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Universal Tape Controllers

e Software compatible for
PDP-11*NOVA**& Interdata.

' :, 1 e Embedded design.
L | 18T e 9 Trk 800/1600 bpi, 7 Trk
200/556/800 bpi
28 intermixed.

I i T — g
e 125 to 125 ips, any two

speeds.
e NRZ and PE formats.

Universal Disc Controllers
e Software compatible for

SEND FOR COMPLETE INFORMATION PDP-11 & NOVA.
& b e Embedded design.
Division of WESPERCORP Load (2315).
Tyt e e L « Upto20 mb per drive.

e Media compatibility.

*trade name of Digital Equipment Corp
**trade name of Data General Corp



Kennedy peripheral products.
Buying is just the beginning.

There's a lot more to any company's success than just the
products it sells. We know that at Kennedy. That's why we help select
the Kennedy product best suited for your requirement; it's the reason
we've established training seminars for people using our equipment;

it's why we have virtually over-night service; complete
documentation; and completely stocked service centers and parts
depots in the U.S. and Europe. And always someone at the end of the
phone to answer questions about service, delivery, modifications,
interfacing — you name it. If you're a customer of Kennedy, you know
it. If you're not, give us a call,

1 KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001
! (213) 798-0953
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MODESTY ASIDE, THE TALLY T-2000
IS THE MOST RELIABLE
(AND LOWEST COST OF OWNERSHIP)
LINE PRINTER YOU CAN BUY.

Tally’s long term reliability is unmatched in the printer

industry. Extended usage does not affect performance.

Even after years of operation. Field tests prove it!
And this steadfast reliability is from a 200 line per
minute printer that doesn’t require lubrication or
adjustments of any kind. No preventive maintenance
is ever needed; there are no duty cycle limitations.

CIRCLE 3 ON INQUIRY CARD

Call Tally today.
OEM SALES OFFICES BUSINESS SYSTEMS SALES

Boston (617) 272-8070

New York (516) 694-8444
Chicago (312) 325-9788
Los Angeles (213) 378-0805
Miami (305) 665-5751

San Jose (408) 247-0897
Washington, D.C. (703) 471-1145
San Antonio (512) 733-8153
Seattle (206) 251-6730

Orinda, CA (415) 254-8350

Tally’s “up-time” performance means extremely
low operating costs. Couple this with our low pur-
chase price and it adds up that the Tally T-2000
offers the lowest cost of ownership available.

The reason for this superior reliability is the
proven and patented print comb mechanism. Based
on the simple design premise of moving light masses
over short distances, it's impervious to wear or mal-
function. As a bonus, it delivers page after page of
outstanding print quality.

Tally Corporation, 8301 S. 180th St. Kent, WA
98031. Phone (206) 251-5500.
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COMMUNICATION CHANNEL

Where a computer communication system’s
components are procured from many
sources, frustration can be avoided and
downtime lessened by heeding these sug-
gestions. Also, highlights of the recent ICC
‘78 program are presented

DIGITAL TECHNOLOGY REVIEW

32-bit modular multiprocessor system uses
variable resource architecture concept, which
enables it to respond dynamically to chang-
ing workload

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Impact of the computer on DNC, CNC, and
symbolic control for machine tools has
been moderate in past years because of
cost; the microcomputer, however, has over-
come. this problem and promises drastic
changes in the future

MICRO DATA STACK/
PROCESSORS AND ELEMENTS

The 8085 microprocessor may be easily con-
figured with its family of R/W memory or
ROM devices to comprise a small, though
usable, system

MICRO DATA STACK/
COMPUTERS AND SYSTEMS

An associative memory for S-100 bus mi-
crocomputers is now applicable to situations
involving complex software, by using multi-
write and recognition functions, which in
turn reduce time, cost, and memory space

AROUND THE IC LOOP

Two NMOS processes—HMOS and VMOS—
are among the promising developments
evolving from efforts to obtain increased
performance in high density memory chips
and microprocessors

PRODUCT FEATURE

I3L (isoplanar integrated injection logic)
technology, used in the fabrication of com-
ponents in an all LS| minicomputer, en-
ables the 2-board system to attain high
speed and system reliability with low power
consumption
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HARDWARE APPROACHES TO MICROPROGRAMMING
WITH BIPOLAR MICROPROCESSORS 83

by Joseph C. Conway

Bipolar microprocessor system design can be enhanced by evaluat-
ing the functional architectures and advantages of fixed-instruction
versus bit-slice types, and using the flexible microprogramming ca-
pabilities of each to match a wide range of application requirements

PREDICTING QUEUE PERFORMANCE ON A
PROGRAMMABLE HANDHELD CALCULATOR 93

by Ronald Zussman

Queuing analyses, which previously required expensive and lengthy
computer simulations, can now be solved in minutes with a general
purpose multiserver queuing model preprogrammed on a handheld
calculator. The calculator program and instructions with illustrative
examples are explained for immediate designer implementation

CODE CONVERSION TECHNIQUES
FOR DIGITAL TRANSMISSION 103

by S. Ghosh

Pulse code modulation is the digital coding plan applied to analog
signals for transmission over national and international digital net-
works, but lately delta modulation has become increasingly popular
at local levels. It is therefore often necessary to convert the latter
coding scheme to pulse code modulation format for network trans-
mission, and back again

INTERVAL TIMER SERVES AS A BAUD RATE GENERATOR 112
by John Beaston

To overcome differing serial data rates for several peripherals, a
single LSI chip contains built-in 16-bit counters that can generate
accurate clock timing in various functional modes under software
control

CONFERENCES

COMPCON Fall 78 76

Highlighting this year’s IEEE Computer Society International Con-
ference will be three preconference tutorials and a mixture of
program sessions incorporating papers on networks, data communica-
tions, data security, and general technology of computers and
communications

WESCON/78 63

The 27th annual Western electronics show and convention will
feature awards programs, professional program sessions, and exhibits
concerned with the theme, Micro/Evolution



The New
Slimline Series
From Okidata

OKIDATA

Line Printers That
Sell Minisystems

The Okidata Slimline Series, a new family of
microprocessor-controlled, 132 column line printers.
A wide range of speeds, options and plug-compatible
interfaces, all supported with common spares.

Common spares but uncommon price, performance
and reliability. OEM prices that create new mini-
system opportunities, print quality that helps sell the
businessman and Okidata reliability and maintain-
ability—unmatched in the industry. A 500,000,000
character head warranty and stored program machine
history that replaces customer installation records.

The Slimline, available in 300, 250, 160 and 125 LPM
models. Twelve program-selectable fonts, 5 x 7,

7 x7 and 9 x 7 characters, and graphics capability.
The Slimline, backed by a worldwide sales and
service organization.

OKIDATA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600
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Its Revolutionary Packaging
~ Slashes Downtime and Service with
s 60-Second Maintenance. ..
by Anybody... No tools!

Series 10
Teleray 1061...
the NO-COMPROMISE TERMINAL!

