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INTRODUCTION

1 INTRODUCTION

This dissertation describes the reguirements analysis

and asvelopment of an avtomatic test system and 2 test

equipment desinn ghilasopny soecifically targeted ac the

N testing of subwassenblies. :

Suk-agserblies can be defined as intermed{ate stages in o
the production pracess. Thoy consisy typlioally of both
electricalselectranic components and mechanical, sptical
or other zampenents. They will commonly pexforxm a single
major systew function. Testing af this type of item is .

poorly supporied by currently available automatic test °

eguipment. 3 theery is developed tn acc~unt for this,
and a practical design philonsephy i@  presented to N

overcome these difficulties.

The cerplete design and implementation of a system was
undeztakeon, and used to test the validity of the
b philogophy prosented. Among the unusual features that
vere specislly dosigned and implemented for this system
are & Muitisasking  operoting  system using & desktap
paradigr, an extendinle test language thot is completely
Inglish-1tke in both vocabulory snd syntax  (and is
uniquely specified e be oriented towards the
requirements of the reader vather than the writer of the
test prograrm), a test program writing aid  that enables
the novice wscr to write tosts avtomatically, znd a

seftware utiliey likrazy thet supports the concept of a




INTRODUCTIOR

completely open shd user extendible architecture,

The system described was developed in response to the
overall theory and philosophy of sub-assembly testing
that was developed during this investigatien, Before
describing this theory however, it is necessary to look
at the the field of automatic testing in general, and

sub-assembly testing in particular,

1.1 Automatic Test Equipment

The production of complex equipment demands

correspondingly complex testing of that eguipment before

\ szle to the customer, For various reasons, it is often .

desirable to automate the process of testing. The test PR

process may need to be performed very guickly, it may ke

extremely laberious, it may be dangerous, er it may be -

° complex and prone to human error if done manually. Other
advantages £flow fxom the use of automatic test b
e | equipment; a unifoxm and repeatable test procedure is

enforced, integration with pinduction information
systems is enhanced, the number of personnel reguired
may be reduced, and the test personnel may be relieved "
of a great deal of boring and repetitinus work., The ;
operator nf an automated test station does not need the

level of skill and training that would be reguired from

a technician doing the same jok manually. The use of o

autematic test equipment may also be required for

integration with other factory automation systems.




INTRODUCTION

The cost of achieving these advantages is often high.
Not only is the capital cast of putomatic Test Bguipment
high, but the eost of the software needed to program %he
eguipment, the cost of the interfacing, and the
subsequent maintenance costs are all so high that an
analysis of the life-cycle cost o! any automatic test
system is necessary before a decision can be made to
autonate. fThe cost saving achieved from sutomation must

be sufficient to justify the cost of automation.

1.2 Test Eguipment Life Cycle

The life cycle of automatic test eguipment (ATE} can be
conveniently divided inte three phases; development,

installation, and maintenance.

The development phase consists of specifying the tests
to be performed; specifying the jigs, interfaces and
instrumentation reguired to perform the tests; designing
ané building or purchasing the test equipment hardware;
writing the test software; and finally debugging the
equipment. This process is often complicated by the
parallel development of the unit to be tested. As the
unit to be tested is developed, changes in its testing
requirements occur, necessitating redesign of the test
equipment. To avoid delaying the production of the unit
the test egquipment muit of“"n be over-designed ang

capable of more than is eventuarly vrequired, so that




INTRODUCTION

these changes can be made guickly and simply. To be
successful in a high pressure development environment,

test eguioment must be flexible.

The installation phase begins when the test equipmeuat is
integrate@ with the rest of the production process, and
the first production or pre-production units are
manufactured and tested. This phase is generally
characterised by the poor guality of the produétinn
procass, The faults in the process, faults in the
designh of the production items and faults in the test
equipment must be detected, isoluted and eliminated. The
pche where 211 these favlts svrface is at the point nf
test. It is necessary that the test methnds used and the
limitations of the test eguipment should be cleaxly
visible at this stage sa that the orxigin of test
failures can be clearly identified. Often, test methodr
will be changed te identify certain pxocess problems,
To be successful in this phase of its life-cycle, test

equipment must be both flexible and understandable.

The installation phase will gradually give ever to the
maintenance phase. As the production process matures

the number of tests performed will generally drep.
Improved test methods will be implemented as the
production yield statistics stabilise. Maintenance of
the test saftware will consist of adapting it to suit
these new circumstances. The test equipment hardware
will alse need maintenance in the conventienal sense.

This phase is generally the longest and most impoxtant

et o
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INTRODUCTION

these changes can be made gquickly and simply. To be
successful in a high pressure dJdevelopment environment,

test ecuipment must be flexible.

The installation phase begins when the test equipment is
integrated with the rest nf the production process, and
the first production or pre-production units are
manufactured ang tested, This phase is generally
characterised by the poor quality of the prnduétion
process. The faults in the process, faults in the
design of the production items and faults in the test
equipment must be detected, isolated and eliminated. The
plﬁce where all these faults surface ir : paint of
test. It is necessary that the test meth. «d and the
liritations of the test eguipment should be clearly
visible at this stage so that the origin of test
fzilures can be clearly identified. Often, test methods
will Be changed to identify certain process problems.
To be successful in this phase of its life-cycle, test

equipment must be both flexible and understandable.

The installatiaon phase will gradually give over to the
maintenance phase. As the production process matures,
the number of tests performed will generally drop.
Improved test methoads will be implemented as the
production yield statistics stabilise, Maintenance of
the test saftware will cansist of adapting it to suit
these new ecir~umstances. The test equipment hardware
will also need maintenance in the conventianal sense,

This phase is generally the longest and most important

b=




INTRODUCTION

phase of the test~eguipment life-cycle., Ease of
maintepance is thus one af the most important

wust disgplay,

In summary, ATE need$ to be flexible in order to
accommodate the changes that will accur over its life
cycle; understandable so that the various users that
will use the ATE over its life =ycle can use it
effectively; and maintainable, since the ATE will spend

mose of its life cycle in the maintenance phase.

1.3 The Users of Automatic Test Eguipment

Quer the life of a piece of test equipment, a variety of
people will come intn contact with it. These people can
all be loosely terxmed the users of test eguipment. Each
af these users has his own reguirements. HMany of these

reguirements are conflicting.

The most important users of automatic test equipment are
the follawing

-~ the designer of the unit 4o be tusted

-~ the designer of the test equipment

~ the person wha specifies and applies the test
equipment to test a particular unit

~ the test writer

~ the production engineer

~ the guality assurance inspector

-~ the test egquipment maintenance team

~ the test equipment operator

-5e
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INTRODUCTION

Eaeh of these users has his own special reguirements.
Thege will be discussed later (in chapter 2). However,
it is worth nonting that the requirement tes be able to
rpad  and understand the Llest program is common to all
the vsers, and is in fact the primary reguirement of

wost af them.

1.4 The Structure of ARutomatic Test Equipment

chere are several different classes of ATE, depending on

the type of unit that is to be tested.

Compenent manufacturers test integrated cirxewits and
other camponents on test eguipment optimised for this
type of work, Printed circuit boards (PCBS) can be
tested for faults befare components are inserted (bare
boaréd testers). The presence and orientation of many
components can be checked withnut powering up the board
using a passive in-circuit PCE tester., The overall
functioning of the PCE can then be tosted using a
functinnal tester. These axe the areas in whieh the
science of MTP has progressed the furthest. In all these
cases, the testers are charactarised by a reguirement to

handle kigh volumes of basically electrical units,

At the other ont of the scale are the special to purpnse
ATE systems used to test assemblies and svb-assemblies.
These are charscterised by relatively lower volumes of

urnits to be tested, togethexr with more complex tests

e

PN




INTRODUCTIOR

which are often nen-electrical in nature,

Some examples of various types of ATE are shoawn in

figure 1.4a.

Although different classes of ATE c¢an be identified,
they all shere some common characteristics. Thexe is
typically an interface to the Unit Under Test (VUTS,
which can very fror a simple connectar to a complex jig
containing optical, electrical and mation systems. There
are usually various measuring instruments,
power-supplies, and sources of slectrical, optical, or
other stimuli, A switching matrix dis usually wused in
some form to connect the instruments, power supplies ete
ko the BUT in varxious configurations., The switching
matrix is the heart of the ATE: virteally all
measurements and stimuli are routed via the switching
matrix, Centralling the ATE there is usually &
computer. Cantrol is achleved via a communication system
such as the IELE 488 interface bus, This 3is shown
diagramatically in figure 1.4b.

7w
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1.5 The Role of Software in Automatic Test Bquipment A

In order to perform a test, a series of actions must be
perlozmed by the ATE. It is the function of the software

running in the controlling computer to order and

structure these actions. The software can be divided

inte two arsas; the utilities that enable the computer

e be used effectively as an ATE controller, and the

test programs which specify exactly which actions are to B

be purformed to test the LOT.

often the test programs will make use of pre-programmed
routines which perform commenly used functions, such as ,h o
the setting up and zeading of a digital voltmeter (DVM). P
Other pre-programmed functions might include the
rovtines te print result sheets. Some of these tools may
‘s be part of the Cperating System of the computer, and

g . ~ athers may be specially written as part of the averall

test program., 1In general, the tools used to enable the

aperator to use the computer will be paxt of the P
aperating system, ant the tools used to interface the

computer to the rest of the ATE will be specially

written,

other tools that may be added are routines to assist in

writing test programs, debugging programs, or in other sl

=

H i

| ways assisting the user to use the ATE. These latter 1 ‘1
rautines are usually not part of the operating system ;

]

but have baen  speciaslly  written  for the  test o

! envirenment. They are aften referred to as a secendary f‘

- R 5 e o



INTRODUCTION

operating system., The test programs themselves may be
written in a common como: “er language such as BASIC, nr

in a language specially dv. .qaned for testing, such as

ATLAS. The program that interprets nr compiles the test
programs is often {nciuded as part of & secondary

operating system.

These seftware sub-systems (the operating system,
secandéary operating system, interface tools ete.) will
usually be wiitten by different people, with @ifferent

goals, using gifferent languages. This often makes

maintenance of ATE software s difficult and expensive
task. The complexity af the structures found in ATE
s¢ftware, and the large number of different structures,
i ’ is due in part to the large number of users of ATE. Bach

éifferent class of user needs z different set of tools.

¥ E . ®here an ATE and 1ts seftwere have been 8esigned
o together, the complexity of the software can be greatly

reduced, The operating system can be designed i

R specificalyy for the requirements of ATE, the test
language can be tailored to the exact instruments used, d .J
and the other tonls necessary can be included in the .

o syster in & logical 2nd consistent fashion. This is the

route fallowed by the specialist ATE manufacturers.

1.6 In-House Development of Automatic Test Equipment

hutomatic test equipment is expensive to buy. For this § @

4l reason it may appear attractive to develop such [

-11- N
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equipment in-heuse., However, the initial cost saving is
nften swamped by the later maintenance c¢osts. These
cogts, as will he eheun Jater, zre primarily due to
software maintenance. It is usually cheaper to buy ATE

than develnp jt.

~he purchase of an ATE, however, has disadvantages. The
cff-the~shelf syster is likely tn be structured .u.n an
inflexible fashion; if it does not f£it the needs
exactly, it may be very difficult to medify to include

extra functiens.

The need ta include special functions becomes especially
impnrtant when the ATE is to be used at levels of
testing higher than ¥C bnard level, that is to test
sub-assemblies or assemblies. ¢ften wmechanical jigs
need to be controlled. The UUT itself may need complex
stimeli, whick may not be electrical in nature but
optical or mechanical. Unusual instrumentation is often
required, DParadoxically, the number of tests at higher
levels of assembly 15 often smaller than at PC  boaxrd
level, with a requirement for relatively few but highly
specialised rasources from tho ATE. Thus the bought-in
ATE will often not meet the technical xequirements of a
LUT, implying that it will have te be medified. On the
ather hand many of the existing resources of the
bought-in ATE will not be utilised, altheugh they will

of cocrse have to he paid for.

In~house development of ATF is thus indicated when the

- . s - T

i S




INTRQDUCYION

UUT is an electro-aptical or electro-mechanical device
with special stimulus or measurement requirements. It is
often not possible to purchase a suitable ATP for this
type of device., In addition, when the device is &
relativeiy simple assembly or sSub-assembly it may be
cost effective tw design an in-house ATE simply because
of the cost savings that can be achieved by using a
small set of carefully chosen ATE resources, rather than
a large, general purpose ATE system. The cast savings
must however be weighed against the high maintenance

cost that can be expected frow in-house designed ATE.

1.7 Types of UUT : PCBs, Sub-assemblies and Assemblies

4 typical production process will manufacture printed
circuit boards (PCEs) and test these before furthex
assembly. These will then be assembled inte
sub-assemblies, which will generally perform some majox
function of the f£inal product. The various
sub-assemblies are then integrated into the final

assembly.

The testing process at each stage is usvally restricted
tn testing the previous process. Therefore testing PCBS
will primarily involve testing whether or not the PCB
has been sssembled correctly rather than whether or not
the design is correct, ot whether the companents meet

their individual specifications.

Testing the £inal assembly similazly involves testing
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the process of integration of sub~assemblies that has Im
just occurred. Often, it is unnecessary at this stage to i "
test the exact specification of system parameters. Fer ’ ig
example, the final testing of a TV set may simply \j
involve a functional test and inspection, rather thap a 1
' parametric test of RF sensitivity, tube alignment, and ,V% %
";Vu - sa  on. The parametric tests are most commonly pe‘tfnrmed . k‘\v 1
o N at sub-assembly level. o
The reason for performing parametric tests at
;‘*“‘ sub-assembly level is primarily economic. Sometimes . ‘g‘
"J;*u“ there are also technical reasons; it may be Iimpossible 4
‘f‘:u tn. access a certain parameter after final assembly. It ) N
A is gemerally true ¢to say that it is usuvally wmost e
j" economical te test a parameter at as early a stage in f:‘ .

the production process as possible. This is because the e

cost of fallure is reduced; the amount of disassembly

and wasted assembly costs are minimised by  this S

philosephy. The earliest stage that the primary system 3

functinns can be tested is generally the sub-assembly i

level.

‘W“T;A‘ im»:¥;;i;_v&;‘ﬁig

1.8 Overall Aims of the Study

This study was aimed at defining and satisfying the i

requirements of the wusers of {n-house designed aTE A

systems for sub-assemblies. The overall characteristics

of such ATE systems are that they must be low cnst

relative te the bought-in alternative; they must bhe 5

~14e . |




INTRODUCTION

flexible in order to meet thz special reguirements of
sub~assembly testing; and they must meet the special
reguirement~ 6f all the users of ATE {n a2 consistent
mannexr canducive &0 low development and maintenance
eosts over the entire ATE Jife-cycle. Peducihg the cost
of mwaintaining in-house developed ATE was seen to be an

especially impowtant gaal.

In its initial phase, the study was directed at more
clasely defining these requirements. At this point a
syster specification was defined and feasibility studies
undertaken, A system was then implemented and evaluated
using a real UtT, The validity of the origianal
téquitements analysis was then investigated and
conclusions drawn 25 to the reguirements of the users af
this type of ATE and useful techniques for achieving

them.

The final outputs of the study were therefore a set of
recommendations for the design of ATE for testing
sub-assemblies, and a working prototype of such 2

system.

1.9 Structure of this Dissertation

The overall structure of this dissertation attempts to
lead the reader through an intraduction tao ATE in
general, a discussion of the specific problems of
sub-assembly ATF, a narrative description af the

progress of the investigation, a more detailed analysis
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of some of the primary’technical areas, a description of
an actual implementation of the ideas developed in the

study, and an analysis of the results obtained with the

system. Finally, conclusicns are drawn as to the

validity of the goals of the study and the usefolness of

the technigues used to achieve these goals. .Appendices ) "

are attached containing material that may be of v

interest. These appen~ices are referred to where PO
. ' appraopriste in the body of the dissertation. "
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2 TESTING SUB-~ASSEMBLIES

The problem of testing sub-assemblies can be stated

briefly as follows:

Testing & sub-assembly usually invelves testing e
relatively small number of parameters. At this level,
the LT has normally only one major function; however
this function often requires the use of one or more
special-to-purpose instruments to test it. Off-the-shelf
ATE systems usually need to be extended to cates for
these special fvnctinns. On the nther hand, the built in
zunctions of such & bought-in ATE systems are often
under-utilised in testing 2 sub-assembly, ft is
therefore attractive to build a special-top-purpnse ATE
system for a particular sub-assembly. 1In practice
however, such ipn<house ATE systems hsve proven to be

costly to develop and maintain.

2.1 Existing Solutions

Two  classes of solution te the general production ATE
problem ore available. The fixst is the bought iIn ATE,

and the second is the in-house developed ATE.

Bought-in ATEs vary from systeims costing around R4G 600
such as the Beaver Major znd the Wayne~Kerr ABDOC, to
systems costing well over R200 £00, such as those
manufactured hy Membrane, Teledyne, Fairchiild, Olivetti,

and others (1984 prices).

~17-
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W

The majority of ATE systems on the market are aimed at Pt
the testlig of either printed cireult boards or ) Y
electronic components, especiaily digital components. N
These syctems are in  genaral useless for the type of 4‘"
k'Z application under investigatien. This |is primarily | N
IS "

because a typical sub-assembly tester must de more than o

apply simple electronic stimuli and measure digital or

analogue veltages.

often the ULT will need to be moved (eg on a rate

table}; pneumatic or hydraulie systems will reguire the

measurement of rates of flow, pressuraes, torgues,

displacement, ete; optical systems may need irxradiance

s - measurements, scanning jigs, focusing and alignment

control systems. In general, testing this type of unit s

. requires the application of non-electronic stimuli, and : o
the measurement of non-electronic ovtputs, often with

some form of process contrel functions required. Systems

|

i

s I i
- that can be wused in this environment usually contain !
.t programmable bB/A and a/D modoles, relay medules,

multiplexed switching systems, and a facility for
controlling aneillary instrumentation vis the IEEE 488

birg.

A Test programs (on beught-in ATEs) are usvally written in

& relatively high-level test language, such as ATLAS. In
» some systems software writing alds, such as menus, uxe o

provided. However, these writing aids are usvally of

little help if special instruments must be added to the

18- i
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system; it is often difficult to add new instruments to

bought-in ATES.

An in-house developed System is normally designed around
an instrument controlles, such as & HP9BZE desktop
computer, and a selected set of instruments., Most
commonly, the instruments are contrslled via the IEEE
488 bus. The instrxuments are usually housed in a rack
ox cvonsole. Each instrument in the system will need
saftware te be written for it, since the software
contrel of instruments is not standardised, and is often
complex. In adiition, software will need tn be written
to perform “hnuse-keeping' functions such as generating
result~sheets, stoting high and low limits for each
result, and so on., The tests themselves will usually be
written in the language native to the contxoller; this

is usually BASIC.

