to be prohibitively large.

SOFTWARE CHARACTERISTICS

The B8500 Operating System cunsists of an
Executive Scheduling Program (ESF), service
programs (such as I/0 procedure), and com-
pliers for ALGOL, FORTRAN, and COBOL..
Modularity makes the basic software design and
conatruction much easier, but more important
18 ite flexibility for changing tn new modes of
controlling and processing computing requests.
The dynamic and diverse environment of on-line
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systems prohibits the use of an operating sys-

tem whose functions are inextricably interwoven

in a monolithic block of code. The B8500 oper~

ating system is therefore designed so that an :
independent module of code and its relation ,
to other modules is well defined so0 a function '
can be changed easily without affecting other
functions.

The tctal software package is composed of
a collection of small segments or modules. At
any given time in the execution of the program,
only the active segments need to be in memory;
large contigvous areas are not required., There-
fore, programs can be run with varying amounts
of memory,

e i it M i

Program segments operate independently of
their location in memory so that during the
course of a job, program segments may be exe-
cuted from several different places in memory.
This movement of program segments in mem-
ory requires no modification of the segments.
This flexibility in the utilization of memory is
especially important with on-line systems where
there are many concurrent users.

skt ol el

Executive Scheduling Programs

The principal function of the ESP is to al-
locate dynamically equipment modules, such as
wrocessors, memery, &nd I/0 channels, to a
constantly changing set of jobs. This achieves
a high degree of utilization of the total system.
Sharing equipment modules among many pro-
grams is generally called multiprogramming.
The ESP goes a step further by multiprogram.-
ring a set of jobs that consist of both user re-
-, ©8ts and operating system {:nctions.

All of the operating systems, including the
compilers, are written in extended ALGOL.
The advantages of using ALGOL are speed of
writing program, ease in rnaking modifications,
provision of good documentation and reduced
programming time, all of which contribute to
concise source programs.

Memory protection and an extensive file
system are also included in the operating sys-
tem. This filing system provides reference to
files and file items by name rather than abso-
lute location or storage medium.

Compilers

The B8500 Extended ALGOL compiler uses
the compiling technique known as recursive de-
scent syntactic analysis. This technique, proven




in the B5500 ALGOL compiler, compiles quickly,
makes modificationg sasier and nrodnnas ~and
object code, B8500 extended ALGOL imple-
ments virtually all of ALGOL 60 and provides
ertensions for I/0 operationa, partisl word op-

) ae

erations, string mnntpulatlon, and diagnostics.

The B8500 FORTRAN 1V compiler imple-
ments the A.5,A, FORTRAN IV language. The
compiling is done in one pass using conven-
tional precedence scan techniques. The hard-

ware stack inthe B8500 makes this type of anal--

ysis very fast. Library programs written in

EXTENDED AL GOL can be called in FORTRAN
Thahig il wnnecessary to inciude any assemble

language coding.

The B8500 COBOL enmpiley implsments
D.0.D. COBOL 61, Extended. All the additional
features in B5500 COBOL are also included in
B8500 COBOL. In addition, datu segmentation
and the ability to compiie program segmentr
iudependently are aiso included, The character
cperations in the B8500 are well suited for
working with character fields as required in
COBOL.

Automatic Drafting with Expandable Stored Program Coatrol
Airborne Instruments Leboratory
Division of Cutler-Hammer
Deer Park, New York 11729

A numerically controlled drafting machine
that automatically translates complex mathe-
matical formulae within minutes into precise
detalled engineering drawings is now being
manufactured in a joint program between the
Universal Drafting Machine Corporation, Cleve-
land, Ohio  and Cutlor-Hammer's AIL Division,
Deer Park, New York.

The automatic drafiing machine called
ORTHOMAT, together with the numerical con-
trol gystem called DECAMATIC, Expandable
Stored Program (ESP) Control, is the newest
equipment in the field of numerically controlled
engineering drafting systems.

This automatically ¢ontrolled drafting sys-
tem produces detailed graphical presentations
within minutes or hours. Prior to the develop-
ment of 4 numerically controlled automatic
drafting system, engineers had to plot designs
and layouts manually; this took days, weeks,
and even months before making a final decision
on design suitahility. An error in the initial
design criteria meant that the entire design
process had to be repeated.

The application of numerically controlled
engineering/drafting machines has been ex-
panding rapidly since their first application in
the aerospace field in 1962, The use of these
machines has extended to the automotive indus-
try, architectural, and civil and marine engi-
neering fields, and is becoming an essential
element in a wide variety of computer-aided
design applications. With its high-speed capa-
bility of accurately reproducing engineering
data and designs in a wide varisty of applica-
tions, the use of the automatic drafting machine
is already a "raust" in the highly competitive
aerospace and automotive fields,
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This increasing scope of applications has
resulted in tremendous demands on the drafting
machine control system in the direction of in-
creased versatility and faster operation. Eccon-
omy of computer time in the preparation of input
data for an automatic drafting machine is becom-
ing a significant item in the cost justifications
for the drafting machine and its control system.

The availability of this new system has ex-
panded on the versatility of all other automatic
drafting machines without sacrificing line qual-
ity or accuracy. The overall numerically con-
trolled draiting system has a built-in Expand-
able Stored Program Controldesigned to provide
versatility of operations because of its ability
tc store a wide vasiety of operating programs
and subroutines,

The DECMATIC-ESP Control system
translates all of the built-in commands into a
continuous flow of orders to the ORTHOMAT
which automatically responds with an accuracy
and speed never realized before by any other
means.

HOW THE SYSTEM WORKS

An operator can now sit at a typewriter
keyboard and directly request engineering de~
tails from a large library of stored programs
in the memory of the ORTHOMAT drafting ma-
chine. The same keyboard permits the opera-
tor to change programs, revise operating sub-
routines and insert additional commands into
the control memory. Punched paper tape, punched
cards, or high-speed magnetic tape can be used
to supply input data to the system.

Flexibility of operation is further enhanced
by the ability of the DECAMATIC's ESP Controt




to accommodate almost any input format. As
apnlications for the drafting machine expand
with user experience, the stored program can
be {lexibly updated to keep pace with the new
applications.

The Expanded Stored Program controls
provide linear interpolation based on line end-
points, circular interpolation based on the co-
ordinates of the center ofa circle and ita radius
and end points, parabolic interpolation based on
end points and mid point, and supply feedrate
contral to the drafting machine based on line
' length and direction with automatic acceleration
and deceleration of the pen carriage. Automatic
generation of daghed lines, automatic generg-
tion of center lines, and variable axis scaling
are some of the standard features avallable with
this control. Its mirror-image capability per-
mits both halves of a symmetrical part to be
drawn from a definition of one half alone, or

permits the drawing of a part that is a mirror
image of the part defined in the control infor-
mation. The computational capability of the
control provides a facility for figure rotation
by trigonometric means.

While the primary purpose of the DECA-
MATIC-ESP Control system is the control of
the ORTHOMAT drafting machine stylus, it also
provides an output to the typewriter, paper tape
punch, or magnetic tape. The fiexibility of the
stored program control permits the drafting
machine to be used as a digitizer without any
duplication of equipment. For this use, the
machine is provided with optical accessories
that let the operator control the position of the
ORTHOMAT carriage so that the line being
digitized is centered in a precision reticle.

The following illustrations, Figs. 1-8, are
examples of automatic drafting.

Figure 1 —Computeriz:d automatic drafting produced this
drawing of a computer check study
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Figure 3--Computerized automatic drafting produced this drawing of a
lunar scan for Boeing for the Lunar Scau Program 37G-PM

CLOSED-CIRCUIT TELEVISION

To fill the low-volume, occasional require-
ments for a digitizer a direct-viewlng telescope
is used. For high-volume digitizing operations,
a high resolution cloged circuit televiasion syvs-
tem provides the operator withan enlarged view
of the line being digitized centered in the reti-
cle, displayed at a convenient angle on an oper-
ating console. Beated at this conscle, the oper-
ator has precise vernier control of the position
of the television vidicon tube mounted on the
ORTHOMAT carriage. The operation is made
faster and easier by an automatic incrementing
facility that duplicates the previous increment.
An operator can digitize up to 40 or more points
per minute for extended periods of time without
eye strain or fatigue.

HIGH-SPEED CONTROLS

With its high-speed operation and powerful
computational ability, Cutler-Hammer's new

DECAMATIC-ESP Contral produces tapes com-
plete with machine tool feed-rate numbers,
machine tool preparatory and miscellanecus
funstion codes, cutter offsets, and verifies the
riachine tool control tape by drawing the cutter
path. When the drafting machine i8 equipped
with accessory equipment for digitizing, com-
plete control of the tape preparation for many
machine tools is provided by the DECAMATIC-
ESP Control System.

DEVELOPMENTAL HISTORY OF
MARK II UDM ORTHOMAT

In 1862, the Universal Drafting Machine
Corporation (UDM), Cleveland, Ohio, introduced
the N/C-controlled ORTHOMAT dratiing ma-
chine to provide fast, accurate, large scale
drafting from punched tape. The N/C systemas
used were essentially moditied machine-tool
control units, and the superiority of the concept
of a drafting machine working with standard N/C
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DECAMATIC EXPANDABLE STORED PROGRAM CONTROL

CORE MEMODRY
INPUT DEVICES

INPUY FORMATS
1NPUT CODRS

OPERATING MODIS
SUILT-IN PROGRAMS

THREE BASIC CAPABILITIES:

THAEE OPERATING MODES:

NUMBER OF LINEAR AXKS

MATHEMATICALLY DEFIN¥D CURY

DASH LINRS
CENTER LINES
MIRROR IMAQE
SCALING

IERO OFF3ET

CONTROLS PROVIDED

PRINTOUTS AND INDICATORS

ouUTAUT DEVICES

QUTPUY FOAMATS
QuTPUT CODER
OPIRATING MODIS

INTERPOLAYION
DIGITIZING CAPABILITY

MISCELLANEQUS TAPL COMMANDS

COMPUTED OUTFUTS

SPRECIFICATIONS

CONTREOL OPERATIONS
1TANDARD
4006 12-bit words

rom iter Model ASR 32
characters por llcond)

Hl,mlltwn per locond!

Word address
Binary-coded decimal

Incrementa!

Abgolute

Inhrpolnlom
Linear

Clr:n\lr
Alphanu
FRED I Ia compact new program requiting
inimum memary)

OPTIONAL
32,768 12-blt words
Magnetic Tape Reader

Punched card resder

Teb sequential
Straight blna
ucxf" Y

Panabollc

APT latteting deck
ALACDIN

DRAFTING MACHINE OPERATIONS

numnn

. uoul.pl!ﬂ drafting

3 olm‘llu {with uu-ufm optical squicment)
;. Automatic (by tape, card, stc. Input)

-

Semi-automatic b iter keyboard
sntry or penal ¢

3. Manual {by jog pulhbumnl)

Any 2013

By linesr or clrcular interpolation
Selectable spscing
Selectable or variable spacing
Either axls ot both
4 dl||l| seiectable from 1000-1.000 and 1.000
0 0001 In steps of laast significant digit,
ol:h axis independently
Anywhere on the hblﬂ off table zero offset
range: 999.9999 inch
Turrat index
Ponlllylul r
Automatic retuin lo table zet0
Emergency stop
Optional stop
End-of- gmnm stop
End-of-tape stop nnd rewind
Automatically variable 0-400 inches r-l minute,
contro! systam computes automalic oplimum
with automatic control of acceleration and de.
celergtion. A manual override veriable from
0-100% is providad.
Via_typewriters
Command llntout
Position printou
Automatic tﬂomlllcnlcn of cause of stoppage
(prqnm op, optionsl stop, perity error,
ote)

Via_pana! Indicator light:
Tape parity weror

DIGITIZING GPERATIONS

STANDAAD

lqlﬂypcmllu Model ASR 33 (typﬂ or punches
tape at 10 characlers per second)

Typed copy
v]nrd address {1nch B-leve) punchec tape)
Binary<coded decimal

Incremental
Absolute

Linear

Point plotting, singly or consecutively
2-axss punching {2 vatiables})

EOB
Optional stop
EOR

15

OPTIONAL

Any2ofdto 8
By parmbalic interpointion

Sequance numbaer Sesrch

via unll dnplay-
Com rudo«t
Pomlon readou
Sequence numbor readout

WTIONAI.

Hi rod
,ll hmctm pe' second)
Magnetic tape encoder

Card punch

[
asei

Cutter centrriine by direct digitzing
2 vatiable ames. | constant anig

Special 1dentihication, starting, o letter codes
Aurlisry machine tool command codus
Sequence numbaer cods:
ulmhc:lly adds 1 count for each digi-
poin

Feedrate entered a3 inches per minute and
automatically converted to:

computed FRN

BT | I

:
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control systems was recognized and accepted
e tosshiambares
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Although the original ORTHOMATS were
N/C machines, the hasic concent of the ORTHO-
MAT was designed to keep step with technologi-
cal ndvances in general purpose computers,

For the past three years, UDM and Cutler-
Hammer's AIL Division, Deer Park, New York
have been investigating and developing a mature
drafting/digitizing machine with true computer
control. This joint development has resulted in
the manufacture of the Mark II UDM ORTHO-
MAT with a DECAMATIC EXPANDABLE
S8TORED PROGRAM (ESP) Control system.

The new system provides all the benefits
of the N/C system plus the long-awaited bene-
fits of computer used: much greater adaptabil-
ity, versatility, and lower cost than N/C ma-
chines. The ORTHOMAT table, heads, and
sorvomechanical system remain unchanged.
The DECAMATIC-ESP Control portion of the
new syatem accepts an almost infinite combi-
nation of inputs, codes, and formats, and pro-
vides the benefits inherent in a computer's
stored memory, It is expandable—readily and
inexpensively modified and enlarged by the ad-
dition of hardware and software. In short, the
new system provides greater speed and versa-
tility than any N/C operated system, costs less,
has lower operating costs, yet retains the same
accuracy and reliability.

The ORTHOMAT (bullt by Universal Draft-
ing Machine) portion of the system consists of
two elements: (1) the drafting machine and its
servomechanical system and (2) the drafting/
digitizing heads and related equipment. The
DECAMATIC ESP (built by the AIL Division of
Cutler-Hammer) has the third element, the Ex-
pandable Stored Program Zontrol (ESP).

UDM ORTHOMAT MARK I
MECHANICAL AND SERVO-
MECHANICAL SYSTEM

The ORTHOMAT portion of the Mark I
ORTHOMAT Drafting/Digitizing Machines con-
sists of two elements: (1) the drafting machine
and its servomechanical system, and (2) the
drafting/digitizing heads and rslated equipment.

ORTHOMAT's building-block design concept
offers maximum versatility at minimum cost:

¢ It can be integrated to any control sys-
tem which can supply X and Y pulses in 1-mil
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increments at a controlled rate, plus the auxil-
lary signola naaded for atvlua cantral.

o The identical table and servosystem is
used for the drafting machine; the digitizing
machine, or the combination drafting/digitizing
machine, Thus, either of the former can be
readily converted to the latter at any time.

o A variety of drawing and digitizing heads
and stylii are interchangeable to provide maxi-
mum ability to handle a wide range of assign-
ments. Buy only what is needed now, with assur-
ance that there are ''add-on'' capabilities as
requirements change or increase,

The Table

The ORTHOMAT table is availaile with
standard drawing area sizes from 4 x 4 to 6 x 20
feet, exclusive of parking area. The table com-
bines unusually lightweight with extremely high
precision and rigidity. It is of a prestressed
design which agsures an extremely flat working
surface. The carefully engineered design pro-
vides an excellent combination of precision,
long life, and light weight, All work is done
with the table horizontal for optimum servo
performance.

Vacuum Chuck

The drawing surface of the table is a vac-
aum chuck with a continuous anodized aluminum
surface. A set of flexible vacuum masks is
furnished for isolating a portion of the chucking
surface to allow holding small sheets. Vacuum
supply is by a pump system in a movable cabi-
net, usually located under the table.

An optional feature is reverse float, which
is useful for positioning large sheets on the
chucking surface—particularly heavy metal loft
plates. Also available as an option is valving
for applying vacuum to selected portions of the
chuck surface, rather than using the vacuum
masks. Locating and positioning of drawing
media and metal loft plates is simplified by J1e
use of locating stops, offered as an accessory.

Media

The ORTHOMAT allows a broad selection
of drawing media. Its vacuum system holds any
media from thinnest paper to heavy metal loft
plates. Among the media widely used on the
ORTHOMAT are:
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scribe-coat Mylar
steel loft plates
aluminum ioit piates

tracing paper
vellum
frosted Mylar

Carriages and Servomechanical Sysiem

An extremely accurate anodized-aluminum
beam is mounted on each longitudinal edge of
the ORTHOMAT table. Each beam has integral
way surfaces, precision machined and hard
coated. The X carriages move along these
heame and support the traveling (Y) beam.
Ball-bearing rollers, preloaded for extreme
accuracy, support the carriages. Mounted on
the traveling beam is the Y carriage, complete
with its servo drive unit. This carriage has a
faceplate areu to which are fastened the various
drafting/digitizing heads. All three carriages
are driven by electrically synchronized servo-
drive motors fed by the servosystem in the
computer control.

The carriage servo-drive motors engage
one edge of a wide precision rack mounted on
each beam, Precise closed-loop feedback is
provided by a system which compares the actual
position attained with the position ordered and
makes any necessary adjustment. This is ac-
complished by UDM patented Digiducers—meas-
uring transducers completely independent on the
servo-drive motors—which meusure ACTUAL
position (not command pulses or ordered posi-
tion) to 0.001 inch, Feedback accuracy is com-
pletely divorced from any inaccuracy in the
servo-drive motors. Furthermore, wear in the
drive racks will not affect feedback accuracy
because the drive-motor pinions and the Digi-
ducer pinions engage separate positions of the
wide racks.

Drawing Heads

Single Stx‘lus Holder. The single stylus
holder is stan equipment. Changeover from
one stylus to another is made by manually lift-
ing the one out and putting the other in place in

the stylus-holding head.

An optional Optical lccater mounts on the
Single Stylus Holder. A telescopic magnifizr
arrangement, it is useful for aligning a drawing
and locating starting reference points.

Indexable Hex Turret. An optional ORTHO-
MAT drawing head is an indexable turret which
can hold six different stylil. These may be any
of the drawing or scribing stylii described be-
low. Only one stylus is in operation at any
given time; selection can be programmed or
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made manually. The stylii are spring-loaded
in the turret so that they may follow any minute

irieguiasiics & the drawing sundana  Tha in-

dexable turret is also available with an optical
locator, similar to that described above,

Rotary s‘:ﬂblggd Head. An accessory, the
rotary scribing head consists of a §-position
indexable turret carrying six separate rotating

stylil for making wide lines on scribe-coat
Mylar, asfor electronic printedcircult masters.