5109000

Single Qty. End User

SMART (or Dumb) = EXCEPTIONAL RELIABILITY = TELERAY 1061
m Programmable |1/O Speeds » Programmable Peripheral Speeds
and Enable/Disable m Programmable Function Keys m Programmable
WIDE-Character display = Four-level Transmission =
Character/Line/Message/Page » Format-Protect Mode =
Dim/Blink/Inverse/Underline—32 Combinations » Scroll/Page =
Cursor Address/Read = Insert/Delete = Clear-Page/EOP/EOL =
Transparent Mode = Typewriter Keyboard—n-Key, Auto-Repeat,
Function Keys = Plug-in Chips

ALL NEW

SUPER-SERVICE, MAILORDER MAINTENANCE IS HERE! Just four
Teleray 1061 modules snap together. Anybody can do it. .. without
tools! Spares shipped in Reusable Mailers the same day as your
Toll-Free Call to TELERAY Service.

You deal direct with our Service Dept...No Fussing with Shipping

and Packaging Problems. One moderate fixed fee for factory
maintenance on any of the four modules. You know where you're at
with Teleray 1061 ... no surprises!

Call Collect (612) 941-3300
Teleray DIVISION OF
(X-) RESEARCH INC

BOX 24064 MINNEAPOLIS, MINNESOTA USA 55424
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CALENDAR

SEPT 5-8—COMPCON Fall ‘78, Capital
Hilton, Washington, DC. INFORMATION:
COMPCON Fall, PO Box 639, Silver Spring,
MD 20961. Tel: (301) 438-7077 ;

SEPT 6-8—FOC ‘78, Fiber Optic and Com-
munications Expo, Hyatt Regency-O'Hare,
Chicago, Ill. INFORMATION: Information
Gatekeepers, Inc, 167 Corey Rd, Suite 212,
Brookline, MA 02146. Tel: (617) 739-2022

SEPT 12-14—Western Electronic Show and
Convention (WESCON), Los Angeles Conv
Ctr, Los Angeles, Calif. INFORMATION:
W. C. Weber, Jr, 999 N Sepulveda Blvd, El
Segundo, CA 90245, Tel: (213) 772-2965

SEPT 15-17—Personal and Business Small
Computer Show, New York Coliseum, New
York, NY. INFORMATION: Personal Com-
puting Expo Inc, 78 E 56th St, New York,
NY 10022

SEPT 19-21—Computer Aided Design and
Computer Aided Manufacturing Conf (CAD/
CAM V1), Hyatt House, Los Angeles Inter-
nat’l Airport, Los Angeles, Calif. INFORMA-
TION: Computer and Automated Systems
Assoc of the Society of Manufacturing En-
gineers, 20501 Ford Rd, PO Box 930, Dear-
born, MI 48128, Tel: (313) 271-1500, X403

SEPT 20-22—Telecomputer Application Group
Conf, Washington, DC. INFORMATION:
Hollis J. Sobers, Allied Chemical Corp, PO
Box 1039R, Morristown, NJ 07960. Tel:
(201) 455-5123

SEPT 26-28—Automatic Test Equipment
Conf and Expo (ATEX), Hynes Auditorium,
Boston, Mass. INFORMATION: Bill Hickey,
Golden Gate Enterprises, 1307 S Mary Ave,
Suite 210, Sunnyvale, CA 94086

SEPT 26-28—Nat'l Electronics Packaging and
Production Conf (Nepcon Central ‘78),
O'Hare Internat’l Trade and Expo Ctr and
Hyatt Regency O’Hare Hotel, Rosemont, lIl.
INFORMATION: Industrial & Scientific Conf
Mgmt, Inc, 222 W Adams St, Chicago, IL
60606. Tel: (312) 263-4866

SEPT 29-OCT T1—Internat’l Microcomputer
Expo, Dallas Convention Ctr, Dallas, Tex.
INFORMATION: Beverly Tanner, Expo Dir,
413 Carillon Tower, 13601 Preston Rd, Dallas,
TX 75240. Tel: (214) 271-9311

OCT 3 and OCT 5—Invitational Computer
Conf, Valley Forge, Pa; and Washington, DC.
INFORMATION: B. J. Johnson G Associates,
2503 Eastbluff Dr, Suite 203, Newport Beach,
CA 92660. Tel: (714) 644-6037

OCT 6-11—Japan Electronics Show, Tokyo
Internat’l Trade Ctr, Tokyo, Japan. INFOR-
MATION: Japan Electronics Show Assoc, No.
24 Mori Bldg, 11 F, 3-23-5, Nishi-Shinbashi,
Minato-ku, Tokyo 105, Japan

OCT 10-12—Conf of the European Cooper-
ation in Informatics (ECl), Venice, ltaly.
INFORMATION: Prof Dr Peter Lockemann,
Institut fur Informatik I, Universitat Karls-
ruhe, Postfach 6380, D-7500 Karlsruhe 1,
Germany

OCT 10-12—USA/Japan Computer Conf,
Jack Tar Hotel, San Francisco, Calif. INFOR-
MATION: AFIPS, Inc, 210 Summit Ave,
Montvale, NJ 07645. Tel: (408) 245-5807

OCT 16-19—ISA/78, Instrument Society of
America Internat’l Instrumentation-Automa-
tion Conf and Exhibit, Philadelphia Civic
Ctr, Philadelphia, Pa. INFORMATION: ISA/
78, Philadelphia, 400 Stanwix St, Pittsburgh,
PA 15222

OCT 18-20—Canadian Conf on Communica-
tions and Power, Queen Elizabeth Hotel,
Montreal, Canada. INFORMATION: Jean
Jacques Archambault, Chm-Technical Pro-
gram Committee CP/PO 757, Succ C, Mon-
treal, Quebec H2L 4L6, Canada

OCT 25-26—Electronic Connector Sym,
Cherry Hill, NJ. INFORMATION: Electronic
Connector Study Group, Inc, PO Box 1428,
Camden, NJ 08101

OCT 25-27—Sym on Computer Arithmetic,
Miramar Hotel, Santa Monica, Calif. IN-
FORMATION: Prof Milos D. Ercegovac,
Computer Science Dept, U of Calif, Los
Angeles, CA 90024. Tel: (213) 825-2660

OCT 31-NOV 2—Cherry Hill ‘78 Test Conf,
Cherry Hill, NJ. INFORMATION: Pat Regan,
Secretary/Registrar, Test Conf Comm, PO
Box 2340, Cherry Hill, NJ 08034. Tel: (609)
983-3100

NOV 1-3—Internat’l Sym on Computers,
Electronics, and Control (CEC ‘78), Toronto
Hilton, Toronto, Ontario, Canada. INFOR-
MATION: The Secretary, CEC ‘78, PO Box
3243, Sta B, Calgary, Alberta T2M 4L8,
Canada

NOV 6-8—Asilomar Conf on Circuits, Sys-
tems, and Computers, Pacific Grove, Calif.
INFORMATION: Donald E. Kirk, Electrical
Engineering Dept, Naval Postgraduate School,
Monterey, CA 93940

NOV 7-9—Mini/Micro Conf and Expo, Astro-
hall, Houston, Tex. INFORMATION: Robert
D. Rankin, Managing Dir, Mini/Micro Conf
and Expo, 5528 E La Palma Ave, Suite 1,
Anaheim, CA 92807

NOV 13-16—Internat’l Conf on Computer
Software and Applications (Compsac 78),
The Palmer House, Chicago, Ill. INFORMA-
TION: Wallace A. Depp, Executive Dir, Pro-
cessor and Computer Software Systems Div,
Bell Laboratories, Naperville, 1L 60540. Tel:
(312) 690-2111 ?

