




























































































































































Broaden your testing knowledge 
and update your testing skills 

10th 
. Annual Sent•· 

JANUARY 18-21, 1982 
PASADENA CENTER 
PASADENA, CA 

The full scale technical con­
ference offers a 31/2-day pro­
gram of workshops, technical 
papers , and an operating 
equipment exhibit. In addition 
you can select from a concur­
rent program of in-depth 
courses available in a special 
course/conference plan . 

Specific information and 
application-oriented guidance 
from the faculty, augmented 
by equipment demonstrations 
at the large- scale exhibit of 
test and measurement equip­
ment, will help you make the 
right decisions on investments 
and implementation. 

For more information, send 
the coupon to : 
ATE Seminar/Exhibit 
Registrar 
Benwill Publishing Corp., 
1050 Commonwealth Avenue 
Boston, MA 02215 or call 
(617) 232-5470. 

ATE 
SEMlrtAA/EXl11BIT 
Automated Testing for Electronics Manufacturing 

THE ELECTRONICS 
INDUSTRY'S 
LARGEST EXHIBIT OF 
TEST AND MEASURE­
MENT EQUIPMENT: 
• Handlers • IC testers • Field, 
depot and maintenance testers 
•Microprocessor troubleshooting 
and development tools • Auto­
matic measuring instruments -
meters , generators , analyzers, 
scopes, counters • Memory 
testers • Calibration instru­
ments • System testers 
• In-circuit testers • Bare board 
testers • PCB assembly testers 
•Bum-in/Temperature cycling 
systems • Cable/wiring/harness 
testers • Test services • Interfaces 

In conjunction with the ATE 
Seminar/Exhibit, other semi­
nars and courses of interest to 
the test industry professional 
include: 
A TE Software - Definitions, 

Strategies, Management 
Advanced ATE Technology 
and Management 

Automatic Test Equipment: 
How To Select It-Apply It 
-Manage It 

Introduction to Digital Testing 
Quality and Engineering 

Factors in Fabricating 
Printed Circuit Boards 

Partial List of Exhibitors 
A.O. DATA 
ADDISION, DIV. OF 

MUIRHEAD 
ADVANCED DIGITAL GROUP 
ADV ANT 
AEROTRONIC ASSOCIATES 
ANALOG DEVICES 
APPLIED DATA COMMUNICATIONS 
A.T.E. SYSTEMS 
AUTEK SYSTEMS 
AUTOMATIC PRODUCTION 

SYSTEMS 
AUTO TEST 
B&K·PRECISION/ DYNASCAN 
BECKMAN INSTRUMENTS 
BEMCO 
BOONTON ELECTRONICS 
BUSCH 
CALIFORNIA INSTRUMENTS 
CARL TON INDUSTRIES 
COMPUTER AUTOMATION 
COMPUTER CONSOLES 
COMPUTER DATA SYSTEMS 
DATAl/0 
DATA TRON 
DAYMARC 
DIT-MCO INTERNATIONAL 
OT SYSTEMS 
EAGLE TEST SYSTEMS 
EATON TEST SYSTEMS 
EG&G WAKEFIELD 
E·H INTERNATIONAL 
ELECON 
ELECTRO-MECHANICAL SYSTEMS 
EVERETT / CHARLES 
FAIRCHILD TEST SYSTEMS GROUP 
FLUKE AUTOMATED SYSTEMS 
FTSSYSTEMS 
GEN RAD 
3H INDUSTRIES 
W. M. HAGUE ASSOC. 
HEWLETT-PACKARD 
HHB TEST 
HILEVEL TECHNOLOGY 
HUGHES AIRCRAFT 
HUNTRONINSTRUMENTS 

ICS ELECTRONICS 
INTERFACE TECHNOLOGY 
INTERSTATE ELECTRONICS 
LOMAC 
LTX 
LUTHER & MAELZER 
MCT 
MICROCOMPUTER POWER 
MILLENIUM SYSTEMS 
NATIONAL INDUSTRIES 
NH RESEARCH 
NORLAND 
ONEAC 
OSTBY & BARTON 
PLANTRONICS/ZEHNTEL 
PRAGMATIC DESIGNS 
PRECISION AUTOMATIC 