Stylil

Capillary Pens. Capillary pens can be used
with coforea {EE Tor line widthe from 0.008 to
0.040 inch; available with either steel or long-
wearing jewel nib:.

Ball Point Pens. Available in a selection
of colors, ball point pens provide a line 0.008
or 0.008 inch wide, depending upon the media.

Diamond Scribe 8tylil. Extremely long
wearing, diamond stylii provide lines 0.003 to
0.007-inch wide cn materials such as Scribe-
coat Mylar and metal. Special stylil are avail-
able for wider lines.

Rotary Scribe Stylil. Power-driven by the
Rotary Scribing Head, these styli! have a con-
cave center, 80 that a terminal with a land can
be made by bringing the stylus down to the work
and withdrawing it without carriage movement.
Rotary stylil are made to order for any re-
quired line width from 0.020 to 0.170 inch.

Digitizing Heads

The Telescopic Viewer. The Telescopic
Viewer used consists of a microscope system
which focuses the image of a portion of the
drawing onto a reticle pattern, magnifies the
combined image, and projects it to a remote
viewing telescope mounted at one end of the Y
beam. The Telescopic Viewer is mounted on
the Y-beam carriage and can be accurately
positioned over the drawing. Any point on the
drawing can be found by observation through
the telescope eyepiece, which is located con-
veniently for the operator working along side
the table. A remote control panel which can be
positioned anywhere along the edge of the table
provides the operator with X-Y movement con-
traols sothat he canlocatethe reticle accurately,

Closed Circuit TV Camera. For volume
requirements, a machine equipped specifically
for digitizing is necessary, since sophisticated
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techniques are involved. The telescopic viewer
described previously is inadequate and incon-
venient for continuous use. Production ORTHO-
MAT digitlsing waciilies are eguippped with u
special UDM-designed closed circuit TV cam-
era to pick up the reticle image of the opiical
sysiem and preseiil il 06 & TV monilor wcreen.

With this system, the operator sita before
a low-silhouette console with the TV monitor
and manual controls conveniently located before
him. The TV scresn constantly displays a mag-
nified image of the work area and (inding reticle
oo that the operator can conveniently monitor
the operations for long periods without fatigue.
He does not need to obgerve through an eyepiece
as with the Telescopic Viewer, or to stand and
maove alongside the table as the carriage and
reticle travel over the drawing.

The operator is provided with very sensi-
tive, rapid, and precise positioning controls.
For high-speed traversing, an omni-directional
joystick is used. This provides rough position-
ing of the TV head anywhere on the table at
speeds up to 400 inches per minute. Two large
diameter hand wheels (one for each table axis)
are then rotated for fine, positive positioning
over the desired point. The combination of TV
viewing, rapid manual positioning controls, and
high-speed tape punchout provides exceptional
working speeds and accuracy with minimum op-
erator fatigue.

The aperator's console also has controls
for rapid and easy manual insertion of auxiliary
function codes on the tape, control of the tape
leader, and all of the necessary system con-
trols. With the ORTHOMAT Mark II digitizing
machine, complete two-axis N/C machine-tool
control tapes can be prepared in one step with-
out further processing. The operator can even
instruct the DECAMATIC ESP Control to output
the feedrate commands for the machine control
system along with the coordinate data. Either
Magic 3 or a computed feedrate number may be
used, depending on the reqguirements of the
machine-tool N/C control unit.

Automatic Line Follower. Where volume
warrants, an automatic Iine following head can
be added which results in very fast digitizing,
yet with all of the manual control required. In
this system, the TV camera head and an auto-
matic optical line follower head are used in
combination, both heads simultaneously viewing
the same point on the drawing. Operation can
be carried out manually with the TV arrange-
ment or automatically where the lines on the
drawing permit.
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In use, the operator finds and records the
start point, using the TV monitor and manual
controls. He then manually locates the first
point aiong the iline to be digitized, After get-
ting the system to automatic mode, the line fol-
lower head moves automatically along the se-
iected line without further operator effort. The
line follower and DECAMATIC ESP Control
work together to output points along the line
automatically at a speed and point density best
suited to the radius of curvature, according to
tolerances preselected by the operator. Line
following is fully automatic and continues wher-
ever the line leads without further attention.
The output enjoys full ORTHOMAT accuracy at
all times,
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In certain ambiguous situations, the ESP
requires that the operator take over manual
control. For example, if the line follower
comes to very close parallel lines or inter-
secting lines, the computer recognizes that a
chofce exists; it stops the head and waits for
operator direction. The same thing occurs at
sudden, sharp corners. During the manual por-
tion of the operation, the DECAMATIC continues
to select point spacing automatically, I, how-
ever, the !ine follower comes to a small break
in the line, it will actually look ahead for con-
tinuation, but without outputting data. I it finds
the line again, the line follower automatically
resumea outputting and continues as if the line
had been unbroken. If it has reached the end of
& line it will also search ahead to see {f the line
continues. After searching 1 preaelected dis-
tance (e.g., 1/4 inch) without finding a continua-
tion, it will then stop and wait for operator
direction.

This equipment combination provides maxi-
mum output rate and accuracy with minimum
operator effort. Speeds to 100 inches per min-
ute and accuracies to i 0.003 inch are com-
pletely nractical,

Engineering Design Features

Every ORTHOMAT incorporates many sig-
nificant engineering deyign features which con-
tribute to its accuracy, speed, precise control,
long life, low maintenance, and operator safety
and convenience. The design assures youof a
rugged, long-lived, trouble-free, extremely
precise machine which provides the best com-
bination of mechanical, electromechanical,
electronic, and computer design features.

Accuracy.
1. ORTHOMAT MARK II machines with ,
DECAMATIC ESP control provide standard 3
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accuracy over the entire table surface of +0.0056
inch. Repeatability is within £0.002 inch. For
lems dewinding applicaiions, SRTACMATS aié
also available with an optional overail accuracy
of +0,010 inch and repeatability of +0.003.

2. Patented Digiducers provide detection
of actual carriage position to within 0.001 inch
for control feedback and for position readouts.

3. The DECAMATIC ESP Control reads
and issues commands in pulses of 0.001 inch
value, but accumulates any 0.0001 inch bits to
eliminate cumulative errors.

4. No overshoot or undershoot.

5. Prestressed design of aluminum table
assures stable flat working surface.

6. Vibration isolators built into table legs.

7. Machined and hard-coated ultra preci-
slon carriage ways are integral with rigid
beams.

8. Precision, prelcaded ball bearings in
carriage rollers.

9. Servo-drive pinions are permanently
lubricated for long life.

10. Digiducer pinions are anti-backlash
design.

11. Custom precision racks are specially
made to urusually exacting, UDM specifications
and are permanently lubricated for long life,

12. Both ends of Y-beam driven by electri-
cally synchronized high-torque servo motors.

13. Dead zone compensation is provided to
prevent errors due to changes of direction.

14. Solid state ESP circultry assures long
life and reliability.

15. Temperature control of ESP enclosure
(by blower fans) protecta transistors and other
circuit componenta and assures accurate
functioning.

Speed. Buffer storage and servo design
combine tc minimize elapsed time per job.
Drafting time is determined by two elementa:
stylus-movement speed und reading speed of
the ESP control system. Stylus speed of the
ORTHOMAT is 0-400 ipm. The tape reader
feeds a block or several blocks of commands
into the ESP memory where the information is
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held until the machine is ready for it. Then the
required command is tranaferred instantane-

OuBly i e aasCution asom. Sints new indor-
mation is available in advance, the machine
normally need not decelerate and accelerate
unless abrupt changes of dlrsction arc callsd
for. The design provides {inished work in min-
imum elapsed time, a vastly rmore important
congideration than even the high stylus speed.

Low Maintenance Cost.

1. Comprehensive maintenance training
course for :jervice personnel.

7. Test Panel on control system for fast,
e: .y testing, trouble-shooting, and repair.

3. Modular circuit boards speed trouble-
shooting and replacement.

4, Motors, synchros, transducers, and
other mechanical components are easily
replaced,

5. Fan cooling of ESP enclosure protects
components.

6. Permarent, dry film lubrication on
racks.

7. Complete Maintenance Manual with cir-
cuit explanations and trouble-shooting guidex.

Operator Safety and Convenience.

1. Electrical transmission system is en-
closed within special plastic "conduit" and is
located underneath the beams so that the oper-
ator is protected {rom electrical shock.

2. Low noise level—~the ORTHOMAT is an
office machine.

DECAMATIC EXPANDABLE STORED
PROGRAM CONTROL SYSTEM

The DECAMATIC subsystem portion of the
overall Mark I UDM ORTHOMAT system ig an
Expandable Stored Program Control (ESP) real-
time procesa control computer which operates
at a speed compatible with the needs of the
ORTHOMAT's servomechanical system,* and

*Prior tothis development of the real-time proc-
ess control, the sarvomechanical system was
driven by the capability of the then exiating
numerical control eystems, which did not take
advantage of the ORTHOMAT's built-in speeds.
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which provides the 0.001-inch positioning pulses,
servo drive and feedback correction signals,
and signalis for operation of ine URTHUMAT
heads, stylii, and so on. The principal advan-
tage of the DECAMATIC-ESP Control lies in its
ability to {it designers’ needs simply by udding
stored routines. The DECAMATIC-ESP has
internal memory sturage capacity and is ad-
dressed through a teletypewriter keyboard cor
other input readers.

DRAFTING WITH ESP CONTROLS

For drafting, a tape reader 18 added to the
basic DECAMATIC-ESP Control system. The
system provides manual selection of usual con~
trol functions, by means of the teletypewriter
keyboard, such as: mirror image of each axis,
selection of any two of three axes for drafting,
manual pen down and pen up, and so forth. All
basic software necessary for standard drafting
operations are provided with the system. In-
cluded in the system are routines to accomplish
the following:

&« Accept punched paper tape input coded in
gtandard EIA code, word address format, BCD,
absolute or incremental position data.

e Perform linear, circular, and parabolic
interpolation,

e Automatic optimum or selected maximum
feedrate, with automatic acceleration and decel-
eration, up to 400 ipm.

o Automatic generation of dash and center
Iines of variable length.

» Separate 4-digit scaling of each axis be-
tween 0.001X and 100.0X, in steps of the least
significant digit.

o Flgure rotationbytrigonometric methods.

MEMORY

High-8speed and reliable operation of Mark
II ORTHOMAT system are assured with the uge
of a directly addressable core memory to store
its instructional programs and operating param-
eters. The core memory of the DECAMATIC-
EBSP controller has a capacity of 4096 12-bit
words, and is expandabla to a capaeity of 32,788
12-bit words.

MAN AND MACHINE

To enable the operator to keyboard-control
the drafting machine, and to simplify the revision
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and up-dating of the programs stored in the
core memory, the DECAMATIC-ESP is sup-
piica with & Modcl ASR 28 Talatvnawnitar With
an operating epeed of 10 characters per second,
it can either print "hard copy" or produce
puiiched paper control tapes, A high-speed
paper tape reader, with a capability of 300
characters per second, is used as the normal
input device for control of the drafting machine.
Its high-speed capability lets the drafting ma-
chine work at its maximum apeed for normal
operation. An optional magnetic tape reader
and transport system is available with a speed
of 900 characters per second for those appli-
cations requiring this capability. The DECA-
MATIC-ESP Control system canbe programmed
tu decode any standard magnetic code format
and is IBM compatible. As an optional input
device for application in overall systems using
punched cards for data transmission, a punched
card reader with a capability of handling 100
cards per minute can be provided,

TAPE INPUT

While the normal input is in the form of the
standard 1-inch 8-track punched paper tape
using a word address {ormat and binary-coded
decimal information, the versatility of the
DECAMATIC-ESP lets it handle input data in
tab sequential format and to accept straight
binary input data. By a simple programming
change, the DECAMATIC-ESP Control decodes
ASCII input information.

INCREMENTAL AND
ABSOLUTE COMMANDS

While most continuous- rath contouring con-
trol systems operate only on an incremental
basis, the DECAMATIC-ESP operates on either
incremental or absolute positiondata. A built-in
capability provides linear, circular, or para-
bolic interpolation.

THREE OPERATING MODES

Under ESP Control the drafting machine is
provided with three basic operating capabilities:
continuous path drafting, point-to-point plotting,

and digitizing (with auxiliary optical equipment).

Three basic operating modes are available:
fully automatic, by tape or card input and so on;
semiautomatic, by typewriter keyboard entry or
panel controls; and manual by jog pushbuttons.

MULTIAXIS CAPABILITY

The standard DECAMATIC-ESP has been
designed to accept multiaxis input information,

MY .
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and draw In any two of the axes selected by
dithar tome or manual sonteol. The ability to

vavsiwa o

plot or draw the information contained in any
two of six input axes is available if required.

INDEPENDENT AXIS SCALING

A wide-range scaling facility has been in-
corporated into the DECAMATIC-ESP. Each
axis can be scaled independently over a range
selectable from 100.0 to 0.001 in steps of the
least four significant digits. While the conven-
tional wired control system provides a few se-
lected scales, the wide scaling range of the var-
iable stored program control provides almost
unlimited capability in this desirabie feature,

NEW AND FAST
ALPHANUMERIC PROGRAM

Alphanumeric characters can be drawn,
scaled large or small to suit the drawing, in
any direction on the paper or other media. Both
tape controlled lettering and keyboard lettering
can be used, Requiring only a minimum mem-
ory, FRED I (a fast and compact alphanumeric
program) was developed specifically for this
application, Optionally, by a software change,
the control has been designed to accept and de-
code the alphanumeric input from the APT let-
tering deck, and the ALADDIN program.

AUTOMATIC DASH AND
CENTER LINES

The control system will generate dashed
iines with selectable spacing and line lengths
and selectable or variable center lines. It has
a complete mirror image capability, capable of
reversing the input information in either or
both axes.

ZERQ OFFSET, CAPABILITY

A fall range zero offset capablility ia avall-
able in the stored program control, one that lets
the zero be set not only anywhere on the table,
but to any point off the table within the control
range of 899.999 inches.

CONTROL FUNCTIONS
All the conventional control functions for

drafting machine operation are provided: turret
index; pen/stylus up/down/automatic return to

i1
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reference; emergency atop; optional stop; end
of program stop; end of tape, stop and rewind,
and sequence number search.

Drawine anead ian always concrolled to the
optimum for minimum drawing time and best
line quality. The control automatically varies
carriage speed with automatic control of accel-
eration and deceleration to the optimum speed
as computed. The drafting machine and control
are capable of operating up to 400 inches per
minute, Line length, in the case of straight
lnes, and increment length and curvature in
the case of curved lines, are the two purame-
ters that determine the drawing speed. A man-
ual speed override is provided on the vanel that
permits the operator to limit the speed when
working on drafting media that cannot be ured
at maximum carriage speeds.

DATA DISPLAYS

Several supplementary outputs in addition
to the drafting machine control signals are
available to facilitate operation and to diagncse
system or programming errors. A position
printout, in both X and Y, are provided in typed
form by the typewriter. In addition, the type-
writer prints an automatic identification of the
cause of stoppage, for example: program stop,
optional stop, input data parity error, and so
forth. As an option, high visibility in-line read-
out displays can be provided on the panel., Both
command and position readout in each axis are
available. The input block sequence number can
be provided as a panel display, similar to the
command and position readouts as described
above. This option is of particular valus in
machine tool control tape verification, and in
digitizing operations.

DIGITIZING WITH DECAMATIC-ESP

The versatility of the DECAMATIC-ESP
enables the drafting machine to be used as a
high-precision digitizer. Limited only by table
size, the digitizing capability provides a control
resolution of 0.001 inch. The drafting muchine
can be provided with two alternate optical ac-
cessories to convert it for digitizing operations.
For low-volume digitizing, a direct viewing
telescope is mounted on the machine. The dig-
itized output of the line is output by the Tele-
typewriter as either typed "hard copy" or
punched paper tape, or both, Ten characters
per second can he typed or punched by this
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machine, Positioning of the object line in the
teleecope reticle 18 done by jog pushbuttons.

When the volure of digltlzing work 18 sub-
stantial, an indirect viewer made up of a closed
circuit television system enhunces accuracy
and minimizes operator fatigue. The object
line is magnified and displayed on a large tele-
vision tube mouated in an operator's console.
Seated at this console the operator sees the
image of the line superimposed on a fixed ret-
fcle. A manually operated positioning control
moves the carriage ‘or perfect centering of the
image on the reticle. Convenient panel-mounted
controls permit the operator to selectantomatic
incrementing one axis so that he uses his ver-
nier control only on the other, The system also
controls increments in the dependent exis by
providing a linear extrapolation from the last
two digitized points to minimize the amount of
correction necessary by the operator with his
vernier control. Up to 40 points per minute can
be accurately digitized using thia method. The
availability of an optional high-speed tape punch
with a capability of 110 characters per second
{8 recommended for the high-volume digitizing
system to ensure that the punching speed does
not limit the operation. Qutputs to encode mag-
netic tape or to operate a card punch are avail-
able as optional equipment.

PRODUCES CONTROL TAPES
FOR MACHINE TOOLS

The stored program control £an produce
tapes with the same format and coding choices
available as standard or optional inputs, that is,
word address or tab sequential, BCD or binary,
absolute or incremental, EIA or ASCIH. The
computational ability of the controller is ade-
quate for the computation of machine tool feed-
rates. Inputs in inches per minute are con-
verted to MAGIC 3 or computed FRN. Any
auxiliary machine tool command codes (g, m,
8, t, or other functions) can be added to the out-
put tape. A seqguence number code that auto-
matically adds one count for each digitized
point can be generated. Combining these capa-
bilitles produces complete control tapes for
many numerically controlled machine tools, and
minimizes the need for large-scale general-
purpose computer time in preparing control
tapes for most other machine tools.
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FRED I, A NEW
ALPHANUMERIC PROGRAM

FRED I is a fast and compact alphanumeric
program especially developed for vae in the
DECAMATIC-ESP. FRED I is novel in several
respects. First, its name: it is the current
fashion in today's world to coin an acronym for
computer programse, administrative routines,
and rew products. PERT (Program Evaluation
Review Technique), LEM (Lunar Excursion
Maodule), APT, ADAPT, CLTAPE, FORTRAN,
and a host of others come quickly to mind. Sci-
entific advances, on the other hand, are usuaily
associated with the narie of their discoverer or
originetor. Einstein's theory, Planck's con-
stant, Poisson's ratio, Newton's laws, and many
others memorialize the person who first clearly
stated or revealed the scientific law or princi-
ple that bears his name. FRED I, while not as
earth-shaking a revelation as Newton's exposi-
tion of the laws of motion or Einstein's theory
of relativity, in name, at least, bridges the gap
petween past and present. Like the popular
acronyms, it rolls easily off the tongue. Like
the second set of examples above, it i8 named
for its developer, Fred C. Hallden, an AlL
Engineer whose speclalties include the devel-
opment of control systems.