NOV 14-17—Conf on Magnetism and Mag-
netic Materials, Stouffer’s Inn on the Square,
Cleveland, Ohio. INFORMATION: Dr Hugh
C. Wolfe, American Institute of Physics, 335
E 45th St, New York, NY 10017

NOV 20-22—BIAS Internat’l Conf: Auto-
mation and Microcomputer, Milan Fair
Ground, Milan, ltaly. INFORMATION:
Federazione delle Associazioni Scientifiche e
Techniche, Piazzale Roldolfo Morandi, 2,
20121 Milan, ltaly

DEC 18-20—Internat’l Computer Sym (ICS),
Academia Sinica, Nankang, Taipei, Repubiic
of China. INFORMATION: K. S. Fu, School
of Electrical Engineering, Purdue U, W La-
fayette, IN 47907. Tel: (317) 494-8825

BEMINARS

OCT 4-6—Knowing and Understanding Com-
puter Graphics, San Francisco, Calif. IN-
FORMATION: Robert Sanzo, Frost & Sulli-
van, Inc, 106 Fulton St, New York, NY
10038. Tel: (212) 233-1080

SHORT COURBES

SEPT 6-8—Magnetic Bubble Memory Tech-
nology; and OCT 2-4—Applications of Mi-
crocomputers in Control Systems, The George
Washington U, Washington, DC. INFOR-
MATION: Martha Augustin, Continuing En-
gineering Education, George Washington U,
Washington, DC 20052. Tel: (202) 676-6106

SEPT 11-13—Designing with Microcomputers;
and SEPT 14-16—Microcomputer Interfacing,
Blacksburg Learning Ctr, Blacksburg, Va.
INFORMATION: Dr C. Titus, Course Dir,
Tychon, Inc, PO Box 242, Blacksburg, VA
24060. Tel: (703) 951-9030

SEPT 14-15—Program Testing Tutorials, San
Francisco, Calif. INFORMATION: Software
Research Associates, PO Box 2432, San
Francisco, CA 94126. Tel: (415) 921-1155

SEPT 19-22 and OCT 3-6—Fiber Optic
Communication Systems, Houston, Tex; and
San Diego, Calif. INFORMATION: Inte-
grated Computer Systems, Inc, 3304 Pico
Blvd, PO Box 5339, Santa Monica, CA
90405. Tel: (213) 450-2060
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TMS 2940

The low-risk microprocessor choice:
TI's 16-bit 9900 First Family.
Complete support from concept to customer.

Make your move in microproces-
sors. With confidence. Choose TI’s
9900 First Family. Although most
of industry is just now trending
toward 16 bits, TI is well ahead of
the game. Already providing a
complete 16-bit product family plus
complete technological support.

While many others talk 16 bits,
TI offers a broad, mature family.

Proven for use here and now in
industrial, commercial, consumer,
and military applications. Sup-
ported by ready availability. By
hardware development tools and
software support. By 9900 family
compatibility that preserves your
software investment and avoids
software ‘“migration” expense.

The 9900 First Family gives you

great design flexibility. And econ-
omy. You can change. Improve.
Innovate. Move forward. Go to a
single-chip system. Always build-
ing on the same viable base to min-
imize redesign, reinvestment, and
obsolescence.

For detailed reasons why TI’s
9900 First Family is your confident,
low-risk choice, turn the page.




TI’s 9900 First Family supports you
by safeguarding your software...
by keeping you in tune with technology:

From the outset, the
9900 First Family was
planned to minimize
risk by assuring the
highest possible de-
gree of protection for
your biggest invest-
ment —software.

The family has been
carefully structured to
form a wide selection
of compatible micro-
processors, microcom-
puters and minicom-
puters using the same
advanced memory-to-
memory architecture.
The same instruction
set. The same develop-
ment systems. All soft-
ware supported and
software compatible.

Which means you
can begin using the
family at any level you
wish — components,
modules or systems —
and develop your soft-
ware and training
accordingly. Then move asyou wish
within the family while retaining
all, or most, of your software.

For example, you may have de-
signed a terminal around the TMS
9900 microprocessor. Now you can
switch to the TMS 9940 to reduce
system costs. Your software and
other system hardware will work
as well with the TMS 9940 as it will
with the TMS 9900.

Cost-effective CPU choices

The 9900 Family utilizes state-of-

the-art technologies (NMOS and

I*L) to provide an unmatched

choice of microprocessors. A choice

that helps you best match price

and performance to your design:

® TMS 9900: NMOS 16-bit micro-
processor with full minicomputer
capability.

® SBP 9900A: Ruggedized I’L 16-
bit microprocessor functionally
identical to the TMS 9900. Use it
wherever operating environ-

TI's 9900 First Family
Software compatibil-
ity from components
to boards to systems

ments are severe. Versions are
available to meet the full mili-
tary temperature range (—55°C
to +125°C).

® TMS 9980/81: NMOS 16-bit mi-
croprocessor that minimizes cost
of smaller systems by incorpo-
rating an 8-bit memoryinterface,
40-pin plastic packaging, and on-
chip clock option.

® TMS 9940: Single-chip, 16-bit
microcomputer featuring on-
chip instruction memory (2K
bytes of EPROM or ROM) and
data memory (128 bytes of
RAM), plus 32 bits of program-
mable input/output, and single
5 V operation. Designed to maxi-
mize performance at minimum
system cost.

® S481 Chip Set: TTL modularly

expandable building blocks
giving the performance of a
customized microcomputer,
extremely fast (10 MHz)

throughput and com-
plete microprogram-
mability.

Broad peripheral
backup

The 9900 First Family
includes a wide selec-
tion of peripheral sup-
port circuits needed to
complete your design.
Easily. Economically.
With full compatibil-
ity. Included are MOS,
low-power Schottky
TTL, and I?L circuits:

Device Function

TMS 9901 MOS Programmable
Systems Interface

TMS 9902 MOS Asynchrenous Com-
munications Contreller

TMS 9963 MOS Synchroneus Com-
municatiens Controlier

TIM 9904 LS TTL 4-phase Cleck
Generator

TIM 9905 LS TTL 8-te-1 Multi-
plexer

TIM 9906 LS TTL 8-bit Latch

TIM 9907 LS TTL 8-to-3 Priority
Encoder

Soon to come:

TMS 9909 Floppy Disk Controller

TMS 9911 Direct Memory Access

TMS 9914 General Purpose Interface Bus

TMS 9927 CRT Controller (SMC 5027 equivalent)
SBP 9960 I2L CRU 1/0 Expander

SBP 9961 I2L Interrupt Controller/Timer

SBP 9965 I2L Peripheral Interface Device

In addition, TI offers a wide vari-
ety of MOS memories, including 4K
and 16K static RAMs as well as 8K,
16K, and 32K EPROMs, and pin-
compatible ROMs.