¥Whether the system 15 developed in-house or is
bought-in, special to purpose interfacing will need to
be developed. In adéition, there iz usually a mechanical
jig that will typically contain electrical, mechanical
or oaptical systems that will need ta be controlled ky
the RTC. The software to dn this will need to be written

befare the system can be used to test ULTs.

~18-
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2.2 problems Perceived with Existing Solutions

as has been shown, there are two classes of solution.
The £irst of these, the bought-in ATE system, is aften
not sviteble fnr reasons that have already been given.
The second class of solution, the in-house deve’ ped ATE
is often expensive to develap and to maintain. These are
majer prablems; underlying them, however, is a set nf
problems that is related to the design methodology
adopted by the designers of both in-house and bought-in
ATE systems. These problems are moxe fundamental than

those already discussed.

In order to appreciate these pxoblems, it is necessary
40 recall the ATE 1life-cycle menticned earlier. This
life-cycle is shown disgramatically in figure 2.2, The
problems are related to the users of the ATE. In each
stage nf the ATE life-cycle the users are different, and

their problems are different.

During the development phase the the designer of the UUT
will decide on the parameters that will need to be

tested during productien, He will usually write an
Acceptance Test Specificetion which will detail the
parameters that mu.t be tested and the acteptable
porformance limits that each UUT must achieve In order
to be acceptable, Deciding an these limits involves more
than simply analysing the functional recuircments of the
UuT.  Sueh foctors as the expected degradation over the

lifetimo of the UUT, the accuracy of the test equipment,

-2le
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the expected statistical distribution axound the nominal
of production units, and the pexcentage customer risk nr
producer risk that is prescribed must al) be taken intn
account, Ofter these factors are unknown, axr only
imprecisely known, during development. It is therefore
to be expected that the acceptance limits of a yuT will

be subject te change.

It is cleaxr that the UUT designer must have a clear
understanding of exactly how and to what accuracy the
the ATE is testing the UUT. Often, subtle problems in
the test procedure will csuse inaccurate results. The
ATE designer and the UUT designer must be able to
communicate in @ language that both can understand,
Often the CUT designer will have little or no knowledge
of software. He must then rely on the ATE designer to
translate the software for him, Two problems arise: the
pressure of timescales will often xesult in the UUT
designer simply accepting the word of the ATE designer;
and any subtle erxors in test methods that the ATE
designer may have made will not be picked up by the ULT
designer since he cannot read the test proaram without

asgistance from the writer of the program.

This requirement foxr a detalled understanding af the
test procedure is shared by the guality assurance
inspector and the pyodvetion engineer at o later phase
of the ATE life~cycle. These people are even less
likely to be aple te follow the software, even if it is

written in so common & lenguage as  BASIC, They are

-22-
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spe?ialists in other areas, ané should have no need to
become experts in software as well. They do however need
to have a detailed understanding of how the UUT is being
tested. For example, it may be necess,ary to evaluate the
measurement accuracy of the ATE at some point in.a test.
It is necessary to know net only which instroment is

being used, but on on what function and rande as well.

The 4est eguipment maintenance team find themselves with
two problem areas. In the first place there is the
normal maintenance of the test equipment hardware. In
the second place they will oftan be required to perform

software maintepance.

Maintenance of the hardware implies Dbeing able to
isnlate a £ault to 2 porticular -wire, relay, or
instrument in the ATE. In oxder to d&o this the ATE
maintainer needs to have g detailed knowledge of exactly
what the ATE was dning when the fault ocourzed. He needs
t6  know more than that it was performing Test 3. he
needs to know precisely what point eon the DUT was
ennnected to what instrument and via what relay. His

only source of this informstion {8 the test software.

The ather type of maintenance, softvare naintenance,
arises from nparmal improvements in the production
process that occur as the process watures. The ATE
maintenance tear find themselves in the position of test

writers,

The test writer needs to translate p test procedure inte
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a test program. This is not usually a very difficult
task. However the existing solutions require the test
writer *n learn & software language. In some cased,
especially the case of bought in softvare, these
langpuages are relatively easy to learn and there may
even be writing aids that assist this process. However,
25 has been ¢iseussed, the mejor part of a sub-assembly
test usually requires tne use of ancillary equipment
that has been added to the the bought-in ATE. The use
of this eguipment ie in general nnt supported by the
saftware aids purchased with the ATE., The writing and
maintenance of tost snftware, whether £or in-house or
boaghtein ATE systems, is thevefore often done by scarce

and expensive manpower.

The designer of an ATE (whether he is attached to a
specialist ATE design company nr is configuring an
in-heuse ATD system) will be a specialist in his field.
Much of the softwrre ho writes will be at the operating
system level., This typoe of seftware is best written
vsing specialist tools, Often the systems level
progremmer will write software in  assembler, or a
specinlist high-level language Such as C ox FORTH. fThe
opersting systems of bought in ATEs will be of this
xind. This is usvally nat o problem, except that these

systems are not extendible by the user.

The in-hovse developed ATE however has & larger problem.
fince the development cost of in-house ATF must be

arnrtised over rolatively f£fow systems, %he cost of

-24«
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writing and debugging such software becomes high.

T60  combat baoth these problems [(inextensibilty of bought
in operating systems, and high development cost of
in-house operating syster:; non-specialist languiijes
such as BASIC are often used. Companies such as
Tektronix and Hewlett-Packard sell ATE svstems with
secondary operating systems written in BASIC. The
disadvantage of such bought-in systems is theiz
clumsiness, It is to be expected that an operating
system written in BASIC will be slow and lacking in
power. Typicslly the tests will need to be written in
RASIC as well, since the operating system does not
s&pport higher level languages nr sophisticated writing
2ids. Such systems are aimed primarily at the laboratordy
environmen., but do not address the needs of production

testing.

The use of BASIC in in-house developed ATEs is usuvally
due to the lack of spesialists who are campetent in the
use of more powerful tools, Despite its easy-to-write
reputatioa, BASIC is notoriously difficult to maintain.
Thus any savi.gs made during the writing process are
negated by the maintenance costs. These systems do not
in any case address what is becoming obvious as the main
problem: more people spend more time reading test

programs than writing them.

Configuration of a given ATE to suit the needs of a

particular UUT involves the design of interfmces ang
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mechanical jigs, as well as the integration of special
to purpnse instruments. The engineer performing this
function is faced with twn problems. The first is the
physical integration of the system. The second is the
integration of the new parts with the existing
snftware. The first problem is usually solved by suvch
systems as the IEEE 488 hus. The second problem is less
amenable to solution. In the case of bought in ATE
systems, the solution may be that all software involving
the extensiops be  written and maintained by a
specialist, Often, Yought in ATEs provide extremely
primitive teals to support such extensions. Maintenance
af this kind of software is expensive. In-house ATE
systems offer significant advantages in this area. The
special instruments and jigs can be integrated with the
ATE in a consistent fashion, and any special software
can be written by the specialists who wrote the original

ATE software.

The test eguipment operator has a completely different
set oi problems. He must use the ATE to test UUTs. He is
therefore concernad primarily  with the  “user
friendliness" of the system. His primary interface with
the ATE ¢ provided by the saftware, in particular the
operating system. He will be using the system £or long
rovinds, and so will generally get tn know the system
well, However, the turnover in test equipment operators
is relatively high, since it is not a particularly

challenging or interesting 3Jjob. The operating system

~26-
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must therefare be easy to use (low training cest), but
also not patronise or irritate the operator. The same
operating system that allows the operator to use the
system easily must not get'in the way of the other users

of the system,

It is clear that the problem field lies primarily in the
software area. Ar. ATE system is held tngether by
software, and all  the users of the ATE use it via
software. In particular, the ATE operating systems and
the test languages do not address the needs of all the
users, Operating systems are structured to aid the
writers of software rather than the .-eders. Most of the
software aids that are provided are there to assist the
software writer. As has been shown, the majority of
asers are more interested in reading the test software
than in writing it. fThus the needs of the software
readex are seen tn he more important than those of the

writer.

However, the needs of the software writer must also be
addressed. 1t appears that there are two types of
software writer in guestion, These are the specialist
{who writes the system level software) and the
non-specialist (who writes and maintains the  test

software).

The existing solutions cater to one ox the other of
these users: either the system s very easy for the

nen-specialist to use but impossible for the specialist

27«
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o extend or modify (mest bought in ATEs fall inte this
category), or the system allows the specialist to tailor
it to meet anv testino reguirement precisely, but

requires the specialist to also maintain the resulting

system (this is typical of in-house ATE systems).

The fundamental problem is thus seen to be this; ATE P

[ - ! systems, whether bhought-in or designed in-house are
‘4 . designed £or the INITIAL users of the systems, rather
than all the users, Ir the case of bought~in ATEs, the

initial wvsex is the test writer. Bought-in systems

provide easy-to-write softwere systems, the initial

user of in-hnuse ATE is the ATE configuration engineer,

These systems typically have operating systems written >y

in BASIC, which is usvally the langusge the engineer

3
3 knows.
{

Thus the sub-assembly ATE field is characterised by T

the use of inappropriate software: operating systems

" : written in BASIC, test programs written in FORTRAN;

the use of inappropriate manpower: operating systems i :
. written by instrumentation engineers, txivial test b i

programs written and maintained by engineers; !

- the use of inappropriate hardware: it is cheaper to
use ten pe'rcent of the resources of an ATE costing
i RLGC @0f, than to design and build a simple ATE

system in-house;

inflexinility: bought-in systems are sold as

-28-
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complete products, in-house developed systems are

too expensive to change once in production;

user dissatisfacticn: the maintenance technician
finds it lipossible to understand the hardware, due
to unreadable software; the Quality Assurance
inspector mistrusts the ATE, since he has no way of

knowing what it is doing;

reduced usability; the power of an ATE is
under-vtilised because it is too expensive to
configure for npew tasks, such ag statistical
sampling of a problem parameter on the production

line.

2.3 Work Done in Related Fields

In the previous section it was shown that the problem
lies primarily in the field of software. It is thercfore
t6 be expected that developments in the field of
software system design would be of use in this study, as
well as work done in the ATE field itself. An overview
af the £field is aqiven here., 7The references are, of
course, far from exhaustive, but serve to highlight the
impertant areas that bLave provided an input to this

study.

ATE technology is most advanced in the field of
component and printed cireuit beard testing. Sharma and

Avila {1983} have given a descriptian af the
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characteristics of ATE software in the LSI testing
environment, and describe methads of automatic test
software generation for this type of application. The
solutions they propese are not readily applicable to the

field of sub-assembly ATE.

The differences between sub-assembly testing and pC
board and component testing have been well described by
Turipe (1983}. He has alse shown that in a mature
technolagy such as the component test technology, bought
ip systems are signifigantly cheaper than in-house
developed systems. He postulates that for bought-in
sqb-assemb)y ATE to Yeach the same maturity level as
board and component level ATE great flexibility will be
required; he discusses using robotics to solve this

problew.

The econnriz advantages of modulax, flexible ATE systems
over dedicated ATEs have recently been described by
Adams  (1985). The develepment of modular test systems
around personal computers has been described by K)lder
and Potts {(198¢), who show that there are tethnical end
enst advantages to be obtsned from these systems when
compared to more classical instrument ang controlier

based systems.

Mandelzweig (1980) has given an excellent description of
the development a particular in-house ATE system fox
testing gyrascopes. He gives the :easo&s tox using ATE,

and for developing the ATF in-house in that particular
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case, This particolsy ATE {8 vreasonably typical of
in~house designed ATE systems, 1t uses an  Apple
computer, the IEEF 488 bus, severa?l special-to-pu:poée
instruments, and & sophisticated electro-mechanical
interface, It utilises a secondary operating system
written in BASIC. The test programs are also written in

BASIC,

The maintenance phase of this particular ATE system was
investigated as part of this study. The results of this
investigatioen generally supported the problem
descriptinn given in the previous chapters. While an
excellent example of hardware and software design from
t?lae paint of view of testing ¢yroscopes, the cost of
software maintepance has been high. Even relatively
trivial changes to test methads reguire specialist
attention, A simpler gyroscope, for a different
application, has also been developed, and an ATE
dasigned ta test it. The software used in the earliex
27E was modified for use in the new system. The cast of
this medification was not signifigantly smaller than the
ariginal development cnzt, This was primarily duve to the
test procedures being quite different. As will be shan
later, the cost of writing tests can be mede 2o trivial

part of the ATE cost, if appropriate methods are used.

2 diseusgion of the Jimportance and @ifficulties of
software meintenance in the military ATE field has been
given by Forss and Lundin (1884). Their discussien

emphasises the conflicts between the test writex,
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operating system writer, and test system maintainer, The
problem of obtaining opersting system support over long

perinds from ATE vendors is also discussed.

The best known standard for test software is the
language ATLAS (Abbreviated Test Language £or All
Systems), which is deserived in IEEE Std 416-1981. 2
subset knowns as Common ATLAS oxr C/ATLAS is described in
IBEE Std 716-1982, MAs will be discussed, ATLAS has some
serious shortcomings and does not meet the reguirements

developed in this study.

The field of software operating systems has undergone a
revalutien in recent years, Specific attention has been
paid to making systems ea;ie: to use withont petalising
the expert user. It is generally accepted that work
done at Rank Xerox Pale Alte research centre has been in
the forefront of developments. A good description of of
the work done there has been given by Tesler (1981).
This work has entered the mainstream of computer
hsxdware and software design via such machines as the
Apple Macintosh computer, the language Medula-2, and the
Lilith computer (Wirth,1981; Ohran,1984)

Johnson (1.32), and Stewart (1982) have ecach discussed
automatic program generation with examples of available
systems. Bailey {19£4) has given a good overview of
computer ergonomics and the design of "user friendly"

systems.

-32=
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2,4 Specific Goals of the Study

After the initial investigation of the problem had been
completed, a specific set of gnals was identified. These
are stated here to provide a Dbasls for the further
Siscussion. The rationale behind these goals will be

developed in later sections.

- tn develop a test language with the following

charactexistics

Bnglish vocabulary

English syntax

oriented towards the haxdware (instruments and
uuT), <rather than abstracts such as voltage
{"measure dc signal™} ~ extendible in a
consistent fashion to ineclude special

instruments, functions, or procedures

- to develop an operating system that

1

is non-directive (ie the computer responds to
commands from the operater, rather than the
oporater rosponding 0 demands from the

computer)

allows both the specialist and non-specialist o

function effectively

is multitasking in nature

provides menus without enforeing their use
- dnes not require the bnon-specialist tn learn

computer argen
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allows the specislist to use powexful systems
level programming tools
« allows the use of non-gpecialist persommel to

write and update tests

allows the use of specialist personnel to
address those problems which by their nature

reguire specialist attention

allows the toals develonped by specialists to be
usable by the non-specialist in & consistent

fashion

is optimis.g for readability

- to develop & test writing aid that allawg the
non~specialist to write tests easily, since the test
language is specified as being readexr rather than

writer oriented,

- to develop & pratotype system that uses "the above

tools,

the  hardware cnst, including racks, looms, the
caontroller and switching matrix, but excluding
instruments and jigs, ané excluding manpowe: costs,
should be less than R20,00C, This was & reasonably
arbitrary decigion, based on the costs of bought in ATE
systems. The cast of instruments, jigs etc would vary
from UUT to UUT and would be independent of the primary
ATE cast, Baught in ATLs would however have some bullt
in instrumentation that would meet the needs of a

proportinon of UNTs. It was thorefore decided to aim at &

R W -
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capital cost of rougaly 5&% of the typical Ilow-cost

bought-in ATE.

The life-cyecle cosi of the ATE, if it meets the above
goals, is expected tn be considerably lawer than any

avallable ATE system.
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METHOD OF SOLUTION

3 METHOD OF SOLUTION

This section describes the course of the investigation
in narrative fashion. The main objectives and results
of cach phase of the investigotion are desecribed
briefly. The :.ajor technical trade-nffs and decisions
that were made will be discussed rore fully in later
sections, In the s cases, the issue iz merely touched on
here. Certain p..aspheral issues which were addéressed are

also describes in this section.

3.1 Initial Survey of ATE Users

Tée first step was to define more clearly the
requirements of the , sten“ial users of an ATE system. A
questionnaire was drawn up (see appendix &) and
distrikuted among ATF usets of all kinds. The results
were not used for statistical analysis, but to draw up &
list of desizable characteristics that an ATE should
have in oxder to satisfy the needs of all users. This
list is given in Appendix A. 1t can be seen that many of
the requirements are conflicting., This survey emphasised
ané refined the perception that has already = been
discugsed that existing ATEs do not satisfy the needs of

all users,

3.2 Specification of a Specific System

once the reguirements had been set out, the next step

“36-
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was to investigate ways of meeting the reguirements. A

general specification of the system was derived from the
list obtained previously., Most of the alterpative
solutions to the requirement were seen to be software
alternatives. Among the alternatives considered were
different types of test language (BASIC, ATLAS, etc,),
Sifferent operating system models ( conventianal DOS

systems, Smalltalk, spreadsheet based systems, program

generators, forms based systems, etc), various systems

level programming languages (BASIC, Forth, ¢, Ppascal,
assvwbler), different computers (HP9826, Fluke, Apple),
and ditferent packaging systems {racks, desks,

instzowent censales),

~he averall architecture of the system was analysed
«ybensitely. It was seen that the systems's potential
fiexibilizy and extensibility, as well as its overall
lifecycln coBt would be greatly affected by the chaice
of  architecture. The final cheice af an open,
eitendible architecture base  around IREEE-488  bus
compatible instrumentation is motivated latex in this

chaptey,

The softuare decislons are discussed in this and latex
chapters, ut can be summarised as follows, No existing
test languap» was found to be suitable, and it was
decided to develop a language that would be English-like
both in vocabulary and syntax. The language would ce
harduare oriented ie it would allow the inscruments in

use to be set up and read explicitly. An operating

-~
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system vsing s desktop paradigm, wmenus, and a pointing

device was Secided on, based on work dome at Xerox PARC

laboratnries. fThe operating system concept was extended

to provide a complete programming envizenment, rather i
than a simple set of tools. A decision was made that :
the system would be multitasking in nature. A writing
aid was alBo specified to assist the writer of tests, ‘ . \kf

The concept af modeless operstion was slse specified.

(Modality can best be described by means of examples; an
operating system that accesses the disk via a command P Te

intexrpreter which is not available when an editing e o

facility, for example, is being used, is said to be te
modal. One js either iu Edit made ox in Disk Operations

mode) .