EQUIPMENT 
PROGRAM DATA 
PYLON 
RACAL·DANA INSTRUMENTS 
RELIABILITY 
ROD·L ELECTRONICS 
SCIENTIFIC ATLANTA 

(ADAR PRODUCTS) 
SENSITEK 
SIEMENS 
SOLARTRON INSTRUMENTATION 

GROUP 
SYSTRON DONNER INSTRUMENT 

DIVISION 
T&B/CABLESCAN 
TEKTRONIX 
TEMPTRONIC 
TERADYNE 
TESTMASTER 
THALAMUS ELECTRONICS 
THREE PHOENIX 
TRACE INSTRUMENTS 
TRIGON INDUSTRIES 
UTI INSTRUMENTS 
VERSATILE INTEGRATED MODULES 
VIRGINIA PANEL 
WESTMINSTER ENGINEERING 
ZIA TECH 

r-----------------, 
PLEASE SEND MORE INFORMATION 

D ATE Seminar/Exhibit January 18-21. 1982 

D ATE Short Courses, January 19-21, 1982 

D Quality and Engineering Factors in Fabricating Printed 
Circuit Boards. January 22. 1982 

NAME _________ 

COMPANY _______________ _ 

PRODUCED BY 
ADDRESS _______ MAIL STOP ____ _ 

CITY STATE __ ZIP ___ _ 

Return coupon to ATE Seminar/Exhibit Registrar, 
and co-sponsored by Circuits Manufacturing, Digital Design and Benwill Publishing Corp .. 1050 Commonwealth Avenue. 

Design Engineering magazines Boston . MA 02215 (6 17) 232-5470 DD 
10181 

---------------------------L--- - ---- --- - - - - - __ _J 



LSI-II BASED SYSTEM 

Conforms To CAMAC (ANSlllEEE-583) 
Standard 

Conforming to the CAMAC (ANSI/IEEE-
583) standard for computer automated 
measurement and control, the 8033 can be 
used as an autonomous stand-alone system 
or as an integral part of a CAMAC serial 
highway. This expandable system takes full 
advantage ofCAMAC's modularity and in­
corporates standard, off-the-shelf LSI-11 
modules. Major components include a Pro­
cessor Adapter Unit (housing an LSI-11/23 
CPU module), a Peripheral Adapter Unit 
(housing standard LSI-11 memory or pe­
ripheral interface modules), and a CAMAC 

crate controller for the LSI-11 bus (serving 
in either main or auxiliary mode). Kinetic 
Systems Corp,11 Maryknoll Dr, Lock­
port, IL 60441. Circle 161 

WORD PROCESSING SYSTEM 

DEC Compatible Using Standard 
Terminal 

LEX-11 can be used on all LSI-11 , PDP-1 l 
and VAX systems using a standard video 
terminal and a letter quality or matrix 
printer. It uses the video screen to compose 
and edit text with full screen editing . As well 
as document creating and editing, LEX-1 l 
contains a calculator feature, a forms mode 
facility, graphics, and full list processing 
features . Users can develop menus and 
forms to handle all their own frequently 
required operations, completely customized 
to handle application requirements. $2500 
for RT-I I, TSX-PLUS; $5000 for RSTS/E 
and RSX-1 lM; $7500 for VMS. EEC 
Systems, 286 Boston Post Rd , Wayland, 
MA 01778 . Circle 138 

VT125 VIDEO TERMINAL 
Data Plotting and Business Graphics 
Capabilities 

The VT125 terminal can display pictures 
and shapes, plotted trend lines, bar charts , 
pie charts. point-plot graphs, and con­
tinuous data plots in business, scientific and 
laboratory applications. A µ.P enables it to 
execute locally Digital's Remote Graphics 
Instruction Set (ReGIS) in which pictorial 
data can be created and stored as simple 
ASCII text. The display is monochromatic 
but has provisions for output to slave color 
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monitors. In graphics mode , it can display 
up to 4 separate colors out of a possible 64 on 
the external monitor. With ReGIS com­
mands, graphics and text can be displayed 
together with variable height and width, 
italics, shading and overlays . An RS232 
port ·allows connection to the LA34-V A 
printer. The VT125 is $3800; upgrade kits 
for the VTIOO or VT105 are $2000. Digital 
Equipment Corp, Maynard , MA 01754. 

Circle 136 

RANDOM ELEMENT PROCESSOR 

Takes The Processing Out Of 
Electrostatic Plotting 

Model 710 completely offloads host com­
puter data ordering and raster conversion. 
Optimized to perform plot processing, it 
drives Versatec plotters at high speed for 
better quality non-stop plotting and faster 
response to plotting requests . It eliminates 
response time degradation caused by host 
computer data ordering and rasterization. 
Versaplot Random software supports plot­
ting of virtually any graphic representation. 
Extended graphic capabilities include grid 
overlay , area shading and toning. $19,500. 
Versatec, a Xerox Co, 2805 Bowers Ave, 
Santa Clara, CA 9505 I. Circle 167 