Low-cost
microcomputer modules
To save the time and cost of devel-
oping your own hardware, use TI’s

TM 990 microcomputer modules.
They are preassembled. Pre-
tested. Ready to go. Supported by
TI's Advanced Microprocessor
Prototyping Lab (AMPL”*). And
instruction-set compatible with
other First Family members. In-

cluded in the series:
*Trademark Texas Instruments Incorporated
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®TM 990/100M: Utilizes TI’s
NMOS 16-bit TMS 9900 micro-
processor, 512 bytes of static
RAM, 1K words of EPROM, and
programmable serial and paral-
lel I/O to form a powerful single-
board microcomputer.

®TM 990/101M: A new and ex-
panded version of the TM 990/

monitor (TIBUG" ) prepro-
grammed into EPROM.

® TM 990/402: Line-by-line assem-
bler preprogrammed into the
EPROM.

® TM 990/450: Stand-alone evalua-
tion interpreter, using 8K bytes
of memory, forexploring POWER
BASIC applications.

ment and hold costs in line, so do
TTI’s high-level language compilers.

They are simple to use. Pro-
grammers can write more code,
and write it faster, with less train-
ing. The result is greatly improved
programmer productivity and sig-
nificantly reduced software costs.

Already available: PASCAL and

100—2K words of static RAM,
4K words of EPROM, two serial
RS232C communication ports.

® TM 990/101M-10: Duplicates the
101M but has POWER BASIC*®
high-level language prepro-
grammed into the ROM.

® TM 990/180M: 16-bit TMS 9980
microprocessor offers 2.5 MHz
operation with 8-bit memory in-
terface for smaller systems.

® TM 990/201: Memory expansion
board —8K bytes of EPROM, 4K
bytes of static RAM. Expand-
able to 32K bytes of EPROM and
16K bytes of RAM.

® TM 990/206: Memory expansion
board with 8K bytes of static
RAM. Expandable to 16K bytes.

® TM 990/301: Microterminal for
data entry and display.

® TM 990/310: 48-bit input/output
expansion module.

® TM 990/401: Interactive debug

® TM 990/451: Development inter-
preter, using 12K bytes of mem-
ory, for the design, development,
debugand EPROM programming
of POWER BASIC programs.

®TM 990/510: Four-slot OEM
card cage with 1" spacing.

Cables, connectors, extender and
prototyping boards also available.

Now on the way: a low-cost 9900
family software development
board. It will include audio cassette
interface, symbolic assembler, text
editor, relocating loader, I/O sched-
uler-handler, debugger, and pro-
grammer for EPROMs including
the EPROM being incorporated in
the TMS-9940E microcomputer.
Also coming: a low-cost, stand
alone, educational board —com-
plete with tutorial text—for boot-
strapping yourself into the 16-bit
world.

Cost-cutting compilers
Just as the modules speed develop-

FORTRAN compilers on TI’'s
AMPL.BASICinterpreters on both
AMPL and TM 990-based systems.

On the way: Complete runtime
support libraries for component-
based systems, including pretested
executive modules which are easily
interfaced with compilers and
assemblers.

Affordable minicomputer

The DS990 commercial computer
system is the First Family’s most
powerful member. Built to give
maximum processing power, it pro-
vides the high performance speeds
demanded by many applications.
It is backed by high-level software
languages —PASCAL, RPG 1I,
FORTRAN 1V, COBOL and multi-
user BASIC—as well as a large
selection of peripherals.

What about hardware and soft-
ware development support for the
9900 spectrum? It’s in place in
depth. Turn the page.



TI's 9900 First Family

In-depth hardware/software
development support

Users of the 9900 First
Family have at their
disposal the most
extensive software
support currently
available with any mi-
croprocessor. It is TI’s
Advanced Microproc-
essor Prototyping Lab.

AMPL features the
990 computer, and of-
fers 10 MHz trace ca-
pability and universal
emulation for the
TMS 9900, SBP 9900A,
TMS 9980/81 and TMS
9940 microprocessors.

The lab is available
as a floppy disk system
or as a hard-disk sys-
tem accommodating
multiple users. Pro-
grams can be edited,
assembled, linked,

loaded and executed much faster
than conventional paper tape or

cassette based systems.

The 9900/9980 emulation permits
development and debugging di-
directly on a TM 990 module while

monitoring and con-
trolling the operation
from AMPL.

The interactive pro-
cess allows simulation/
test and emulation/
test cycles with mini-
mum delay between
identifying and imple-
menting a needed de-
sign change. Result:
substantial savings in
design time and cost.

The First Family is
also supported by
nationwide timeshare
and cross-support—
transportable assem-
blers and simulators —
for use with in-house
computers.

In addition, TI main-
tains extensive learn-
ing facilities in Austin,

Texas, for the study of system de-
signs and applications utilizing
the 9900 First Family.

An open-ended family

One final reason to choose the 9900
First Family. It is growing and TI
is committed to its continuation
and expansion. As your needs
change—and as new technologies
develop—you can expect other
microprocessors and peripherals
to join the 990/9900 Family

For total down-the-line support.
For protection of your software

(© 1978 Texas Instruments Incorporated
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investment as your performance
and cost requirements change with
time. For keeping up with
tomorrow.

If you are now considering mi-
croprocessors for the first time or
have used 8 bits and now need the
improved performance of 16 bits,

your best choice—your confident
choice—is TI’s 9900 First Family.

INCORPORATED

CIRCLE 6 ON INQUIRY CARD

For more information on the 9900
First Family, call your TI Field
Sales Office or local TI Distributor
System Center. Or write Texas
Instruments Incorporated, P. O.
Box 1443, M/S 653, Houston, Texas
77001.

TEXAS INSTRUMENTS e
MOVING AHEAD ([}
IN MICROPROCESSORS

TEXAS INSTRUMENTS

85508
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COMMUNICATION CHANNEL

MULTI-VENDOR INFORMATION SYSTEMS

John E. Buckley

Telecommunications Management Corporation
Cornwells Heights, Pennsylvania

For many years a prevailing philosophy for computer
communications systems procurement has been to obtain
necessary equipment components from a single manufac-
turer. The assumption was that this practice would pre-
clude possibility of equipment incompatibilities, and as-
sure rapid resolution of system malfunctions. In many
early online information systems, this procedure could be
applied with minimal penalty in system effectiveness, and
indeed did seem to relieve many of the more obscure
system problems. It was always recognized that at least
two vendors would be involved in the user’s information
system: the utility telephone company and, typically, the
computer manufacturer.