FRED I is novel in another more important
regpect: its compactness. The laws of present-
day eccnomics demand maximum capability at
minimum cost. These inexorable demands re-
quire that a maximum alphanumeric capability
be programmed and stored in a minimum mem-
ory, thus making available additional capabili-
ties without increasing the memory size. Mr.
Hallden developed FRED I to provide an alpha-
numeric capability that includes all letters,
numbers and standard symbois in an easy-to-
read conventional form using minimum mem-
ory. The wide-range scaling capability of the
DECAMATIC-ESP control can enlarge and re-
duce the alphanumeric characters. When en-
larged, as in the title information on a drawing,
aesthetic considerations ruled out by alphanu-
meric program that generatea deformed letters
and numbers. Flattopped ""A's,' square-cornered
'"8's," deformed "7's,' aud 8o on, while not too
objectionable in small sizes, radicaliy offend
the senses when enlarged. Fred I draws con-
ventional Gothic characters and pleasing Arabic
numerals capable of being greatly enlarged-or
reduced without losing their good looks,
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L-304 Militarize. Computer
Litton Industries
Guidance and Control Sysiewms Division
Woodland Huu, Lailtorma

The iirst in a series oi microelecironic
general purpose militarized computers, desig-
nated the L-300 and L-3000 serizs, was un-
veiled by Litton Industries Data Systems Divi-
sion, September 15-17 in Washington.

The unique capabilities and applications of
the Litton computer in a military systems envi-
ronment was demonstrated then at the Air Force
Association's 1965 Aerospace Nevelopment
Briefings at the Sheraton Park Hotel.

The initial coinputer in the series, the
L~304 which was presented at the AFA Brief-
ing, is the only computer of its weight and size
that offers militarized real time data process-
ing with multiple program and multiple com-
puter capabllity, according tc George T. Scharf-
fenberger, Litton senlor vice president and head
of ita Systems Group.

The L-304 with 4098 32-bit words uf mem-
ory resembles a pair of cigar boxes in size. It
weighs 27 pounds and is contained in 0.3 cubic
feet, including power supplies. Through added
drawers, memory is expandable to 32,000 32-
bit words and with the addition of a2 memory al-
locator, it can be increased to 262,000 32-bit
words.

Memory also is expandable through & mul-
tiple computer configuration with up to eight
computers shariig memory and connecting with

one wnviber through shiaved msmcriss and/cr
input/output channels.

The computer's compactness is made pos-
sible by unique multi-layer bourds and inter-
connecting techniques and 2 serins of minia-
turized powar supplies developed by the Litton
Systems Division,

Scharifenberger said the L-304 ig the first
computer bullt and operating to offer such re-
duced packaging and multiple capability.

While organized as a goneral purpose com-
puter, the L-304 includea special features that
make it effective in real time cocmmand and
controi and intelligence data processing.

These features include special instructicns,
multiple program capabllity with automatic pri-
ority control, and un extensive and flexible
input/output system—allowing for communica-
tion with up to 84 1/0 devices.

Efficient design and unusual procuction
techniques provide extensive capability at min-
imum cost and maximum reliability, according
to Scharffenberger.

He said prices for the L-304 are below
what might be expected for a computer of this
capability—even for those not fully militarized.

RCA Variable Instruction Comiputer
Radio Corporation of America
Definse Electronic Products
Burlington, Massachusetts

The RCA Aerospace Systems Division at
Buriington, Masgsachusetts, is under contract to
the Air Force to construct a model of the RCA
Variable Instruction Computer (VIC). This VIC
will embody 2 new variable instruction concept
in which the machine algorithms are not fixed
but may be varied by ailtering the bit coatent of
the control words. By providing a versatile set
of arithmetic and logical functions in the arith-
metic and shift unit, a virtually unlimited set
of machine orders can be =xecvted. Thie pro-
vides an exceptional degree of flexibility whick
can be a great advantage in complex applica-
tions and provides a basis for real-time, on-line
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reliability through automatic alteinative modes
of operation.

The VIC model being constructed is a 38-bit
parallel machine with two 4088 word, y-micro-
second main memory moduies and two 256-word,
0.6-microsecond high-speed memory modules.
Multiple programs can be handled simultane-
ouslyto achieve an averageorder rate of 300,000
uperations per second with a peak of 1,000,000
operations per second. Four parallel input/
output channels are being provided. The VIC
will operate on one's and two's complement,
sign and magnitude, and hexadecimal numbers.
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UNIVAC 490 Modular Real Time Systems
UNIVAC Division
Spervy Rand Corporation

New Tork i¥, New York

Tn June 1045, three general purposse comput-
ers, designed for orderly growth and expansion
of real-time data processing, were announced
by the Sperry Rand Corporation's UNIVAC
Division,

Known as the UNIVAC 490 Modular Real-
Time Systems, the naw series consists of three
highly expansible computers of various capabil-
ities: the low-cost, medium scale UNIVAC 481;
the intermediate UNIVAC 492; and the large
scale UNIVAC 494, z super-speed real-time
system that is six to ten timeas faster than the
present UNIVAC 490 Real-Time Computer.

The new compatible scries is available ina
wide range of systems configurations that allow
users to incrsase power, gpeed and storage ca-
pacity gradually to meet the changing real-time
and batch processing needs of a business.

In & real-time data processing system, in-
Jormation is transmitted to a central computer
from many activities of a business. This infor-
mation is processed and the results are ob~
tained in time to influence the activities being
monitored or controlled.

In announcing the new series, Cr..\ J. Knorr,
Vice President, Marketing of the U’.:AC Data
Processing Division, sald, '""The inherent power
and flexibility of the UNIVAC Modular Series
tailors these systems to grow with the increased
real-time demands of many usei s in business
and industry. This growth can be applied when
needed and in the appropriate increments re-
quired. Ultimately, this means greater data
processing throughout par dollar by offering the
customer only the amount of processing power
he can efficiently use.'

The new seriee is a powerful successor to
the UNIVAC 490 Real-Time Computer, intro-
duced by Sperry Rand UNIVAC in 1962 as the
world's first commercial real-time data proc-
essing system.

Basic units of the 490 Modular Series are
the UNIVAC 481 and 492 Real-Time Systems.
These models are available in a wide choice of
expandable internal memory capacities, input/
output channels, and mass storage systems that
provide the flexibility to adjust the systems to
fill higher or lower volume requirements. Both
the UNIVAC 491 and 492 can handle extremely
large quantities of data concurrently in real-
time and batch processing modes.
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Largsat and moat powarful of the 450 Mod-
ular Series is the super-speed UNIVAC 494, a .
large scale gystom operating as fast as 376
nanoseconds (billionths of a second), The 494's
standard 12 input/output channels can be in-
creased in groups of four to a maximum of 24,
providing the input/output capability to meet the
processing requirements of many of the largest
businesses.

Multiple prucessing enables the 494 to han-
dle vast quantities of converging data concur-
rently in reai-time, batch processing and sci-
entific applications.

A comprehensive software library will be
avallable for the UNIVAC 490 Modular Real-
Time Systems, Hardware compatibility is a
feature of the 491 and 492; software compatibil-
ity will be provided throughout the new series.

Monthly reatal prices »ange from $8,200
for the basic UN:VAC 491 tc $14,000 for the
UNIVAC 494. Purchase prices are $328,000
for the 431 to $588,000 for the larg: -scale 494,

Deliveries of the first UNIVAC 491 and 462
Real-Time Systems began in the fourth quarter
of 1965, and firsi delveries of the large-scale
494 are scheduled for the first quarter of 1966,

UNIVAC 481 AND 452
REAL-TIME SYSTEMS

The UNIVAC 491 and 492 Real-Time Sys-
tems are medium s2ale data processing sys-
tems in a new series of modular reaj-tim.
computing systems, They are c’acig,m i
serve in many types of busines: l:’ >
and scientific purposes includiry wuc- ¢ 7w a8
financial, insurance, production, - 3. - -minecy
control, branch plant control and s°.. .- ;.. vage~
ment control application,

Central Processors
UNIVAC 481 Processor Technical Specifi-~

cations, Memory cycle time per 30-bit word

4.8 microsecond; 16,384 word standard mem-
ory, expandabie in increments of 16,384 word
modules up to 32,768, and then increased in 8192
words to a maximum of 65,536 words; 8 input/
output channels which can be increased by six io
a maximum of 14; memory lockout reserves 1024
word increments for concurrent programs; uses
a repertoire of 62 basic instructions that produce
over 25,000 programming operations.
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UNIVAC 492 Processor Technical Specifi-
cations, Memory cycle time per 55-5“ word 4.8
mwroseconn, m 631 WUrd stunGurd wemes £ 7y
expandable in incrementl of 16,384 word
modules up to 32,768, and then tncnued in
8192 words to a maximum oi 65,636 words; 14
input/output channels; memory lockout re-
serves 1024 word increments for concurrent
programs; uses a repertoire of 82 basic in-
structions that produce over 25,000 program-
ming operations.

Externally Specified Index (E.S.1.) is avail-
able in both the 491 and 492, E.S.I. provides a
unique address for incoming data.

Peripheral Subsystems

Rasdom Access Storage. FH 88/ Maynetic
Drumz"’fﬂ"z_—%s, ¥2 words per drum of 3,452,130
alphanur.eric characters per drum; up to &
units per computer channel; 17 milliseconds
average ac:ess time; word addressable,

Modular Fastrand Mass Storage—10,813,440
alphanumeric characters per unit; up to 16 units
per computer channel; 67.5 milliseconds aver-
age access time; sector addressable,

Fastrand 1A Mass Stora‘g"%—ﬂ ,880,640 al-
phanumeric characters per unit; up to 8 units
per computer channel; 92 milliseconds average
access time; sector addressable.

Fastrand II Mass Storage—126,761,280 al-
phanumeric characters per unit; up to 8 units
per computer channel; 92 mmuecondl average
access time; sector addressable.

mnﬁewo VI C-8500,
24, acters/second transfer
ra.tea, 200 556 and 800 6-bit characters/inch
recording denaities, 42.7 inches/second tape
speed; up to 16 Uniservo VIC units per com-
puter channel connected through a channel
synchronizer,

Unigervo VIII C—24,000, 66,700, and 86,000
characters/second transfer rates; 200,556 and
800 6-bit characters/inch recording densities;
120 inches/second tape speed; up to 16 Uniservo
VI C units per computer channel connected
through a channel synchronizer.

Communications Terminal Module Control-

ler, CTM functions as a link between the proc-
essor and the communications terminal mod-
ules; includes up to 64 CTM positions; available
in the following transfer rate capabilities:

Low speed: Up to 300 bits per second
Medium speed: 300 tc 1600 B,P.S,
High speed: 1600 to 4800 B,P.S.

Data Communications Terminal. Comple-
ments the Communications Module Terminal

Lol oo | Doy T . 4.
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communications capabilities at low cost: con-
nects broadband stations by leased Telpak line;
dial circult at 2000 bits/sscond; sased woice
circuit at 2400 bits/second; leased broadband
circuit at 40,000 bits/second or higher.

800/900 Cards Per Minute Reader
300 Cards Per Minute Punch
700/922 Lines Per Minute Printer
Paper Tape Subsystem

UNIVAC 1004 Card Processor. UNIVAC
1004 is a versatile data processing unit which
reads 80 or 90 column punched cards and prints
hard copy. The UNIVAC 1004 can be used on-
line with all UNIVAC 400 geries systems. It
also functions off-line as a satellite, providing
extensive computing under plugboard control

and communicutions through its own capabiiities.

UNIVAC 494 REAL-TIME SYSTEM

The UNIVAC 464 is a very large capacity,
high-speed real-time data processing system
in a new series of modular reai-time comput-
ers. It processes several real-time programs
concurrently with multiple batch processing
applications. The UNVIAC 494 has an effective
memory cycle time of 750 nanoseconds, or 375
nanoseconds overlapped, or less than thrse-
quarters of a microsecond per 30-bit computer
word,

Central Processor

UNIVAC 494 Processor Technical Specifi-
cations. 750 nanosecond memory cycle time,
375 nanoseconds overlapped; 16,384 standard
memory; expandable in a 16,384 word incre-
ment to 32,768, and then in 32 768 word mod-
ules to a maxlmum of 181, 072 words; 12 input/
output channels which canbe lncreaaed in groups
of four to a maximum of 24; 14 index registers;
Externally Specified Index provides a unique
address for incoming data; decimal arithmetic;
double precision floating point arithmetic; mem-
ory lockout reserves 64-word segments for
concurrent programs; employs 99 instructions
which can be combined with contents of instrue-
tion word to expand to a flexible repertoire of
almost unlimited p1 vgramming functions.

Peripheral Subsystems

All peripheral subsystems used with 491
and 492 are availabie for 494. Additionally
avallable for 494 is:

)
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Nan thor . FH 432 Magnetic Drum--
261, per drum or 1,310,720 charac-
t-rl por drum, 188,432 wordn per | three drum
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Wang Laboratories, Inc., now is offering
several LOCI LOgarithmic Computing Instru-
ments, These are the first in a family of com-
pact elactronic computers which can be used on
desk tops or tables for "off-line" or ''on-line"
applications.

The LOCI-1 is a keyboard controlied elec-
tronic computing instrument capable of per-
forming all of the operations found in ordinary
calculators, but in addition can easlly raise a
number to any integer or fractional power or
take its root, which can be any integer or frac-
ticnal power. With the unique principle of gen-
erating logarithms digitally, the computer
functions with enormous flexibility and unparal-
leled power, reducing the steps needed for
many types of complex calculations,

For example, with merely a single key-
stroke, it is ponsible to aquare a number, take
the reciprocal of the square, take its square
root, or the reciprocal of the square root, as
normal operations functions of the computer.
Exponential and logarithmic operations are ac-
complished with equal ease. Very briefly,
LOCI-1 has a logarithmic register which ac-
cumulates the algebraic sums of the logarithms
of numbers much as an ordinary accumulator
stores the results of additions and subtractions.
The logarithms are automatically generated
when the appropriate function keye are pressed.
Anti-log oi & number in the logarithmic regis-
ter is also obtained with a single keystroke
command,

Answer's of 8 to 10 digit precision are in-
stantly available at electronic speeds, on the
clearly legible in-line display. Although it is
simple to operate, the LOCI-1 is more flexible
than a slide-rule and more accurate than most
mathematical and engineering tables.

The LOV:i-2 18 an advanced model in the
LOCI {amily «f desk-top computers. In addition
to having all «f the features of the LOCI-1, it
has a static curd reader for programmed oper-
ation and extra storage registers. Operated as

single computer channel through 432 drum con-
trol unit; 4.25 millisecond average access time;
word addressable.

an extended calculator, in the manual mode, the
LOCI-2 is capable of performing additions,
subtractions, multiplications, division, and ex-
ponentlation as well as taking logarithms and
extracting roots. All these bagic functions are
completed in approximately 80 milliseconds,
faster than many general purpcse computers.
For programmed operation in the automatic
mode, the LOCI-2 has a powerful and flexible
repertnire of commands with which iterated
procedures are easily and compactly coded. In
particular, there are commands for making de-
cisions, and for constructing loops in a pro-
gram. It is very simple, for example, to pro-
gram a Taylor series. No equipment is needed
to punch a program upon a card, merely push

a pencil through the pre-scored positions.

Orders have already been received frr
several varieties of "on-line" applications.
Theae are for controlling process variables in
a feed-back loop, converting encoder readings
to position coordinates, and automatically re-
ducing nuclear scaler readings, to mention a
few representative examples. The instruments
are available to provide outputs for conven-
tional peripheral equipment, such as the Tele-
type Model 33 combined output writer, tape-
reader and tape punch. In addition, multiple
inputs can be multiplexed into the LOCI so that
it is poseible to take the outputs of several dig-
ital voltmeters and convert the readings to en-
glneering units.

Many problems are too tedious to attempt
on & desk calculator, but too small to justify
the expensive effort of using a large general
purpose computer. By swtiching back and forth
between the manual ahd automatic modes, the
LOCI-2 combines the versatility of a calculator
with the powers of a computer. The LOCI-2
opens up this entire class of problems for quan-
tiative analysis at your desk without requiring
the frustrations of time requests, priority re-
quests, key-punch delay, and a queue at the
large general purpose computer.

All LOCI instruments are carefully con-
structuredirom completely solid-state components,
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assuring the most reliable and long-term per-
b formance. Thav are truly comnact in size for
personal desk-top ops. ation—being only 17"
wide x 16" deep x11-5/4" high., The LOCI-1 s
priced at only $2780.00 while the price of the
LOCI-2 atarts at $4760.00, Delivery of either
type tg instrument has been running rbout two
months,
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LOCI APPLICATIONS

Due to its unique features, the LOCI is the
only desk-top computer capable of performing
many types of complex computations. Conaider
some of the examples below:

Vehicle Performance

r=1
2 [{P\ T 0.8 (1)
M= {m (5 " - ‘]}
| AP\ (PAP) O3
W = 3,19 (1 - 0.375 -p-) (—r_) (2)
W, = .08487 (P, + 14.5)
TO.S " (3)
f he= |.1881 (P, + 14.5| %"
: —_—
ality Cortrol
Failure Rate Coefficient)
1n tn (=5)- 1n 10 (3 @)
B8 = 1-P T:Fi
InT, - iIn T,
Microwave A Calculation
—l
}\x = _1___ (L 2 (5)
2 2a
Structural Analysis

(Solve for C;; and Cg2 given P1, Py, Ty, Ta
and incremental values of W;.)

l <AP)O.4I
‘ W,=C, P \1
il L

2000 VT,

®

K vr

an

bt » 7 it B 2 i ne o

Runway Visual Range

U? - eKI! =0, (7)

solve for U. (Reduced from

ITV/ R

vi

solve for V.)

Gear Center Calculation

(Solve for X and Y, given A, B, G, H)

E:m

] PR}
P=° +E-H
p-

Q= V@
x-PAZ QY
Y:iil

Thermocouple Calibration

R, = aR, [c (1- Tg"o) (i;—o" 1)]+g°

®

)

LIBRARY OF PROGRAMS
SUPPLIED FREE WITH LOCI-2

The standard LOCI programs are all
very easy to operate; generally the umer only
needs to push one key after entering a
variable.

. = 5 5
; * :
; - ] n
: . 8 B
; 2 ' '
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Statistical Progams

Variance - Standard deviation
Least 8quare Fit (v=bx + c), any x

Least Square Fit (y = bx + ¢}, fixed x
interval

Least Square Fit for exponential decay
(v = Ae** + B), fixed x interval

T - test for significance

N!, 1n (P(X + 1)] - Stirling's approxima-
tion to Nt for large N

Mean
Moving average

Root-mean-square
X
Erf (X) = \/—;_ J; et dt,

LI
N(x) = J’ e ? dt
°

3

k4
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General Mathematical Programs

SIN - COs

TAN

ARCTAN

SINH, COSH

SINH -!, CO8H !