After some study, a Gecision was made to use the IEEE

488 bus ss the instrementation bus. There is really no S
viable alterpative to this system if 2 large variety of

instrumentation is to be usable. |
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3,3 System Architecture

The overall architecture of the ATE was studied, with
saveral alternative architectures considered, It became
apparent that three dJdifferent srchitectures cnuld'be
described: the self-contained bus architecture, the
closed general purpose ATE architecture, and the
uncommitted open architecture. Exatwples of these are

illustrated in figure 3.2,

The self-contained bus systems typically are housed in a
card~cage and consis: of a central computer medule with
a set of plug-in peripheral modules. They are usually
compact and inexpensive. The. Wayne-Kerr ABGGS is
typical of this type of system., Other systems are
marketed for a variety of desktop and perscenal
computers. This type of system has <the advantage that
the instrumentation is cheap, since it need not pravide
for manval operation. Since the instrumentation is
tightly coupled to the controller an an internal bus,
the software interface is potentially easiex to

implement, as well as being inherently fastex.

The major disadvantage of this type of system is that
the user is restricted to madules made by the supplier
of the system. The busses of these systems are not as
yet standardised. Each supplier alse has his own
software support. In general, the software supplied with
these syst' s does not satisfy the requirements

identified in this investigation as being important, the
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emphasis being on writing rather than reading the test

softwvare, If an external bus is provided, such as the
IEEE 488 bus, thir is not supported by the software in a
consistent high~level fashion., Although this type of
system is potentially the most cost effective, and alsa
has certain technical advantages, the technology is not
yet mature. There is a lsck of standards and thus

flexibilivy is difficult to achieve.

Certain vendors are starting 0o usa standard
microprocessox  busses foxr this purpose. A typical
system, using the VME bus for the instrumentation
{althnugh it uses an IBN PC as the user interface), has
been described by Elder and Potts (1984). The two most
common  busses for this purpese are the Multibus and the
VME bus. At present these busses are expensive relative
to otner instrumentation, and the variety of modulesg
available is limited to such things as parallel dQigital
1/0 modules, Analog to Digital converter modlles, and

ather relatively low level functions.

The closed, general purpose ATE architectuxe is
typically founé in top-of-the~range systems £rom
suppliers such as Membrane and Hewlett-pPackard. These
systems consist of a centrel mini- or wicro-~computer
cantrolling a £ixed set of genaral purpose
ingtrumentation in a consnle or desk, In nrder ta cover
a wide range of testing probleoms they will have a laxge
number of sophisticated instroments built in. Theix

major adventage is that all thess instruments are

b lm
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supported at a high level hy the operatving system e

software. However, these systems are by their nature

extremely espensive. This Ir ipcompatible with the
reguirement, inherent in subwassembly testing, foxr a Pew g

limited number of special to purpose instruments,

preferably of low cost.

The architecture chosen was the uncommitted open

oo axchitecture, ?his consists of a controller housed in an

instrument console ¢r desk, tnols for supporting the

testing function, and an operating system specifically

ral designed to allow a user selected range of instruments
e ’ to be added as required. The various instruments are

BN interfaced to the cpntroller via an instrumentation bus

(usually the ICEE-488 bus). A dibrary of softwsre
mocdules to suppart varicus instruments may be available,
and will be extended as new instruments are chosen by

various users. This minimal system will typically start

out a: simply & computer together with the operating

syster software and the library of instrument drivers.

The user will then select the inghruments he needs and i
add them in. The averall system packaging (eg in a desk : . T

or consale}l is up to the user.

when this study was done, nn commercially available

systems were available thet fitted into this category. 1 A

Recently, cextain companies, notably Hewlett-Packard and : ’“ﬁ“

Tektranix, have introduced systems that are in some 1}:’ * o
i

respects similar to this concept; these sre primarily

aimed at laborxatory testing rather thair production i N
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tasting. A description of a system that partially fits
this concept hac recently been given by Adamz (1985); he
emohasises that flexibility of hardware selection can
save costs. He does not, however, satisfactorily address

the software aspects, or the needs of all the users.

The open architecture has a cost advantage over the
closed  axchitecture since  the winimum nomber of
rasources can be $-~luded, When implemented correctly,
the sonftware oifically make provision for the
addition of new i\ es in a consistent fashion. The
hardware is howdver more expensive than the self
contained bus system since there is a duplicstion of
certein functions, such as the front panels of the
instruments (the front panels sre not used in  the ATE
environment), It has the advantage however in the range
of instruments #vailable; virtually any testing
situatior cen be catered fng by the correct cholce of

IEEE-488 bus compatible instrumentation.

‘This axchitegture is cleaxly supexioxr to the oghers in
this case, sinre sub-assembly testing tyricully zequires
the use of a small aumbexr of special instruments which

must 2¢ integrated with the system.

It is posuible to dntegrate this approach with the
self-contained bus approach by making use of an
instrumant that is generically known as a8 data
wcquisition and cantynl wunit or DACY, This type of

instrument typically has a microcomputer controlling an

-43-
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internal bus, Various modules, svuch as multiplexer,
voltmeters, and so on can be plugged into the DACU. The
system contxnller treats this combination as & single
instrument on the IEEE~488 bus. Hewlebt-Packard is an
ezample of a company manufacturing these devices. They
ary in general superior to the micraprocessor-bus based
systems described earlier, being conpaxable in
functionality to general purpase JInstruments such as

digital valcmeters.

3.4 Cholce of Computer and Programming Language

The choice of the computer and systems level pragramming

H were interd dent. The £inal decision was

dictated by twe other decisions that were made. These
were tnet  the operating  syster  should allow
multi~tasking, and that & special English-like test
language ghould be designed,

The computers onnsidered were the  Hewlett-Packard
HP9E26, the Fluke 4720A, apd the Apple II. The IBM PC
was not considered, since there was nn  loecally known
IFEE 488 bus interface available fer it at the time that

the decision was madae,

T™he largusges cansidered wore BASIC, ¢, Forth, Pascal,

and Zsscmblex,

BASIC was eliminated pecause the versienmz available on

the corputers considered 4id not support multi-tas ing.

—-44=
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In addition it was considered inappropriate as a
language to write a compiler with, being toe slow and
lacking systems level proaramming capabilities. This

decisinn effectively eliminated the Fluke computer Exom

consideration, since {t supported no other language.

The language C seemed an ideal choice, but was not yet o

availa.le on any of the machines considered, although fw
several ¢ compilers seemed to be on the verge of being
S released, 1t was considered too risky to wait £or them. ;

The same argument had already eliminated & language that =

C from many points of view would probably have been ideal,

namely Ada. : . ‘wv &,

pascal was alse eliminoted because it was not available

in a multi-tasking environment. In addition, Pascal is i

weak in its primitive 1/0 capabilities, ie its ability q\n
W s to interface with hardware, and this is a sexious

»Q_;“a drawback in the ATE environment.

° B Forth was the only remaining high level language
available f£or both the remoining computer alternatives. A

o Although Forth hag some draw~backs it s an excellent -

B

L syster level programming language. Forth code is fast .
and very compact, supports hardware interaction as
effectively as Assembler, and can support multitasking o

without assistance from an operating system, A

° Jts draw-baues are chiefiy that it {s difficult to

leaxn, requires an expert to maintain, ind has no bullt

in protection features such as are found in  Pascal. It
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can alse be difficult to read, but this aften depends
more on programming style than an the languvege itself,
There are several uigh level langvages {such as Ada)
which directly address the problem of readability;
however none  was available f£or the computers in

question,

The only viable alternative to Forth was Assembler. It
is signifigant that most operating systems and compilerg
are written {n Assambler. Assembler suffers from all the
drawbacks of Forth; in fact it is more difficult to
write good AssemBler cade than FPerth code, and Assembler
code is definitely more diffjcult to read, mainly due to
the sheer length »of the lisuings and the lack of

inherent structure of Assembler programs.

thile conventional Assemblex code i{s pntebtially faster
than Forth ende, it less compact. It was expected that
parts of the system would have ta be written in
Assemblexr no matter what high level lenguage was chosen.
However, the systom cost constraints made the
campactness of Forth very desirable. (It should be noted
that this compectness is less a function of Porth itself
than of the indirect threading methed used commonly to
implement it. However, very few longuages other thao
Forth are inditect threaded. Implementing indirect
threaded code Qirectly in Assembler is extremely tedious
and prone te crraer, and was not considered to be a

viable alternative).
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I3
It was expected that programming in . isembler would take .
far longer and be more risky than programming in Foxrth.
Forth provides high level censtructs and i= inhetently

structured. Farth is also interactive in nature vhich

makes for extremely fast program generation and

debugging. Even when comparing Forth to other high level

4. languages, Forth code is usvally faster to implement.

- However, this must normally be weighed against its

disadvantages...,.paoy xeadability, lack of strong

typing, and lack of robustness. These disadvantages are, ;‘

however, not relevant when Forth is compared tn i
A Assembler, which suffers from them to perhaps an even

" greater degree.

o arhe final decision was to implement the system in Foxrth,
| and then racode the time critical portions of the system
) in Assembler. This approach would allow swift system
N development, and a near optimum combination of speed and

= compactness,

El

|
i
i
i
i
!
|

the choice of computer was then made in favour of the

rpple. The major resson was cost. At that time the
HPOL26  cost  around  R1SG0E, in  comparison with
approximately R500¢ for the Apple. Since then the Apple B

o has become cheaper, while the Hewlett Packard machine . %

has become more expensive., The HP9826 is a far more

powerful machine, but previous experience with Parth in
the ' e led to tho espectation that the Apple would be

suf. .ciently powerful., The relatively small memory of

s

e T A
-

the Apple would be counteracted by the extremely compact I
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code that Forxth genexates. These assumptions were
tested in the feasability study phase discussed in the
next section. Finally, the Apple was & well proven

IEEE-488 bus controller (Mandelzweig, 1980).

3.5 aTE Packaging

The physical packaging of the system was congidered ta
be sufficiently impnrtant to warrant some investigatien,

The alternatives considered were

the 19 inch vertical rack system

'

an instrument console with the computer built in

an instrument desk with the computer free standing
on it

These systems are illustrated ia figure 3.5.

the 19" rsck approach is the mast widely uvsed for
in-house ATE systems, 1t dees noy result in a
particularly aesthetically pleasing system, and as a
result the other systems are preferred by the ATE
operptors questioned, There {5 evidence that elegant and
gnod looking systems are less prong &0 opergtor abuse
than unatsrastive systemy, Foxr this reasen the ather two
alternatives were investigated. The xelative costs were
not found ta differ signifigantly, typical ATE systems
casting approximately REMEC (manpawer casts lncluded) to
packzge. ™-: console system provides an attractive and
neat solution, but the built in computer was thought to

be & dissdvartage orgonomically, since most desktap
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computers are designed to be free standing, In addition,
printers and plotters are not easily housed in a

console, .

The third alternative was therefore selected. This has
the computer and its periphexals £free standing on 2
desk. The instrumentation is housed in the pedestals of
the desk. Instrumentation that needs to be visible to
the operator (such as an oscillascope) is mounted in a

rotatable console on top of the desk.

This phase resulted in a2 system specification which can

be summarised &g fnllcows:

- the system contreller was to be an Apple Il desktop
nicxo computer

the system progrumming langvage was to be Forth

~ the operating environment would be a multitasking
system Dbdased un & desktop paradigm, using menus and
2 pointing device, and supporting a modeless method
of operation

- the test language would be English like in bath
vocabulary and syntax and  would be hardware
ariented and user extendible

- the software would support a library of instrument
drivers, to allow easy and flexible configuration

- the architecture would be open-ended and
general-purpose, and would support the IBEE 488 bus

~ the system would be housed in an instrument desk,

with the computer Free-standing on it, and the

-49-
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housed in

rotatable console.
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3.6 Feasibility Study

The specification described in the previous section
called for a numbexr of technical obstacles to be
overcome. The most obvicus of these was tbe BEnglish-like
test language. In addition, the FORTH that was available
on the Apple did not support multitasking, and had to be
modified to do so. The operating system specification
called for a relatively sophisticated display invelving
movable nverlapping windows and menus. Whether these
eould be generated and changed sufficiently quickly was

pot certain.

A -set of feasability studies was undertaken to see if
these creguirements could be met within the othe system
¢onstraints. The approach taken was to create disposable
prototypes, rathexr than co generate pieces of software
that could be vsed later. This approach generally
resvlts in the feasability of a concept being
demonstrated in the most efficient feshion. The one
exception teo this rule was the multitasking FORTH
system, This was completely designed and implemented
during this phase. The zeason for this was that
MultiForth (as the system was named) could be considered
& product on its own, and is now in use as a general

purpose saftware system,

The guestion of the Fnglish-like test language was
approached from a theoretical point of view first. This

resulted in the concept of c¢ontext dependancy. Tt is

-52-
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reasonably obvious that the words in an ordinary English

sentence are not independent in their meaning from the

<3
nther words in  the sentence, ie they are contert
dependant. Thus the test language would need to ~llow ' *
context dependant meanings te the vwords inm a2 sentence. ﬂ,“
rurther analysis showed that the simple inmperative ; !
sentence was the only type of sentence reqguired. X . Q

Finally {t was shown that a compiler ceuld be designed . s
that would parse such @ sentence, and that it could be a
single pass, single direction compilex. A simple

prototype of such a compiler was written and tested. The

practical Implementation turned out to be o '

straightforward,

As has boen mentioned, the multitasking software was 8
generateé as 2 complete language system, termed 1
Multiferth., The source code for a normal single-tasking

Forth srstem was porchased in machine readable form i
o

]
{from Forthwith Carmputers}, and modified. Since a Forth .

syster i ususlly written in Forth, this modification
could be done in the same way as any other Forth

grogravzing task.

During this perind ton, tho crgonomics of the desktap

psradigr were investigated, with particular attention

being paid to the cheice of pointing device. The desktop

paradigr presents an imaginary desktop te the user., The

sereen represents the field of view of the user, who is o

apparently sitting at the desk. Tiere are pieces of

paper on the desk, some of which are menus, and some of
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i
which are pages used to write on. The function of the %Q‘
pointing device is to allow the user te select items on ‘o
the desktop by pointing to them. 1In this way it is
possible to select items from a menu, select woxds ox \\:,»\-:,
letters on a page, or select an ebject (such as a page) o,
on the desktop and move it around.

.

Ba final decision was made at this stage, but it was ¥

decided to use a Joystick as the initial pointing

device, and experiment with other devices when the /

ecperating system was working,

The ‘“pieces of paper" on the deszx reguired software to
generate overlapping ™mndows" on the screen. The
feasability of dning this was investigated by writing e e
riece of software that could cenerate éwn windows that ; .
cverlapped. Variows methods of generating the display i~ "
were investigated, the major problem being in  the
wethods used to detersrine which ports of the display
were hidden at any ong time. A simple system was chosen

whereby the windows were kKept {n a queue and displayed

sequentially, in 2 similar manner te a person putting
several pioves of paper onto o desk. If o piece of paper
overlaps anethax, the portion overlapped is hidden. I1f
the data Is written te the display in the correct
sequence, this happens automatically, the topmest "piece
of poper" boing displeyed last, snd thus aver-writing
any data that is logically ebscurnd. This approach uses : e
more memory than one in which the hidden portions are

determined befnre display, but torved ont to be far mere
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acceptable in terms of speed. The simple correspondence
between the 1ngical appearance of the display and its
actbal generation alse made for a more reliable and

maintainable implemgntation,

3.7 Revised Specification znd System Implementation

Once the feasability of the system hand been proved, the

specification was finalised and the system implemented,

An object oriented Gesign philosephy wnz used for the
system design, separating the objects in the system and
th'e actions that weuld be performed on the objects.
These actions were then silocated to tasks (since many
of the actions would accur logically independently from
the wothers). » complete top-dawn design and cnding
exercise was then underteken. The system was compiled
bottom up, one routine at a time. Since esch routine had
a well defined specification, it could be debugged
completely before it was used by a higher level routine.
Bverything was written in high level For.. at this

stage.

The working opezating system was termed DeskForth, and
at this stage could be consideted as a general puxpnse
language system. The facilities specific ko the ATE were
saeparated onmpletely from the implementation of the
operating .sys.tem. This allowed the operating system to
be debugged in a simple and straightforward fashion.

This is taken further in chapter 4.
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once the operating system was working, the facilities
requixed for a working ATE were wxitten and incorporated
in two tasks, one concerned with writing tests, and the
ather soncerned with ruaning them. A third task was also
created which provides the eperator with a continvous
system status xoporting function. These facilities are

doscribed in chapters 5 and 6.

Finally, the test language was implemented. The test
language must by i{ts natuxe be tailored to suit a
particular 0T, and so a tavget application was chosen
at this time. Suitable instruments were selected and the
requisite sofiware was written. These were then tried
out by the engineers invelved in actually developing the
test eguipment for that CUT. Thelr feedback was used to
implenrent syster impravements, and te evaluate both the

system specification and its implementation.

3.8 Choice of 2 Target Syrstem

The choice of a suitable UUT was governed by two
cansidarations, Firstly the UUT had to be available.
Secondly it should exercise thogr -~~nects nf the design

that had been ldentified as tial, viz.;

The UYT chosen shouléd in 2 measuring more thah

simple electronic characteristics.

The parameters to be measured should be relatively

dew, but of a specialised nature.
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~ Contxnl of a mechanical jig should be involved.
~ A& limited number of devices should be integrated

using the IEEE 4R& hus.

- The UUT should still be in development, since the ' <§
system  was designed to cope with a changing 2
requirement. ,,\

B UUT meeting the above criteris was identified. It was
an electro-aptical device requiring measurement of such

things as poelar sensitivity teo infra-red radiatien,

However, the UUT chosen was mnot yet at » suitably
advanced stage of development, and this led to ‘
inevitable delays in this investigation., The extra time

available was utilised in an investigation into the

ergonomics aof the desktop operating system in keyboard |

intensive applications, such as word-processing. These [

are describzd in chapter &.

3.9 Applicution to the Targes System !

*he pxocess aof applying the system to testing the target

LUr  proceeded oS follows. An Acceptance Test A

Instruction was written which specified in detail what

) 1 tests needed to be performed on  the UUT. From this
n } Qacument the hardware reguircments were deduced. The ATE
o
B and associated mechanical jilgs wore purchased, built and

tested, The switching matrix was specified and wired.