With the growth of information system applications and
complexity, it became apparent that continued adherence
to this archaic philosophy could significantly affect both
system effectiveness and system value. Characteristically,
a number of different vendors of equipment and services
are involved in order to fully satisfy a total information
system requirement. One typical application environment
involved no fewer than six different equipment and ser-
vice entities: computer manufacturer, computer-site modem
manufacturer, manufacturer of the privately-owned com-
puterized telephone system, utility telephone company,
remote-site modem manufacturer, and remote terminal
manufacturer. When that remote terminal was online with
the central computer, all six maintenance responsibility
areas interacted. Data errors as well as other sources of
malfunction could reside in any of these elements. The
frustrated user had to direct and coordinate the correction
process among all these possibilities knowing all the while
that each service entity was primarily concerned with
demonstrating that its area of responsibility was innocent
of any contribution to the problem.

A number of steps that an information system user can
implement will facilitate maintenance of satisfactory sys-
tem operation in a multi-vendor environment. A major
premise is that proper operation is the absolute respon-
sibility of the system user. Even where most system com-
ponents are provided by a single vendor, operational
status is the exclusive domain of the system user. Non-
acceptance of this premise will only result in recurring
frustration as ambiguous system malfunctions continue to
occur. The assumption that one or more of the vendors
will somehow properly and cooperatively diagnose prob-
lems and implement an effective cure is both time-consum-
ing and naive.

Based on acceptance of the above is the need for the
system user to select and implement equipment that

allows for component isolation. In normal operation,
various system equipment components, such as those out-
lined above, operate in series to effect proper and reliable
data flow” between remote terminal and centralized com-
puter complex. Malfunction or incompatibility in one or
more of these components will result in data errors or
even in total application failure. It is important to select
equipment components that can operate in isolated con-
figurations and can perform system diagnostics.

Remote terminals should be able to implement a local
terminal loopback mode. In this mode, data entered from
the keyboard pass through the transmit portion of the
terminal to the E1a interface, where output data flow is
connected to the terminal’s input or receive section. Test

" data are then returned through terminal to output printer

or crr display. It is important that in this loopback mode
as many of the internal electronic circuits of the terminal
are involved and therefore verified. All functions such
as parity,” communications timing, and buffer operation
should be included and hence tested. This mode is com-
monly identified as the half-duplex mode of the remote
terminal. Some terminals identify a half-duplex mode but
in reality consist of a direct connection between the key-
board and the output printer or display. This version of
half-duplex provides no diagnostic advantage since the
data are displayed before transmission through the termi-
nal’s electronics.

This same type of loopback data flow should be in-
herent in the modem associated with the remote terminal.
Ideally, data flow in the modem loopback should pass
through the entire modulator and then be loopbacked
through the demodulator. It is recognized that some
modems are incapable of this internal full-duplex data
flow. To the greatest extent, however, the above operation
should be implemented as a desired objective. As with
remote terminals, a number of modems advertise loopback
capability while in reality the loopback function is ac-
complished prior to the modulator and demodulator sec-
tions of the modem. Digital loopback at the remote modem
is also desirable but here the modem checks out with
the central computer. The modem’s E1a interface should
be capable of returning a test signal generated by the cen-
tral computer to the central computer. This latter loopback
is contingent upon the modem being capable of full-duplex
operation. In addition, the associated communications
channel must be of 4-wire configuration, actual or simu-
lated.

It is in the communication channel that the greatest
obstacle to malfunction isolation can be encountered. This
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problem is due either to the technical configuration of
the communication channel or to a short term economic
procurement decision. If the communications connection
is via the public switched network at a data rate less
than 300 bits/s, a simulated 4-wire channel is provided.
Over 300 bits/s, with the exception of the Vadic 1200-
bits/s modem, the channel is only 2-wire, and therefore
cannot be used for simultaneous transmit and receive as
required for full loopback diagnostics.

At the computer site, the modem should also provide
the same 2-way loopback capability as discussed for the
remote modem. The usual failure in this method of loop-
back isolation is the central computer communications
adapter and associated software. Many computer manu-
facturers have designed communications adapters for “nor-
mal” interactive processing of data flow and therefore
preclude simultaneous transmit and receive. In a number
of cases, the hardware computer adapter may be full-
duplex but the controlling software is only half-duplex in
its channel activation status and data manipulation.

During the initial design of an online application, these
provisions must be addressed. It is usually financially pro-
hibitive to attempt to retrofit an existing system in order
to have this level of loopback diagnostics. Even if one
or more of the equipment components, ie, communication
channel, prohibits by design a loopback testing procedure,
similar testing and confirmation of the other components
can isolate the problem source by default if not by actual
verification.

Every online system must have a fault isolation test
procedure to be followed in the event of suspected mal-
function or where adverse error rates occur. Before any
vendor service is solicited, the system user must perform
and log these tests. In this manner the proper service
vendor can be notified and supplied with a reasonable
description of the problem area and symptoms. Following
the attempted correction by the service vendor, the same
test that isolated the fault can be performed and the
correction confirmed while the vendor service personnel
are still at the user’s site.

Many system problems are caused by degrees of in-
compatibility rather than by equipment malfunctions.
Many of these incompatibilities are detected at initial
installation and are clearly evidenced when the system
will not operate. Unfortunately, a significant percentage
of incompatibilities allow marginal system operation and
can be easily misinterpreted as malfunctions rather than
as incompatibility caused by a design error. Typically
these situations occur at the interfaces between the
various manufacturer’s equipments. The traditional Ea
interface is a major source of these “grey” problems.
Between the digital equipment and the communication
channel minimal interface incompatibilities can be ex-
pected unless a data connecting arrangement is employed.
While data connecting arrangements came into existence
with the intent to protect, they have been the greatest
source of system problems at the digital-to-analog inter-
face. Fortunately, with the rapid implementation of data
and voice communications systems registration, this pro-
tection-intended device is being eliminated from the
equipment equation.

It is interesting to note that two of the 1A interface
leads can account for most of the incompatibility between
two equipment components at this interface. These are
the Data Set Ready and Data Terminal Ready leads. As
an example, this type of incompatibility recently oc-
curred with a dial-access interactive processing application.
When the computer channel was initialized by software,
the Data Terminal Ready lead was activated. This was
interpreted by the channel’s associated modem to be
receptive to an incoming ring signal. Upon receipt of
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ringing, the connection was answered and the modem
activated its Data Set Ready lead. When the remote
caller terminated the dial connection, the Data Set Ready
lead was dropped which caused the Data Terminal Ready
lead to drop. Without a Data Terminal Ready signal, the
modem refused to answer any additional incoming calls.
Upon re-initialization of the channel by the computer
operator, the next incoming call was answered.

It is important to not only verify which E1a interface
leads are used by the two different manufacturers’ equip-
ment but also the operational sequence of those leads.
The preconditions that must be present to change the
status of each lead must be thoroughly reviewed and
documented. In this context an important test device for
a system user is an EIA interface display tester. This de-
vice, typically costing less than $100, can be connected in
series with the E1a interface between two digital equip-
ment components. Status of each lead is illustrated, and
a means of changing lead status for simulation purposes
is provided. It is fallacious to assume that equipment
service personnel will always be equipped with such
test equipment or that they will properly test the inter-
face on both digital equipment components. Most service
organizations agree that it is useful to have knowledgeable
service personnel for two equipment components jointly
testing onsite at the same time. Many users, however,
have been told upon the departure of one service person
that the problem is not in their equipment and to notify
the service personnel of another equipment component.
When a problem is not immediately resolved by the first
maintenance attempt, and the user is so advised, he
should demand a joint diagnostic effort. When skilled help
from a number of equipment components manufacturers
jointly and cooperatively address a system problem, the
solution is usually forthcoming.