Bessel Functions

e*, *Va, log.a fOr any values of a and x.

Solution of transcendental equation
xe*+cz=0
Solution of cubic equation

3 2 -
x° + ax +nlx+-°_0

Other Programs

Resonant irequency
Triangulation

Traverse
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Computing Centers

New Computer Center
University of California, Irvine
Irvine, California

Under a joint research agreement with the
International Business Machines Corp., the
new Irvine campus of the University of Call-
fornia will become a unique computer labora-

tory.

University and IBM experts are joining
forcea to make UC Irvine a computerized
model for American institutions of higher educa-
tion which today are struggling with twin crises
of knowledge and enrollment explosions.

Chancellor Daniel G, Aldrich, Jr., an-
nounced the signing of the agreement at the
1500-student campus, 40 miles south of Los

Angeles.

Symptomatic of the higher education crisis,
UC Irvine is scheduled for rapid growth, at a
rate of about 1,000 additional students a year,
to an ultimate enrollment of 27,500, It is
destined by 1890 to become one of the giant
campuses of the nation in the heart of a new
population center.

*'Much ill-informed criticism has been di-
rected toward the "inhuman' aspects of com-
puters, but the same criticisms would have
applied when the printed book was first intro-
duced several centuries ago,'" Dr. Aldrich said.

“Those whn work with the computer now
believe it will have a greater impact on educa-
tion than the book. It is evident that univer-
sitles must quickly resort to these electronic
alds if students and professors are to keep
from literally being buried by the 'inhuman’
mass of technicul and scientific information
which is being developed today,' he said.

"The rapid increase in numbers of quali-
fied students applying to universities and col-
leges across the nation also has presented
highur education with a crisls in administra-
tion," the chancellor said.

"The mass of paper work involved in
registration alone is staggering. Universities
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are in the same poaition as the banks were 2
decade ago. If they had not computerized
their handling of paper, half the work force
would now be employed as bank clerks. The
only alternatives to computers {or universi-
ties would be to limit enrollments and to limit
the access to knowledge. These alternatives
are unacceptable to American society today,"
Dr. Aldrich stated.

Although many universities now have ac-
cess to computers, IBM officiala said the UCI
installation is the first in the nation to be
devoted to extensive computerization of all
aspects of a university campus.

The UC Irvine project will tie in with
nation-wide programs by scientists, educators
and information system firms such as IBM to
bring the current explosion it knowledge under
the powerful control of electronic computers.
These programe enviaage the day when the
total knowledge contained in libraries will
instantly be available anywhere through elec-
tronic systems,

The UC Irvine project also will be the
first major plan to apply recently announced
IBM computer research to syatems of pro-
grammed instruction on the university level,

Professors in the various divisions and
achocle at UCI will asaist in the project by
helping to develop automated lessons which
will help studenis to assume responsibility for
individual learning at their own pace,

"With the assistance of computers and
other teaching technology,' Dr, Aldrich said,
"we can free the professor of some of the
essential but routine inculcation of basic
information, and save the student from deadly
‘canned' lectures.

"These objectives also fit in with our
plans to bring profesaors and students together
raore frequently in small groups for intellec~
tual interchange and inspiration of the sort
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which cannot be gained from books or com-
puters or any device," he said.

The initial UCI computer facility will allow
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at their own pace in programmed instruction.

Seated at typewriter-like consoles, lo-
cated at various places on campus, including
the lbrary, classrooms, laboratories, and
dormitories, the future student will be able to
enguge vis computer memcry banks in richly
programmed lessons. Advancing at his own
pece, he will be able to stop at any time and
start again where he left off by entering his
peraonal leason code number,

As the currently installed 1410-1440-1448
computer facility moves from primarily ex-
perimental to more general applied use on
campus, plana call for installation of more
powerful computsrs designed to accommodate
as many as several hundred students simul-
taneously.

Professors will be able to use the facility
by remote console for developing complex
classroom problems, for direct access to
library materials, or for solving weighty re-
search problems,

The administration, meanwhile, will be able
to keep track of and evaluate each student's
progress from time of entrance to final gradu-
ation. budoat far futura buildinga take tnventorv,
order and catalog books for the lbrary and
tabulate and issue personnel paychecks—all by
remote console.

Irvine's faculty is being encouraged to
develop imaginative new uses i.: computers
in conjunction with television, language lab-
oratories, and other new el::ironic and
mechanical instruments in their instruction
and research.

Chancellor Aldrich noted that the com-
puter facility is only a part of UC Irvine's
overall commitment to the exploration and
exploitation of information and communica-
tions sciences, ranging from basic rescarch
on brain functions in the biological aciences
to sophisticated engineering and administra-
tive systems.

"Students and professors at Irvine-perhaps
as nowhere else in the nation—will have the ad-
vantages of the most adve 7 ~d education, re~
gsearch, and administrati -. technologies," Dr,
Aldrich said.

6000 Series Computers for AEC
Control Data Corporation
Minneapolis, Minnesola 55440

The U.8. Atomic Energy Commission has
approved orders for the following Control Data
6000 Series computar systems for the Lawrence
Radiation Laboratories at Berkeley and Liver-
more, Calif. which are operated for the AEC by
the University of California:

(a) A 6600 system for the Berkeley facility.
(b) A 6600 system for the Livermore facility.
(c) A 8800 aystem for the Livermore facility.

The Control Data 6800 will be delivered to
the Livermore facility in the last quarter of
1967. At that time, Livermore's present $600
coraputer, which was installed in September
1064, will be exchangead for the 8800,

These computer systems will be used to
increase the capacity of existing large-scale
systems for performance of complex scien-
tific studies relating to basic nuclear research
for peacetime and weapons development pro-
grams,
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The Lawrence Radiation Laboratory has
one of the largest automatic data processing
comwruter capabilities in the world, with a total
computer investment, including the above
orders, of approximately $49 million,

It was the same office of the AEC that
ordered the lirst Control Data 6600 in July
1862, The AEC has traditionally obtained the
fastest and most advanced computer systems
available in order to handle their massive
computational and data processing require-
ments,

The Control Data 6600 and 6800 computer
systems have problem-solving power far
beyond any manufacturers' present or an-
nounced design, For example, the 6800 with
an execution speed of 12,000,000 instructions
per second exceeds by a factor of four the
speed of the 6600 which is presently the fastest
and most powertful computer installed in the
world.
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IBM Computer Time Sharing System for NIH
National Instituies of Health

Datk-od- 8
20022258, o

The National Institutss of llsalth=a major
hub of medical research in the United States—
has taken its first step toward placing the
power of the computer at the fingertips of
its 3500 scientists.

International Business Machines Corpora-
tion announced in August 1968 that it has re-
ceived a contract for the first of a planned
three-phase installation of a time-sharing com-
puter system on the 48-building, 350-acre,
NIH "campus' heve.

Time-sharing, which makes the power of
a large computer available virtually simul-
taneously to many individuals, will enable the
NIH computer to serve acientists in many of
these buildings where multi-million dollar
wmedical research is being conducted. Terminals
in various buildings will be connected to the
computer through communications lines,

Concerning the contract award, NIH Di-
rector Dr, James A, Shannon said, '"The com-
puter is bringing medical research to a new era
of discovery. Ingenious mathematical models
can project theories into the future. Data
analysis can find clues to medical problems
of the past that have been too big and complex
to solve in any other way. Plans are pro-
ceeding at NIH to establish a new Division of
Computer Research and Technology so that
we can use this tool most effectively,."

Operations at NIH encompass a federation
of nine independent research institutes, four
service divisions and a 500-bed hospital. One
of three operating bureaus of the U.S. Public

IBM Timeo-Sharing Computer Complex
Cotiputation Cenler
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

In August 1968, the plan to install a $6-
million IBM System/360 time-sharing computer
complex at the M.I.T. Computation Center to
serve M.I.T. and 51 other cooperating colleges
and univsrsities in New England was announced
jointly by IBM and M.L.T.

The time-sharing IBM System/360 Model
67, to be instelled in February 1967, will meet

)
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Health Service, it not only conducts research
against disease but also provides research
grants to approved institutions and facilities

across the country,
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NIH's time~sharing system will be the
first used by an organization devoted dolely to
medical research,

Under the $1.8 million contract announced,
IBM will instali a medium-scale System/360
Model 40 in January 1966. The system's aux- 1
illary equipment will include direct access
storage devices capable of housing some 87
million numbers and of pinpointing informa-
tions in 85 milliseconds.

The plan calls for a Model 65 as a second-
step replacement in August 1960, This will
ultimately be expanded to an IBM System/360
Model 67 time-sharing syatem,

First of the remote terminals tying
the Institutes into the system will be in-
stalled lats next year., Scientists will em-
ploy these typewriter-like terminals to con-
verse directly with the Model 67, Because of
the computer's great epeed, each scientist
will have the impression that he is using it
alone. Anawers will be printed, visually
displayed on TV=like screens or recorded
on punched cards.

In addition to time-sharing, the Institutes
will be able to use the IBM System/360 in
applications ranging from accounting and re-
search to an important role in information
retrieval.

the diverseand expanding computational needs of
students, faculty and staff drawn{rom virtually all
research and educationalactivities of M.IT. The
computer complex will also be available to the
81 other New England colleges which now have
accese to the Computation Center,

The new computer, designed specifically
for time-sharing, will be capable of serving




simultanecusly more than 200 peonle working
with different programs from remotely located
terminals, The present IBM 7004 installation
only allows 30 people to use the Center's com-
puter at the same time from remote terminals;
while the new System/360 computer complex is
expected to be approximately 15 timea more
powerful,

Time-sharing was pioneered at the Compu~
tation Center 7 years ago and has been pushed
forward at M.I.T. under the continuing leader-
ship of Professor Fernando J. Corbato, Deputy
Director of the Computation Center,’and his
colleagues, Time-sharing basically is & tech-
nique which allows a computer to switch from
one problem to another so rapidly that to each
person it appears as if he alone is ueing the
computer,

The current time-shariag mothod used with
the IBM 7004 at the Computation Center allows
up to 30 useras-locatod at remote typewriter
congoles and connected to the central machine
by telephone lines—to use the 7094, simul-
taneously.

As a practical matter, since all remote
terminals will not be used at any one time,
more than 120 terminals already have been in-
stalled throughout the M.1.T. campus and else-
where in the Cambridge area so that the com-
puter's capabilities are accessible as demands
may requira, The terminals are connected
both to the Computation Center IBM 7094 and
to another IBM 7084 at M.I.T.'s Project MAC
(for multiple access computer) where advanced
research on time-sharing itsell is being car-
ried forward (DCN, July 1964;.

Since the IBM System/360 will be capable
of handling more than 200 simultanecur users,
the Center's effectiveness to the academic com-
munity will be correspondingly increased.

The impact of such an increase with the
System/380 can be seen by examining the ways
in which several M.1,T, courses are already
being taught using the time-shared 7004 in the
Computation Center, Students in numerous
courses in several departments have access to
the central computer through remotely located
consoles and regularly carry out course assign-
ments using the machine,

In the Civil Engineering Department, for
examples, a special classroom has been es-
tabliched containing cn IBM 1620 computer coti-
nected to the 7084 in the Computation Center.
Classes being heid in this room utilize both
the 1520 computer—which plays the role of a
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sophisticated remote console~and the more
powerful machine in the Computation Center

to design solutions to engineering problems.
With the aid of graphical and visual display
devices, students and staff can complete actual
visual designs of complex engineering work
directly in the classroom. Typical problems
might be design of 2 super highway interchange
or a large steel structure,

In the Department of Electrical Engineer-
ing alone, approximately one-third of the
Institute's undergraduate students received
basic instructions in the use of electronic
computers last year in three courses utilizing
the 7094 in the Computation Center, This in-
dicates that students consider instruction in
computation of great importance, Although
this instruction 18 elective, substantially all
M.LT. students elect it at some point in the
4-year curriculum,

The Computation Center is also playing a
vital role in a wide variety of M.I.T.'s re-
search programs. Studies of cosmic rays, of
genetic phenomena, of the crystal structure
of matter, of the design of ships, of nuclear
physics, of syastems of industrial management,
and of the political and social behavior of
man—to mention only a few—are all using the
Computation Center. The installation of the
System/360 will greatly increase the comput-
ing power available to these instructional and
resea=ch projects and will enable the computer
to become a more effective tool of the research
worker, the professor and the student.

The goals of the M.1.T. Computation Cen-
ter always have been to advance the state of the
art of computer science, to foster the use of
computer techniques in all areas and to provide
a computing service to M.1.T. atudents and fac-
ulty, as well as to members of the participating
colleges and universities.

Although the original IBM 704 installed at
the Center in 1957 did setisfy what were then
the needa of many users, the growing demands
for machine time soon resulted in an average
delay of a day or more in obtaining solutions.
An early atternpt at solution was the batch
processing technique in which users would sub-
mit problems—in the form of decks of punched
cards=—to the Center, The Center staff would
collect the problems in batches, transfer them
to magnetic tape and feed them through the
computer as rapidly as possible. But even
batch processing did not reduce the delay sig-
nificantly as demand continued to grow. What's
more, it meant tiiat the Computation Center had
a virtual monopoly on access to the computer.
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in an eitort to keep pace with the increas-
ing computational load and to eliminate the mo-
nopoly of acceas, time-sharing was developed.
This put the user in direct and personal contact
with the computer. The original 704 was re-
placed by an IBM 709 in 1860, Later the 709
was replaced by the larger and faster 7090
w%xslih M.I.T. upgraded last year to the preseii

Despite upgrading the center with consist-
ently more powerful computing equipment, the
demand for computational service expanded
more rapidly. It is estimated that computa~
tional needs at M.L.T. and the New England col-
leges and universities served by the Center
huve doubled just about every 2 years.

The 7094 computer at the Computation
Center presently operates as a time-sharing
system for only a part of each day. The new
System/360 will operate in the time-sharing
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mode 24 hours a day. It will process batch jobs
during the frce time available batween calls

from remote terminsle or computing. It is éx-
pected that the Bystem/360 will be capable of
handling virtually simultaneously several timea
the number of problems that the 7084 dues now. =
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The IBM System/360 for the Computation
Center will consist of two central processing
units and two memory units esach with access -
times as short as 150 to 200 nanoseconds (a
nanosecond is & billionth of a second). Support-
ing this equipment will be IBM 2314 direct ac-
cess storage facilities, each of which can store
up to 207 million characters (a character is B
data bits of information). The 2314 can trans-
fer information to the central processing unit
at a rate of 312 thousand characters a second.
High speed magnetic tape wiits, printers, IBM
display terminals and other peripheral devices ¢
also will be included in the new System/360
time-sgharing computer complex,

CDC 3200
McDonnel! Aircrafi
St Louis $6, Missouri

The McDonnell Automatjon Center, a divi-
sion of McDonnell Aircraft Corporation, in
August installed the area's first Control Data
Corporation digital computer.

The computer, a Control Data Model 3200,
will be the new digital part of McDonnell's hy-
brid computing facility~a vast complex of ana-
log and digital computers whichallows the Auto-
mation Center to achieve the unique benefits of
each machine-type for particular applications.

The McDonnell 3200 system has 32,738
words of core storage, and two disk packs which
extend the mass storage by 1,000,000 words.
This Control Data computer, with 24-bit fixed-
point and 48-bit {loatl' ;-point word length and
1.26 microsecond cycle time, provides greater
speed and precision for the hybrid operation.

The incressed storage capacity allows
larger and more complex problems to be solved.
The increased speed and precision allows more
accurate computations by permitting shorter
sampls timo, and allows larger problems by
permitiing more calculations per given sample
interval.

Naw software and arithmetic hardware,
available on the computer, permits more rapid
programming of hybrid studies. Special purpose
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hybrid software now being jointly developed by
Control Data and the McDonnell Automation
Center will further increaae the efficiency of
the hybrid operation.

""Man-in-the-loop" simulation of the Gemini
missions is one use of the hybrid complex. The
astronauts and McDonnell engineers have used
the hybrid simulator to test control concepts
and procedures used in the space flights. The
computer system simulates the operation of the
control systems and the on-board computer.
The simulator, utilizing live instrumentation,
produces electronically the visual displays and
instrumentation responses the spacecraft will
encounter in flight—{rom lift-off through orbit
and rendezvous to re-entry.

The Control Data 3200-analog hybrid sys-
tem will be used in the design and developmant
of all McDonnell aircraft and spacecrait. In
addition to McDonnell work, the hybrid system,
including the Control Data 3200, is available to
Automation Center clients.

Although accelerating requirements of the
Gemini program will require extensive uase of
the 3200 for some time, multi-programming—a
technique made possible bythe machine's greater
flexibllity—will soon permit other Automation
Center and commercial jobs to be processed




even wilie ihe cumpuiesr 16 vudy wath hyoaid
simulation. This feature of the machine is
sxpected to be in operation by 1 January
i966.

The Automrtior: Center pyrovides the com-
plete range of managerent consuliing, systems
design, programmming, and deta processing and

somputing sarvicas in induaive  antanna, and
business as well as to other McDonnell divi-
sions. The Center is one of the largest data
processing service organizations inthe country.
Drawing on a quarter century of experience in
the automation field, 850 employses utilize over
$22 million worth of equipment to serve clients
from coast to coast.

OMNITAB Made More Useful for the Scientist
National Bursau of Standards
Washington, D.C. 20234

Expansion and lmmprovement of the OMNI-
TAB gereral purpose computer program (see
DCN, January 1964), which now includes almost
100 scbroutines, has made it an even more use~
ful scientific tool than when first announced in
1963.! New features, developed by Joseph Hil-
senratn and his zssoclates of the NBS Institute
for Bagic Standards (U.S. Department of Com-
merce), make it possible to write shorter pro-
grams, to incorporate text material along with
tabular results in such a way as to produce a
finished report, and to utilize any of the funda-
iaental physical constants or atomic masses in
a calculation by use of the appropriate OMNI-
TAB wor! in the program.?

OMNITAB is an NBS-developed computer
program that permits scientists and others who
are unfamiliar with programming, to communi-
cate with a 7084 computer vsing simply written
sentence commands. The program can be used
for the calculation of tables of functions, for so-
lutions of norlinzar equations, for curve {itting,
and for statistical and numerical analysis of tab-
ular data. Because of the ease with which cer-
tain experimental datd may be directly adapted
to the OMNITAB input for processing, the
OMNITAB program is galning wide acceptance in
both university and governmental laboratories.