Seftware drivexs fox the various parts of the ATE were

written and tested, These included drivexs for the
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switching matrix used, a digital voltmeter, a two pen L .
plotter, anéd stepper motor drive units., In addition L,
special reguirements regarding the format of the result '
sheets were addressed. The software was integrated with

the  ATE. puring this periad &the Acceptance Test . N

Instruction was translated into test software using the
- writing aid. However, as the UUT was still under i
dev'elnpmen:, the test instructinn was subject to

B : continuous change. Rather than continuvasly rewrite‘ the ol

test software, it was decided to leave this task until

! [ as late as possiile. This procedure was mud le by
|
i the wriking &id, which enabled the tests to be written DA
i B
i at short notice. Thus the development precess could be T
Lous

separated into  hardware development, ATE software

;w development, ~nd fipally test implementation. The ‘ .
feedback o +ined from the system users during this : o s
phase was vsed to improve the systsm. No fundamental ’ 0"@‘(
° changes were made to the origi<al concepts, however. ; E
This phase is described in chapter 7. ‘
4
. ; ‘
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b
)
4 OPERATING ENVIRONMENT “
The operating environment is a software generated
interface Dbgtween the user and the hardwaxe. & g
A
distinction must be drawn between this concept ané the //]/}//1
concept of a classical operating system. The classical ,““c‘

operating system it 2 ss: of tools that allow the uvser

to access the various system utilities, such as the dizk

drives, printer, and so on., The opexating environment , "

described here provides o unified approach to editing

s software, ruuning software, and using peripherals.

Yo 4.1 Functions of an Operating Environment “

This section describes the primary functions of a
claszical operating syster, together  with  thase

functions and chaxscteristics that were found to be

e desirable in integrating them into an aperating !
enviranment C
% ! the aperating environment must provide the following N

basic functions to the ATE user

The ability to edit text to form test programs and
procedures .

the ability to compile tost programs from such text

The ability to run a test program

The ability te write and compile softwaxe sther than

test programs, osuch as system level software and

instrument drivers

S s ~ koo ‘uh&_‘A&. G
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The sbility to store tests, result sheets, and other

data in mass storage

The ability to print result sheets, gmurce listings,

and so on

The ability %o extend the nperating environment &e
encompiys o-her peripherals anéd instrumenis as
required

The ability te parritinn instrument drivers and

ather utilities as seperately cempiled modules in a

library

In oxder to address the needs of all the wpsers of the
cparating enviranment effectively, several
characteristics were found to be desirable. These can be
categorised as those characteristies 1l-ading te a
reguirement  for multitasking, those chavacteristics
leading tn 2 reguirement £or a sophisticated menu
syster, and those choracteristies which wero satisfied
by using a desktop paradigm. An  overall characteristic
was alse identified that had to do with the very fact
that the systom would have many users, rather than the
ing¢ividual reguiremonts af any one class of user. This
characteristie led ¢o the basic reguirement that the
nperating environment ghauld accommedate both the
saphisticated and the nevice user. Each of these
characteristies is discussed in detail in the follawing

sectiong,
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Multitasking

reguirement for multitasking arose from the

fallowing reguirenpents

g

Status  information should ke available to the
operator while & test is running. This can be
provided explicitly by the test writer in the form
of messagés, or it could be made available by means
of some sort of interupt driven routine, perbaps
generated from the keyboard. It is attractive to
divexce the basic status generation facility from
the test weiting function for reasons of
consistency, and 2alse to reduce the burden an the
test writer. this implies that the status be
genexated by the operating system rathex than the
test program, and iwmplies at least a limited degree

of multitasking capability,

Printing result sheets is time consuming due to the
slowness of typical printers. The testing time
should not be limited by the printer speed. This
implies that the result sheets should either be
szved in mass storage and printed 2t a later stage,
or that a multi-tasking system be used that would
allow testing and‘ printing to proceed in parallel,
1t is often advantageous to be able to see results
as they are generated, rather than after a long test

has been completed, especially if a particular test

result may reguire some intexvention by the
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operator. The use of a multitasker would greatly
increase the overall system efficiency, since in a
typical test the ceomprier spends a signifigant
amount of time waiting for an instrument or for the

UUT. 7This time can be used to print results.

The operatnr will often have 2 choice of several
modes of ATE operation that he can acdopt under
different circumstances. For instance, he may chonse
to abert a test if any result is outside limits, or
alternatively he may wish to get a printout of such
results, It is attractive to be able to change these
optinons during a test. For example the operator may
chonse to allow a complete test seguence to run to
completion before requesting a printout. While a
psrticular test is running however, he may notice
that the UUT is not behaving guite as it usvally
does in this particular test. At this point he could
abort operation by hitting some soxt of panic
butten. A more attractive option is to request a
printout of any failed results. If it appears that
the UUT is indeed failing many tests, he coulé then
abort testing. Alternatively, if the UUT has not yet
failed a test, he could reguest that in the event
that it does fail, the system should then stop. This
once ayain implies at the very least a live keyboard

facility during test running.

The complexity of the pro, ed operating system made

multitasking an attractive tonl in the
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implementation of the operating system itself. Many
functions of an operating system are seguence
independent from each other, ie they do not have to
occuxr either befare ar after the other functions in
the system., It is san attractive technique ton
allogate these functions to separate tasks in a
multitasking enviranment. This allews the physical
structure of the software tn be implemented as a
mirror image of the logical skructure, fThis has

several advantages.

- In general, the system was reguired to be mnde free
in its operation. This concept is discussed later,
but in essence it means that all the system
facilities should be available to the user at all
times. kllocating these facilities to several tasks
whirh can run independently of each other greatly

simplifies the implementation of this concept.

As has been described, the requirement for multitasking
was satisfied by means of a mndificstion to the standard
Forth model. These modifications are described in  the
fore of a supplement to the installation manuel, which
is include¢ as Appendix BE. A closer look at the
development of MultiForth, with greater emphasis on the

spftware aspects is provided in Appendix C.

4.3 Menus

The requirement that the novice should be able to use

g3~
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the system implies some sort of facility te assist him
in doing so. In addition, the requirement fax a software
writing aié (discussed in chapter 6) implies the same
thing. The methnd chosen was the use of menus. There are
several alternatives and these are discussed in detail

in chupter &.

The primery reguirements of the menu system were

identified as the following

They should be unenforced, This means that the
operator should be able to bypass the menus when it

is expedient for him to do so.

- The menus  wust all be & 2 at once.
tonetheless, a hierarchy of menus will exist, and

the operator must be able to choose te follow it.

There will be a large number of menus (say fifty).
fame method of arranging them so that they ave all
available, but nonetheless accessible must he

devised,

gince there is a large number »f menus, @ suitable
method of selecting menu items must be chesen,
Choosing the first letter of the selectéé menu  item
would be ambiguous; the other common method, maving
a cursor to point at the menu item is therefoxe
indicated. This has implications on the methad used

to meve the cuxser around, It alse implies that

rearrsnging the menus &p suit the user's current
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the system implies some sort of facility to assist him
in doing so, In addition, the requirement foxr 2 software
writing aid (éiscussed in chapter 6} implies the same
thing. The method c¢hosen was the use of menus. Thers are
several alternatives and these are discussed in detail

in chapter 6.

The primary requirements of the menu system were

identified as the following

«~ they should be unenforced, This means that the
operator should be able to bypass the menus when it

is expedient for him te do so.

- The menus must ail be avaiiable at onca.
Lonetheless, a hierarchy of menus %ill exist, and

the operater must be able to choese tn follow it.

- There will be a large number of menus (say fifty).
some method nf arranging them sn that they are all
available, but nonetheless accessible must be

devised.

since there is a large numbex of mehus, & suitable

i

method of selecting menu items must be chosen.
Choosing the first letter of the selectéd menu  item
would be ambiguous; the other common method, meving
a cursor to point at the menu item is therefore
indicated. This has implicaticns an the method used

to move the cursor around. It alse implies that

rearranging the menus to suit the user's current
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needs should be possible.

The menus must behave in a consistent fashion. This
means that the method used for selecting itens in
the menu should always be the same. The method used
for selecting data for the selected command to act
upan shauld slweys be the same. In addition the
selection of & menu item should not cause side
effects, such as the disappearance ox appearanse of
other menus, unless that cowmand is explicitly to

cause that effect to occur.

It should in general be possible to browse through
the menus, trying them out to see what they do
without disastrous conseguences. This allows the
novice vuser tn become au foit with the system

guickly and easily.

The selection of a mem: item must nevex be followed
by & guestion of the "are you sure?" kind, Wherever
possible it must be pessible to undo the xssults of
& particular selection through the selection of
another menu item, either its complement, or an
explicit unda command. fThus deleting z werd in a
piece nf text can be undone by selecting the ‘“unde"
option. Similarly, a command vo farce all text to
uppercase characters on the display can he reversed
By selecting the complementary command to allew
lower case letters. Some cases cannet be easily

unéone; for example, exacing a disk, Instead,

-G8
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potentially hazardous situvations must be aveided by
enforoing a two step process, the first step of
which is reversikle. For example, erasing all data
on a disk is preceded by marking the disk as no
longer contalning useful data., Only disks se marked
can  be erused. To be consistent, disks marked as
"trash" ecannet be used te store data. The step taken
to mark a disk as “strash" is reversible., The first
step (marking the &isk as "trash") is intuitively
ohvious as & hagzardous step, and forms &
psychological barrier through which the user must
proceed before doing any real damage. Selecting the
terash”  cammand by accident is alsa catered for,

since it can be updnne,

A particular result must be achieved by a minimum of
meny selections. The impression of wading through a
whale hierazchy of menvs in onrder to get to a

conceptually trivial end result must be aveided.

The Sesktnp paradigm described in  the next section
assisted in satisfying these requirements. A more
detailed lnok ot the seftwaro supporting the menu syster

is provided in Appendix C.

4,4 The Desktop Paradigm N

The idea of using common office abjects tn symbolise the

interface between the user and the corputer was

developed primarily hy researchers wotking at Rank Xerox
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(Tz=ler, 1981). The idea was to replace the moze
threatening concepts and computer jargon with peradigms
that the user is farmiliar with, Thus the editing of text
is symbolised by typing on a piece of papexr. The plece
of paper can be placed in & file, as oppnsed tn storing
it on &isk. The common editing functions are replaced by
morxe familiay commands analageus te working with a real
piece of paper. For cyample text can be moved from one
place to anather an the page by “eutting it out" ang
“wasting it in". This iype of editor hag become known as
a “cut apd paste" editor, In addition nn formatting
commands nge required,....the toxt appears on the screen
in  its £inal formex, @ wtudtpt commonly known as "what
you see iz what yeu got' axr WYSIUYG. The advantages of
these editors have beepn described by many authors,

including Tesler (18E1).

A source of eperstar frustration that was identified was
the perceptian that the computer is the boss and  the
operater the slave. This porceptinn arises from the
aperzting systew prosenting the operator with a limited
set af options and deman@ing that he should choonse one
("CHOCSE O¥F OF THE ADCQUI:™ ). This is particvlarly to
be avoided in the case af the tert cquipment operater in
productinon, He is reguired to spond a gond deal of his
time using the ATE. As time gocs by he gets te know the
system very well and to resent being “"ordered around by

the computer.

The approach adopted here is to allew the oaperater te
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tell the compv -¢ vhat to do {f he knows what he wants
it to do, vhile sainwing him the security of being able
to choose from a meng, Thus the operator is still
presented with  the options; the psychelogically
impartant d&ifference is that bhe is ne longer told %o

choase one.

This allews h for instance, to change the order in

which things are done (eg tn enter the date second and
his name f£irst), ox to orit meaningless steps (eg if his
name hasn't changed between this UUT and the previous
one}. 1Ir effect the computer is ne longer demanding
actien from the operatnr (“tell me your name'), but the
operator iz telling the computer semething ("my name
is.."). dr argument raised agminst this is that the
operatax is free to onter false dats if his responses
are uat rigidly controlled by the carputer. This
argurent is considered fallacinus, rince the operator
has little or no motive to  deliberately falsify
infoxmation. The c™.nee that he will unwittingly meke an
exzor is reduced by presenting the data he has entered
for his inspectior , and by allewing him te change or
eorrect it at any time. The onus  is placed on the
operater to @n the right thing, and the system werely
makes it easy for him to de this, through its consistent

interface and ability to undo erzors.

It is &he task of the test operator's supervisor te
engure that he is conscientious and trustworthy, not the

task «f the computer. heoceptance of any type  af

. Tery
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autnmation in the Ffactprry envirnnment is greatly reduced
if the human dignity and self esteem of the human

workers is assaulted by the equipment.

A further concapt that has been seen tp be irportant is
that of modality. It was shown by the researchers at
Xerosx PARC that modes, and especially exclusive modes
shauld be aveided., This fmplies that performing one set
af operations (such as editing) should not preciude one
from pexforming annther (such as printing or running z
test). This concept, alse known as “the dilemma of
preemption” (Swinehart, quoted by Tesler, 1881: 98), is
more fully explained in Appendix C. The implications of

non-madality are the following

~ A)l commands must be eveilable &t all times. This
means that all menus aust be availsble at all

times,

Functions that would preclude the use of annther
comzand due to the length of time that they take to
complete must Dpe performed by dedicated tasks that
car run ip parallel with any other function. Thus
sunning 2 test i allocated to o different task from

the one vsed ¢n edit text or to print listings.

- Cozmends  that produce an oukput on the screen must
se usable in parallel with - 'her commands that alse
produce an  output to the screen. This implies that
the scroen must be divisible inte partitions, ané

that §t must be possible vo specify that the output

|
|
{7
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of a particular task should go to a particular

partition.

Each partition on the scieen is readily transformed inte
a "piece of paper". Thus there may be several pieces af
paper lying in the screen area, which can readily bhe
conceived of as the top of a desk. The large number of
menus can alse be seen as smaller pieces of paper, alsn
lying on the desk. The screen area is pnt large enough
to contain all these pieces of paper and so the desktop
can be made much larger than the screen. Selecting
commands from various menus causes separate tasks te
perforn the commands, "behind the scenes", and the
desired result tn appear on the logically correct piece

of paper.

The screen itself is a window anto the desktop, and
correspands in the analogy to the field of view of the
person sitting at the desk. In order that this analogy
should work, it is necessary that the screen shoulé move
around the desk freely as the user turns his attention
to various parts of the desktop. This places great
demands an the pointing device used; this {s discussed

more fully later.

The question as to how the pleces of paper should appear
an the screen permits of twn hasic selutions. Either the
papers are allowed to overlap each other, or they may

present a “tiled" appearance. The analogy suggests that

overlapping the papers should be allowed. In addition,
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more pepers can be put onte a given deskteop using this
solution, The major disadvemtage is that information can
he hidden a2t the baktam af a plle of papers #pd that thre
desktop can become untidy. fThe tileé snlution is alse
the easier solution to implemest. In the eond {t was
Gecided to use the overlapping solution, for the ;.wo
reasons given, ie the greater coxrespondence with the
anaiogy, and the larqer amount of {nformation that can
be made available using this method, fThe disadvantages
wvere addressed by meking it easy to move the papers
arouné the Geskteop; using the peinting device, nne can
"pick up" a piece of paper and bring it to the top of 2
pile or move it to annther place on the desk. Thus it is
possikle to organise the desktop into manageable groups
tar piles} af papers ang yet have all the information
readily available if needed, It is also possible to
remove pieces "ot paper from the desk entirely, and
return them when needed, by means of simple menu
selectinns., The "tiledé" sclution was found to be clumsy
by comparisen, If there is a large number of papexs aon
the desktop, moving them around without averlapping them

resersles 2 Chinese pusilce,

The means eof selecting itoms from a menu, text on a page
or a piece of paper to be moved was the subject of
experiment, The peinting device used to select “objects"
on the desktor wewld alse define what portien of the
desntop  was  in the field ol view of the user, ie which

mortion af the deskiop was on the computer screen. Thus

o
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t was important that the device chasen should allow an
intuitive transfer of the operators attention from place
tn place on the deskiep. ot first the system was
implemented using & joystick to drive a cuxsnrl around
the screen, but this was found to be unsatisfactory.

various methods were tried, and finally the nouse was

R selected, These experiments are described in chapter

. 9.

In summary, the operating environment is in tre form of
2 desktop paxadigm. The nperater uses a mouse to point
at ohjecks on the desk to select them £or use. For

example he can peinc at a page, select it by pressing

the button on the mouse and then move the page around

the desk by moving the mouse. Commands are selected by

pointing at 2 menu item written on a piece of paper and

pushing the select button., To delete text from a page,
the text to be deleted ig selected (by pointing at it

and pressing the butten), and then "delete" is selected.

e If the vresult is not satisfactery, selecting "undoe"

restores the deleted text. See figure 4.4,

RN i
The other functions common to operating systems, such as e .
k- £ile handling, 4isking, etc. are provided in menus as .
-F well., The various commands avallable in the desktop .

L environment are described in Appendix D.

v e
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4.5 Aceammodating the Specialist and the Non-gspecialist

It was lmportant that the tonls provided to allew the

novice user to use the system easily should not hamper e

the activities of the specialist. Thus the tonls

provided for editing text, saving it on disk, compiling

‘,a the resultan® scftware and debugging it were designed to

allow the specialist to use them effectively. The :

editing features azxe powerful enough to allow Porth |

software to be written easily. The compiling commands
will compile Forth scurce cnde as readily as code P

written in the test langvage. In addition, access teo the

normal interactive Farth system is facilitated; any

Forth command can be typed onte one of the sheets of

paper snd executed by selecting the command "do.it" from Yo
a menu, In fact, all the software written for the system '
at levels higher than the Dbasic operating system was
written under the desktop environment. The systen was
L configured as a Forth system using the desktop paradigm .y
but without any features specific to ATE. This system
was dubbed DeskPorth. DeskForth is a complete software

development systerm, with cextain definite advantages

aver traditional systems, Many of the tools created to

assist the novice user remain useful to the specialist,

In particular the non-directive nature of the operating

system, its multitasking features, and its lack of . -
exclusive medes are sppreciated at least as much by the

specialist as by the novice,

74
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5 ENGLISH-LIKE SOFTWARE

5.1 Requirement for English~Like Software

As has been seen (in Chapter 2}, the majority of the e

users of an ATE system are specialists in a field other

than software. In addition, it has been shown that the .

3 a’ majority of these users arxe primsrily interested in

e reading rather then writing software:. The reguizement
for 2 test programming language that is readable by

non-sgecialists is therefore appavent. B

¥ Iy must be barne in mind that the users of ATE are
¢ 1 neither illitexate nor techonically incorpetent, Thus
A the language used to write the tests does not have to be
. "simple® in the sense that it should be read and ‘
understood by a non-technical zudience. The user needs
te Dbe able to undexstand, in technical detail, what it i
is that the test program represents., This chapter will

describe a method of meeting this reguirement.

It Jis clear that the test software will need to be

English-like in nxder to be uncerstood by these who do

not undexstanc computer languages. It is possible at
this stage to specify somewhat morxe axactly the
- "understandability® reguirement of the language:! kthe
test programs should be understandakle by anyone whd can

reaé and understand 2 laié down aceeptance test

instruction. However, it 1s pecessary to address the

-~ . o
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requirements of the more important potential readers of
the software  more clearly before a more e&xact

specification can be achieved.