Virtually every equipment manufacturer’s policy is to
constructively participate in joint diagnostic efforts for a
mutual customer. The only exception to this cooperative
philosophy was recently promulgated by the Bell System,
specifically The Bell Telephone Co of Pennsylvania. The
latter organization has a policy that its service personnel
will not jointly test on a customer’s premises, with service
personnel from manufacturers of other communications
equipment which connects to their communication chan-
nels. Their policy is for the equipment manufacturer’s
service personnel to identify the deficiency in the telephone
company interface to the manufacturer’s equipment. Tele-
phone company service personnel will then come to the
customer’s site and if the deficiency is confirmed, imple-
ment the necessary corrections. Despite this myopic ex-
ception, the system user should insist on having joint,
cooperative service efforts for chronic and prolonged mal-
functions.

Reliable system operation is primarly in the lap of the
system user. He is exclusively responsible for definitive
malfunction isolation diagnostics. This can be accom-
plished by design and selection of a system that permits
loopback testing for all online equipment components.
The existence of marginal or sporadic incompatibilities can
create the illusion of a malfunctioning system. During
actual selection of equipment components, hardware and
software, these occasions can be minimized with proper
and prudent confirmation of various interface configura-
tions and operations. While all these measures should sig-
nificantly lessen frustrations caused by chronic malfunc-
tions, even these hopefuly rare events can be construc-
tively addressed by a joint diagnostic effort under the
direction of the system user. Multiple vendor systems are
commonplace. For optimum effectiveness and value they
will continue to be installed and properly operated by
knowledgeable customers.
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A Workhorse That's A Winner...

At 1250 LPM

Model 5321 is an off-the-
shelf drum printer, already
engineered for your tough
jobs. Jobs that demand
heavy-duty print cycles, long
hours of reliable operation
and consistent print quality
— at high speed! This is a
full-size printer for
mainframe-size jobs.

Years of dependable
service in countless
installations have earned it a
reputation as "the workhorse
of the computer industry.”
The MDS 5321 is no slouch.
It can produce human-
readable or machine-readable
hard copy, on a wide 160-
column print line, 1-up, 2-up,
3-up or 4-up, at speeds to
1250 lines per minute®.

A variety of type fonts is
readily available. Gothic style,
IBM-compatible, ECMA,
OCR, and CMC 7 or E13B
MICR fonts — so important
in financial applications
where secure check
imprinting is involved.

The 5321 is completely
buffered. A full line of print
data with its associated
formatting instructions is
stored in memory while the
previous line is still being
printed. This means
maximum throughput and
no missed dates for your
production schedule — no
overruns on your print
budget!

*Using standard 48 contiguous
characters. 64, 96 and 112
character sets optionally available.

Consider the outstanding
features of MDS 5321:

® High-speed paper slewing
to 75 ips

® Additional tractor pins to
minimize tearing of form
holes

® [ow-inertia servo motors
to considerably reduce
maintenance requirements

® Quick-loading VFU
mechanism designed for
extended form-loop life

® Failure-proof sensing
switches for No Paper or
Paper Low conditions

® Advanced ribbon mech-
anism to assure maximum
usage of entire spool

® Optional extended inter-
face for additional status
monitoring.

CIRCLE 7 ON INQUIRY CARD

The 8-bit interface is
already in place. The next
move is yours. Whether
you're in the OEM business
or a systems house
specializing in custom
applications, it will pay you to
look into the MDS 5321.
Quantity discounts available.
Send coupon today for a
detailed Fact Sheet. Or call
collect, H. Johnson at (315)
866-5300 or J. Engstrom at
(714) 772-0803.

M -
Mohawk Data Sciences
e et — i e )

| Mohawk Data Sciences — OEM Division
| Palisade St., Herkimer, N.Y. 13350

Please send me information on the MDS
| Model 5321.

|Ndme~

¢ Title
I

b (s i i e S

| Company

:Strecl

| City

IState Zip

ID I'm in a hurry. Have a representative call. I

e T s s, i e e Yo )
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Communications Conference Shows Impact of Digital Technology

icc 78, the 14th Annual Interna-
tional Conference on Communica-
tions, sponsored by the Communica-
tions Society Conference Board and
the Toronto Section IEEE, convened
in Toronto, Canada June 4-7, 1978.
The technical sessions were made
up of more than 250 papers by
authors from around the globe, and
covered a wide spectrum of activities
in the communications world. The
program was heavily oriented toward
the application of digital technology
and the influence of computer-de-
rived practices on system design; nor
was the rapid emergence of fiber
optics as a significant force in future
network planning neglected. In the
space available here we can present
but brief highlights of the program
that we consider to be of particular
interest to our readers—but it is only
the tip of the iceberg. :

Reliability in Data
Communications
Common Carrier Telephone Plant

Since, for a variety of reasons, most
computer communications systems use

telephone channels as links, factors
determining the reliability of these
channels and the impact of this re-
liability are of importance in the
design of communications-based data
processing systems.! A detailed de-
scription of the U.S. common carrier
telephone plant was given, with
emphasis on the factors that affect
the reliability of channels.

One point stressed is the fact that
the state of our knowledge on the
reliability of common carrier sys-
tems and facilities, and of the tech-
niques for modeling this reliability,
are far from satisfactory. A number
of possible causes of system failure
were examined in switching systems,
long- and short-haul carrier systems,
as well as probable causes of short-
term failures and of long-term out-
ages.

Private line and direct-distance
dialing (ppp) circuits were also ex-
amined. Private line characteristics
are relatively stable; impulse noise
is greatly reduced, and line-condition-
ing can provide more nearly ideal
frequency response. However, inex-
plicable anomalies can occur; for
example, a private line in the ux

has exhibited a bit error rate (BER)
of 2 x 10" on Wednesdays and a
BER of 3 x 107 on Thursdays! AT&T’s
Digital Data System (pps) is a special
class of private line, too new, rela-
tively, to provide much information
on its reliability; but performance
goals of pps systems are good: BERs
of 107, 99% error-free seconds, and
99.96% availability. All these statis-
tics are far superior to those of
current analog systems. Characteris-
tics of ppp lines tend to vary dra-
matically from call to call.

Impact of common carrier reliabil-
ity on computer communication sys-
tems depends on the type of system
being contemplated. The impact is
most critical on systems that rely
heavily on stringent response times,
where occasional failures to obtain
a response in a brief time period
cannot be tolerated.