ERGONOMIC TERMINAL 

Increases Operator Efficiency 

The detached, low profile keyboard con­
tains an integrated palm rest and 7 LED's to 
indicate terminal status. The monitor mod­
ule, with non-glare screen , tilts a full 25 
degrees to accomodate any viewing angle . 
The ERGO 3000 is fully code compatible 
with DEC VT-100 and offers 132 col dis­
play, scrolling regions , and double high , 
double wide characters . Also standard are 
an advanced video package, current loop , 
and a VT52 printer port. $2195 , VT-100 

printer port with editing option is $225 . 
Micro-Term Inc, 1314 Hanley Industrial 
Court , St. Louis, MO 63144. Circle 162 

EPROM PROGRAMMER 

Multi-Master Capability 

The Multi-Master IM3016 can program 
whole sets of different masters (up to 16) in a 
single programming cycle. It allows the user 

to create one or more sets ofEPROMs in one 
operation and eliminates the need of sepa­
rately programming the many master 
PROMs used in a normal microcomputer 
product . Features include isolated pro­
gramming sockets, single key operation, 
full computer control, extensive resident 
test software , and an 8 digit alphanumeric 

display with audible feedback. From $5500 
to $8000. International Microsystems Inc, 
11554 C Ave, Auburn, CA 95603 . 

Circle 158 

S-1001/0 INTERFACE 

Software Control To Interface With Vari­
ety Of Peripherals 

The 2710 4-Port Serial I/0 Interface permits 
independent programmable port control 
using four 8250 async communications ele­
ments . Each port has full handshaking to 
interface to a wide range of RS-232C pe­
ripherals. Word length , parity , mode, num­
ber of stop bits, and interrupt conditions are 
all software-determined. The transmitter 
clock may be programmed for any baud rate 
between 2 and 56K baud, and the receiver 
clock can be jumpered to either the trans­
mitter clock or an externally generated 
clock. The 2710 features 3 control registers, 
3 status registers, and a 16-bit baud rate 
divisor latch at each port . Driver routines 
and/or other programs may be stored on­
board in a user-supplied 2K EPROM. The 
base address of the ROM is jumper-selected 
at any 2K boundary . California Computer 
Systems, 250 Caribbean Dr., Sunnyvale, 
CA 94086. Circle 150 

REPORT GENERATOR OPTION 

Enhanced RTF/LE DBMS for DEC 
RT-11 

The Report Documentation Utility is a re­
port generator menu option for auto-docu­
mentation of report specifications and for­
mats . RTFILE includes facilities for report 
management, such as report definition , 
printing , file listing , CRT hardcopy dumps, 
report format modification, and now auto­
documentation of reports . It gives an easy­
to-read description of the databases, rela­
tionships, and control modules used to pro­
duce a report; the physical dimensions; the 
placement of data items within each printed 
record; and various totalling options en­
abled . RTFILE is $2500 including the report 
generator, display generator, transaction 
processor, data base definition utility , data 
manipulation utility , sort and selection ex­
ecutive, applications interface , and more. 
International Computing Co, 4330 East­
West Hwy , Bethesda, MD 20814. 

Circle 159 



3-D COMPUTER DEVELOPMENT 

Software Package Aids 
Design Engineers 

A tool for design engineeers facing complex 
geometric modeling problems in NCAD, a 
computer software package emphasizing 
multipurpose graphics using 3-D geometric 
modeling techniques with a 3-D display. It 
allows immediate construction and manipu­
lation of geometry at a 3-D CRT display 
terminal . NCAD is operational on IBM 
4341 or similar, compatible, large main­
frames and is totally compatible with 
CADAM . Output is alphanumeric, hard 
copy, multiaccess data base, pictorial 3-D 
display and CADAM 2-D data sets. 
Northrop Corp, Aircraft Div, One Northrop 
Ave, Hawthorne, CA 90250. Circle 175 

SEAGATE DRIVE CONTROLER 

VLSI Technology For Fewer /Cs 

Designed for Seagate 5-1/4" compatible 
drives, this controller is contained in one 
compact PCB (5-3/4" by 811

). Use of multi­
sourced VLSI technology results in fewer 
I Cs to increase reliability. It is exactly com­
patible to the Data Technology OTC 510 
and Shugart SA 1400 series host interface , 
allowing it to operate with their host adap­
ters such as those for the Apple, Q-bus, 
Multibus and S-100. The Sl410 combines a 
µP-based controller with on-board data 
separator logic and the Shugart SA 1400 
series host interface. It can control 2 drives 

UNIBUS * 
STllTUS 

REVEllLED 

• lATEST BUS TRANSACTION 
STORED, OR TRANSPARENT 
VIEWING. 