Some of the new commands which have
been added to the program and which make it
possible to write even more conclse programs
thea bofore are: MOLWT, which computes the

1OMNITAHS: A second generation general pur-
pose computer program, NBS Tech. News Bull.
47 (Jan, 1963),
Tor {urther details,see A general-purpose in-
rerpretive program for the calculation oftables
of functiona aad statistical andnumerical anal-
ysis, by Joseph Hilsenrath, Guy G, Ziegler,
Sarla (G. Messina, Philip J. Walsh, and Robert
J. Herbold, NBS Handbook 1J1 {1965} (to be
published),

molecuiar welght of any molecule from the em-
pirical formula; CTOF, which converts a col-
umn of temperatures fzom degrees Celsius to
degrees Fahrenheit; and FTOC, which converts
Fahrenheit to Celsius. Other single-smentence
operators compute the translational partition
function for u given atomic weight and list of
temperatures, and the clectronic partition func-
tion at a given temperature for a set of enexrgy
levels or for a sct of temperatures at a fixed
energy level,

For convenience, the current best values
for the fundamental physical constants and
atomic masges of the elements have been in-
corporated in the program so that by use of the
appropriate OMNITAB word, the proper number
will be used. A typical one-sentence command
employing this feature would be:

MULTIFLY COLUMN 2 BY
*PLANCK* STORE IN COLUMN 4.

Thus all users obtain the current accepted val-
ues for the constants. More accurate values
can be substituted in the program as they be-
come available.

New commands which permit format flexi-
bility now make it possible to produce a finished
report on OMNITAB. Text material may be in-
corporated interchangeably with computed re-
sults; the command NOTE and certain synonyms
enable the program to differentiate between
OMNITAB instructions and bibliographic or edi-
torial comment.

The inclusion of a completz set of instruc-
tions for matrix operations has greatly expanded
the range of problems which OMNITAB handles.
Furthermore, these instructions contribute brev-
ity by providing, in addiiion to compact wmatrix
operators such as INVERT, others which can
operate on entire rectangular arrays of aum-
bers at a time. For example, the following in-
structions are all that are needed to evaluate
the 22 expressions in Fig. 1.
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1 2a +|2

2 2b + b°

w

2L + .2 + 252 - 2ab

4 zc + .52 & 1.5¢? - ac
5 <20 +4d +a® + 4d% - 4ad
6 'l+2e+f+-5lz+'l.2+-5f2-2I0
7 2c + 2b2 + 3c? -4be
8 2d + b2 4 242 - 21d
9 “2b + 4e + 2b% + Go® + £2 . 4be - 20f
10 b+25+h +b2 4252 +12 - 2bg - bh
1 <2b + 41 + b2 4 4i? - 4
12 28 + 1..51:2 + 202 + .M2 = 2ca - of
13 -2¢ + 4g + 3c? + 4g2 + 202 - 4cg - 4ch
14 “2c + 1.5¢?
15 2f + 42?4 4a? + £2 - gde
16 2h + 242 + 2g2 + 1% - 4dg
17 -4d + 6 +4a2 + 952 - 124y
18 -2d + 242
19 2f + £2
2 4e - 2£ + 4e? 4 £2 - 4ot
21 2h + 402 4 £2 4 4g% 4 2n? - geg - 2mm
22 £ + 262 + 582
Figure 1

ARAISE (B} IN ROW 1 COL 21, R=101,
C=10 TO (A) IN 1,1 START STORING IN 1,21

PRODUCTS OF COLS 20 THROUGH 30,
STORE IN COL 20

COALSCE ON THE FIRST COL, THE
MATRIX IN 1,18, R=101, C=2, STORE IN 1,32

Inthis example matrix (A), 10 X101, contains
the exponents of the ten variables (a, b, ... j)
for each term of each expression. Missing var-
iables of course have zero exponents so that the
row In (A) representing the term (-4)ad from
expression 5 18 written

1,6,0,1,0,0,0,0,0,0

Matrix (B), 10 x 101, is formed by duplicating
a row of numerical velues fora, b, ... j 100
times. The ARAISE instruction raises every
elewent in (B) to the power of the correspond-
ing element in (A); results are stored over
“old" (B). Next, the product is taken of eleven
columns (column 20 contains the coetficient of
each term); results are stored in column 20.
Finally, the terms belonging to the same ex-
pression are added together on the basis of an
identification number in column 19; expression
number and answer are stored in columns 32
and 33, respectively.

The OMNITAB operating procedure, the

complete list of commands, and a discussion of
the variety of problems for which OMNITAB
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can be used are available in a user's manuel
soon to be published as NBS Handbook 101, An
aUridged veiiwia v e manusl 12 alrondy in-
cluded as a subroutine in the program; the
print-out of this abridged version may be called
ior by uae of the word MANUAL, Similarly, the
OMNITAB instruction set cax ba called for by
uss of the word, COMMANDS. As additional in-
structions are added to supplement the manual
and keep it up to date, they raay be calied f{or by
use of the word, WATSNU.

The repertoire of OMNITAB operations and
subroutines exceeds that which can be stored at

one time in a 32K (about 32,000 storage loca-
tions) machine. Consequently, the subroutines
hava hasn arranged in a compatibie syatam op-
erating under the IBSYS monitor.3 Under this
system, which was designed at the University of
Maryviand Computer Science Center, frequently
used parts of the program are always in the
core and less used portions are read into the
core as needed from system tape.

3International Business Machines Corporation
System monitor.

Honeywell 200 Computer to NRL
Naval Research Laburatory
Washington, D.C. 20350

The U.8. Naval Research Laboratory has
acquired a medium-size computer that will help
it keep track of the $6¢ million 1t spends annu-
ally on basic and applied research in electron-
ics, physics, chemigtry, metallurgy, and under-
water sound.

A Honeywell 200 business computer—able
to perform 500,000 operations a second—will
be devoting about 70 percent of its time to {i-
naccial management, cost reporting, and inven-
tory and production control. It will also handle
the payroll and personnel records for NRL's
3500-man staff.

“Another interesting project for the com-
puter," according to John P. Donovan, NRL -
comptroller, "will be direct support of NRL's
research activities by maintaining lbrary

records. It will control the journal holding,
renewal, and check-in procedures, as well as
the cataloging and loaning of more than 50,010
hard-bound volumes and 1400 periodicals used
by our research staff—and will notify library
users when a book or periodical is overdue."

Donovan indicated that the H-200's speed
and capacity will enable it to grow with NRL's
continuously expanding work load and to handle
other new applications, such as automatic
budget reporting and ext-apolation.

The H-200, valued at approximately $215,000,
includes a central processor with 8182 charac--
ters of main memory, 3 magnetic tape drives
able to trarafer 20,000 characters of informae-
tion a second, a high-speed printer, and a card
reader/punch unit.

Computing Facility
Oak Ridge National Laboraiory
Oak Ridge, Tennasss 37831

The Mathematics Division of the Oak Ridge
National Laboratory operates and maintains a
computing facility, which until September 1965
operated with a CDC 1604~A computer using 14
CDC 608 magnetic tape drives, a CDC 160-A
computer using three 806 magnetic tape drives.
Other equipment included two 1612 printers, a
405 reader, a 415 punch, and two Calcomp 580
plotter systems.

The 1604-A uses the COOP moniter; the
160-A uses a peripheral processor developed
here with capabilities for simuitaneous read and
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print. In fact, the processor allows full speed
ui one printer and a card to tape or tape to
card; it also allows full speed on two printers.
An 80-percent full speed capacity 18 obtained
with two printers plus card to tape or tape to
card.

The above ‘acility had been complctely sat-
urated w'th work since July 1965 (it was turning
more than 400 jobs per day), 8o in September
1965 an IBM System/360 Model 2060 was rented
on a temporary basis. This was done to relieve,
in part, the CDC 1604-A. This system willhave
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four IBM 2311 disks, five magnetic tape drives
(two IBM 2402's and one 2408), two 1408-N1
printers, and one 2540 card read-punch. The
model 20D =) Lave oin of iwst memory.

On February 1888, the TAM Systam/3680
Model 2050 central processor will be replaced
by the Model 2075, and 128K of bulk memory
will be added.

The computing facility operates on a closged
shop basis, but programming is open to all
members of the Laboratory. Because of the
open shop policy the Mathematics Division has

among its responsibilities that of making the
computers acceasible to as wide a vuriety of
people in the Laboratory aa maesikic  T5 {05
end, a FORTRAN 83 compller wius written for
use in the IBM System/360. This permita the
exchangeability of programs in the CDC 1604-4
and IBM System/360. For uge with the latter
computer a simple problem oriented language
for uge on remote fecilities wag designed. A
compller has been written for it.

Among problems of intercet to the Labora-
tory are sp .ce shielding (SNAP) problems, re-
actor devesopment, isotope separation, nuclear
safety programs, and desalination of water.

Educational Computer Center
Sacramento Regional Educational Data Processing Center
6011 Folsom Boulrvard
Sacramento, California

The first data processing center in the
United States devoted specifically and com-
pletely to education was opened in Szcra-
mento during July, California educators and
government officials took part in the dedication
ceremonies held at the Sacramento Regional
Educational Data Processing Center.

‘The Sacramento center, located in offices
of the county superintendent of schools, 6011
Folsom Blvd., is one of the largest of 12 such
centers that ultimately will operate in the state,
providing computer services to hundreds of
school districts.

Through the Sacramento regional center,
complete pupil personnel services will be of-
iered in the fall to 44 school districts in 18
Northern California counties. Included in the
services "package,"” which will cost participat-
ing schools $2.30 a year per pupil, will be stu-
dent scheduling, attendance reports, grade re-
porting, and test scoring.

A Honeywell 200 computer system has been
installed and will be used until December when
a Honeywell 2200 computer will become opera-
tional. The H-2200 will handle all etudent sched-
uling for the Ventura County Reglonal Educa~-
tional Data Processing Center, which also will
begin cperations in the coming semester.

The Sacramento center's H-200 system in-
cludes a central procesgor with 65,536 charac-
ters of memory, 2 console, 8ix magnetic tape
drivey, two 850-line-per-minute printers, a
card reader/punch, and random access drum
storage that can hold up to 2.6 million characters.
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The Ventura regional center will also op-
erate a Honeywell 200, which inclvdes & con-
sule, central procesgor with 16,384 characters
of memory, .our magnetic tape drives, a high
speed printer and card reader.

Througi 2 communications syvstem the Ven-
fura center, and ultimately the other locations,
will have direct access to the larger computer
in the Sacramento facilities.

A master processing schedule already has
been prepared for the coming year for the Ven-
tura regional center and for vocitional educa-
tion, with computer time scheduled for all par-
ticipating districts.

Vocational education will be the use of the
computer by junior college students enrolled in
a special advanced computer class. The stu-
dents will work at the S8acramento center on
programming, uss of machine languages, and
actual operation of the H-200.

The junior college course and a beginning
computer class at the high achool level will be
run on a test basis during the coming year to
determine the feasibility of expanding computer
course offerings to the secondary school level.

Both the Sacramento and Ventura County
centers are working par‘ly under development
grants from the California State Department of
Educatton and its Research and Develcpment
Center in Educational Data Processing.

Scheduled to begin operation a year from
now are regional centers in Los Angeles County,
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Santa Clara County (also serving San Mateo and
Monterey Counties).

Tentatively scheduled {or centars .ater are
lan Diego, San Mateo-8an Francisco, Sonoma,
San Bernardino, and Contra Costa. A second
center also is planned for Los Angeles.

With the opening of the new centers, por-
tions of the area now covered by the Sacramento
regional center will be reassigned.

The center in the capitol city now handles
counties ranging in size from Calaveras, which
has a population of just over 10,000, to Santa
Clara and Sacramento, both with populations
over one~-hzlf million.

Other counties served are Colusa, El Do-
rado, Placer, Butte, Sutter, Solano, Yolo, Stan~
islaus, Tulare, Yuba, Freano, Nevada, and San -
Joaquin,

Nearly all work handled by the regional
center the first year for districts in these 16
counties will be for high schools, with a few
elementary schools contracting for attendance
accounting and test scoring. Services offered
this year will cover more than 100,000 studeats.
The current computing system is capable of
handling services for 300,000 students.

The initial yezr also will find the center
handling complete payroll operations for 4500
teachers and school personnel in Sacramento
and Placer Counties.

The Ventura regional center, which serv-
{inas Ranta Bﬁ"‘?‘“; Ran Luia mhpo, and Ven-
tura Counties, will handle records of some
100,000 students and payroll operations for
8000 teachars and achool personnel during the
coming year. It also will use the computer
"packages,' developed in S8acramento through
the cooperation of the State Department of Edu-
cation and Honeywell EDP,

State education officials who have been
studying the feasibility of regional cooperation
in data processing have cited several advan-
tages of such a program. These include:

o Expenses reduced by furnishing and op-
erating one reglonal center, consisting of »
number of school districts, rather than furnish-
ing and operating separate installations for
each district,

¢ Experience, developments and improve-
ments that take place at the regional center can
be applied to a large number of schools, not
just one or a few.

e A high degree of central staff cocmpetency
is more likely to be realized in a regional sys-
tem than in a local district system.

e There is a greater uniformity of proce-
dures and products in a regional venture than
can be found among separate district systems.

e Various districts cooperating in a re-
gional mystem can contribute valuable sugges-
tions to the total effort because of the large
number of schools participating and because of
the differences existing in the districts.

Beckman 420 Installation
University of Southem California
Los Angeles, California 90007

Beckman Instruments, Inc., has given an
$80,000 Model 420 digital computer to the Com-
municatio. Systems Lahoratory at the Univer-
sity of Sout..rn California'sSchool of Engineer-
ing. Installation of the computer was completed
during August in USC's Olin Hall of Engineering.

The new computer will be used initially in
a project aimed at developing a more efficient
television system-a system which would trans-
mit pictures over longdistances withlittie power.

Digital codes are used to transmit pictures
from such far away places as Mars or the Moon.
A computer is used to translate these series of
received impulses into an actual picture. The
Mariner IV program used this type of system.
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The new Beckman 420 computer will be used in
a similar but more sfficient coding and decod-
ing process.

The 420 {8 a fixed point, binary, simple ad-
dress computer which handles real-timedata
continuously and efficiently., A powerful command
list, together with a flexible indirect addressing
capability, including cyclic indirect address and
a flexible stem of interrupts, allows the com-
puter to perform complex routines at high speed.

if a more efficient television system can be
developed, it will have great commercial and
military value. The project is partially under
Air Force Support and directed by Dr. William
K. Pratt, assistant professor of Electrical
Engineering.
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GE 635 Computar Sveters Tmae-lodoo
TRW Syitems®
Redondo Beach, California

TRW Systems has completed an agreement
with the General Electric Companyfor the leas-
ing of a large GE computer aystem, Frederick
W. Hease, TRW Vice President - Operations,
announced in August 1965.

The system, which includes two GE series
635 computers and peripheral equipment, will
double TRW Systems' present data-handling ca-
pacity. It will also permit the company to con-
solidate ita scientific and business data proc-
essing into a single facility. Resultant cost
savings for TRW will ultimately total more than
$2 million per year. GE expects to have its
equipment installed by July 1866, and in opera-
tion at full capacity by December 1966.

The selection of the GE system was the
culmination of a §-month TRW task group study
of the company's expanding computer require-
ments for the next few years. A thorough sur-
vey was made of major computing systems now
available or expected to be available within the
next 2 years.

Within the past year, TRW Systems has
won a number of contracts which will signifi-
cantly increase the company's computatton
workload. This workload includes scientific/
engineering functions and business data handilng.

The two model 835 computers initially will
have a disc storage capacity of 200 million
characters, a main core memory capacity of
131,000 words, a high gpeed drum capacity of 1
million words, 14 seven-track tape units, 2
nine-track tape units, 4 high-speed printers, 2
card readers, and 1 card punch unit.

Provision has been made for directly tying
in remote terminals to the 635 system. That
is, off-site laboratories and business opera-
tions may have control stations from which
they can place data and instructions over tele-
phone lines directly into the storage and mem-~
ory units and control subsequent operztions of
the computers.

TRW's computing centers now operate on »
three-shift basis and produce the equivalent of
more than a million and a half lines of printing
& day. Over the past 10 years TRW Systems
has accumulated probably the largest library of

mission and trajectory computer programs of
any company in the industry,

The company's computation work inciudes
the analvsis of data from ballistic missile tests,
spacecrait performance, and experiment data
and design criteria for complex electronic,
aeronautical, astronautical, and mechanical
aystems and subsystems.

TRW Systems’ scientific computation and
data reduction center (CDRC) is under the di-
rection of Dr. Eldred C. Nelson, The business
data management is directed by Mr. W. Stewart
Hotchkiss. TRW Systems' equipment now con-
sists of two IBM 7094-Mod II, an RCA 501 and
two RCA 301 computers, an analog computing
facility, analog-to-digital and digital-to-analog
conversion equipment, and an on-line comput-
ing center designed to be operated by design
engineers rather than computer programmers.
The GE system will replace the IBM and RCA
equipment.

TRW systems is an operating groupof TRW
Inc., a widely diversified manufacturer of prod-
ucts in the aerospace, electronic, and automo-
tive fieids. TRW Systems has been prime con-
tractor gince inception of the United States
Space Program for a large number of satellite
and space probe projects, including several
spacecraft in the Ploneer series, the Explorer
series, the Nuclezr Detection Satellites (Vela),
the Orbiting Geophysical Observatory (OGO),
and a family of environmental test satellites.
The company is currenily developing and manu-
facturing the rocket engines which will land the
Apollo astronauts on the moon, as well as a
wide array of electronic and mechanical sys-
tems for the United States military and civilian
space agencies and for other industrial compa-
nies. It has been responsible for the past dec-
ade for overall systems engineering and tech-
nical direction vf the U.S. Alr Force Ballistic
Missile Program.

Headquarters for TRW Systems is in Re-
dondo Beach, California. Other TRW Systems
facilities are located in San Bernardino and San
Juan Capistrano, California; Houston, Texas;
Cape Kennedy, Florida; Huntsville, Alabama;
and Washington, D.C.

*Forimerly TRW Space Technology Laboratories - STL.
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Computation and Analysis Laboratory
US. Naval Weapons [aboraivry

Dahigren, Virginia

STRETCH

A number of additional language facilities
have been made available to STRETCH users at
NWL. These included SIMTRAN, which is a
version of SIMSCRIPT prepared by IBM for
STRETCH, and AUTOCHART, a program pre-
pared at NWL for use in the preparation and
maintenance of flow charts. The latter \s mod-
eled after the system of the same name pre-
pared by IBM for the 7070 computer.

The STRETCH continues to be the major
facility of the Lahoratory with an average utili-
zation of 120 to 140 productive hours per week.

NORC

A FORTRAN compiler (NORCTRAN) has
been comnleted and is in use on the NORC. A
sort generator has been included as part of this
syatem.

The NORC completed its tenth year of op-
eration in June 1985 and continues to be used
approximately 40 hours per week, No signifi-
cant engineering problems have developed with
the NORC, in spite of its age.