Datapac Design Considerations

Datapac is one of the world’s first
public packet-switched data net-
works, opened by the Trans-Canada
Telephone System (Tcts) early in
1977, and has nodes operating in

|
|
|
|
| CONTROL

| PROCESSOR
| MODULES

LINE

|

|

|

| : LINE

| PROCESSOR
|

|

’__._ e e e i

| TRUNK

LINE
PROCESSOR
l | MODULES

|
{
| INTERFACES
|
|
I

COMMON MEMORY MODULE

Nodal processor, prime Data-
pac network component. SL-
10 data network processor is
manufactured by Northern
Telecom Ltd; each is a multi-
processor machine using
configurable set of functional
units designated line, trunk,
and control processors, ar-
ranged on a common bus
structure. High speed trunks
interconnect processors to
form call-based packet-
switching network. One pro-
cessor is used as a network
control center (NCC) to pro-
vide centralized control,
maintenance, and support.
Failure of any individual pro-
cessor will not result in loss
of availability of node
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Our 1/0 muscle-builder
for plant minicomputers.

e e U

Minicomputers are very fast, very
sharp—and very weak at getting and giv-
ing signals in hot, static-filled factories.

Modicon has a simple, economical
way to make the factory front-ends of
minis a lot stronger. It's based on our
experience as suppliers of industrial con-
trol equipment for over 9 years.

Modicon #500 I/0 modules.

They interface easily with any mini.
They're rugged, heat-resistant, shielded
against electrical interference. They take
and transmit I/0 signals—AC, DC, analog
and pulses —despite heat, electronic
interference, humidity, vibrations. And
they're individually fused, with indicator
lights, for instant trouble-shooting.

Result? Less downtime. Faster trou-
bleshooting. More muscle, more hustle in

s & &

PORVR VL S VA

L2

'U/UM

Modicon I/0 modules highlight failures with blown
fuse indicators. Can be replaced without changing
wiring or shutting off power.

your plant. Find out how to change your
mini or micro from a plant pushover to a
production line heavyweight. Write or
phone Gould, Modicon Division, PO. Box

CIRCLE 8 ON INQUIRY CARD

83 S.V.S,, Andover, MA 01810.
617-475-4700. We didn’t get to be #1
by being second best to anything.

rEIVE ME 1/0 INPUT.
| Gould, Modicon Division, P.O. Box 83, |
S.V.S., Andover, MA01810.
| [ Tell me more, please, about your muscle- I
I builder 1/0 for plant minis and micros. |
I NAME |
TITLE
I COMPANY |
I STREET I
l cITY STATE I
ZIP PHONE
e W e R
= G OuULD
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Sperry Univac minis are doing

In Portland, Oregon, Sperry Univac
minis help the Police Bureau come to the
rescue hundreds of times a day.

Because Boeing Computer Services has
computerized all of Portland’s emergency
services with Sperry Univac Series 77 minis.

Now when a citizen reports a crime,
our minis verify the address. Examine the
surrounding area for similar calls, haz-
ards, and temporary situations (such as
streets under repair). And suggest which
units should respond to the call.

This futuristic system coordinates dis-
patchers and officers and keeps them con-

stantly updated. Much of the paperwork
required of field officers is eliminated. And
the data base it generates is used for uni-
form crime reporting and resource allocation.
Boeing Computer Services has found
that our minis are cost effective and can han-
dle the job efficiently and with real-time speed.
The Sperry Univac minis used in Port-
land are just part of our complete family of
minis. One and all of them are supported
by our powerful software.
If you have a system application, we
undoubtedly have a mini that's just right
for it. Whether it be business data process-




alarming things in Portland.

ing, scientific, instrument control, or data
communications.

For more information, write to us at
Sperry Univac Mini-Computer Operations,
2722 Michelson Drive, Irvine, California
92713. Or call (714) 833-2400.

In Europe, write Headquarters, Mini-
Computer Operations, London NW10 8LS,
England.

Wed like to hear from you. Even if your
system application isn't as arresting as the
one in Portland.

el
Y
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UNIVAC

SPERRY UNIVAC IS A DIVISION OF
SPERRY RAND CORPORATION
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TRAriSMITTER
RECEIVER

DSs-2
PATCH
PANEL

FIBER
CABLE

|
OPTICAL
PATCH
PANEL

Trial system block diagram. Actual cable length between terminal sites is 1.42 km; cable test lengths of up
to 6 km were achieved by looping signal back and forth using connectorized fiber jumpers on optical patch
panels at terminal sites. Burrus-type LEDs are used in transmitters and PIN photodetectors in receivers. Fi-
bers are graded-index type, extrusion-coated with nlastic for protection
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four major centers.? The network
was developed by Bell Northern
Research (BNR) for the Computer
Communications Group (ccc) of
TcTS. A network such as Datapac
must provide a high level of avail-
ability for all users, a prime con-
sideration in the network’s design
and operation.

Many considerations given to de-
sign and operation of a public packet-
switched network can contribute to
high availability and reliability. An
economic balance among all these
factors—hardware, base software,
subnet, customer applications, operat-
ing and administrative procedures—
is more important than excellence
in any one area. As an example, the
high reliability of a specific com-
ponent is redundant if, when it might
fail, the resultant outage is excessive
due to poor maintenance procedures
or faulty diagnostic capabilities. On
the other hand an intelligent net-
work can maintain high availability
in the presence of poor component
performance, either by the use of
redundant components or by error
detection and correction techniques.

Reliability Modeling

A set of data was collected from
operational data communications sys-
tems in Western Europe and North

18

America, in order to model reliabil-
ity of a communications line.? Prob-
ability distribution functions for line
availability and duration of failures
resulted in a rule-of-thumb summary
of a line. The results indicate a wide
variation in line availability—from
99.9% to 10% Many line failures
observed were repaired in a few
minutes, but some persisted for more
than ten hours. A rule-of-thumb for
a line selected at random to transmit
data at 2400 bits/s indicates that
bit errors will occur about every
40 s; failures lasting 1 min will occur
every day; and a 1-hr failure will
occur each month. Since the data
were gathered from several countries,
the results appear to be indicative
of telephone lines’ performance
throughout the world.

The model finds utility in the de-
sign of data communication systems.
The great variations in performance
indicate the uncertainty associated
with making design decisions for
systems where these lines serve as
key components.

Fiber Optic Systems

Trial System in Montreal

In October 1977 an exploratory fiber
optic trial system was installed in

the interoffice trunk network of Bell
Canada in Montreal, connecting two
switching centers approximately 1.5
km apart. Cable was 0.5” (1.3-cm)
dia, 6 fiber; conventional under-
ground conduit was used. During in-
stallation direct pulling through man-
holes was made, indicating feasibility
of long cable pulling. Individual
splicing of fibers was successfully
carried out in three of the manholes
along the route. Average attenuation
of the installed cable, including
splices, was about 7 dB/km.
Digital signal transmission has
been tested over the system since
installation at the standard bps-2
rate of 6.312M bits/s, for 96 voice
channels. Original performance ob-
jectives have been met or exceeded;
further testing of video and higher
bit rate transmission, and routing of
line traffic over the system will be
carried out in the near future.*?5.6.7

30-Channel Fiber Optic Data
Transmission System

This system was designed to operate
with the Defense Satellite Communi-
cation System (pscs) ground station
in Waihiawa, Hawaii. Here the an-
tenna facility is located about 7000
ft (2.14 km) from the processing
facility. To connect the two sites 30
channels were provided, each capable
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THE BEST 300 LPM
PRINTERON THE
ISNOW EVENB

-
-
-
»
-
-
-

In order to build up a customer base of more than 40,000 units
in three years, you have to have a superior printer. And no matter how you
look at it, the Teletype* model 40 printer has a lot going for it.