• BUILT-IN LATCHES 
• INDIVIDUAL LEDS 
•BUILT-IN EXTENDER 'MTH 

SOCKET 
•LED PROTECTOR PLATE 

PACIFIC DIGITAL SYSTEMS 
878 Hollenbeck Avenue Sunnyvale, Ca 94087 

(408) 732-0656 
*Trademark of DEC 
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simultaneously and features the OEM 32-bit 
polynomial error correction fire code to 
allow up to 22-bit burst error detection and 
up to I I-bit burst error correction. The 
Sl410 is $295 . Xebec Corp, 432 Lakeside 
Dr, Sunnyvale, CA 94086. Circle 169 

TOUCH PANEL 
High Resolution Capability 

This highly sensitive X-Y positioner pro­
vides an alternative to trackballs and other 
20 controllers such as joysticks and light 
pens . Rapid and precise positioning can be 
accomplished by a combination of finger 
motions. A single display pixel can be 
selected from a 1024 x 1024 high resolution 
display . Output can be directly interfaced 
with any computer that has an RS232C 
serial port. The entire unit is contained in a 
small console-mounted unit (4-3/4" x 4-3/ 
4" x 2-1/2") of rugged construction and no 
moving parts. Spiral System Instruments 
Inc, 4853 Cordell Ave, Suite AlO, 
Bethesda, MD 20014. Circle 147 

STD BUS 1/0 TIMER 
COUNTER BOARD 

Features B Programmable 110 Ports 

Each of its 64 I/O lines is individually pro­
grammable as an input or output, with 16 
programmable handshake lines to permit 
high speed data transfers to peripherals. 
Four 16-bit timers permit wide range timing 
(2 µs to hours), automatic pulse output to an 

l/O line, and interrupt-on-time-out capabili­
ties . Four 16-bit event counters monitor 
incoming I/O signals without CPU interven­
tion. Four programmable shift registers 
permit serial data to be sent/received and 
fully programmable interrupts on all func­
tions avoid the overhead of software polling. 
On one board, the STD-VI08 combines 
high density 1/0 and special hardware func­
tions necessary for the control of multi­
function application. $199. Forethought 
Products, 97070 Dukhobar Rd, Eugene, 
OR 97402. Circle 172 

Circle 49 on Reader Inquiry Card 
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LSl-11 TO IEEE-488 LINK 
Provides High Speed OMA 
Performance 

The GPIB 11 V-2 provides data transfer 
speeds up to 250kB/sec while allowing 16, 
18, or 22 bit addressing on the LSI- I I bus . 
All GPIB functions are provided including 
(Extended) Talker, (Extended) Listener, 

and Controller. It allows the LSI- I I to be 
connected with up to 14 GPIB compatible 
devices and works in either a single or 
multiple controller environment. As an 
interprocessor link , the interface can form a 
network of LSI-1 ls. The GPIBl IV-2 
standard package includes interface card, 
software, 4 meter cable with GPIB con­
nector on the outboard end, and complete 
documentation for $1495. National In­
struments, 8900 Shoal Creek Blvd, Austin , 
TX 78758. Circle 144 

SERIAL TRANSMITTER AND 
RECEIVER 
Transmits Information Over Longer 
Distances At Lower Cost 

For remote displays, remote controls and 
data processing, STAR requires only one 
pair of twisted wires to transmit 24 bits of 
data, as compared to present methods which 
require over 24 wires. Expansion modules 
can increase the data word length to 96 bits 
over the same 2 wires. Parallel inputs are 
compatible with all kinds of logic , switches 
and open collectors. Outputs are standard 
logic drivers or high power open collectors 
to directly drive relays . An optional, 2-wire, 
solid state, 6 digit, .8" display is available. 
Analite Inc, 24 Newtown Plaza, Plainview, 
NY 11803 . Circle127 

CONTROLLER PRODUCTS 
For/BM Series/1, DEC LSI, And DG 
Computers 

The TC-110 is the first single board em­
bedded NRZI mag tape controller for IBM 
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Series/1 computers. It is completely soft­
ware transparent to the IBM 4969 mag tape 
subsystem. Controlling up to 4 drives, it can 
also handle a mix of any 2 speeds from 25 to 
125 ips . $2650; $3610 dual density. The 
DC-251 is a single quad board embedded 
SMD disk controller for LSI-11 computers. 
It emulates the DEC RM02 disk subsystem 
with up to 2 drives. Each drive port allows a 
mixed connection to drives having from 40 
to 675 MB capacity. $2950. The DC-221 
single board embedded disk controller emu­
lates the DG Zebra 606X Series disk sub­
systems. Up to 4 drives , with capacities of 
40 to 675 MB each, can be connected to the 
DC-221 . Selectable options include Auto­
matic Alternate Tracking and Data Strobe 
Early/Late. $3300. Western Periph­
erals, div . of Wespercorp, 1432 l New 
Myford Rd , Tustin , CA 92680. Circle 168 