PIRECT ACCESS COMPUTING

An IBM 8ystem 360 Model 40, with a 131K
Memory, the universal instruction set, and other
appropriate apecial features, was installed in
August 1885 for support of Naval Weapons Lab-
oratory research and development efforts in

direct user access computing and time sharing.
Primarily emphagized in this program is the
study of the effects on scientific manpower
productivity and overall problem solving time
created by direct, immediate, and conveninnt
access to a powerful computer by individual
scientists and programmers, particularly by
means of console terminals which include so-
phisticated graphical capability. The terminais
used in the Naval Weapons Laboratory study
include two IBM type 2260 buffered display
systems.

Additional studies in this general area have
algso been made over the past several months
using an IBM 1050 System with both the [IBM
Mohansic Laboratoriea Time Sharing Monitor
System and the commerclally available QUIK-
TRAN System. :

POLARIS COMPUTER SYSTEMS

A POLARIS Target Card Computer System
Mark 148 (PTCCS) was installed in the Labora-
tory during July 1965. The PTCCS was devel-
oped for installation in the earlier POLARIS
submarines which require miesile presettings
in punched card form, and which originally car-
ried a large file of punched target data cards.
The Laboratory also has a POLARIS Digital
Gecballistic Computer (DGBC) of the type used
for fire control in later POLARIS submarines,
At the Naval Weapons Laboratory, the DGBC
and the PTCCS are employed for development
of computer programs for POLARIS shipboard
use,
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Computers and Centers, Overseas

The Foundation for Management Training
Graduate School of Business Administration
Goteborg C, Sweden

The Graduate School of Business Adminis-
tration is currently pursuing the following re-
search projects:

¢ EDB-gimulation of planning processes in
the testile industry. The different models cover
three levels from the spinning mill to the cloth-
ing factory. One of the objectives is to connect
these intra-firm models to each other in order
to get an inter-firm model.

¢ Development of a planning model for in-
tegrated order production within the heavy me-
chanic industry. The objective is to find better
planning rules by simulating several dilferent
strategles.

# Development of a simulation model to
study the effect of the change from left to right

hand traffic in Gothenburg. The model can also
be used to find better rules for traffic control
during the peak hours of the day.

s Development of a model for budget simu-
lation in a complex organization.

o Development of validation methods for
simulation models.

e Construction of systems for information
handling and information retrieval in decision
intensive organizations.

e Development of methods for representa-
tion of ill-structured problems. This research
has a very clear connection with the work for
construction of programming languages for han-
dling such problems.

. University of London
Institute of Computer Science
44 Gordon Square
London, W.C.I. England

An ICT Atlas I computer has been in oper-
ation at the Institute since May 1964. Details of
the installation are;

Storage:

Main Store Cores 32,768 words

Magnetic drums 98,304 words
Fixed Store 8,192 words
Subsidiary working store 1,024 words

Words are 48 bits or 8 characters of 6 bits.

Megnetic iape:

14 Arapex tape units connected, of which 8
can be in simultaneous use,

Input and output:

5-, 7-, or B-channal paper tape (four tape
readers) or 80-column punched cards (two card

11

readers). Output may be on line printer (two
Anelex printers), paper tape (three tape punches)
or punched cards (one card punch),

On-line data links:

Three on-line GEC dzta links to colleges
of the University are already in use. A high-
speed on-line link (television cable) is installed
to Imperial College (London University) and
will be used in addition to normal computing
service work for experiments in adaptive con-
trol work.

The computer is now fully loaded on a 24~
hour day, 6-day week schedule, and 7-day work-
ing will be introduced by the end of 1965.

During the 12 weeks commencing 31 May
1865, 975 hours of computing time were avall-
able, 30,720 jobs were done, and the computer
carried out 520 x 10° instructions.
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H.M. Nautical Almanac Office
Rzl Cremmudeh Dhsemutney
Herstmonceux Castle
Hailsham, Sussex, England

An ICT 1809 computer system {see DCN,
April 1965) will be ingtalled in H.M. Nautical
Almanac Office, England, in March 1868, The
syatem will comprise a central proceasor with
16,384 words of core atorage and & cycle time
of & microseconds, together with four magnetic-
tape unita, a line printer (1350 lines per min-
ute), a card reader, card punch, two paper tape
readers and punches, and a graph plotter.

The computer will have three principal
fields of use: firstly, for the computation ol

ephemerides for astronomy andspace research,
and for the preparation of almanacs and tables
for navigation and surveying; secondly, for the
analysis of astronomical observations and for
theoretical regearch in celestial mechanics and
astrophysics; and thirdly, for other work for
the Hydrographer of the Navy (for example, for
Decca-lattice charts). In addition, time on the
computer will be made available to the Univer-
sity of Sussex, and possibly also to other estab-
lishments under the control of the Science Re-
search Council.

Techniow! Centre
Supreme Headguarters Allied Powers Europe
The Hague, Netherlands

A CDC 3600 has been installed at SHAPE
Technical Centre (S8TC}), The Hague, Netherlands,
The 3600, which replaces an IBM 704, operates
under the Drum Scope system. The model in-
stalled at 8STC has a core storage of 64K words
with 48 data bits and 3 parity bits each. Auxil-
iary storage of 1,000,000 words is provided by
two magnetic drums (average acceas 17 ms,

transmission 2 Mc). Peripheral equipment in-
cludes sixtape units (200, 556, 800 bpi, max. 120
ke), card reader (1200 cpm), card punch (250
¢pm), two printers (1000 lpm each), CRT dis-
play. There are two data channels. Access to
the drums and tape units canbe effected through
either channel. The STC installation is thefirst
3600 aystem in Europe to be equipped with drums.

Basser Computing Department
The University of Sydnay
Sydnsy, New South Walss, Awstralia

The current expanded configuration of the
English Electric KDF 9 (see DCN, January
19653) in the Basser Computing Department,
School of Physics, University of Sydney, i8 as
follows:

16K core memory (was 8K)
2 readers (was 1)
1 punch

1 line printer
4 magnetic tape units (was 3)
1 monitor typewriter.

There is a plotter on order, and interconnec-
tion of the XDF 9 with the laboratory's older
machine, SILLIAC (a copy of the ILLIAC I
with four magnetic tapes attached) is almost
complete,
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Miscellaneous

Unattended Transmission of High Speed Data
Bell Telephone System
New York, New York

Bell System Data-Phone 8ervice now en-
ables busineas machines transmitting at speeds
up to 2000 bits per second (about 2700 words
per minute) to converse with one another with-
out any human intermediary. Operating in con-
junction with Bell System 801-type Automatic
Calling Units, the 201A Data-Phone data set
now is compatible with computer-to-computer
transmissaion as well as with machines that

transmit punched paper tape, magnetic tape,
and card media.

With this new feature of the 201A Data~
Phone data set, organizations with several
branch offices will be able to poll these offices
automatically over the regular telephone
switched network for salesa, production, and
other information. By making guch polls in
off-hours, they will be able to take advantage of
lower evening telephone rates and also reduce

the transmission traific which their telephone .
service must handle during regular hours,

The typical equipment configuration would

~ consist of an automatic calling unit and a data

set at the headquarters location and a data set
at each branch, along with the business ma-
chines., The telephone numberg of the loca-
tions to be polled would be stored in the com-
puter system. At a pre-~determined time the
computer would begin to feed the numbers in
sequence to the automatic calling unit, The
calls ‘¥ould then be placed gutomatically to

the location being polled.

The transmitting unit at the branch would
then be activated and would start sending data
to the central office. This data would have
been loaded into the transmitter sometime
earlier, perhaps at closing time.

Computer Programmed Telemetry System
Systems Division
Bechkman Instruments, Inc.
Fullerten, California

INTRODUCTIOMN

1.e Beckman Model 420 Digital Computer
18 been incorporated into the Beclkman Model

8420 Telemetry System as a processor/con-
troller.,

The 3nclusion of a medium-sized digital
computer 1t.to a telemetry ground station has
brought to \his system the intrinsic flexibility
required in procgeeing many different and
widely dive :gent formats. This innovation has
proved tr e both effective and economical.

The Model 420 Computer contains a core
memory with a capacity of 4096¢ to 32,768
18-bit computer words. There are eight
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bi-directional I/0 channels which are processed
on a priority basis, These eight channels are
divided inte {our standard channels with a word
transfer time of 9.6 microseconds and four
high-speed channels with a word transfer rate
of 3.2 microseconds. Each channel can accept

data from a maximum of 16 input/output
devices,

Detailed analysis of the data on first pass
is not required by most telemetry ground sta-
tions. Therefore, the function of the computer
is to perform sync strategy, editing, merging
of multiple input, data compression, decom-
mutation, display of data, engineering unit con-
version, and gapped computer formatting of the
data for wording on a magnetic tape unit.
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Detailed analyzing of the data may be made -
on a sscond pass operation by the Model 420
Commiter,

HARDWARE AND SOFTWARE
PROGRAMMING

A Beckman Model 8420 Telemetry System
consists of a Model 420 Computer, plus what-
ever subsystems or peripheral equipment is
required to handle the input and output needs.
Standard input subaystems include these needed
for PCM, PAM/PDM, FM, and range-time sig-
nals. A Simulatot Subsystem is also-avatlable

for checkout and test.

Output subsysiems consist of digital tape
transports, digital displays, digital-to-analog
converters for driving strin-chart recorders
or oscillographs, and tape printers or card
punches.

The programming nf all thede elements
is a balance of hardware and software, Tocon-
serve computer time and memory, grogram
events that take place more frequently than
once a telemetry frams are built into the pe-
ripheral hardware. Thus, all bit slip correc-
tion and primary synchronization is perfocrmed
in the Telemetry Subsystems.

This trees the computer to handle the con-
trol of data on input, frame synchronization,
processing routines, and output formattiing.

The input control of data is accomplished
_by a unique device called a List Control.
Thic device has its own 1/0 instruction list
that gives the computer the abllity to: edit
channels on input; sort or decommutate data
on input by specifying different areas of the
core memory for each channel; and specify
incoming word length (PCM) or commutation
pattern (FM),

The sorting of data on input by 1/0 control
relieves the computer processor program from
having to perform a decommutation routine
before operating on the data. Since telemetry
data i8 by nature cyclic, then the Instruction
List can be iterative with a branch instruction
to loop the list, The bit remains in synchronism
with the incoming data on a word-for-word
basis. That portion of the list instruction word
which defines the specific bulfer where the data
word will be placed is called Externally Speci-
fied Buffer (ESB). A maximum of 512 buffer
locations may be specified, These buifer loca-
tions are in addition to the standard 4 buffer
focations per channel.

ber of FM discriminators, the instruction list
is used to sequence the FM channels to be
digitized so thuni u coinmutation pattern can be
generated via program control. The data will
be commutated and decommutated by the list
word,

- PROGRAM ORGANIZATION
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Telemétry Processing Programs for the
Model 8420 are generated with the use of a
special telemeiry oriented compiler (FORGE).
The compiler aids the operator in writing a
specific operational program by printing out a
series of questions-on the system typewriter,
The answers to these questions, entered on
the same typewriter, consist of information
required to complete the program, i.e., bit or
pulse rate, LSB or MSB format, channels per
frame, processing required per channel, and
output format,

SORTING PCM DATA

A simplified example will illustrate the
flexibility and high throughput capacity of such
a system, The basic ¢bjective is an on-line
sort of PCM data recorded on an analog
magnetic tape, The sort is to be performed at
an input word rate of 25,600 eight-bit words
per second. The data is to be sorted into eight
output buffer areas, each buffer area connected
to a digital magnetic tape for recording in a
gapped format.

While the data is being sorted, other func-
tions to be performed are tape search, data
editing (inhibit certain words), quick-look,
data compression (inhibit output if within high-
low limits), and merging of time and fixed
data. The overall flow of data is shown in
Fig. 1.

The system required to perform these
functions would consist of a Model 420 Com-
puter, a PCM Bit and Frame Synchronizer, a
Time Cod2 Translator, a DAC and Display
Subsystem, eight digital tape transports, and
one analog tape transport (it is assumed that
both the PCM data and the time data are on a
single tape).

Figure 2 illustrates the sort operation,
The PCM main frame contains 25,000 words
and cycles once each second. Within the frame
are 50 minor frames of 512 words each, re-
peating once each 20 milliseconds. The ESB
address list is synchronized with the incoming
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telemetry minor frames. As each PCM word
is transferred from the PCM synchronizer
subsystem into the computer memory, an as-
sociated ESB address is extracted from the
list and used to specify a set of buffer control
words, A through H. The actual destination of
the data word s the current address in the
control-word set that has been specified.

As each output buffer area is filled, the
output tape associated with that particular
buffer area is atarted. For simplicity of
organization, each output tape record contains
a muitiple of words contained in:the minor
frames and is started at the conclusion of a
minor frame, Each of the buffer arcas may
be of any desired size, independent of the
other areas.

The inputting of PCM data and outputting
of data to the digital tape recorders is through
normal 1/0 channels. The outputting of the
ESB address is through a high-speed direct
memory access channel. Together, these three
functions consume 57.2 percent of the memory
time, on average. This leaves 42.8 percent of
the time for the additional functions of edit,
time merge, quick-look output, sync mainte-
nance, and data compression,

OTHER PROCESSING
FUNCTIONS

The time-metge function consists of plac-
ing a time word with each output record. The
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time word, derived from: the serfal time
record on the analog tape, can be programmed
to represent the firat word in the output record
or the last,

The quick-look {uiction involves the
stripping of one channel of data and presenting
it to the system operator in decimal format.
In addition, up to eight othier channels may be
stripped out for conversion to an analog volt-
age for driving strip-chart recorders.

The computer also checks on the minor
frame sync once per frane to determine if
the PCM asubsystem is stili synchronized. If
and when synoc is lost, a flag is inseried in
the header of all records and the record itself
is tilled out with all zeros, This guarantees
that all of the records on the output tapes are
of the same length, whether or not they con-
tain usable data. A similar procedure is used
to determine and ilag main-frame sync.

Three types of data compression may be
programmed. In one case, the system ilags
data that exceeds the preset high-low limits.

In the second case, only the datq that exceeds
the limits is recorded, In the third case, the
high-low limits axe adjusted or reset at fixed
intervals, with only the data falling outside the
limits being recorded. The effect i8 to pare

the frequency of the recording with the ata-
bility of the signal. There is only an occasional
record when the datzs werds are varying siowly,
with more frequent recording during transient
periods,
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SYSTEM LOADING List Cutput
ANALYSIS—-TIMING
One list word (containing ESB address) is
PCM Input associated with every PCM input word. Each
list word (through DMA) takes 3.2 micro-
The PCM input word rate i4 25,600 words per seconds. Required capacity:
second. Eachwordtakes 9.6 microseconds. T.e
percent of available time used for PCMinput is: 3.2 x 10°5 sec/word x 25,600 words/sec

9.6 x 10°% gec/word x 25,600 words/sec = 0,08102 sec/sec % 8.2 percent

= 0,24486 sec/sec = 24.5
Magnetic Tape Output

Time Input
The total output rate is approximately
One complete time word (two computer 52,000 char/sec, or 26,000 words per second.
words) are entered every minor frame or once gince there are two characters per word. Re-
per 20 milliseconds. This is 100 words per quired capacity:

second, Required capacity:

9.6 x 10" sec/word x 26,000 worda/sec

9.6 x 10-¢ gec/word x 100 words/sec
= 0.2496 sec/sec = 25 percent

= 9,00006 sec/sec = 0.1 percent
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Quick~Look Output

In the worst case, one digital display and
eight DAC are updated every 20 milliseconds.
‘this i8 a word rate of 450 words/sec. Re-
quired capacity:

9.6 x 10-6 gsec/word x 450 words/sec
= 0.004325 sec/sec = 0.4 percent.

Processor Operationa (Performed once every
20 milliseconds)

Time Processor. This routine causes a
get of time words to be entezed and checks
against preset stop time. Required capacity
(worst case):

63.8 x 105 gec/frame

20 x 10~ sec/frame
=0,00319 sec/sec = 0,3 percent.
Sync Maintenance. This routine determines
if the minor frame and major frame are still in
sync. Required capacity:

390.4 x 10-6 gec/frame

20 x 10°? sec/frame
= 0.01952 sec/sec 2 2,0 percent.

Output Control, This routine starts the out-
put tapes if required during a minor frame
interrupt routine, Worst case is starting two
outputs per frame. Requires capacity:

80 x 10 gec/frame

20 x 10°? gec/frame
= 0,004 sec/sec = 0.4 percent,

List Update, The 1ist contents (ESB ad-
dress) vary from minor frame to minor frame
due to subcommutation. In this problem, the
average number of ESB addresses that must be
updated is limited to 50 per minor frame,
Required capacity:

1091.2 = 10°¢ sec/frame

20 x 10°2 sec/frame
= 0,05456 sec/sec = 5.5 percent.
Data Compression. In most {ests the data

being checked against limits falls within the
limits, This requires 72.0 microseconds per

check., When the data falls outside lmitas, it
takes 183.8 microseconds to reestablish limits
and prepare data for output. A reasonabie
average time is 83 microseconds per-channel-
per-frame, For two channels per frame the
required capacity 1s:

166 x 10-% gec/frame

20 x 10" sec/frame
= 0.0083 sec/sec = 0,8 percent.

Quick-Lovk Processor, Every minor
frame it is possible to process one channel
for digital display (binary-to-BCD) and eight
channels for the DAC outputs. Required
capacity:

402.4 x 10°% gec/frame

20 x 10°3 sec/frame

= 0,02012 sec/sec = 2.0 percent,

Summary of Timing Analysis

The total loading is tabulated below:

Operation

PCM Input

Time Input

List Output

Tape Qutput

Q. L. Output
Time Processor
Sync Maintenance
Output Control
List Update

Data Compression
Quick-Look Processor

Percent Time

.
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TOTAL 69,2 percent

This leaves 30 percent of the processing
time available for other on-line functions.

SYSTEM LOADING
ANALYSIS=MEMORY

Output Buffers

Each output tape requires a double buffer
area so that data can be unloaded from one area
while being loaded into the other area, The
average buffer length is 400 words (800 tape
characters). Required memory:

8 tapes x 2 x 400 words = 6400 words.
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List

The list i8 twice the lengih of a minor
frame. Required Memory:

2 x 512 = 1024 words.

List Update
The Memory required to update the list

is (64 + words/frame updated) X 50 frames,
Required memory:

114 x 50 = 5700 words.

Prograin
It is estimated that the program plus

associated registers are contained in 1000
words of memory.

Summary of Memory Requirements

Operation Memory Required
Output Buffers 6,400
List 1,024
List Update 5,700
Program 1,000

TOTAL 14,124

GE 635 Systems for Bell Telephone Laboratories, Inc.
General Electric
New York 22, New York

Bell Telephone Laboratories, Incorporated,
has leased three advanced time-sharing computer
systems valued at more than $23 Million from
General Eiectric's Computer Department.