The UUT designer needs to be sure that the test as
represented by the saftwere accurately represents his
intentions when he specified that that test be done.
Thus although his requirement is oriented to the UUT, he
needs to know the details of how the ATE is interacting
with the DUT. Thus reading the software must lead him to
the ATE haxdware, since it is the effect of the aTE

hardware on the UUT which is of Interest to him.

The Cuality Assurance inspectnrs have a reguirement
similar te that of the DUT designer. Howaver, their
need for detailed knowlec e i3 even more exacting, since
they nust guestion the accuracy af the system, and
investigate possible sources of erxoxr. ihat they might
typically da is examine the tolerance statistics of a
particular preduction process, their aim being to ensure
that the process is under control, and that the products
being delivered are of acceptable quality (ie that the
customer's risk is ar contracted and that the producer's
tisk {s as low as ponssible). A major input into this
eguatinn, especially when the process yields products
that have a lavge statistical probability of being near
or outside the acceptable limits in some important

characteristic, is the accuracy of the acceptance test

epparatus.

4y A
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The reguired accuracy of any ATE is insepexably linked
to the ststistical properties of the process that is
producing the UUT. Thus changes in the process may set
more or less stringent requirements on the ATE. The
production engineer interested in finding out these
statistics will want ¢n know more than that a voltage
measurement is taken. He will need to know the accuracy

of that measurement.

That particular measurement may have been analysed and
documented 25 sufficiently accurate by the ATE engineer;
hovwever, this will have been done in terms of the ATE
engineer's  perception 134 the production precess
st;a:istics. since this was in all probability dore
befare proguction of the UUT started, the chances are
goné  that some degree of erxoer is involved, in
addition, the production engineer may want to use the
ATE te actually generate the production statistics, His
accuracy reguirements may be quite different in this

case,

In short, production personnel will often want to know
exactly what Instrument is being used, on what range,
and an what function, end will generally want to know
the capabilities of thal instrument heyond the simple
accurscy specification decumented in the acceptance test

irnstruction of the UUT.

the maintenance engineer will need to know precisely

vhat the ATL was supposed to ne doing when it failed. He

oy %
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will need to know which relays were closed, what

instruments were in use, how the power supplies were

st

being used, and en an, Bg bhefrre, we see that ig

insutficient for him to know that & voltage measurement

was being taken; he must know exactly what ATE resources

. . were being used at the time.

The previous discussion leads to the conclusion that the

s . readers of the test program need to know the details of
haow the ATE resources are being used, and will often
[ want to use this information to address more general
! problems than the specific test they are reading. This

> S . can be stated in anocther way: they need information

relating to the ATE and 0UOT haxdware, rather than
abstract concepts such as “valtage". They do not want to

know that the UUT's vnltage is being measured; they want

i ' te  know that the digital voltmeter is being used to

measure the voltage at some particular point on the UUT,

via some particular set of relays in the switching

matrix., They will alse need tn know exactly which

digitz) veltmeter is being used (many ATEs have more

. then nne means of measuring o particular parametex), and
may want to refer to the user manual of that instrument
for information that weuld not normally be given in the

o test software.

!
| 5.2 Other Selutions
The single wost common language in use in in-house




YA - L v e

i 4
ENGLISH-LIKE SOFTWARE
developed ATE's is BASIC. This and other programming f‘“
EEY
languages, +«.ch as Pascal and Fortran, de not meet the

recuirement of being readable by any person who can read
and understand a laid down acceptance test instruction.
However, there does exist & test programming language
which is reasanably English like in vocabulary, if not i
in syntax. This languege, ATLAS (IEEF-STD-416, 1981},

deserves attention if only becasuse it is » standard, It

does not wholly meet the requirement of being readable

By 2 non-specialist, but a case could be made for all

N ugers of ATE te learn the language, since it is a

. standard. ."
e ] .
* ATLAS is so cnormous that an appraved subset, C/ATLAS, ’

is available, Even this is very large. The stated geal w :
0f this languave is (IEEE-STD 716, 1982: 2-1) ree

“tn define a high order language....which is &te be

used for the writing of .est programs for Units

tnder Test (LUTs), so0 that these programs can

operate on various makes and models of Automatic

Test Equipments (ATE)."

i
|
The goals, and indeed the actvality, of the ATLAS CT
language are thus incompatible with the veguirements
: developed in this study. Twe important aspects will be
dealt with here; these axe that ATLAS is writer rather

than reador oxiented, and it's ATE independent nature.

il
chese aspects are dealt with apart £rom the practical
fact that very few ATEC manufacturers support ATLAS in I H
i
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its standard form. The oconcept of a standard language in
the form proposed by the IEER appears to be impossible
to  irplement satisfactnrily; there are simply too many
types of parameters, UUTs and measuring instroments.
Bach implementation will therefore be Jifferent, in
ordex to accammodate the specianl parameters etc. The
language definition is thus open ended, and thus not
truly standaréd. 1t is alse irpossible to expect that all
users of ATE become familiar with such a large test

language.

The writer orientation of ATLAS can be derived from the
sgntcment of goals guoted earlier. Purther evidence can
be derived fram the faollowing example. ATLAS defines
single and multiple actien verbs. & typical single
action verd wouldé rause s particular relay to close in
aréer to cannect a point on the LCUT te a resource of the
ATE. As was shown in the previous section, this is the
level af detail required by the users of the ATE. The
standard hovever discourages the use  of these
single-actinn verbs, preferring the use of multiple
action verbs such as MEASURE. This verb will typically
close the relevant relays, setup the relevant
instruments, tan: the reguired readings, and rekuwrn,
say, & veltage. The standard has this to say on the
sucject (1982:11-4):

"“he (single action) vexhs were incorporated in the
language primarily as a means of properly defining

rultiple-action verbs. These multiple amction verbs

-0
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will be used for most test statements because they

are easier to write......"

The secand objection te ATLAS is it's ATE independent
nature. In practice, ¢this means thst all measurements
are made on terms of abstracts such as "voltage", and
all reference tss the actual ATE hardware is deliberately
ridden, The disadvantages of this approach have ulready
been discussed. However, the reason behind this concept

is also open to question,

The idea is to make the test programs themselves

portable. A typical sub. bly has an 3 test

imstruction typed on from three ta ten pages, The number
of test results may very fror one to at mest & hundred.
The effort invelved in typing in a test suite for such a
tUT iy roughly equivalent to that invelved in typing the
oxiginal test instructior, if one postulates a special
purpose test language rather than, for example, BASIC.
This clesrly represents a very small portion of the cost
of developing ATE. (This statement is not true for
systems where the tests are written in a general purpose

language such as FASIC or FORTREAN].

By far the greatest investment in software writing is in
the nperating syster and compiler to support the ATE and
the test language. Thus it may be more economical to
write & specific corpiler for o pavticular ATE, rather

than tn attempt to imploment a standard ATLAS subset on

that ATI. Thus, at loast in the case of sub-assemblies,




.
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there i5 no justification f£or using ATLAES for its

portability.

& cese might still be mode for ATLAS if a particular ATE
were to be used for a very large numbuer of different
mT's, The cost invelved in implementing an ATLAES
compiler to support this ATE could then be spread over
211 the LU?'s, MHowever, we have already seen that such
general purpose ATLES are uneconomical when used for
sub-assembly testing. In addition therxe is no reason why
the ATLAS compiler should be cheaper to implement than
any otder, and so this argument could be vsed to justify

any compiler.

Fyom the foregoaing, it is cleoar by using a special to
purpose test language it should be possible to reduce
the cost of actually writing test software to a
negligibie awount; the portability of test programs “is

not therefere a primary requirement,

5.3 English-like Vocabulary aad Syntax

h common argument fox the wse of ATLAS is that the
meaning of any ATLAS statement is "procise", What is
actually meant by this s that any ATLAS statement has a
meaning which is precisely defined. A meaning which ig

precisely understaod i{s anether thing ontirely.

The definitions of meaning that any programming langusage

requires rust of yccessity be givern at same point in
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English or some other natural language. That English is
capable of being precisely undexstond is open td
srgument., It is however clear that {¢ is the cliasest
thing to a universally and precisely understood languvage
that exists among English speaking people. The precisely
defined ATLAS statement is only understood as far as its
definition ({in Enclish) is understood, fThus it can be
postulated that the ideal language for cur purpnses is
English itself, if  precision of meaning and

understandability are the critezia.

Efficiency is another criterion that needs to be
adéressed. A very precise meanimg wmight only be
obtainable from the use of English after a lengthy
&isenurse eon  each function. This could cohceivably
preciude the usce of Enclish oan the grounds that it is
grossly ineffiecient. this argument is, however, not
very corpelling since the test instruction, on which the
test pragram is based, iz usvally written concisely and

understandably in English.

The meaning of an English sentence derives from three
scurces; the words in  the sentence;, their ordering
{syntax}, and the context nf the sentence. It is the
contextual infarmation that allows English to be concise
even when vsed in & test instruction, It is also
possikle to more clearly define the meaning of the words
in the sentonce by means of & special purpnse dictionary
(this ecan be seen &s adding to the contextual basis of

the sentence).

o
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thus it is established that a test program could be

written using English woxrds with their meaning precisely Loe
defined and understendakle in the context in which the

test program is used,

The final contributor to meaning is syntax. Even those

programming languages that deo attempt to use a very . E

e English-like vocabulary tend to enfprce a rigid but coyt
el unnatural syntax. It is postulated klLat in order to make Ao g
nw the sentence easy to understand, an Bnglish-like syntax M "
T should be used. This, when coambined with an English EE

vncabulary, shoulé permit writing a test program that is

as understandable as is possible.

This extends to words that are commonly called "noise \
words® {nriginally from CCBOL)...the, &, to, from, etec,

o The statement "connect DVNM is understandable. However,

it can be contrasted with the statements “connect the
H pyM", and Tennnect a DVM". A system with several DVMs,
i and with the capability of dynamically allocating them
L to various tasks, would need the precisinn that can be SN
: 7 achieved by the mere complete syntax of the latter two

- statements, 1w

It seems sensible therefore to require the test language

s to be English-like both in vacabulary and in syntax.

N 5.4 Context Sensitivity

w0 ks has been discussed in the previous section, Euglish

—8he
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uses context to define the meaning of words precisely.
This c¢ontext dependancy is not confined to the cantext
of & sentence as a whola, Contextual informstion can be
contained within the sentence itself....."kick the ball"
vs "jnst for kicks" or “kick the bucket". This at first
seems to ke a serinus practical problem. Is it possidble
to define o cowpiler that will parse correctly a
statement containing context dependant words? This
probler was the subject of a pragram of experiments in

itself.

an empirical approach was used; a large number ® of
typical test programs wes analysed end the following

conclusions drawn,

- the simple imperative sentence is the only sentence

type reguireé for this »pplication

- the context of any woerd in the sentence can be
satisfactorily determined from the words preceding

it

- & clear inSication of sentence termination s
necessary in order that the first woxd of the next
sentencr should nat be interpreted within the

context nf the previous sentence

compiler can be constructed that will parse a sentence
confoxming to the above restrictions. These restriciions
are not KHECLESARY conditions for a compller o be

possible. They &0 however greatly eazse the task of

o e Y,
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writing the compiler. 1In particular the compiler need
only parse the sentence once, from left to right.
Further details on the commiler can be found in Pppendix

c.

5.5 application to the ATE Environment

Bach sentence in the language is a simple imperative
that starts with a2 verb such as SETUP, CONNECT, or MOVE, 4
This word dJefines the overall context of the sentence
and is referred to as defining *%“e CLASS of the
sentence. These classes are ve:r yimilar to the

STATEMENT TYPES found in ATLAS, and generally use the

same word as the eguivalent ATLAS statement. A typical o

sentence would be

COKBECT THE DVH TC THE ANPLIFIER INPUT :w

N CONKECT sets the overall class of the sentence. i
v AMPLIFIEF sets the context for INPUT within the averall
contexrt of CONNECT. The result is that the compiler
recognises a (UT paint that is multiplexed., The relevant
maltiplexer is defined by the word DVH. The following

o varistion is alloved: Y
EN COLLECH THNE AMPLIFIR® INPUT TC THE DVM i~

NHnte that this flexibility is only of service to the

writer of a test.

This sentence tells the reader exactly what instrument

i Fp—
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is being used, and what point on the UUT is being

connected to the instrument. However, it is not possible i
to tell Airectlv from the sentence exectly which relay H

in the switching matrix is tn close to make the

connection. fThis could be achieved in several ways. The

use of UUT and instrument names could be avoided:
CLCSE MULTIFLEXER 5wl i- LTy

This however errs on the other side. The information as

to what this multiplexer achieves is hidden. A comment {

could be added:

CONNECT THE OV TO THE AMPLIPIER INPUT ( MUX 5~1 J -

|
|
|
This solutien is acceptable when the switching s i
J
simple. The comments can be inserted automatically hy |
i

the writing aid described im the next chapter.

However, the best solutien in practice turns out to be a

drawing. The drawing shows the UUT points by name, and G
by connector number, identifies the looming involved, '
the multiplexer used, ard the instrument. Thus wmore | )

information is presented in a clearer manner in the

drawing than =zould be easily achieved in the test

program.

N The drawing alse contains information that logicaily l‘

does nat belong ip the test program, such as the cnlour

of the relevent wire in the loom. The inportant point is :
}

that the test pragram allows the reader to use the L
|

drawing effectively by providing hix with the correct

[ —
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references. Armed with the drawing and the test program

listing the maintenance enginger can £ind any fault.

Other examples of test language syntax can be found in =
oo
Appendia E, which contains a step by step example of the [

generation of a test program.

5.6 Problems Inberent in Natural Language Pregramming

Programming in a natural langLage such a2s English poses
problems for the writer. among the problems are the

large vocabulary, the loose syntax of the sentence, and

the sometimes lengthy constructions that are used for
clarity. Thus test programs written in & natural |
o language can be teQious ta write. This problem is f

,

addressed in the next chapter.

58 ' L



THE WRITING AID

& THE SOPTWARE WRITING AID

6,) Need for a Writing aid

As has been discussed in the previous chapter, a natural
language program can be tedious and difficult to write.
This is not because the overall program length is great,
but because the individual words and constructs are
longer than is usual in & programming langvage. As has
been shown in the previous chapter, a special purpose
programming language 1is likely to be much shorter than
tl-ze equivalent program written in, foxr example, BASIC.
However the length of the individual words used tends to
drritate the writer, and lead to a greater freguency of

typing errors, For example, the BASIC construct
IF AME GOTO 1€
can be contrasted with

DO THE FOLLOWING IT THE VALUE OF A 18 GREATER THAN THE

VALUE CF B i~

This problem is compounde. When one considers that the
likely wxiters of test programs are relatively unskilled
a&s software writers. It is one of the reguirements of
the system that it be usable by non-specialists. Thus an

aid to writing the software is indicated.

In any software development cycle, signifigantly more

time is spent in debugging the software than in writing
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it, Brrors can be broadly divided into two areas, namely
conceptual errors (the wrong program was written) and

coding erroys {the program was written incorrectly).

the very fact that the software is written in English

can be expgcted to reduce the number of conceptual

errors, since the saftware will mirxoer the acceptance

[ test instruction very closely, Finding ané correcting

o . conceptual errors will also be facilitated, since the

veT  designer will be able to read the software and SO
identify problems. However the number of cnding errors k
i

can be eXxpectad to Increase.

2xiley (1984} has stated that 88% of coding errers are

N procedural (use of tha wrong code, oxr code in the wrong

place) and 2¢ % are clerical in nature (spelling, typing e

errors). Use of a writing aid would have to address both Pet

these problems,

o 6.2 Methods of Providing aid to the Software Writex

Other langeages with leng wards have traditionally
provided sbbreviations for use by the writer. The best
known cxamples of this are COB0L and ATLAS. This
relieves the tedium of writing software, at least fox
the speclalist. It dnes nothing, however, to make it
easier for the nor specialist to write snftware. If

anything, it makes his Jjob harder by extending an

already large vocakulary. Typing srxors might be reduced

fractionally (since less typing is zequired) but the
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procedural errors would be unaffected.

Other methods of aiding the writer of software can be
conveniently divided inte the ‘'question and answer"
method, the menu method, and the "£ill in the form"
method, The question and answer methed invelves asking
the user guestions, usually reguiring a yes/no response,
{ do you want ta use the BVM? (¥/N) ) followed by a
Zurther guestion {(do yeu want to use the DC Volts
function? J, and so on. This is very tedious, and has

been largely supersede by the menu approach.

Menus are widely used to provide guidance te the usexs
of application programs, A list of options is usually
pravided, the user being required tn chonse one. There
are two common sources af frustiation in this scheme.
The first is caused by clumsy or inconsistent metheds of
selection. The seoond nccurs when the user does not

want any of the aptions.

Typical selection methods reguire the user to type the
first letter of a menu item, type a numbexr associated
with the menu item, or move a curser to the menu item
and hit a key (often the space bar ox carriage return).

Bach of these methods has its problems.

Solecting the first letter of the menv item is usually
the fastest ance the user knows the system well, and has
more mnemonic value than selecting & number. The
disadvantage is that menu items are limited in number

and variety since thelr first letters must be unique.

-81~
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This is often obviated by organising the menus into
hierarchies, This has the disadvantage that several menu P s

selections may be reguired to obtain one conceptually

simple result. Some systems require the user to first

type the letter and then hit anothexr key, such as

carxriage return, before the command is selected, This is . R
Seef. safer than acting upan the command immediately the e
letter ig pressed. However, some users find this double

vl wetiop irritating, especially when a deeply nested

hierarchy of menus must be negotiated before the £inal . ,g
b
selection is  made, In addition, the hierarchical Voo
structure tends to hide information from the user. Thus 5

it is necessary thot he be able to browse through the

menus without initiating any potentially dangerous

. actions. 3
. ®oving the cursox te the menu item and then selecting it !
has certain odvantages. There is ne requirement for the P

fixst letter of each menu {tem to be unigue and so the

nesting of menug can be greatly reduced, with 2

resulting speed increase. However, moving a cuxsor to a

menu  iter fs a visual activity, and thus slower fox the
o expert user, who is able to remember the sequence oOf
commands roquired to obtain a desirzed zesilt and will

type them without reforence to the menus, .

Using cursor contrel koys tn move the curser is alse
extremely laboriocus {f the menus are large. This is due

B ty the slowness of mevement of the curser, which is g

limited by the keyboard repetition rate.

g~ o
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3

In order to reduce frustration, the number of menu
selections must be reduced by ensuring that each i
selection is as poverful as possible. A single

concepticl command  should reguire only one  menu

seleaction.

- The third system in common use is the forms based
system, This presents a standaxd form or set of forms

and requires the user to £il)} in the blanks. This type

of system is commonly used in data base systems, but is
v ] also  used in certain ATE applications, often in
conkinatian with a ment based system. in order for S

N instance o setup the parameters of a cextain fV”‘

instrument, one would call up the form for that

‘ instrument and £ill in the optiens reguired.