HP MEMORY BOARD 
Program Security And 1.5MB 
Memory For A Desktop 

This 512 kB memory board forthe HP9845-
series desktop computers places over !MB 
of RAM within the desktop unit. Features 
include a hardware security system and the 
ability to add ROM modules with BASIC 
extensions and utilities beyond those sup­
plied by HP. It has an electronically em­
bedded code which can be read by the 
proprietary program. It is impossible to run 
the program without the proper security 
code installed. An optional Programmer's 
Utility Package ROM provides new BASIC 
keywords which enhance programming 
productivity. The WMAZ-4 board is $6500. 
A half-populated version is $4250. The util­
ity ROM option is $700. Eventide Clock­
works Inc, 265 W. 54th St, New York, 
NY 10019. Circle139 

68000 DEVELOPMENT SYSTEM 
PDP-11 Compatible 

The system consists of the 68000 CPU 
Board, with firmware on board: a serial 1/0 
board and cabling; and a 9-slot Multibus 
card cage with power supply and protective 
enclosure. The CMS-16/DS I has two basic 
configurations. As a pass-through system 
connected between the CRT and the host 
PDP-11 , programs can be downloaded to 
the 68000. Either system can be controlled 
from the CRT, or the CMS-161DS I can act 
as a pre-processor for the PDP-11 , with 
user-supplied software. As a back end 
processor the 68000 system can be con­
trolled from the CRT, but commands must 
pass through the PDP- I I operating system. 
$6995. CM Technologies Inc, 525 Uni­
versity Ave, Palo Alto, CA 94301 . 

Circle 152 

DZ 11 REPLACEMENT 
Compatible With DEC Operating And 
Diagnostic Systems 

The SLZ 11 is a buffered, program interface 
between PDP 11 or VAX computers and 
multiple local or remote async terminals . 

The 8-line version consists of a single hex­
wide control board, cable assembly , and 
distribution panel , and may be expanded to 
16 lines. The 16-line version consists of 2 
control boards , cable assemblies, and dis­
tribution panel. Features programmable 
baud rates up to 19,200 and format control 
on a per line basis. FIFO buffered input 
transfers reduce interrupt overhead and im­
prove latency. Designed for local or remote 
public line operation and includes data set 
control for auto answer (dial-up) for full 
duplex operation. 8-line unit , $1695 ; 8-line 
add-on, $1190; 16-line unit , $2650. 
Computer Extension Systems Inc, 17511 
El Camino Real , Houston, TX 77058. 

Clrcle 151 

GRAPHICS/IMAGING DISPLAY 
SYSTEM 
Features Of RM-9000 Series With 
Higher Performance Level 

The RM-9450 maintains full software com­
patibility with the 9000 systems while 
incorporating features such as context 
switching, display-list processing , high­
resolution fonts, clipping, textured lines , 
filled polygons, pan and zoom, high-speed 
erase, local functions and a single cursor. 
Available with resolutions of 640 x 512 
pixels at 25/30 or 50/60 Hz refresh rates, 
and 1280 x 1024 pixels at 25/30 Hz refresh 
rates . Memory configurations provide 8 bits 
of refresh memory in the higher-resolution 
model. The system can display 256 colors 
simultaneously from a selection of 16 
million. From $19 ,450 to $30,350. 
Ramtek Corp, 2211 Lawson Lane , Santa 
Clara, CA 95050. Circle 165 

NON-VOLATILE RAM 
Holds Information For 3 Years Without 
Power 

These RAM units run at full speed in rEEE 
696/S-100 systems. Designed to replace 
floppy disk systems in rugged environ­
ments , these 32 kB battery backed-up 
CMOS memories provide complete data 
security. A software programmable write­
protect window is included. The boards also 

generate an interrupt when a power drop is 
detected, enabling the system to store 
critical data before the main power supply 
fails. Other features include 8- or 16-bit data 
transfers, bank select option, and extended 
memory addressing through 24-bit address 
lines . $1095 for the CMEM-32K with 32 kB 
of memory, $895 for CMEM-16K and $695 
for CMEM-8K. Dual Systems Control 
Corp, 1825 Eastshore Hwy , Berkeley, CA 
94710. Circle 133 



INTERFACE CARD 

Converts TTL Levels To RS-232 Or 
Current Loop Signals 

In a 5V only power supply environment, the 
3" by 4" board will convert TTL voltages to a 
single 20 mA current loop input and output, 
or to RS-232 inputs and 4 RS-232 outputs, 
selectable with on board jumpers. An on 
board DC to DC converter provides ±12V 
for the conversion circuitry, while requiring 
a ±5V input at 400 mA. The MINT-01 may 
be attached to any TTL level logic through 
the 14 pin ribbon cable compatible con­
nector. $105; $75/25+ . Miller Technology, 
647 N. Santa Cruz Ave , Los Gatos , CA 
95030. Circle 163 