The computers are advanced GE-§35 systems
modified to handle the time-sharing operations
at the three Bell Laboratories locations at
Holmdel, Murray Hill, and Whippany, N, J.
They contain 2 combined total of almost four
million characters in core memory,

Time-sharing computers allow many users
to work simultaneously with the system because
they can switch rapidly from problem to problem,
Thus, engineers and scientists would be able to
use the G-E computers on complex computation
problems without programming them on cards
and tape, and walting in line for answers.

This 18 made possible by the G-E computer's
real-time, multi-programming capabilities,

Several hundred users can get on line to
computers of this type, depending on the size
of the problems and the types of terminals
used.

The computers can be linked together, so
that users at any location can gain access to
the G-E computer at another site by employ-
ing a technique known as multiprocessing.

In addition, users can reach the G-E com-
puters from remote locatione, such as offices
or homes by use of teletype and telephone lines,

Shipment of the advanced GE-635 systemsto
Bell Laboratories will begin in early 1986,

High Speed Hybrid Circuits
Department of Computer Science
University of Illinois
Urbana, lllinois

The Circuit Research Group has investigated
the use of mixed digital-analog circuits in pat-
tern processing. In the so-called PARAMATRIX
system a line drawing is electrically rotated,
magnified, and repositioned, such deficiences as
gaps and blurs being automatically corrected.
The set of circuits used accepts signals from
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-10 v to +10 v and includes current ampli-
fiers (precision: i IO mv) and voltage
amplifiers (precision: = 0.33 percent

+ 20 mv) working from DC to 10 MC. The
Incoming information is taken from a

slide and the end result is displayed on a
matrix of lights,
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A new educational and scientific computer
language designed specifically for student use
was described in August at a SHARE meeting
of computer users. Written under the auspices
of Illinoie Institute of Technology, the new Bys-
tem of simplifying mathematical and logical
statements in English for use with computers
has been dubbed "ITRAN," a combination of
the untversity's initials and "tran" for trans-
lator,

As described by Willlam S, Worley, Jr.,
a staff member of the IT Computation Center
and chief developer of HTRAN, the new langu-
age enables computers to process relatively
simple problems, in quantity, much faster
than the older computer languages which were
designed primarily for use in advanced scien-
tific r« “zarch or for commercial or indus-
trial purposes. The eifectiveness of the
new language together with the improved ef-
ficiency of large advanced computers makes

Industrial Test of Computer Assisted Instruction

White Plains, New Yurk 10601 +

The first test of its kind using the com-
puter as an aid to the industrial training of
employees at locations thousands of miles
apart was initlated in June 1965 by International
Business Machines Corporation.

The pilot study conducted by the company's
Field Engineering Division is designed to test
the feasibility of using a computer and remote
terminals to help train IBM customer engineers,
who service IBM's information handling sys-
tems.

The experiment, in which student terminals
at IBM offices in Philiadelphia, Los Angeles,
San Francisco, and Washington, D. C. are con-
nected to a central computer at Poughka2epsie,
N, Y., will help to determine the effectiveness
of computer assisted instruction as a method
of teaching coinplex technical subject matter in
an actual field environment.

Mr. O. M, Scott, IBM vice president and
president of IBM's Field Engineering Division,
sald, "As the pace of technological advancement
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feasible the routine use of advanced com-
puters by undergraduates and even secondary
school studentas.

Dr. Peter G. Lykos, director of the IIT
Computation Center, has stated that, with 1
ITRAN, the cost of undergraduate use of the
Center's computer facilities 18 now approxi-
mately that of student use of a library; that
is, using ITRAN, a student can have enough
time on IIT's IBM 7040 computer to handle a
typical student problem for less than the cost
of circulating a book from the public library.

IOTRAN, like other computer languages,
is essentially a means of translating a few
complex statements in English into an equiva- ‘
lent set of very many simple instructions
which are comprehensible to a computer.
TITRAN can be used by students with no
background in computer programming after
about 1 hour of instruction.

quickens, we are increasing our educational
activities and continually exploring new in-
structional techniques to enable our customer
engineers to meet the service requirements

of our advanced computer systems. The pilot
study has potential as a highly effective
supplement to conventional classroom methods
and laboratory work at our education centers,
We hope this experiment will help us to indi- .
vidualize instruction and reduce the amount of

time a customer engineer needs to spend at a

central training location. However, computer

assisted instruction certainly isn't intended to
replace all centralized education for customer
engineers,"

IBM's Field Engineering Division designed
the experiment which employs an IBM 1440
data processing system to store and present
instructional material prepared by divisional
training specialista. IBM 1050 data communi-
cations systems serve as the links between
the studeats and the computer. Course ma-
terial ie entered into the system through the
typewriter-like keyboards of the 1050 terminals




linked to the computer by telephone lines. The
value of computer controlled graphic dlsplay
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also belng explored in the study at IBM's San
Francisco and Washington, D.C, offices,

After storage in the computer's direct ac-
cess disk files, the course material can be
pregented to the student through the same or
another 1050 terminal, At preasent, twelve 1050
terminals can communicate with the 1440 com-
puter at the same time. The maximum number
of terminals, however, is still be be determined.

Should guidancebe required, voice communi-
cation between students and an instructor lo-
catedat the central computer or another terminal
is handled by means of telephone subsets.

The course material is presented in printed
form on the same terminals which the students
use for responses. The computer in Pough-
Keepsie analyzes these responses, checks their
accuracy, and retains and stores student per-

formance data. The pace and content of instruc-

tion is set by the individual student in ac-
cordance with his grasp of the material and
speed of response to questions.

The group of IBM customer engineers, ex~
perimenting with computer assisted instruction
courses for the balance of 1965 will attempt to
mainiain a reasonable schedule of instruction
while on call at their respective offices., This
will enable a test of the effectiveness of the
system amid normal job pressures,

COMPUTER ASSISTED
INSTRUCTION

Computer assisted instruction is a relatively
new educational technique presently undergoing
investigation, In IBM's Field Engineering Divi-
sion, each customer engineer, working at a
student terminal, is questioned and responded to
individually by the centrally located computer.
The speed and memory capacity of the computer
enables it to accommodate many students in
various stages of many courses simultaneously.
This pormits each student to proceed at his own
rate so that the slower student does not become
lost or retard others, The faster student is not
bored by material below his level of capability.

The Field Enginvering Division experiment
will be conducted under the direction of H, 8.
Long, manager of Instructional Devices at the
division's Advanced Maintenance Development
facility in Poughkeepsie, N.Y. '"The logical
capabilities of the central computer," Mr, Long
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said, '"permit it to make numerous decisions
based upon each student's background and
progress in tie course. Thus, for a given
course, there are numerous possible paths."

Students can, at a given point in the
course, be sent on to the next question, sent
ahead to a later section of the course, given
remedial or enrichment material, directed to
a textbook or to reference material, or di-
rected to consult with an instructor or
counselor on a specific tople.

The student is kept informed, at every
step along the way, of the accuracy oi his
response, The v.udent may also be permitted
considerable freedom of choice, For ex-
ample, at various points during the course he
may ask to see a glossary of terms, request
help, skip an area by demonstrating pro-
ficiency, or even express his satisfaction or
dissatisfaction with the course by typing his
comments on the terminal. The author of the
course can obtain from the computer a com-
plete record of each student's responses, as
well as the student's personal comments, at
any time, This information provides feedback
to the course anthor so that he can identify
points of error or ambiguity in the course
and make the appropriate corrections.

The terminal, inaddition to its educational
function, also serves as the instrument for
course construction and revision. Courses are
written for computer assisted instruction in a
fairly simple language known as Coursewriter,
which requires no computer programming ex-
perience. Thus, the author of a course need
undergo no extensive training and, further-
more, need not be located near the central
computer. Coursewriter was originally de-
veloped by IBM's Instructional Systems
Development Department and has been made
avallable to educators interested in experi-
menting with computer assisted instruction.

The ability to revise courses quickly
and from remote terminals makes this in-
structional technique extremely well suited
for courses in rapidly changing areas of tech-
nology, where the time, expense, and trouble
of reprinting and redistributing more conven=
tional course materials would be prohibitive,

IBM'S FIELD ENGI-
NEERING DIVISION

The Field Engineering Division has re-
sponsibility for installing and maintaining IBM
information-handling systems and equipment,
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Thus, when a new product successfully com-
pletes all manufacturing tests and is de-
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throughout the United States are responsible
for machine installation and maintenance.
These men, who are members of IBM's Ficld
Engineering Division, are selected for a unique
blend of aptitude, technical background, and
personal characteristics, They have grown
with the industry through three generations of
technology—electro-mechanical, electronic,
and solid state—and have consistently provided
highest quality service for IBM machines
ranging from the vertical sorter to the modern
data processing system.

Early in their career, customer engineers
undergn a 14-week initial training period, which
enables them to malntain a basic complement
of machines. As they develop experience, and
the need arises, they receive advance train-
ing courses varying in length from a few
days for a simple machine or feature, to 5§
months for a large system., Some complex
system configurations may require that a
group of men undergo a 2-year training pro-
gram which equips them to service that specific
system. In addition to a functional knowledge of
the machine, the training of these men may in-
clude the use of diagnostic programs, program-
ming systems, test equipment, process simula-
tors, and experience on the final test line, Thus,
as the initial machines are being delivered,
experienced customer engineers are prepared to
accept this additional responsibility.

To assure quality at all levels of a product’s
development, the Field Engineering Division offers
its field experience through service planning
representatives located at each manufacturing
plant. Early in a product's life, the service
planning representatives provide information
which influences reliable design, performance
objectives, componentieasibility, cost estimates,

and provide customer reaction to certain tech-
nical situations, At the same time, plans are
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in the customer'l office. Cultomer englneeu
in the field gather experience on prototype
madcls installed within IBM. They cheek
power, space and other environmental factors.
This experience is fed back to development
engineering, and used as input for decisions on
design characteristics, size specifications,
power requirements, and other related factora.

When the machine is installed at a cus-
tomer location, and during subsequent visits,
detalled records are kept of time spent on each
unit, on component performance, on system
diagnosis, and other pertinent sub categories.
These records are forwarded to 1 of 10 IBM
data processing centers throughout the United
States. There the information is edited and
forwarded to a central computer, which
compiles the data into a meaningful form.
Reports generated from this data are analyzed
to determine overall machine performance, as
well as trouble encountered on specific units,
This analysis, together with personal contacts
with customer engineers, assures rapid cor-
rection of items which may not have been
included during development or testing. This
process is a continuous one throughout the
life of the product.

To assist customer engineers in the most
rapid and efficient diagnosis of a machine
failure, the division has established technical
information centers at strategic geographic
locationa, Technical specialists, reference
material, and the latest service techniques
are a phone call away from most customer
engineers, Field seminars, plant forums,and
specialist training programs combine with the
latest in diagnostic and maintenance techniques
to assure maximum life and usage of every
product.

Advances in the Algebraic Theory of Machines
Krohn-Rhodes Research Institute
Washington, D.C. 20013 and
Berkeley, California 94702

Within the Krohn- ‘thodes Research Insti-~
tute study to advance the algebraic theory of
machines, the institute has developed a new
method for generating Boolean Functions,

1. A fixed simple non-abelian group ma-
chine* M is used, and any Boolean function B
can be realized by M with the aid of a storage
sequence depending on M and B, This means

%A group machine is a finite state machine such that (1) (very input permutes the states, and (2) the
collection of permutations of the states given by all input sequences is a group, The adjectives
"simple,non-abelian' refcr to the group defined by the machine.
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that one finite state machine can be used to
realiza all Ranlean functions inwnleed in o sivan
operation with only a storage unit need for each
Boolean function. This could lead to significant
new tachniques {n the optimization of design of

computer compoenents.

The details of this method will soon appear
in '"Realizing Complex Boolean Functions with
Simple Non-Abelian Groups,' by W, D, Maurer,
Kenneth Krohn, and John Rhodes. The method
is an outgrowth of "A Property of Finite Siinple
Non-Abelian Groups,' by W, D. Maurer and John
L. Rhodes, Proceedings of the American Mathe-
matical Soclety, 16(3), June 1965, pp. 552-554,

2, Dr., W, D. Maurer has written a system
in MAD at Project MAC for performing compu-
tations of the theory of finite groups and semi-
groups. Typical programs writtea using his
system give ways to determine ideals of a
semigroup from its Cayley table or from a
representation by functions acting on a set of
states. A particularly interesting program is
described in "Computer Determination of Semi-
group Isomorphism,'" by W. D. Maurer, An
algorithm in MAD with certain subroutines in
FAP is given to determine when two semigroups,
given by Cayley (muitiplication) tables are
isomorphic. Both Cayley tables and scratch
space for another of the same size must {it
simultaneously into core. Some pushdown
storage is also used.

The basic idea of the algorithm is to con-
struct a sequence of increasingly fine partitions
on the semigroups, checking at each state to
see if they still correspond. If at any state they
fail to correspond, they are judged non-isomor=-
phic and the program stops, If they aze iso-
morphic, the algorithm yields an isomorphism
between them.

The first partition on each semigroup is
given by regarding as equivalent any two ele-
ents which have the same index and period.
(The index of an element i8 the: smallest power
of it which is equal to some higher power, and
the period is the number of distinct powers of
the element which occur beyond (and including)
this smallest repeated power.) Each subsequent
partition is obtained from the preceding by re-
garding as equivalent all elements which are
equivalent in the preceding and remain equiva-
lent in the preceding under maultiplication on
the right or leit by any element of the semi-
group, If this process terminates and corre-
sponding classes remain with more than one
element, a pair of individual elements in cor-
responding classes are arbitrarily assigned to
corresponding one-eleme't classes and the
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refinement procedure continued, The process
sondinuss untll 4he SomigiTups are juuged
non-iaomorphic or an isomorphism is found,
The program required 20 seconds to find an
somorphizm of the cyclic group of order
twelve with the direct product of the cyelic
groups of orders three and four,

3. A state-input model has been developed
for multienzyme biochemical systems in which
the algebraic theory of machineg is of great
use, The model essentially regards substrates
as states and coenzymes as inputs, and will be
described i a forthcoming paper by R, Langer,
John Rhodes, et al. The model poses very
interesting and difficult computing problems.
The prob:lems are similar to those solvable by
the methods of Maurer described above and
essentlally reduce to the protlem cf finding
the maximal subgroups of a semigroup of about
215¢ glements, a problem waich is clearly im-
posasible without the use of very puwerful
mathematical techniques to simplify the
necessary computations,

4. "Complexity of Finite Semigroups" by
Kenneth Krobhn and John Rhodes will scon
appear, In "Algebraic Theory of Machinee I,"
soon to appear in Transactions of tiie American
Mathematical Society, these authors showed
thac every finite state machine can be decom-
posed sequentially into simple group machines
2nd "combinatorial' machines, i.e., maclines
which can be built sequentially from coples of
a three state machine with the following state-
input table:

Table: Basic Inputs
lab
1la/b
States  a[ajajb)
blblaib|

-

In the sequential construction of a finite
state machine from group machines and com-
binatorial machines it may be necessary to
alternate group machines and combinatorial
machines several times. This paper shows
that finite state machines exist for which
arbitraril- many alternations are necessary,
and a method i8 given for determining the
minimal number necessary (the "complexity”
of the machine) in terms of the associated
semigroups. An explicit but possibly quite
complicated method for sequentially decom-
posing a finite state machine into group and
combinatorial machines is given,

5. In "Algebraic Theory of Machines II,"
by W. D. Maure*, Kenneth Krohn, and John

-l

vl e Tl . e SR 0 L




E
E
|
|
|
|
!’.
‘

Rhodes, soon to appear, a method 18 given to
radunea anv gel:unn“u\ Annnm:n-(“m al a Hatba
group machine to a decomposition using the
simple groups arising as factors in some com-
position series cf the group of the machine, The
reductions are of three kinds: (1) discarding
unused states or inputs of one or more of the
machines in the decomposition; (2) discarding
unused machines; (3) changing the wires con-
necting the machines in the decomposition.
The third reduction is equivalent with the alge-
brale operation of conjugating in the aseoci-
«ted semigroup by an element which fixes the
starting state of each machine of the decompo~
sition,

8. In "Complexity of Grammars by Group
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Shamir, a statisticai method using the Mangus I

e,

transform is developed to decide whether a
glven sentence belengs to 2 langusge, The cen-
tence is expanded in terms of commutator sub-
groups of a free group. It i8 then judged to be
in the language if, for some preassigned n, its
first n coordinates in the commutator expan-
sion agree with those of some sentence in the
language. A further check is then performed
by using a certain finite state machine associ-
ated with the language. This may be able to
provide a practicable preliminary check on
computer programs,

e,

IBM 360 Computer
Meredith Publishing Company
Des Moines 3, lowa

Meredith Publishing Company has enlisted
a computer, the first of its kind installed
in the printing industry, to help in its con-
tinuing battle to meet ever narrowing produc-
tion and distribution deadlines, The first of
two such computers ordered by Meredith was
put into operation in September at Meredith
Printing, the company's manufacturing divi-
sion,

Fred Bohen, board chairman and the com-
pany's chief executive officer, said the computer,
IBM's new System/360 Model 30, would be ap-
plied to one of the publishing industry’s most
complicated probleme—integration of produc-
tion and distribution requirements for mass dis-
tribution magazines.

""Better Homes & Gardens, for example, has
a coast-to-coast circulation of 8,750,000, he
said. "A single iesue may have as many as 70
reglonal editions, each of which may be divided
into two slightly different publications, one for
home delivery and cne for newsstand sale, with
140 different products resulting,

"The problem is assuring that each edition
arrives at its proper destination—whether it's
a newsstand in Seattle or a home in Miami-
on the same day; and that it arrives with the
right regional advertising and the right
regional editorial material printed in the
issue received."

John Gregg, general manager {or the com-
pany's Moredith Printing Division, said proper
distribution of the magazines has its roots in
the earliest production processes.
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"Each press run for the 12 million maga-
zines Meredith Printing produces each month
must be meticulously scheduled so that the
completion of each edition dovetails with
binding, shipping, and maliling requirement: ."
he saild. "There is just not enough lead time
to accomplish this task satisfactorily using
manual methods,"”

Gregg.said the plant had experimented on
several occasions by giving two men all the
time they required to draw up an optimum labor
and equipmehit schedule for a given issue after
it already had gone to press. "In every case,
it required 3 to 4 weeks to prepare,' he added,
"and while conaiderable savings would have
been effected, that kind of time is just not
avallable,"

He estimated that the system when fully
operational will be able to schedule labor and
equipment for an entire issue in a matter of v
minutes. "In addition to the time saved, and
the greater «fficiency generally, this will give
us an added margin for last minute advertising

‘and editorial changes,™ he said,

Bohen said 2 second System/360 Model 30
is scheduled for installation at Meredith later
this year. Thiz machine is slated to take ¢ver
and expund applications now being handled on
three 1401 systems at the company's Locust
Street bullding.