3 problem that occurs with this type of system ig that

reading the resulting software can be laborious,

Typically, each instrument setup is contained in a form

P that takes up a page. Seeing the program flow is
difficult. This problem is usvally got axound in one of

two ways. Cverviews ean be created which shaw less ;}
detail (for example simply the foxm headings) ox the
operating syrtem can use the f£orms to generate a

software listing which can be read more easily.

Forms based systoms generally require mere typing than
menu based systems. Tho amount of typing can be redueed
o by presenting options to select at each space, and then

this is effectively a menu based system.

~93-
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The forms  bas=d sysi-m is conceptually "step
structured". The most common fors of control structure
in a forms based system is the farm “GOTO STEF 20". Menu
based sUstems tend tu allow moxe powerful controls,
mainly dve to the broader picture which is aveilable in
a menu based system. The “II'...ELSI...ENDIF" type of
structure is Jdifficult to vse when only one step is

visible at a time.

Several sottware generation packages were investigated.,
particularly "The Last One" from D.J. "AI" Systems Ltd,

and "Quic-n-Easy" from Standar@ Microsystems limited.

“The Last Cne" is 2 menu based system that displays many
of the faults mentioned earlier. It is slow and clumsy,
and has a tortuens menv styucture that makes it very

édifficult to change from ane activity to another.

Quic-t«Easy an the other hand is a “supsx high level"
language. It does not relieve the user from having to
learn a language; its main achievement is that it is
specifically tailored to a particular type of program
{in this case data base management}, and so is more
effective than gensral purpose languages ch as BASIC

or Pascal,

Johnson (1882} gives a description of various softwvare
genexation  packages produced by thirty dJifferent
software housos. Most of these use menus, some in

combinatien with forr €i{lling. The seftware produced by

T
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these systems varies from completely unreadable (ie
meintenance reguires rewriting portions of the
sofswarel, to almost readable {(Dnglish like vocabulary
but application peculiar syntax). One of thuse systems,
"gscape® from Softyare Managemant Systems Inc., featuxes

2z language 1 t has a user extendible vocabulary.

% feature of all the packages investigated was that they
were ‘targetel . specific applicatinns, such as data
base management, :epn'xt generation, and so on. 'This
allows autopation to be simplified since the number of
aptions is reduced compared to 2 general purpone system,
ang the options that are presented can be made nore
precise. An ATE application will bepe”it from this
effect as well. Howcver, nene ol the program generatorxs
investigaced generated a prograwm that was English like

in both vocabulary and syntax.

This English syntax of the cest language qreatly
simplifics the writing aid, cince the vser of a writing
aid tnat is interactively producing an English output
needs fax less information from the writing aid as %o
what he should éo npoxt. The user dnes nat need tn  leaxn
@ new programming language; the writing ald, on the
other hapd, can assume that the yser is familiar with

the programming language.

The lessons learned £rom the investigatien cen be

sumrarised as follows

~ complex ané deeply nested menw hiexarchies are

i
i
i
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undesireable

§

users need to be able to browse through the system

to £ind out what it does

the method of selection from the menus needs careful

1

attention if one is to avoid annoying experienced B

users while at the same time protecting the novice

- the result of any menu selection should be obvious;

this is greatly aided if the test language is

English-like both in vecabulary and in syntax ;e

- there [} times  when the use of menus is

inefficient...the user must be able t» use the wenus

or ignare them as he pleases

é.4 Effects of the Structure of the Test Language

“he structure of the test language lends itself to the

usa of a writing aid. This is due to the left to right

cptext refining process that each sentence uses. First,
@il the classes of sentence are displayed as & menu.
Cnze & class has heen selected all the options within
that class are displayed, and so on; tha options
displayed@ »t any time are dictated hy the chntext thut
has ‘teen create@ by previous selections., Thus the

structure nf the menu hierarchy mirrors the structu.as of

the contextual hieraxchy of the test language.

This iogical parallel is of value tn the system P N %
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configurer. Since the writing aid can easily follew the
same path as the compiler, this naturally assists in
zeducing or eliminating procedural errors. The problems
of hierarchical menu structures that were highlighted in

the previous section are eliminated sinces

~ each selaection achieves something concrete, rather

than simply leading teo ancther menu

- the hierarchy is not enforced; the user can bypass

it of he wishes.

6.4 Using the Writing Aid

In order to use the writing aid the user selects the
WRITE ment. All the menhus used while writing will then
appear on the desktop, piled on top of each other. The
top menu contains the primary program structures. The
user will select BEGIN.A.TEST, and the writing aid will

write on the page:
Begin Test ?

The gquestion mark indicates that the name of the test
mugy be typed in by the user. This is done by the nermal
editing functions of the desktnp environment. 1In this
case, the user would simply point at the question maxk
using the mouse and type in the test name. It is
important tn emphasise that the writing aid does no mere
than rut text or a page. The text on the page can be

edited by the user as he wauld any text }::nduced by any
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means,

Pressing the cueing key will now take the user to the
next menu, which displays all the classes of test
operation  available. He could for example selsct
CONNKCT, The cueing key will now take him to a menn
containing the various instruments. He could then select
DVY  {bigital VoltMeter). The cueing key would then take
him to a menu of all the things that &he DVM can be

connected tn. The £inal sentence might read
Connect the DVM to the Amplifier Output :-

A complete program can be written in this way.
Procedursl errors are eliminated by the npatural
progression of the menus. Clerical errors are eliminated

ginge virtually no typing is required.

A complete example of how & test is written is contained

in Appendix E.

-~
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7 AN EXPERIMENTAL SYSTEM

7.1 Initial experiments

The iritial experiments required only a computer. They
wers primarily aimed at verifying the software theories
that had been developed. Thus prototypes were developed
to ensure that the operating system, menus, windowing,
eke. were practical and useful. The concept of a test
language that is Anglish like in both vocabulary and
syntax was tested, and it was proven that a compiler

could be designed that would implement the languvage.

The f£irst  hardware experimentation involved tho
interface to the JLLL 488 bus. At first the interface
software was designed in tr: traditionil £ashion. This
interface was used in the early stages of the project,
Later, a HP 747Ch plotter was interfaced, and this led
te a vrevision of the IEEE 488 bus driver. Since the
plotter was extremely elow on the bus, a buffered
interface was designed and implemented using the
wmultitasking tenls developed eariier. This is similar in

cnncept to the printer interface already described,

Once a UUT had been identified, the software was further
refined by using it to write tests for the UUT. These
could not at that stage be run, since neither a UUT nar
&n ATE existed then; but valuable infoxmation was
obru.ned regarding the user intexface, the test

language, and nethods of spacifying language

1
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[
extensions. i .
Over the same pexiod, the system was used for general ’
programming; in fact the great majority of the software ,\f

was written using the desktop uperating system. Thus

writing the software became part of the experiment.

~lee-
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7.2 Description of the Unit to be Tested

The c¢hosen UUT was chosen to exercise the - majox
experimental ideas that had been developed, particularly

t
those regarding the test language, and its requirements I g

for flexibility and extensibility.

The CUT {s an electro-nptical device. ©The primary
charatteristic that needs to he tested is angular
sennit “o light radiation. The testy involve moving

& pa’ source in the focal plane of the entre-c

aperture v. a collimster, and measuring resultant ouep

Erom the ULT, which is placed in the exit apertuxe of

the enllimator. This is shown in figure 7.2, fThe effect

of this is o simulate the angulax nmotion of a point i

R source at Ianfinity, rolative to the UUT's optical axis.
@b”z Cptically, the LUT ftself has a very long focal length,

hence the use of the collimater. The UUT has two filelds
of view, electrically selectible, one natrow and the

other wide.

In addition to the angelar sensitivity of the UUT, its

alignment relstive to & mechenical reference needed to

be wverified, as well as the internal neise of the ULT L

electronics and geteetor cireuitry. Certain  other
measurements alsn needed to be mede, hut those given are ”

sufficient to deacribe the experiments.

“172-
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7.3 Test System Hardware Description

The test systen consists of the computer and
instrumentation mounted in a desk (the ATL), and a Jig
consisting of & granite table, on which is mounted a
collimator and two motion systems. The light souzce is
mounted on one of the motion systems, in the entrance
aperiure of the collimstor, and the LUT is mounted on
“he other motion system, in the exit aperture. The set

up is shown in figure 7.3.

Two motion systems are required to obtain the required
range of movement, together with the reguired
resolution., The light smurce can be moved within the
ertiance apertuxe of the cellimatar, but not over a wide
xange.' It i5 a rroperty of the collimater that movement
aver small Cistances in the focal plene of the entrance
pparture trenslete  to  angular movements ) in the exit
aperture, Thus wroving the sovrce {u  the entrance
apersare mpither up, down, left or right will result in
light falling on the LUT in the exit aperture that
gimulates light £rom a poeint source at infinity at any
antle from the axis of the collimatex, over a rather
small yange. Laxger ancles of incidence on the UUT are
obtained by ratating the LUT, using the second wmotion

zystem, either in piteh or in yaw.

while providing & greate' range of movement, the
resolution of movement obtained by maving the UUT is not

a8 great as when moving the sourge. Txeept at the centre

B
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position, the position af the LUT movement system is not

known tn the same accuracy as the sight movement system.
Full potential aceuracy is thersfare sply realised wvhen

the source 1is moved, and the UUT is positioned at its

“on-axis", or centre, pasition, o b

The motion system required to move the UUT is very much
o larger than that reguived to move the source, due to 2 7 &

large difference in their masses.

The APT hardware consists of power supplies for the DUT,

e a Cata acquisition and contrel unit (containing a DM .
and a switching matrix), o monitor oscillesenpe, the ej&;;
drive units for the motion tables, and the computer. ’ ‘
The aongular sensiti\'ilty plots are presented on a small P@w

e

twa pen platter.

In adéitien there 1s en interface panel, with some

i
1
i
w(,‘"%:,
signal conditioning electronics, which intexfaces che g] ‘4
UOT tn the ATE. Test points are brought wut on  hus o
panel 5o that any signel can be monitored on the | .
e oscilloscope, as well as switches that can be wsed to H ' s
[
N manually test the OUUT if necessary. This facility is Tl }

L particulaxly useful while the QUT  is  still  in

v develapment, and can be used later for Qiagnosing faults

in a falled LUT, 1
Tl
!
iy X
,’%%m@\ 7.4 Test System Software Canfiguration [
| -
“ I
Ty Configuring the ATr required . oftware to drive the data ¢
o IR
] i
5
{

iy
~1l4= it
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aeguisition and contrel unit (DACU), the motion systems, '
and t}'ae plotter. The resource drivers were written as
sepcrately compilable packages. An exarnle of ane aof

these, the DACC driver configuration file, can be £found :
in Appendix F. / 1
» 1

5 The extraction of the optical axis of the UUT from the

angular sensitivity data reguired a special routine o ( 

be written. This was written in Forth, in accoréance

with the prineciple that complex software should be

written by specialists using specisalist tools.

The rovement systems were written sn that the user couléd

move elther the source or the UUT a specified number of

»illi~radiang (or ricro-radians) in pitch or yav, i®

relative to the CUZ, The fata for the rlatter is stored [P

in an areay, &nd plotted using a high level command
paragraph, Switchirg the LUT between narrow snd wide , 5
£ield is accomplished by means of relays in the DACU, as
is connecting power to the U0, switching it on and off,

ané so on.

. It was discovered that it was impracticsl to write the

writing 2id snftware as o set of separstely coemplilable
i packages. Instesd o single configurable writing aic

package is used. The offort required to add & new

instrument te the writing aid package is very sa 1. All !
|

: that is requived is that the relevant monus be extended

il
ry i i ‘
to irclvede the new eptions, and that software be wriktten Lo,
; ,
\\\\;}\ {using high level toels) te print the coXrect words on i
- e
V 1%
| i
ShES-2N




At EXPERIMENTAL SYSTEM

the page. This is not =as convenient as having the
writing aid software in separate packages, but it works
reasonably well. The total effort for e typical ATE
should accupy less than a day, if the instrument drivers
are evailable, Phe source listing for a configured

writing ai¢ package is given in Appendix G.

“he wmejer reason f£or the @ifficulty is that each
specific ATP reguires a &ifferent combination of menu
items; the softwerc reguired to contrel this basically
trivigl [but practically comples} operation was

considered an unnecessary lexury.

Cenfiguring an ATE therefore requires choasing
instrument drivers fror a lidrary, and configuzing the

writing aid.

Yhe tests were not written by the author, but by the
test engireer, in accordance with system's design
goals, An example of a test routine us, g the software

on this UUT can be found in Appendix ¥,

s 2
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8 RESULTS OF THE EXPERIMENTS

Once the specification for the system had been worked
eut, it was implemented and tried out. The experience
geined during the txiel perind confirmed much of the
theonry developed during the early phases of the
research, The practical aspects of the implementation
were highlighted during this phase and several revisionsg
were gone through before the present configuration
reached. Certain aspectis of ergonomics were emphasised
in practice, ang these also gave rise to changes. Ko
e; perience has been gained as yet in the production

epviranment, but certain extrapolations can be made.

8.1 Ergonomics of the Desktop Environment

7he user interface is the first unusval thing that the
user of the system experiences. It is signifigantly
c¢ifferent from the normal operating system, alchough

certain camputer companies are new bringing machiras
with ¢this type «f intcoxface onto the market, and the

aovelty is beginning to wear off,

The desktop environment was found to be very useful, It
was particularly useful during compilatien to be able to
have the software listing on one page, and complley
messages on another, visinle at the sawr time (as the
comriler meves through a file it continually shows the
page it is working on on the desktep). The ability ta

move menus and pages on  the desktep was alse very

-107-




RESULTS OF THL EXPERIMERTS

useful; the arrangement of objects could be manipulated
to swit the uvser and the application. In gemeral, the

operating environment was successful because it was

flexible, non-modal, and easy to us2,

8.1.1 Menus

It soon became cbvious that handling a large mumber of
menus on the desktop was a prablem. The desktop bezame
untidy, and woving £ifty menus, one by ong, around the
Gesktop was laborious. The idea of grouping the menus

tegether under headings snlved this problem. Manus not

in use can be "turned off" using this method. F¥hole
gEauns cap ke moved by turning the greup off, moving the
heading, and toruing the group on again. The group of

menus then appears in a neat pile below the heading.

It saon became apparent that the most satisfactary
method of Keeping a group of menus tidy was to keep them
in a pile, one on top of the other. This immediately }
prevented the full use of the mouse in going to menus at "o

the bottom of tha pile. The cueing key became the

primary methed of goling from menu to menuv. This led to

the development of the ‘'previous" key. Holding the

cueing key down allows the curser to “page through" a
pile of menus at between 5 and 10 menus a second. It is

just possible to follow what is going on at this speed,

but it is very easy to go ton Ffar. The previous Kkey

allows one the option of backing up f a menu is
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ovexshot.

oo
A logical extension of the bheading idea was also {"%}‘ 1
Emplemented: pressing the control Jkey in conjunction ?‘Q
with the first letter of o heading immediately takes one ; B ’!
to that menu. This utility wae developed as an aid to \

keywoard intensive applications, which are discussed

latex,

8.1.2 Speed of Response

concerned spead of response during test writing.

henchmarks done at the time showed that the system was

i
o
L. ‘1 One of the complaints that surfaced quite early
|
]

;
capable nf writing tests as fast as the sverage engineer I’

) could type them. However, the perception was that the

7

system tas slow. specifically, selecting a plece of text
N on the page tnok about a second, cueing from menv to

l» . menu took roughly the same. Trening over a page in a

o file, on the other hand, took up o ten seconds. It
seemed strange at fixst that complaints were mage o
ot concer: the cueing speed, but not the slowness of the ) !

£iling system. It then hecame apparent that people were

s

basing their complaints to a large extent on the

perceived complexity of the operation, Selecting e

- getting a new page from the disk was seen : complex. In

fact the two are of alwmest eguivalent complexity, and

niece of text on a page was seen as trivial, while \
|
B the slowness of the filing system was Que to an
.
|
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speed was at first aimed at speeding up the response of

i

extremely inefficient algorithm. Improving tihe response 1[ :
|
canceptually simple commands. This was achieved by {
i

rewriting & few key routines in Assembler (the original

system was almost entirely written in high level

Forth). It was oanly when these imprnvements had been
wmade that complaints about the £iling system became
canmon . This was solved by an algorithm improvement.
The system now has acceptably fast response times in the

opinion of those who have tried it.

An interesting corroberation of the above was observed

when the system was modified te include virtual memory.

Aithnugh the system became slower when this change was
made, no corplaints were fortheoming. This was because
the delays were grouped into occasienal waits of twe or K
three seconds. These occur very infreguently ané the ¥
operatar accepts the wal® guite happily, being placated

by the whirring disk drive.

8.1.2 Aesthetics and Personal Preferences . i

one of the mnest powerful emotional responses to the
system was £n the decision that had been made to make

the pieces of paper light colnured with the text on them : )
daxk, Some of the objection was justified by practical
considerations: poor Juality monitors flicker
unacceptably if there are large highlighted¢ aress

displayel, However, some users found the realism aof the .
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black on white display preferable when a good guality
monitor was used, Similarly, people were continuously
asking about the "surface" of the desktnp: why wasp't it
blank, why not use vertiecsl lines, why not use
horizontal lines and so on. It soon became apparent that
these decisions were governed by personal preference.
Cptions were included to allow the user to customise the
appearance of the screen. It is signifigant that the
several users each have their systems configured

differently.

8.1.3 Overstrike vs Insert Mode

Another of the decisions which was changed in the light
of experience concernedé the the use nf averstrike versus
insert mode. In overstrike mode, the key Sruck causes
the letter it represents to be written at the cursor,
overwriting whatever was there before. In insert mode,
the letter is placed at the cursor as before but the
letter undernsath, and all text to the right on the same

line, is shifted to make room for the new letter.

Initially the decision was made in favour of overstrike
mode due to  its simplicity and resemblance to the
working of a normal typewriter. In, addition, averstrike
mode is ideal for the twoe most common typographical
errnrs, These are atti‘king the wrong ey, and
transposition (striking the correct twe keys in the

wrong order). In the £irst case, a backspace and retype
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is all that is needed. In the second case, two
backspaces and retyping the letters is reguired If the
error ir discovered later, using the mouse to move the
cursor te the incorrect letter and typing over it solves
the problem. However, the third common fault, leaving
out & letter, is impossible to correct simply in
averstrike mode; one has tn either use CUT and PASTE, or
retype everything to the end of the line. Insext mode
on the ather hand works very easily in this ocase,
although in the first two cases it reguires deleting the
wrong letters before replacing them with the correct

ones.

Overstrike mode was quite accepted for a long time, buot
once real wark began to be done on the system it became
apparent that it wasn't the right chnice, and the change

was made to insert mode.