WIRE WRAPPABLE PANELS 
30% More IC Packaging Density 

These DEC hardware compatible wire 
wrappable panels package 30% more ICs in 
Hex , Quad and Dual sizes. The Hex size 
panel packages up to 231 16-pin devices. 
The Quad and Dual will package 147 and 70 
devices . They aid in eliminating system 
electrical noise by providing ample loca­
tions for decoupling capacitors and provid­
ing copper foil between each pin on the wire 
wrap side. Holes are provided for customer 
selection of 1/0 connectors. $184.76 (1-9) 
for Dual size with gold plated pins, $162.91 
for tin. Mupac Corp, 646 Summer St, 
Brockton , MA 02402. Circle 141 

LSl-11 SYSTEMS ENCLOSURES 
Supports Combination Of Floppy I 
Winchester/Tape Cartridge Drives 

These 10.5'' chassis provide mounting space 
and power for LSI-11 systems,. as well as 
almost any combination of floppy/Win­
chester/tape cartridge drives . Includes 
Q-bus backplane and front control panel , 
and are available in tabletop or rackmount 
versions. The 8-row backplane provides dir­
ect plug-in installation, has 16 dual slots and 
supports 16-bit addressing . Optionally , two 
C-D slots can be dedicated to RLOl/RL02 
controllers . The SA-Hl02 (Winchester/tape 
cartridge) and SA-H 103 (Winchester/flop­
py) are $1929; the SA-Hl04 (dual floppy) is 
$1459. Sigma Sales Inc, 650~ Serrano Ave, 
Anaheim, CA 92807. Circle 166 

DIGITAL DISPLAY MODULE 
Provides High-Quality Vector Graphics 

The HP l 345A produces vector graphics 
and/or alphanumerics on a 611 CRT in re­
sponse to digital commands from an ex­
ternal processor. A built-in binary interface 
provides connection to an external 16-bit 
TTL level data bus . The 2048 by 2048 ad­
dressable resolution provides for high­
resolution graphics. An optional 4K word ' 
vector RAM saves user memory and elimin­
ates refresh requirements by the user proces­
sor. Programmable characteristics include 3 
intensities plus blank or off, 4 line types, 4 
writing speeds, and ASCII characters gen­
erated internally in 4 sizes and 4 orientations. 

$3350. Hewlett-Packard Co, 1507 Page 
Mill Rd, Palo Alto, CA 94304. 

Circle 155 

DATA COMM ANAL VZER 

Multi-Functions, Field Service Use 

The 4020 performs interactive trouble­
shooting and passive monitoring of serial 
data associated with the EIA RS-232 digital 
interface. It can passively monitor and trap 
on-line data, perform a bit or block error rate 
test, and simulate both data terminal and 
data communications equipment to inter­
actively communicate with both local and 
remote network components . It can also be 

configured to transmit or reply to polling 
messages, generate or check CRC, and 
measure either RTS/CTS or RTS/DCD de­
lays . $3595. International Data Sciences 
Inc, 7 Wellington Rd, Lincoln, RI 02865 . 

Circle 157 

The Hecon with 
the Hopper. 

• Nfifi,;;;::- " . ~~- .... .. ~""---- . .. 
........ ,., ..... ,_,_ 

The Hecon A0542 impact dot matrix ticket printer with hopper 
feed. Load up to 75 tickets in the easily accessible hopper. 
When you are ready to print, the A0542 automatically feeds, 
prints and transports the ticket for removal. You can even 
reinsert a ticket for additional printing thru the unique reprint 
feed slot. 

The highly visible Time and Date feature is standard and can 
be printed with a single command. 

The A0542 can print the 96 character ASCII set bidirectionally 
at 120 characters per second. The standard print head is 
rated at 200 Million characters minimum for long, dependable 
service. 

It's got to be good. It's a Hecon. HJ H ECO N®I 
Hecon Corporation. 31 Park Road. Tinton Falls, NJ 07724 

• (201) 542-9200 

Circle 52 on Reader Inquiry Card 

OCfOBER 1981 Digital Design 85 



Keys to Software Testing 
Presumably, every piece of software 
undergoes some type of testing. Yet , 
this subject receives little attention 
despite the significant cost relative to 
other development phases. In practice, 
testing generally consists of a program 
being executed with specific input data 
in a controlled environment to measure 
predicted outputs. In this sense, soft­
ware testing is a practical activity 
which is more closely related to what 
people do than an abstraction of what 
programs do. In a sense, software test­
ing is similar to hardware blackbox 
testing where the interest is on 1/0 
characteristics. Complexity plays 
havoc with such a simplistic 1/0 
concept when dealing with software. 
Exhausting possibilities for all com­
binations of test data is futile for all but 
the simplest of codes. Here is where the 
art of testing often makes a less than 
legitimate marriage with the theory of 
testing software. 