Look at cost. Nowhere does anyone offer as much in a 300 LPM
printer for as little as the model 40 costs. At the OEM price of under $2000,
it even compares favorably against low-speed printer costs.

Look at reliability. The model 40’s unique design utilizes a
minimum of moving parts for a maximum of on-line time. Plus proven LSI
(Large Scale Integration) circuitry handles many functions formerly performed
mechanically. This reduces hardware requirements and increases printer life.

Look at features. The unit is completely operational to give you
everything necessary to go on-line. You also get 32 switch-selectable no-cost
options to choose from, easily changeable character sets, and self-diagnostics.

Finally, look at product support. Not only do we offer nation-
wide service, we'll maintain your printer for as little as $23 per month—and
that includes labor and material.

With all that going for the model 40, how could we make it even
better? Two ways.

First, we gave it a new, simplified OEM interface. Simply com-
mand the motor on, watch for the next character command, and send data.

Next, ribbon life has been significantly extended with our new
re-inker mechanism that’s available as a low-cost option.

No wonder we’re getting a reputation as the OEM printer people.

THE OEM PRINTER PEOPLE

*Teletype is a trademark and service mark of the Teletype Corporation.
CIRCLE 5 ON INQUIRY CARD
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of data rates up to 20M bits/s
(nrz-L line code). A comprehensive
summary of the data channel per-
formance is given in the Table.

This project demonstrates that op-
erational, multiple channel, wide-
band fiber optic data transmission
systems can be readily produced. As
the price of fiber optic components
continues to come down, more and
more similar applications will find
the technology an attractive choice
on economic grounds alone.®

Integrated Networks

Advances in voice digitizing tech-
niques, as well as in the packet
switching concept for data communi-
cations, and the relative inefficiency
of conventional switching techniques
for diverse traffic applications, have
focused attention on integrated net-
works. One paper? addresses inte-
grated switching networks as being
justified by more efficient utilization
of transmission facilities which result
from matching the switching concept
to the traffic characteristics. A tech-
nically viable candidate for the
integrated switching superstructure
is a synchronous time-division multi-
plexed frame technique (see Figure).

A design procedure is presented,
representing efforts to extend known
techniques in the design of circuit-
and packet-switched networks to this
new area. Cost/performance studies
are carried out in the areas of fixed
vs movable frame management poli-

cies; cost sensitivity to design op-
tions; and cost sensitivity to switch-
ing alternatives.

Network Analysis

To cost-effectively determine the
number and locations of network
access facilities, such as multiplexers,
concentrators, packet switches or
satellite earth stations, in a hierar-
chically-structured data/computer
communication network, has been
generally regarded as theoretically
difficult and computationally com-
plex, even for heuristic approaches.

An algorithm has been developed
that is effective, flexible, and com-
putationally efficient.1® Through its
implementation, various heuristic
techniques, taken independently or
in combination, have been evaluated
in determining optimal topological
designs.

Based on results in applying the
add, drop, exchange, and merge tech-
niques, the drop was judged to be
the most effective alone than any
of the other techniques in combina-
tion. Use of more than one heuristic
technique is recommended however,
to insure that certain pathological
cases which may come under evalua-

BOUNDARY
CIRCUIT PACKET CIRCUIT PACKET CIRCUIT PACKET
SWITCHED SWITCHED SWITCHED SWITCHED SWITCHED SWITCHED

| Example of hybrid switch-

ing channel structure illus-

TIME DIVISION ——»
MULTIPLEXED FRAME

BOUNDARY

SYNCHRONOUS TRAFFIC ASYNCHRONOUS TRAFFIC traffic can dynamically util-
ize idle circuit-switched
csvlcsv . I e | . Icsv csol . | J Lcsol | PSM Psml PSD PSD PSD slots

trating channel multiplexing
on an integrated link. Un-
der fixed boundary frame
management, partition of
link capacity between cir-
cuit-switched and packet-
switched traffic is fixed. Un-
der movable-boundary man-
agement, packet-switched

- CIRCUIT SWITCHED VOICE SLOT

- CIRCUIT SWITCHED DATA SLOT

PSM - PACKET SWITCHED SIGNALING MESSAGE SLOT
- PACKET SWITCHED DATA SLOT
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| commuNiIcATION CHANNEL |

tion do not result in a less than
optimal solution.

Computer Communication
Design and Analysis

Loop Systems

The feasibility of a loop system for
local data concentration, in #4n en-
vironment restricted to a - single
building with up to 150 terminals,
was considered.1* Computer communi-
cation networks, such as ' ARPA,

CcYCLADES, and DATAPAC, allow users °

at local terminals access to informa-
tion stored in a remote computer.
With the bursty nature of terminal
traffic, it is economical to connect
a group of local terminals to a data
concentrator, which acts as an inter-
face to the network, in either a
point-to-point, multidrop, minimal
spanning tree, or loop configuration.
In this examination of the latter or-
ganization, reliability and perfor-
mance of three simplex loop systems,
ranging from de-centralized to cen-
tralized are studied.

Another paper on loop systems de-
scribed a microprocessor-based con-
troller for a computer communica-
tion switching system comprised of
a number of stations connected in a
loop.12 At each station a controller is

used for protocol management—the
established protocol being High Level
Data Link Control (#pLc). A proto-
type controller allows verification
and demonstration. A brief descrip-
tion of the use of a loop as an ex-
tension for an X.25 network was
also given.

Communications Privacy

Aspects of the effects of recent tech-
nological development, especially
the development of large semicon-
ductor memories, on enciphering tech-
niques were examined.!®* Evidence
was presented for the case that the
relatively recent availability of inex-
pensive semiconductor memories and
microprocessors is overwhelmingly
to the advantage of the cryptograph-
er in his never-ending battle with
the cryptanalyst. With the availabil-
ity of cheap, powerful computing
hardware and the right theoretical
tools, the development of practical
cryptographic systems which are com-
putationally secure, becomes possible.
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Support Processor Adds
Remote Batch Capabilities
To 360/370 Mainframes

An attached support processor en-
ables users of 1M 360/370 and
equivalent computers which lack
teleprocessing features to implement
remote batch telecommunications
functions. Datapoint Corp, 9725
Datapoint Dr, San Antonio, Tx 78284,
says that pasp™ permits any appli-
cation that may be executed on a
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“Ialk about

We suspect you share our feelings. We all admire
superb craftsmanship and clean, efficient design. However,
compared to performance, price, and reliability, “good
looks™ has to take a back seat.

But isn't it nice to find products like Power-One open-
frame power supplies that actually offer all these desirable
features? The good looks you can see for yoursel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>