A dilemma now arase concerning the delete ox destructive
backspace key. In mast editors and word processors the
delete key causes the character to the left of the
cursor to be deleted, and the rest of the line to move
one space left, This works well if one is deleting the
character just typed. However if one moves the curser
with the mouse to point at a character, one expects the
character pointed at to be the one deleted, rather than
the character immedistely to the left. After trying out
both systems for a while, the more intuitive one wes
chosen &8s preferable, ie the character that the curser

is on iz celeted. This was chosen despite the single

=1l2-
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mest  common typing errer being typing the wrong letter,

the correcting of which now requires backspacing and N
deleting as &two keystrokes. Intuitive consistency was oo
found to he preferable even if It meant slightly g ‘
increasing the number of keystrokes in a commonly’ used .2 i
functian, e

8.1.4 Pointing Devices I’

Conventional systems move the cursor using keyboard

AR cursor control keys. In this application, however, they I

B are %oo slow., Moving the cursor across the page using

o cursor keys takes between 8 and 1€ seconds for an

80-column display., This is due to the typical keyboard e
repetition rate being around 1€ hextz, Continuously

striking the key allous faster movement {the debounce

time constant being shorter than the repetition time),

: but this is tizing, and still not very fast. As has been

mentiones earlier, the screen is analagous to the fleld
of view of the user on the desktop. In oxder for the \}
snalogy to woikk successfully, the cursor contrel sheuld

be fast encugh thort it can follew the user as he

transfers his attention from place to place on the

desktop. This demands virtually instantanecus movement

P
from one end of the desktop to the other (much mare than e
elghty ecolumns}. At the same time, great precision of j

i

movemert is necessary to be able to point without effort Iy

H
i
to single characters on the page. f:
;
il
i
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The initial system was implemented with a joystick as
the main curser contrel device, supplemented by the four

keyboard cursor contxel Xkeys, This was £ound to be

totally unsatisfactory. Joysticks do not have sufficient

precision of movement (their arc of travel being too

. small) to allew the average person to use them as H 0.

positioning devices. They are more  successful at !

«\"‘D controlling the rate and directinn of movement of the 1,)

. ) cursor, : % precision of positioning is difficult to i .
e achieve without sacrificing overall speed. an ! '
‘ expenential transfer functicns was necegsary to get any

real usefulness out of the wonecept, but fast, accurats,

positioning of the cursn:r was wnever achieved using a

° joystick. .

I ¢ne of the basie reassns for this is that using a rate

9 device for vursoer positioning is too visual an activity.

» o kinaesthetic feedback is pessible. The human nexrvous .

system works better with kinaesthetic feadback than with

N visual feedback.

l, Y Light pens are relatively expensive an? have reputation
for upnreliability. & light pen on . (PISCC based CAD

s {computer aided design) system wei tried out and this

‘4 experience was sufficient to eliminate light pens frem
) funther considexation. The problams pexceived were that v

the pen had to be picked up befnre use, ariented in the N My

5 right direction, ané held in front of the face durxing
.I use. Discussion with the CAD operator revealed that hand ! e

ant arm tiredness prevented the use of the light pen for o

=1l4-
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any extended period, and that graphics tablets weze
pref rred., However, they did allow potentislly very fast

and ageurate movement,

Touch screens de not  require one to pick anything up

before use, Their biggest probler however is thelr lack

of precision. A finger is simply too big to pick nut Ll

single characters with ease.

i : Graphics tablets are expensive, and suffer fxom the
prablem of the pen having to be plcked up.and oxiented
i

in space befare use. Use of this type of device in a

}
keyhoard intensive activity would soon become i
2
v

intelerable.

Other devices were tried, such as trach-balls (too ‘! N
visual, d&ifficult to move the cursar long distances in . N
one mavement) and touch pads (insufficient resolution), ’
but none was as successful as the mouse. The mouse
Ly overcomes virtually all the ¢isadvantages mentioned, It

i
is @ position device. Xinaesthetic feedback allows the |
i
i

- positioning of the curscr on the desktop with intuitive
/ ) acecuracy. The wenge of movement is large enough that .
great precision is combined with high possible speed of ) -
movement. It does not need to be picked up; it is =

sufficient to put ones hand on top of it. Although a

R~ hand must be remnved £r eyboard to use the mouse,

. the presence of the wu. the mouse makes up for the

hand Dbeing off the leybi.... ip virtually =1l instances,

2 particular advantage of the mouse is its large size,
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which allows it to be lncated with the peripheral
vision; laying a hand on the mouse can be achieved

without removing one's attention f£rom the screen.

Certain kinds of graphics tablets do not use a pen, but

a mouse~like device. Thase are much more expensive than

mice, but would probably work as well in this “
application. They are considered as special cases of -
mice for the purposes of this study. i

8.1.5 Keyboard Intensive Applications

The use of a pointing device and merus in  keyboard
ix':tensive applications is contraoversial. A study was e
made of this aspect by using the DeskForth system for i
some time as a pure word procassor and editor for memns, g
letters and similar things. It became apparent that the
pointing devices mentioned in the previous section were
unsatisfactory, wiih the sole exception of the mouse.
For the xeagons . .>.ained  theve, the mouse s
svrprisingly usable in  the keyboard intensive
application. However, the whole concanst of using wmenus

in a strietly woxd prreossing environment was thrown

into doubt.

Typirg is soch an sutomatic process that the use of

menus is disruptive unless la'ge scale changes are to be
done, such as moving paragraphs arnund. The mouse and
editing menu was found to be vory successful in the type

of sitvation where the old fashioned writer would have

B e T T R R e T T el
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used a pair of scissors and a bottle of glue, In
hindsight, this is not very surprising. In response to
the need for smell scale editing features to be
available at the keyboard, several changes vere
incorporated, such as the change to insert mode, the
inclusion of a delete key, and the inclusion of a pair
of functions that allow the insertion or c¢losing up of
blapk lines. "hese few changes, when combined with the
mouse and ment system vresulted in a very successful
wditor, appendix U contains a list of the keyboard

functions available.

8.1.6 Non-Directive Operation

T™he nen-@irective nature of the system proved to be a
problem for a certain group of users. This was the
exg : jenced software “expert”. !lo other user found it ta
be probler, in fact the novice user found it to be
guite natural. wWhile the nnvize user was quite happy te
try out different ways =»f deing things, the more
esperienced person felt Iinsecure without the familiar
rigid structure ané “ar: ypsy  sure?" messages. This

probler generally reselv:. itself within a few days.

B.2 Practical Problems

LY is always the c¢ase, hardware limitations and
practica. restrictions resvlted in many modifications to

the Initial syater before it could  be  called
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]
‘\ )
successful. .
I
|

8.2.1 Memory Size

At unforeseen characteristic of test saftware caused a

fundamental change to Wave ko be undertaken at a rather

P . late stage of development., This is that the test sulte
of & LUT grows in size from the priginal test
spocification proposed by the designer, to include a
whole saries of tests designed to cover grey areas in

the dasign. Uhen the LUT goes inte produetion, the suite

N gravs some more, to cover the grey areas in the [
ptoductinn srocess. After a peried, the UET design and <
the productinn process mature, and et this paint the

test suite bogins te shrink angain until it is once wmore

relatively small. The initjal estimates as to the

DY

regnired test suite size had been based on several units
- in productien, ané the ncceptance test specifications of

\_ several nev designs {ic both population: were ot phases

m af develeopmont where the test suite is relatively
s snall),

L . 1t becamo obvious during the practical trials that the
I
|

system would nced to be  able te  accommodate

signifigantly larger test suites than had originally i
been  planncd  for. In additien, the changes oné
improvements that had Dbeoon instituted under prossure
frar 4the users had all used up memery, This prablem was

golved by mapping a large progortion of thc system data

118~
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to disk based virtual memoxy.

e

8.2.2 Speed

The probler of response time has been dealt with before.
some of the techniques used to speed up the system were

to write hey youtines in assembler (something which

Frrth scoommrdates very well), to pay clase attention to

the algorithms useu in certain key areas, and to remove

e-ror checking from parts of the system that were ;
running reliably. & simple solutien to the speed
probles became available about haliway through this
procass. This was an “accmlerator" card which replaced

the 7pple's L MHn CPU with a new versien running at 3.5 i

. Zltanugh  the systen verks acceptably without the
accelerator card, testing applicetions reguiring high

speeds have this option apen te them.

8.2.3 varieties of Apples

Apple released the ILpple //¢ soon after the development
af Ip8ys began. The primary differences concern  the
neyboaré and the display. The systom was medified to

make vse of the improved features of the ' nev machine,

but care was taken tn  ensure that older Apple II

machings could he used., The seoction demeribing the :
rrtinns  mehe  in Appencix € covers the most important i

¢ifferences. Coxtain more subtle differencos, especially

with respect to the reset cyele andé interupt handling

i e e T T 1. et ene o wean e sa s i
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also had to be addressed.

8.3 The Test Language

The design and implementation of an English like test
language proved to be straightforward once the
requirements had been finalised. the cencept of
wziicitly defining the context of the woxds made the

implementation relatively problem free.

vUse of such a2 language to write actval application
seftware has proven very successful, The ahility to
tailor the language to suit the reguirement results in
s&ftware that is elegaent and straightforward to read and
to write. Howsver, the fact the language was compiled,
rather than interpreted, has proven to have certain

disadvantages.

8,3.1 Context Dependancy

¥hile the icdea of context dependant meanings +to words
grew out of a purely theoreticsl analysis, the practical
application has proven tn be both easier and mare useful

than was anticipated.

The  first by~product  discovered  was that the
implementation of software in this fashien often leads
to code that is fuster at run time and also wore campact
than is the case with more classical methods, Since the

nuances of run time behaviour can be sorted out at
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campile time by a caontext sensitive compiler, only the
code that 1is necessary need be compiled, In addition,
no time is wasted at run time in deciding what needs to
be done. MHaturally, many compilers do this as a matter
of course. 0Making the context sensitivity explicit,
however, seems to be a particularly simple ané elegant

method.

aAnother by-product is that the compiler can check  to

mahe sure that words ure being used correctly, by
ensuring that the words used are in context. Further
zeflection shows that this is in fact a generalisation

of the concept of strong typing.

another benefit  was that the classical system of
paraneter passing to procedures cooulé be assisted,
Parameters passed to procedures can be divided for oeur
purpnses inte two types. Firstly there is data; two
nunbers passed to an "addition" procedure to be added
together fall inte this category. The second kind of
parameter is information intended to modify the
behaviour of the procedure; an adding procedure might
rejuire, apart from the data, a parameter saying whether
the things to be added arxe numbers or arrays. The
second type of parameter can be seen as contextual
information, Having the concept of explicit oontexts
availakle leads easily to the use of overloaded
operators, after the fashion of the language Ada. An
overloaded operator is one which always looks the same

to the programmes, but hich the compiler recognises s

=121~
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ane of » family of similar operstors; the compiler
chooses the correct nne by referring to the type of the

operands.

Finally, this systex allows the systems level programmer

to write his software in a variety of ways, depending on
A the wmerits of the case; parameters can be passed via
[P Gata or contextual information, and the compiler can

resolve gquestions either at compile time or run time

depending on the efficiency needed, withont the test
writer needing to know any of this. Once the syntax has

been finalised, the system programmer can change his

implementation without affecting the test writer at all,

A The primary reasopn £or this flexibility is the large

amount of redundanrt information that is available in

° standaxrd Znglish syntax. |

In summary, the concept of concext sensitivity embraces I

the fields of typing, overloaded  operator-, ané

visibility. It is of great assistance in geu :ating
R understandable software, and also assists the compiler

in generating efficient run-time code.

8.3.2 The Simple Imperative Sentence

Restricting the sentence structure to the simple

imperative has nnt proven tn be a problem. Ne case has

|
yet been found where this structure has not sexved. b
i

Defining the result sheet information was the most R

difficult problem as it turned out, and this was selved ; i
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by breaking the definition into several sentences. An \ .

example can be seen in appendix C. >

8.3.3 Supporting the Test Writer e

The goal of d&ividing the software writing between :

specialist and non-specjalist was one  of the
conrnerstones of this project. The idea that _the
straightforward software should be written by the u;er,
end the specialist xeserved for the complex problems,
nacde sour;é sense in theory. Initially however, problems

were experienced,

The problem lay in how to spe : & requirements for

the special (LT functinns., & E configuration

software, being structured sround hardware, was no
problem. The @ifficulty lay in specifying special, UuT
specific functions. After a periad it became clear that i
the problem was due to the user being concerned about
the implementability of bhis specificatioen. This was
compounded by the specialist whase first reactior to
seeing the speocification was to change it ton ease
implementation, or increass overall consistency. At .

this stage the method of specification was a list of R

functions that nesded to be generated, supplied by the f [
test writer., tith Lotk parties thinking in terms of H
implementation rather than recuirements, problems were

inevitable.

i
& method of working that concentrsted on the test l

;

H
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requirements, rather than on software, had to be found.
% solution that workeé¢ was to ban the use of all o
software related terms, such as procedure, parameter, C e

subroutine, etec, from the specification. This caused a

subtle change in orientation. Instead of specifying the

software that he wished &o write, the user would now z(
i
- specify actions that the test eguipment, or operator, or

®, LU would need to perform.

Thereafter, the specialist creates English sentences to

Gescribe cthe required actions. (It was £found that

writing suitakle sentences requires a certain knack, and

that this reguires practice; expecting the novice user (U

to write these sentences hadé been one of the problems of

the egrlier system). The sentences are then discussed

with the test writer, and once agreement has been

reached that the sentences do indeed describe the

i
|
actions that are neected, they are included in the |
writing aid. At this peint it was found to be sensible g

to wait 2 while before proceeding to implement the

run-timé verbs. As the test sulte of a DUT is developed,

there are invarickly changes that suggest themselves.

8.3.3 Compilation versus Interpretation

compiler was found to limit the usefulness of the system

i

{ The decision to implement the test language as a § i
]
in certain signifigant vays. It is probably &rue that a

an interpretive system wou'd have been too slow on the

.8
VA

1
Apple; however, as technolegy improves, ¢this should lw

1

I
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cease to be a problem,

Interpreters allow shoart programs (test pragrams fall
into this calegory) to be ezsily debugged, since tiey

are generally moxe interactive in nature than compiled

systems. This is one of the reasons why BRBASIC is so
popular., The edit/compile/run cycle is not only
time~consuming, but zlse less easy to use for the

e o non-specialist user.

turing debugging of the ATE, and later when faulty UUTs
:" 4 needed £0 be dQebugged, it became apparent that the

ability to single-step through a program would have been

- very useful. The problem in implementing 2 single
stepping functien using a compiler is concerned with S
B P
indicating to the wuser which step he is on. BAn HE

interpreter can show the exact line in the source to the

usex as it is interpreting it; this information is ~iten

not easily recovered from the compiled object code. oot

tany very short programs’ were written ta favlt-find
W either the ATE hardware ox the UUT, These were often :
P B." five or fewer lines long. Having to cempile and
recompile such shert pragrams is inefficient. It would

be ideal to be able tc write and exicute such programs

i on a line by line basis. Each successive line might in
o fact be determined by vwhat happened when the previocus

| line was executed,

Thus two needs wore identified that had not Dbeen

pddressed at the start of the study; the need to be able

Rt
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tn single step thrnugh programs, and the need to be able
to interactively wtite and run test snftware op a line
byA line basis, Implementing such & syster is easier to
de with an interpreter, or an incremental compiler. A
fully compiled, system is also possible, but would

require more effort to develop.

8.4 The Writing Aid

The use of a writing aid resulted in a subtle change in

the development strategies followed by the ATE

developers using it.

In the past, the debugging af the test software had

proven te be a .major part of the development effort.
Timescales ha¢ usually dictated that the test software
an@ the ATE hardware be debugged in parallel. Thig had
in {tselt caused problems. In addition, since the VLT,
was usually undergoing development in parallel with the

ATE, the test regulrements were usuvally changing, v

resulting in cantinusus delays and rewriting of

software. ,“ t

The use of the writing aid reduced the test genexation
time £xom typically months to the order of hours or N ! i
days. This allowed the ATE developer te concentrate on ' B

the hardware for a langer periad secure in the knowledge . ‘
thet the tests would bhe written gquickly when the ‘

hardware was working,
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The writing of ATE specific instrument drivers was
separated copceptually from the writing of tests, and
this resulted autematically in cleansr, mexe clearly
specified packages being genherated. The ATE develaper
concentrated on producing a working ATE system rathexr
than on testing the DUT. As a result, the effects of
changes in the UUT were reduced considerably. The actual
test software was typically not generated until a few

éays before the scheduled delivery ‘cE the ATE.

Once the ATE had been delivexed, a further effect was
noticed. The ATE users began generating all sorts of
diagnostic tests. In addition, once i became cleay that
c\{anging the test software was a relatively simple
oporation, the acceptance test procedures undexwent
radical changes. Thus the normal precess of change that
ascceptance test procedures undergo was greatly speaded
up, since  experimentation  was now  economically

possible.

A problem Dbecame evident, however; configuration
management of the test snftware became difficult. In the
past, changing the software had been the domain of one
of two “experts", and they had kept control of iassue
raises in a resasenably {nformal manner. This system had
to be formalised. Confisuration audits were now
sirplified, since the test snftware could be easily nead

and compared with the Acceptance Test Insrruction,

1t is normal for test software to undergon revision after
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it has .~en in use for a perind, Three techniques were

found to «seful in this process.

~ Vhere relatively short tests needed major revisions,

the writing 2id made it sasy to simply rewrite the

whole test.

1

Small changes to tests (for example changing the

acceptance iimits, which is a very commen change) R PO
are mest easily achieved using the nnrmal editing
N facilities of the system, rather than the writing

.8 aié.

Larger changes or additions to relatively long tests

vere mast easily achieved by using twe pages on the

o desktop. Apart from the file containing the original
n test, & second page was used to write the revisien N !
ey on. This was achieved using the writing aid. The

revised portion wag then inmerted inte the old

software using the cut and paste editor. fThis

- technique also allows the revised portion to be

’ . tested ladependently.