Testing is essential. It plays a part in 
requirements analysis, defining spec­
ifications, implementing programs and 
proving correctness of programs. But 
little is known about it. We know far 
more on formal proofs of correctness 
(seldom used) than about program 
testing performed often. 

A major problem is coordination of 
activities and planning. A systematic 
methodology is essential if testing is to 
be both thorough and economical. Be­
ing systematic in the testing program is 
tant~ount to applying good engineer­
ing principles. The main stream of 
good program testing concentrates on: 
planning testing, defining test proce­
dures , execution of test procedures and 
reporting test results. This sequence of 
steps is the scientific method: a general 
plan is proposed, the experiment is 
planned and results predicted; follow­
ing completion, results are docu­
mented. Provided the test environment 
was controlled, tests are repeated and 
compared as minor changes occur. The 
entire process repeats as modules are 
tested and combined with other mod­
ules . In this sense, a software system 
grows as confidence is built, one step at 
a time. 
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testing fallacies 
Perhaps the most common fallacy is the 
belief that testing will one day be com­
plete. At best, testing is a struggle be­
tween completeness and cost. The 
trade-off requires good engineering 
judgement based on a close study of 
each programs combinations. For ex­
ample, some programs are composed 
of complicated internal logic; others are 
complex because of the multiple entry/ 
exit structure. 

Another fallacy often involves the 
argument that formal proofs of cor­
rectness provide a security blanket that 
eliminates the need for testing. Proofs 
of correctness are academically nice 
but in practice of minimal value. Gen­
erally, these proofs require so many 
assumptions that practical application 
is negated. Typical assumptions which 
surround the application of a formal 
proof of correctness include: 

• The entire running environment of 
the program has been described 
and includes compiler, operating 
system, and hardware of the pro­
cess . In practice, those items are 
in a constant state of change . 

• The program is correct with re­
gard to its specifications . Few 
programs have good specifica­
tions and changes are frequently 
required. 

• Errors in previous programs have 
been eliminated . Overcoming 
these requirements is beyond the 
practical state-of-the-art and pro­
vide the practical software test 
engineer plenty of anxiety. 

Another prevalent fallacy is that 
program testing provides a proof of cor­
rectness . This is only an optimistic 
opinion held by programmers familiar 
with their own work. Generally, a pro­
grammer will test his own program 
with data that exercises obvious char­
acteristics of the known program struc­
ture. As a criteria for program testing, 
this data input selection is too weak. 
Testing should be a balance of require­
ments, oriented data and internal 
structure . 

In all software testing, objectivity is 

of the essence. An individual testing his 
own programs seldom appreciates that 
program testing only shows the pres­
ence of errors and never an indication 
of their absence. 

planning for testing 
Testing in one way or another is a part 
of every stage in a software develop­
ment program. This pervasiveness of 
testing leads naturally to the question of 
planning for testing. At the beginning, 
specifications must be tested to insure 
that they are complete, consistent, and 
unambiguous. Even before unit testing 
of a software module the program 
should be reviewed by desk checks, 
walk throughs, and requirements trace­
ability. Management should not as­
sume that programmers know how to 
design testable software. Most new 
programmers will generate complex 
and hard to understand code with 
subtleties which are seldom docu­
mented. To a certain extent, this syn­
drome can be minimized by establish­
ing coding standards and regularly re­
inforcing their use. This reinforcement 
occurs most naturally when program­
mers and testers are placed in separate 
organizations with the intent of gen­
erating a slight adversary relationship. 

Since testing is inevitable, expensive 
and likely to impact schedules, a care­
ful review and audit process should be 
planned. Such a review and audit pro­
cess should be separate for hardware 
and software. The software portion 
should also receive scrutiny at regular 
progress meetings. A minimal progres­
sion of assessments should include 
monthly meetings, a systems require­
ment review, preliminary design re­
view, critical design review, and a 
physical configuration audit. Through­
out the review process specifications 
must be precise enough to be testable . 

Fundamental to test planning is 
answering the question - when is test­
ing finished? The simplistic answer 
offered by the neophyte is: " when it 
works." Clearly, this answer begs the 
question of how complete testing 
should be. As a minimum, testing 
should be complete enough to cover all 



requirements imposed at the initiation 
of design. Furthermore, testing should 
address design peculiar characteristics 
that might be overlooked in a limited 
test based on requirements . Since 
errors tend to ripple, those modules that 
become particularly error-prone should 
receive special attention. 