"The biggest use of this second system
will be in the area of subscription {ulfill-
ment for the more than eight million copies
of Retter Homes & Gardens and Successful




Farming magazine which Meredith publigshes
each month,' Bohen said. ''System applications
will include billing, subscription analysis, and
preparation of Audit Bureau of Circulation
reports.'

In addition, the Model 30 will handle the
company's normal financial jobs—payroll, ac-
counts recelvable and payable, inventory, and
management reporting.

Meredith Publishing Co., parent organiza-
tion with headquarters in Des Moines, has a

total of six overating divisions: Magazine
Publishing, responsibie for Better Homes &
Gardens and Successful Farming; and
Meredith Printing, contract printers of
magazines and catalogs, both located in Des
Moines; Mexedith Press, consumer book
division, New York and Des Moines; Mere-
dith Educational Division, New York and
Chicago; Replogle Globes, Inc,, Chicago; and
Meredith Broadcasting, four AM radio, two
FM radio, and four television stations with'
headquarters in Omaha,

Direct Communication Between Man and Computer
National Bureau of Standards
Washingtan, D.C.. 20234

ACCESS, a data-processing syatem de-
veloped by the NBS Institute for Applied Tech-
nology (U.8, Department of Commerce), repre=-
sents an advance in communication between
man and computers. This system wlill receive
and process data from local and remote sources
and can present its output in a form immedi-
ately intelligible to the human operator,

. ACCESS (so-called for Automatic Computer
Controlled Electronic Scanning System) waa
developed for use by the Office of Emergency
Planniug tc help provide rapid access to digital
and pictorial data. The ready availability of
these data will aid the OEP in evaluating situ-
atlona during a national emergency.

ACCESS accepts input information directly
from microfilm records of hand-marked docu-
ments and digital information either {rom other
machines or directly from its keyboard. It has
been used in experimental work at the Bureau
to accept such graphical material as specially
prepared maps and charts, It will store the
information, perform: a variety of operations
on it, and present outputs either in digital form
for use by other machines or in a form requir-
ing no further translution for man, The system
includes an X-Y plotter which prepares such
output displays as maps, charts, and diagrams.

The ACCESS System

ACCESS is primarily a data-gathering and
data-preparation system, accepting marked
documents which it scans by means of an ad-
vanced version of FOSDIC, The subsystem,
Fillm Optical Sensing Device for Input to Com-
puters, was initially developed jointly by NBS
and the Bureau of the Census for machine
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reading of census documents.! The super-
visory function of ACCESS was derived from
the AMOS IV (Automatic Meteorological
Observation Station) SystemZ developed by
NBS and the Weather Bureau for storing and
processing weather data from remote sta-
tions.

ACCESS 1s intended to control not only
the FOSDIC scaaner, but also the communica-
tions facilities, displays, pen plotters, and
multiple tape units serving the system.
Although the processor is a relatively slow
computer, it i3 useful because of its varied
operations, such as table lookup and memory
intertransfer. These make it adaptable for
code conversion, verification, -diting, re-
organizing, screening, control of input-~ouiput
devices, and preparation of output mesgages.

ACCESS is a single~-address, serial
binary system containing in its addressable
memory over 25,000 words, each of 13 binary
bits and 1 parity bit used for a quick check of
the accuracy of transfer and recall. A
double-length word can be used if longer ones
are desived.

Four different types of memory are used
in ACCESS., Transistorized vegisters, sach
containing one or two words, give fast access
to a small amount of data during arithmetic
and other operations; a core memory gives

1FOSDIC I reads microfilmed punched cards,
NBS Tech. News Bull. 41, 72-74 (May 1957}, and
FOSDIC IIf to assist in 1960 census, NBS
Tech. News Bull. 43, 106-107 (June 1959).

2The AMOS IV computer for a prototype auto-
matic weather station, NBS Tech, News Bull.
45, 13«15 (January 1961).
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fast access to about 1000 words of information;
a magnetic drum memory stores up to 24,000
words; and finally, lour magnetic tape units
gtore large volumes of information to which
extremely fast accees is mot required. Five
octal characters, composed of 15 binary bits,
are used to address words in the drum, core,
and register memories.

OPERATION OF ACCESS

The FOSDIC scannzr is an {ntegral part of
the ACCESS system. Although originally de-
signed to detect the presence of marks on
census furms at specified positions, it 18 used
by ACCESS to read pictorizl material as
binary information and to read, selectively,
gpecified areas on the film image. The Bureau
in its predelivery expurimentation extended
ACCESS's reading ability to microfilms of
map tracings on coordinate paper. It matched
the n 1p symbols against those of a hlank
master map, previously entered in the memory,
to assemble frames of county maps into the
state map.

'T'racing the lines on a map is accomplished
by a line-following program which searches for
a point on a line and, when it {inds one,analyzes
the eight surrounding points on a fine grid to

find the direction of the kine. One of the two
peripheral points then becomes the central
point, and ine process is repeaivd iv esiublisih
the line in the computer memory. At junctions
the search follows the rightmost path, return-
ing to its siarting point for closed shapes. The
search reverses when it comeas io the end of a
line in the field, so that such a lire is sensed
as a collapaed contour,

The line-following techniques was used in

. the NBS experimentation to read clesed contours

(such as ars seen on weather maps), county
boundaries, ind state outlines,’ The data are
stored on magnetic tapes as Xand Y coordinates
of the lines and can be produced a8 a traceona’
diaplay oscilloscope or as a permanent record
on an X-Y digital plotter. Symbols and raap
contours on alcrofilm frames were produced
on a large X-Y plotter in such positions that a
complete map was assembled from microfilmed
portions of it. '

- NBSis still experimenting with aspects and
variations of the lne-following program.
Burean scientists are studylng recognition of
the middie and junctionse of lines and directing
search into uniried line branches, They are
wlao looking into the effects of varying such
operational parameters as the level of recog-
nition threshold, type of instructions, and
characieristics of the gearch areu.

ADP Resource Sharing
Office of Management Iviformation
Department of the Navy
Washington, D.C.

'The Department of the Mavy, within its
program to foster and facilitate the system-
atie explottaticn of ADPE and ussociated
acientific techniques, has established pro-
cedures for or Navy participation in the
Government-wide ADP Resources Sharing Ex-
change Program,

FOLICY

The practice of offering available ADPE
time ond related services ipn accordance
with the applicability provisions is to be fol-
lowed as a means of Increasing ADPE utili-
zation,

Sharing is to be considered a principal
means for perfiorming esssntial ADP work
where adequate ADP Resources are not on
board a given activity,

Activitiea in need of ADP Resources are
to exhaust sharing possibilities with other
contiguous or proximate Governmerntor Govern-
ment Owned Centractor-Operator (GOCO) ac-
tivities, And are encouragec to avall themselves
of the services of Sharing Exchanges, where
such exist, prior to initiating proposals for new
or wdditional ADPE.:

Negotiations, arrangemerits, and ugreements
for sharing are the responsibilities of the par-
ticipating activities; and, in addition to economic
aspects, should consider proximity, deadlines,
communications, transportation, security, com-
mand pre-emption prerogatives, and staffing
needs.

Sharing arrangements may be made on
either a relmbursable or nonrelmbursable
basis. Until a uniforra rate structure for
Government-wide application becomes available,
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the cost of reimbursable services will be a
mottar o8 et pogoiialicn LUy i adtiiviiies
concerned, In determining cost, consideration
should be given to such factors as operator

and suneryiscry aslarics, overhead, cost of

. supplies, maintenance, machine rental, and
_depreciztion.

Nonexistence of a formally established
Sharing Exchange in a particular area does
not absolve or exempt local management
from its responsibility to assure that it has
exhausted all possibilities of Sharing in its
own immediate geographical enviroms, prior
to initiating proposals for new or additional
AD

PROCEDURES
Sharing Exchanges are to:

1. Maintain current records of all available
Guvernment, GOCO and commercial (available
on a contract basis) ADP Resources within
their respective geographical areas,

2. Publish a consolidated listing of such
available ADP Resources quarterly, and as
significant changes occur.

Regional offices for the sharing exchange
are located in: Washington, D,C, (National
Bureau of Standards), Boston, New York City,
Philadelphia, Atlanta, Chicago, Kansas City,
Dallas, Denver, San Francisco, and Seattle,

John Sealy Hospital
Computerized Hospital Cure
Galveston, Texas

Streamlining patient care and reducing

'_ hospital paperwork, both with the use of a com-

puter, is the object of a joint project announced
in August 1965 by the University of Texas-
Meudical Branch and International Business Ma-
chines Corporation.

As part of the project, doctors and nurses
at the Jchn Sealy Hospital here will use an IBM

data processing system tc order drugs, schedule

operating room time, and plan patient's diets.

Dr, T. G. Blocker, Jr,, executive director
and dean of the University of Texas Medical
School (with which the John Sealy Hoapital is
associated) said: '"Considerable progress is
being made toward a hospital information sys-
tem in which vital information is provided by a
compute., not by a flood of paper forms and
reports.’

Key jobs performed by this system—order-
ing drugs, performing laboratory analyses, and
reporting laboratory results~were demon-
strated by IBM at the August American Hospital
Association’s annual meeting in San Francisco,
Communicutions torminals at the AHA demon-
stration were linked to an IBM 1410 computer
used by the John Sealy Hospital in Galveston,
more than 2600 miles away,

The University of Texas, Medical Branch,
alroady is using several such terminals linked
to its 1410 for developmental and educational
purposes. The Medical Branch has announced
that it plans to replace the 1410 computer late
aext year with IBM's most advanced computer,

System/360, which ultimately will be connected
to a total of 60 remote terminals,

There are two parts to a hospital or
medical information system. The first is the
computer complex itself—remote terminals,
communications lines, direct-access memory
devices, and the central processing unit. The
second 18 the formidable series of inatruc-
tions—the program--which runs this complex.

D.J. Bobbitt, general director of Texas
University's hospitals, explained that a hospital
information system is designed to achieve
greater efficiency and provide better patient
care, in both large and small hospitals.

With such a system, the computer, for
the first time, will be able to link a hospital's
nursing stations, clinical laboratories, phar-
macy, blood bank, admitting office, medical
records unit, business office, and other de-
partments.

With this network, the computer will be
able to help admit patients; find beds for them;
order drugs; schedule X-rays; schedule and
report results of lab tests and plan special
diets, It also will schedule the use of the oper-
ating room and other test and therapeutic fa-
cilities, and furnish doctors with up-to-the
minute records showing the treatment given
and the progress made by their patients,

Hoapital information is transmitted over

communications lines linking remote terminals
to the computer. An IBM 1082 data entry




tarminal wsed at Johs Szaly Hospital, utilizes
interchangeable plastic overlays so that the
symbols on the keys can be changed depending
cn whether a drug iz erdorsd or X-1rays are
scheduled.

The memory capacity and communications
ability of the System/360; which the Texas
University hospitals plan to install, makes
poasible a continuous flow of requests and
information within the hospital, each of which
can be monitored, recorded, routed, and sped
to various locations by the system.

HOSPITAL Ry — HOW
IT'S DONE WITH A
COMPUTER

Before the computer was brought into the
process of administering drugs, 12 steps were
needed to accomplish this simple, routine pro-
cedure.

The doctor wrote his prescription. The
nurse transcribed it to a requisition—with a
carbon for her records. She then posted the
order on her medication card. The requisition
went to the pharmacy. The pharmacist filled the
order, costed the requisition, typed a label,
and sent the drug back to the nursing station.
The nurse took out a medication ticket, ad-
ministered the drug, and recorded it in her
notes on the patient's record.

Efficiency studies onthie and other hospital
routines, conducted at one hospital, showed that
40 percent of a nurse's time was spent in
clerical work,

Here is how drugs are ordered wsing a
cornputer:

The nursing station 18 linked to the computer

through a remote terminal (IBM 1092) equipped

with pushbuttons whose symbols can be changed,
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routines.

To order diugs, the murse selecls lhe
"Medication Orders' keymat and places it over
the keys. Working from the doctor's order
sheet, she enters the prescription. By pressing
seven keys, she tells the computer who the
patient is, what drug is prescribed, the dosage,
frequency, duration, when it's to begin and how
it's to be administered.

The gystem decodes the order and types it
back in English on a printer so that the nurse
can recheck her order. If the order is correct
she flashes it to the computer. Or she changes
it,

The computer posts it on the patient's
profile——a listing of all medical activities con-
cerning the patient, If the drug has to be
filled by the pharmacy, the computer trans-
mits the prescription-complete with label—
to a printer there. If the drug ls stocked at
the nursing station, the computer keeps in-
ventory records.

A half hour before the drug is to be ad-
ministered, the computer reminds the nurse
by printing out a medication achedule con-
taining all the details. If the nurse fails to
respond to the computer, it will repeat the
reminder every 15 minutes,

Another safeguard in the system is
that it virtually eliminates the possibility
of overdoses, Stored in the computer's
memory are "safe limits" of drugs for pa-
tients of different ages and weights. I
the prescription exceeds these limits, the
computer will question it.

Finally, when the nurse verifies to the
computer that the drug has beenadministered,
charges are automatically posted to the pa-
tient's account.

Overseas Flight Planning

New York, New York

Trans World Airlines plans and tests two
million flights a week across the Atlantic to
assure maximum schedule dependability and the
smoothest ride for passengers.

Applying the advances of computerization
to flight planning, TWA ‘{lies" the Atlantic

2,100,000 itmes a week by computer, an IBM
1620, preparatory to dispatching its Boelng

707 StarBtream jets on 210 weekly transatlantic
flights.

The computer's job 18 to plot the {astest
fairest-weather route in advaiice of each flight




departure, It flies the Atlantic 10,000 times
in the process.

TWA In August 1965 also applied computer-
ized flight planning to its nonstop poiar opera-
tions between the West Coast U.S.A. and Europe,
the firat in airline history.

The compuicr analyzes every mile of
weather, radio alds, air traffic control pro-
cedures, aircraft performance, nayload, and a
host of other factors., Several minuica later, it
prints a detailed flighi plan which assures the
speediest trip in the greatest cor.inrt for pas-
sengers,

"Computerized flight planning comes as an
assist to safety too, because it provides dis-
patchers and flight crews unprecedented ac-
curacy of expected aircraft performance and
flight progress, much added information, and
swift revision of flight plan for alternate rout-
ings,'" says J, E, Frankum, TWA vice president—
transportation,

"Computerization of {light planning comes
a8 another major application of electronic data
processing to improve customer service in
many areas,' said James W. Smith, TWA vice
president—data services. "TWA has instituted
computerization to provide instantaneous pas-
senger reservations service, improve its world-
wide inventory control, provide high-speed
United States and international communications,
monitor aircraft performance in flight, and im-
prove maintenance and inspection capability."

TWA commissioned its computer flight
planning center at New York's Kennedy Airport
in June 1965 after more than a year of develop-
ment and testing by TWA's Transportation
Division and Data Services department. East-
bound traneastlantic flight planning for east
ccast departures is performed by TWA's dis-
patcners at-New York and Mid-West non-stop
departures by dispatchers at Kansas Clity,
Westbound flights {vom Europe are handled by
the airline's dispatchers at Shannon airport,
Ireland. Interrogation by TWA's stations in
Europe, computation in New York and teletype
return of a completely detatled plan to Shannou,
as well as gateway terminals anywhere in
Europe—all within minutes—marked another
first inbringing the continents closer together.

TWA is the only transatlantic airline with
in-house capability for computerized flight
planning,

How good is it? The captain, taxting on
the ground in New York, can announce to his

58

passengers that thelr flight to Paris will take
6 hours and 27 minutes for the 3738-mile
flight, and 6 hours and 27 minutes later Paris
Orly airport should be in view,

Here's how it works: The computer i8 :
continually informed by TWA's Meteorological
Winds Analysis Group of present and forecast
weather across North America, the North :
Atlantic, and Europe. Dispatchers feed into H
the computer operational data, such as air~ )
craft weight, fuel capacity, payload, and Air :
Traffic Control insiructions, Afier analyzing
all its data through as many as 10,000 elec-
tronic trials across the Atlantic, the computer
determines the optimum weather track for a
specific scheduled flight, avoids turbulent .
areas, and prints a detailed flight plan,

It shows how much fuel shouid be on board;
it indicates route and altitudes leg by leg, rate
of fuel consumption, flight time and distance
between radio check points, and temperatures
aloft. It even telis the crew how many ground
and air miies they will have flown, the weight
of their aircraft, the amount of fuel and the
time upon arrival at destination—all this be~
fore take-off,

Take TWA's nightly Flight 800 New York
to Paris. Although it is 3738 miles over the
ground and sea, the flight plan nn a given
night may tell the captain that his air miles
(miles flown through moving air) will be only
3421 and that 93,600 pounds of fuel will be
required. Should it route him over Gander,
Newfoundland, one of about 16 check points
along the way, the following typical data is
provided for Gander:

Ground Miles (N.Y. to

Gander) 1,123
Air Miles (N.Y, to Gander) 993
Altitude 33,000 feet
Wind Speed 93 mph
* ind Direction 220 degrees
Cutside Air Temperature - 51 degrees F
Wind Component + 90 mph
Alr Speed 554 mph
Ground Speed 644 mph
Fuel 73,300 b
Time (N,Y, to Gander) 1:52

(Note: all miles indicated are statute miles)

Flight 800's flight plan probably wen't
take him on the straightest route to Paris, it's
too long in terms of flight time, A ploneer in
‘pressure pattern' navigation, TWA will plan
its flights far off the shortest great-circle
course, if necessary, to take advantage of
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ietuireams which are high altitude tail winds
with velocities up to an much as 150 miles an
huur. Convereely, cuming the “other way '’
avoidance of the jeistream can reduce {lylng
time. This is known as "Minimum Time
Tiack"” fMigid planuing.

The flight plan i8 fed into Doppler, an air-
borne electronic system for over-ocean navi-
gation which is more precise than the human
navigator. TWA pioneered Doppler, which
glves the crew continuous position readings as
opposed to the hand method, with sextant, that
takes as long as 15 minutes to get a fix.

""Pilots hail the computerized flight plan,”
says Mr, Frankum. 'Tt glives them more
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information more swiftly than ever before,"
It also facilitaies spwvedy change in flight
wnen aesired., I Ior some reason a route
change is requested, the pilot radios TWA
flight dispatch, and within a few minutes

a revised tiight plan 18 received in his cock-
pit,

"Dispatchers recognize the computes as
an aid to accuracy in their profession, a tool
to examine many variations and at the same
time end tedious hand calculations," he noted,
"And to the air traveler, it means further
assurance of the fastest, safest, most com-
fortable routing possible--and a new measure
of gchedule dependability.”