A minimal goal for a software test 
program should include at least one test 
which covers each fundamental system 
requirement and which also executes 
all software modules once. A more 
noble plan would be to execute all pos­
sible combinations of software paths. 
In practice, exhaustive branch testing is 
often impossible due to the near infinite 
combinations of segments possible. An 

Regardless of method, a controlled 
environment is most important. Repeat­
ability of a test is a principal concern. 

Testing is a very productive activity 
if tests are well designed and docu­
mented for future use. This becomes 
increasingly important during the 
maintenance phase where new pro­
grammers may reinvent the wheel. One 
concept that gained favor is the " auto­
matic test driver." When an automatic 
test driver is used, a test procedure is 
coded which applies test data to the 
subject program. The test driver then 
automatically compares outputs with 
precomputed values. Such an approach 
is good for frequently repeated tests. 

Such test drivers should be retained 

approach, we would still have the ad­
vantage of having tangible milestones 
throughout the testing period. 

Top-down testing is intended to go 
hand-in-hand with top-down design 
and top-down coding . It suggests that 
one should design the main program, 
code it, and test it; then design the next 
level of modules , code them, and add 
them to the existing skeleton for test­
ing; and so on until the last level has 
been designed, coded and integrated. 

The top-down testing scheme re­
quires the use of dummy modules , or 
" program stubs. " As shown in Figure 
1, only the top few levels of the pro­
gram have been implemented; the 
lower levels are not present. The 

In the early stages, all 
modules called by A, B 
and C are stubs or dummy 
modules, e.g., they exit 
immediately. 

At program comple­
tion, low level mod­
ules are integrated. 

As development proceeds, modules 
called by A 1, A2, C1 and C2 are 
dummies or stubs. 

'igure 1: Top-<lown testing shows early, mid and completed stages of program development. 

economical goal might be execution of 
each path at least once, as opposed to 
all combinations of paths. 

system testing 
System testing differs from previous 
phases in magnitude and potential 
complexity . Here is where subtle de­
velopmental problems surface. Success 
in this phase will depend largely on the 
success in dividing the overall test 
effort into manageable pieces. Histori­
cally, most efforts have utilized a 
bottom-up test methodology: lowest 
level modules are examined first with 
activity moving upward. Clearly, this 
strategy follows from the concept of 
building with proven components . 

The top-down methodology is prac­
tically the reverse and begins with func­
tional test at the highest level. Program 
stubs are used to simulate the activity of 
lower level modules while higher level 
routines are used as the test drivers. 
Although use of this method is grow­
ing, it still finds little use outside a few 
of the largest software development 
projects . 

after a program is in production as test­
ing is frequently needed later to test 
program modifications. The largest 
drawbacks of such test drivers is the 
initial effort required to check out and 
test the driver itself. 

top-down testing: a 
management tool 
The development of realistic and effici­
ent test plans generally requires a top­
down testing approach. The basic con­
cept is shown in Figure 1. Testing pro­
ceeds to the next lower level when suf­
ficient confidence has been gained in 
interfaces and major functions. When 
the lowest level module is added to the 
system and tested, the system level test 
is essentially complete. 

System testing can easily consume 
between 25% and 30% of total project 
time. For this reason, a strong manage­
ment tool is needed . Top-down testing 
provides this necessary tool in the form 
of demonstrable results that can be 
scheduled at fairly close intervals. 
Even if the top-down testing approach 
took as long as the bottom-up 

higher-level modules are CALLing 
low-level modules which can be im­
plemented in the following manner: l . 
Exit immediately if the function to be 
performed is not critical, 2. Provide a 
constant output, 3. Provide a random 
output, 4. Print a debugging message 
so that the programmer will know that 
the module has been entered, 5. Pro­
vide a primitive version of the final 
form of the module . It is possible to 
begin top-down testing with only the 
main program, and with all lower-level 
modules implemented as program 
stubs. In practice, this would not be 
practical . Common sense usually dic­
tates the levels that must be imple­
mented to form a reasonable skeleton; 
subsequent testing adds to the skeleton 
until the entire program is finished . 

by Craig L. Shermer, USAF, AEDC/ 
DEVE, Arnold AFS, TN 37389; 
Michael A. Neighbors, Associated 
Technology Co., 4309 Hunt Dr., 
Huntsville AL 35805; and Malcolm E. 
Gillis, Mega Corp, 1001 Opp Reynolds 
Rd, Toney, AL35773. 
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COMPATIBLE 

THERMAL PRINTER 
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TTL parallel data at rates >2000 C.P.S. 

Complete with µ.P controlled timing. character 
generation. printhead-drive. stepping-motor 
circuits. the unit also has its own self-test 
program and AC power supply . Weight is 4.2 
lbs . and panel space is 14.8 sq. inches . Price is 
$625 .00 and in stock: 
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