‘e»‘ The  tecanigques wrad for changes demonstrate the .

flexikility of the system, and emphasise the usefulness

of being akle to bypass the writing ald menus when " . {
appropriate. The fact that the editor is always
availakle is &n instonce of non-modality; the updating

f techniques described depend on this characteristic.
|




CorCLusIOn

8 CONCLUSIONS

f,1 validgity of the Goals

The specific goals of the {nvestigation, described in

sectian 2.4, were found to be valid, The majer goals can

- develop & test language that is hardware oriented,

and English like in bnth vogabulary and syntax

’ be summarised as follows ; .
|
L - develop an operating system that is nhon-directive, )

[ nan-modal, rultitasking, and easy for bnth B

specialist and non-gpecislist to nse

- develop 2 test writing aig that allows

non-specialints to write tests

b The wvalidity of the concept of an English-like test

language was proven uneguivocally. The hardware

orientation nf the test language was greatly preferred

by the users (typical comments include “"you knpow where "

you are vsing ApSys, unlike system X'"'. The wrxiting of

the test programs was effectively reduced to a
conceptually and practically trivial exexcise, due to

the understandaiility of the software. This result

emphagised the impartance of readakility over easy of

weiting,

The operating systex con.2pts were proven to be workable

and very useful. Uhether or not they are the best

-129-




CONCLUSIONS

1
solution teo the problem is not as clear. Certainly, the } N
multitasking proved invaluable, and the editor angd ;
windowing part whe system was very easy &to work with, |
The non-modality . £ the system is probably its createst

sdvantage; using ~ther systems is extremely frustrating

after using this one.

while easy ta use, has limitatioms as regards <future

i

E
The methoé used tp access mass storage (the filex), J <
growth; there are better technigues that can be used.It '

would be desirable to allew the system to interface more

easily with other applications such as spreadshests and

database systems. This was not a goal of the

investigation, but in hindsight it should perhaps have i

been.

In summary, while ¢the user interface was proven, the
interfsce with more standaré operating systems could be
improved. Lonetheless, the primary goal of the operating

system, that it should be easy far both the specialist

ané non specialist to use was achieved, and proved to be

valid and useful; both specialists andé non-specialists //‘

* can, and e, use the system.

The test wrsiting aié proved both useful and necessary.
The writing of tests with it could be reduced to the %\a
last, and easiest, item on the agendz, No prior training

was peeded in order to use it, apart from a five minute

|
; demonstration. fince it manipulates text only, and does
‘ not have to function as a procedure generator, it was
|
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¢asy to implement and configure. Since the test language
was English, there was no need for a complex procedure
genezator in the .xiting aid. The synergy achieved
between the operating environment and the English like
test language mede the test writiang aid both the easiest
ané most successful part of the project. The English
syntax was as importart here as the vocabulary, since
the order nf words was guite netural, making prompts to
the operator explaining how tn chnose items £rom menus

tetally unnecessary.

Finally the cost geal was praven totally valid; this is
hardly surprising, since low cost is always & desirxable

attribute.

cne  subsidiary goeal thot deserves attention is the
Gecision that was made to place the onus of doing the
cnrrect thing oa the user, rather than having the
corputer check everything xigoreusly. Although the
system has net yot been used on the production line,
there is some evidence ta suppnrt the validity of the
reasoning leading tn this decision, Unfortunately it
will be some time before the final answer to  this

guestion is known.

9.2 Usefulness of the Techniques Used

The following concepts were faund to  be édefinitely

usefule
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- The test snftware should be hardware oriented; this

is a necessary attribute from the point of view of

all system vusers

- The test language sheuld be English 1like in both

vogabulayry and syntax; this is necessary if a
N writing aid is %o be used, or non~specialist

[ personnel is to write the tests; it also aids the

task of all other system users

The system should allow a user selrcted range of

instruments to be slotted in as required; this has

substantizl cost advantages (the system described
- cost approximately one fifth the cost of comparable
bought in systems; the cost was not signifigantly

i higher than for an eguivalent manual test statien.)

-~ Splitting the effort between specialist areas is =

highly desirable goal, which not only reduces costs,
but also shortens timescales, since specialists are iy

always in demand

Ron-modality is highly desirable, although not

1

of absolutely necessary

Multitasking is very useful, although not abselutely
necessary; it saves time on the production floor,
and eases the task of the software specialist, both

w of which save money

The use of the desktop paradigm was successful in

that it was ecasy and enjoyable to use; other K}
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operating environments may be as successful, ’*

however. MWo final conclusion can be drawn; all that

can be said is that it works well. [
- The use of 2 mouse &as a pointing device is very oy

desirable, if the chosen operating system reguires

cursar movement; no other device presently available

2 uvas found to be as successful.

- *he use of a software writing aid is definitely
B indicatad; this should be Sone in conjunction with a
test language that has an English like syntax; this

greatly simplifies the implementation of the writing

aid,

1

the ability to bypass the menu system is invaluable;

small scale changes can be made to the tests fax

more simply by the use of the editor, rather than

the writing aid. This is probably generally true.

The compile step between writing and running the

software should be eliminated; test praograms are

. cmsEm

small and the dJisadvantages of compilers outweigh
the advantapes in this case; interpreters allow
greater flexibility iIn interactive testing of the

vUT, especially when diagnosing UOT faults.

9.3 possible Future Directions

It would be ideal to be abkle o run & spreadsheet

- program on one page on the desk, the test system on
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another, and a different application {perhaps a
communications program) on yet another, and sllow data
to be shared between these applications. The apbple
computer is too limited a machine to allow this easily,
but more modern computers, with larger memory addressing
ranges, cowld achieve this easily. The Apple wMacintosh,
while net multitasking, achieves data sharing., The
success of the windowed, mouse driven user interface is
emphasised by the enormous number of commercial packages
now { beginning of 1985) becoming available, that use

this type of interface.

Integration of ATE systems with the zxest of the
pr‘neuction system is another arez that this project gid
not touch on, The fields of Computer xided Engineering
{CAE) ané é&ata/saftware integration are presently widely
separated, and wuch benefit could be obtained by
integrating the recent wark that is being done in these

separate fields.

Faster computers make the use of an interpreted or
incrementally compiled test snftware feasible. This type
of system allows easy disgnosis of faults, both in the
test program, and in the DUT. More werk is definitely

indicated in the asrea of UUT diagnastics after fallure.

Brtificial intelligence has a clear application in the
conversion of test instructions into English like test
programs, The flexibility requived of sub~agsembly

testers makes then prime cancidates for the application

~134~
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£ flexible manufacturing systems (robotics) especially

2

in the area of mechanical jigs, which this ipvestigation
only  touched on. The cost of the mechanical jigs in the
test case presented here was was great as the cost of
the ATE. Many sub-assemblies need to be oriented in
space and moved around as part of thelr test procedure,
an area where robotics is alresdy active. Integration
of rabotic assemsly with test systems appears well

within the capability of current technology.

ATE systems in all areas except that of sub-assemblies
have matured to the stage where it is possible ¢to
pgrchase systems hare cheaply than to design them
in~house. These cost and time savings are not yet
realisable in the sub-assembly ATE area, Ronetheless,
the concept of user configurable ATE, together with a
vendor supplied software lidrary, brings this within
reach, The system described here could probably be used

as the basis for such a system.

- 4
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ATE QUESTIONNRIRE

This appendix contains "an example of a questionnaire 4
used to establish the perceived needs of wvsrious users
L

of ATE. The results of the questionnaixe aré spmmarised

in the following table. )
: i

The opexator must feel cthat he is in control L
o The aperator must be prevented from damaging the system N
The test software must be readable e
The test software must he understandable by the operator
The system must be configurable to do unusual tests
. The system must be relisble
N The system must be design ergenemjically i
: A system self-test is reguired o
The technigues used by the test writer must be obvious o
Operators must be low skill personnel |
“he latest hechneolicgy instruments most be used }
Standard instruments must be used
Stapdardisation should not be aimed at, since it is inflexible |
The tests must be well decumented !
o Tests wust he essily changed |
. Tests must be readable | 4
Tests most ve repeatable 1
Costs must de Kep:t low to allaw cheap system duplication ;
The system must be usable ta track down problems manuvally
. - The system shauld be intersgsting to work with }
P The actual working nf the ATE should be obvious {
i Interfaces between the ATE endé the UUT must be robust i
o Support for the cantraller and instruments must be available
b The nperster wust know whethex the UUT ox ATE is faulty }
J
f

pf | The test language should suit the type of testing being done
' "The machine must work for the operator, not vice vexsa"
Maintenance time must be kKept to a minimum

I
: } Instruments must be easily replaceable
¢ Testing shoulé procede guickly
The operatar must like the eguipment
The ATE should be testable N
The ATE designer must get satisfaction from using the system
Hew tests rust be easily added
The operstor must be nble te chovse vhich tests tn do

)'
i
{
{
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ATE QUESTIOMNAIRE

BI_DUSGAN.,_(OFfion N3, BNOGINEBRING BLOCK)

ZEST EQUIPHENT QUESTIONNAIRE
TUBTS YITRUSTING VRABLYS

There are two i ires
o tn Englioh and one in Afz-v.kaann

= fill in only onc

Bagr e tuce tdenticse vraelyote aangeheg, con in
Afrtkaans en cen in Engels. Vul net cen in,

Blrave pogt, o returs by hand
St qooehitof forug, por pos of per hand

~ a4 Lage

Y
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ATE QULSTIOKNAIRE

A. PROPOSAL DETAILS

Please szZ in the faZlamng detatla, None of the
- quagtions in thiy questionaire arg sensitive. No
names will be published or digtributed in any way.

5 DEPARTMENT «vvvvivvnvsnnnns e

. WHAT IS YQUR MAIN INVOLVEMENT WITH TEST EQUIPMENT
1

2,
3

ad

Operator .
Maintainance

Tewt designar/ writep

vy ¢) Test systam designer

e §)  System usor (eg production engincer)
o ! 8) Other (opoecify) .

Leee

* WHAT EXISTLNG TEST SYSIEMS DO YOU, OR HAVE YOU HAD
CONTACT WIZWU?

. ~23

© oo S WP e e 4 s




g T e

ATE QUESTIONNAIRE ﬁ
|
L
.
Is,
|
! .
: Ly
5. nouRE Lo
2) 75 TH CHOICE OP INSTRUNENT INPORTANT 10 Y0U7 !
ves [ w0 ] ;
" ur?
: .
i 3) IS THE CHOICE OF COMPUTER IMPORTANT 10 Y0U? ‘
A
N

s s [ w[]

way?

i ¢ 3) IS THE CHOICE OF CONFIGURATION, EG INGTRUMENT DESKS
E INSTRIGENT RAGKS, WETGHT CF INSTRUNENIS, ST48 E1C :
v THPORTAT 70 YCU? ;
1. * i
! s [ wl])
: wi? .
Sk '
Ie
s
.
i
ool '
ly R4

[T E—————
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ATE QUESTIONNAIRE

4) DO YOU FEEL ¥OU SHOULD HAVE A MAJOR INFLUENCE
ON ANY OF THE ABOVE FACIORS?

s [] no[]

IF 80, WHICR ONDS?

; .
[ Yo
» §) WNAT OTUER ASPLCIS OF TEST EQUITNENT HARDWARE ¢
ol AFFECT YOU? IN WEAT WAYS?

o
o

Y-

— - oo S S ® P




c.

1)

3

4}

ATE DUESTIONNAIRE
ATE QUESTIONNAIRE

SorzUARE

IS THE LANGUAGE THE SOPTWARE IS WRITTEN IN (BG
BASIC FORTRAN, ASSEMBLY; FORIH; POSCAL ETC)
IMPORTANT 1O YOU?

ves [ w[]

way?

IS 4 SELETEST TMPORTANT 10 YOU?

s [] w[]

WRY?

IS READABILITY OF TUF SOFTWARE IMPORTANT Y0 XoU?

res[] w )

wHL?

I8 THE WAY THE SOFIWARE BEHAVES IMPORIANT TO YOU?

s [] w ]

~56n

L wwn + orm——
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2)

ATE QULSTIONNAIREY

ARE J'IIH‘TECIINI(JUES USED BY THE TEST WRITER IMPORTANT
0 Your .

ves ] w[]

why?

AR THIRE OTHER ABPECTS OF 185T EQUITNENT SOFTWARE
WEICH AFREST $JU7

ws ] ) wl]

IN KEAT RAYSY

. N

[y ﬁaﬂ.e /]’2’ oneZlcd L;v ﬂ°ﬁ"‘1’°‘w;"2
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ATE QUESTIOWNZ RE

IN ORDER FOR YOU 70 OPERATE BETIER

SHOULD TPST SYSTEMS BE TAILORED IO THE LATEST
TECHNOLO: , OR STANDARDISED FOR A NUMBER .JF
YEARS?

LATEST TECHNOLOGY
STANDARDISED

EXPLAIN:

SUOULD THE TEST EQUIPMERT BE IN CHARGE OF WHAT IS
HAPPENING OR SHOULD YOU CONTROL THE SYSTEM?

IP YOU ARE NOT A TEST EQUIPMENT OPERATOR, DO YOU
THIRK THE OPERAYOR SHOULD CONTROL THE TESTER, OR
THE OTHER WAY AROUND?

DISCUSS:

A%~
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ATE QUESTIORNAIRE

3)  SHOULD EACH U (UNIT UBDER TEST) HAVE I78 QWN .
SPECIAL 70 PURPOSE, DESIGN OF IESTER OR SHOULD
A COMMON SYSTEM BE USED FOR EVERY UUT IN

“a) 4 PRODUCT RANGE seecras [ ] comon [
b) OVER ALL PRODUGTS seecras 7] cousow [7]
DI5cUSS:

IS ONE BIG, FAST, TESTER BETIER, OR SEVERAL
SMALLER TESTERS?

816, mast [ ) sors oF swizer [ )
waz?

SHOULD TEST SYSTEMS BE DESIGNED INSIDE KENIRON, OR
BY OUTSIDE FIRMS?

wstor [ ] ouzsroe[ "]

WHY?

~10-




ATE QUESTICNRAIRE

B. YOUR VIEWS s
PLEASE WRITE DOWN THE FIVE MOST IMPORTANT ASPECTS
OF THST FQUIPMENT AS THEY, AFFECT YOU; AND INDICATE s f
TRINGS THAT SHOULD BE LONE TQ IMPROVE TRESE ASPECTS ., ]
55
: ;
.
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o
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i
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MULTIFORTH

This appendix containg a copy of a supplement to the
Fig-Forth Reference Mahual. This supplement contains a
description of the d&ifferences between the standard

Farth described in the Reference Manual and the “(‘

multiktasking Forth system developed by the suthor to

support the Desktep Cperating System described in  this

1o dissextation.

le Since MultiForth is a general purpose software system, .

and is not confined in application to the field of AaTE,

there is & need for documentation to support the general
user. The MultiFerth Supplement is supplied to users of

HultiForth. It is expected that they will already have

obtained & capy of the Peference Manual from the Forth

Interest Group, ox their representatives iu South Africa

{F1a88) .
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MULTIFORTH

MULTIFORTH

SUPPLEMENT TO THE FIG-FORTH REFERENCE MANUAL

P J DUGGAN

The FIG-Forth Reference Manual is obtainable couxtesy of
the Porth Interest Group, PO Box J1¢5, San Carlos, CA,
Usa.

MultiForth is a multitasking version of Fig~Forth. Both
MultiForth and the MultiPorth Supplement are Copyright

PJ Duggén,

S
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MULTIFORTH

1 INTRODDCTION

1.1 geope

This supplement describes those features of MultiFerth
which are distinct from the FIG standerd. In the main,
this consists of the verbs zequired to define and
contrel tasks. Some modifications of the kernel were
also made and these are described. This document is a
supnlenent to the FIG-Forth User Manusl, and the reader
will gain mest benefit from it if he xeads the Usex

Manual first.

1.2 General Description

Kultiroxeh s 2 versian of FIG Forth with the addition
of multitashing features. 1In Dbrief, this means that
several processes can proceed In parallel, sharing the
CEU between them.The applications nf multitasking vary
from multi-user systoms, where several terminals are
connected  tn  the same computer, ke multi-process
systems, wvhere {t is desirable te have several processes
running or available at the same time, Lxamples of the
latter can be found in same of the Integrated saftware
pachages whieh are becoming available on personal
camputers, whore a spreadshect, a word-processor and
paxhaps 2 graphics program a¥e available simultaneocusly
to 8 user in 8 multi-window envizonment, OCften, several

processes which need te be completed for o given end

’"% hae L
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result are conceptually parallel in nature, and writing
softwaxe for these cases is grestly simplified wusing a

multitasker,

2 TYPES OF TASKS

There are several types of tasks. These aze Terminal

e tasks, Background tasks, and Shadow tasks, They differ

' i in the amnunt of memory they take up, the facilities

b which they offer and system overhead they entail.

2.1 Terminal Tagks . B

These are the mest complete tasks. %he nermal Forxth

systen is a terminal task. ©They have thelr own

dictionary, own stacks, own User Variables, own Terminal
Input Puffer (TIR), and own pad. The maln Forth system :
X is 2 terminal task called QPERATOR. All the other tasks

in the system are usually contained in OPERATOR's i
dictionary space. A terminal task can heve it's own £

texminal deviee, such as a VOU. Annther example of a

3 terminal btasi is PRINTER., This is & complete terminal

. task exeept that it has no keyboard. I

2,2 Background Tasks

B These tasks are more lirited than terminal tasks since
they have no dictionary, no TIP, and nn ped. They take

up much less memory than terminal tasks. They are used

T T T T ey




- [V g

MULTIFORTH f

for system functions or functinos which 4o not need

direct operator 1/0.

2.3 Shadow Tasks

4 These tasks are very limited in size and facilities. o
2 They do not have their own stacks, user variables etc, ]
[: They cannot run high level PORTH verbs., Thelr advantage

is that they take up very little memoxry space, and the

lo time to activate them is very small., They therefore
impose very little overhead on  the system. They axe
commonly used for simple system functions such as
polling for a given status. They will often activate a
background or terminal +task do the more complicated 8

i functions a particular status reguires.

1 3 CREATING A TASK |

L Creating am active task requires typically three steps.
‘ The first step creatos the tashk “hender" and allocates
memory to the task, The second step sets up the task to l
be ready to run. The third step sctivates the teask and ] ?

tells it what te 8o, A shadow task is slightly

° different, but this will be doscribed later.

3.1 Task Censtruction

In order to create a task the fallowing verhs are used:

“B5~
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a b ¢ TERMIMAL name

will crente & terminal task where

a is the size of the dictionaxy, in bytes
b is the size of the stacks, in byies

¢ is the number nf user variables

name is the name of the task

This must be fallowed by:

nawme CONSTRUCT

Creation of a background task is similar:

% ¢ BACKGROUND nawe

nane BUILD

where b and ¢ are as in the case of a terminal task.
8ingce a background task has na dictinnary, it's size

need not be specified,

The user variables in each case are initialised to the
values current in the tashk that created the new task

(usually OPERATOR).

2 shadow tash takes only one parameter, the address of

the machine eode subroutine it will execute:
adx SHADON name

The ghadow task pexforms the routine at adr by using a
subroutine call (JEF). The rovtine roturns control to

the system by executing o roturn from suvbhroutine (RTS).

L
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3.2 Activating a 9osk

A task is created with it's status byte set to 1., This
affectively disables it until the status byte is set to
8 Before a terminal oy background task is activated,
it's interpretive pointer (IP) must be set to point at
the wverb{s) it must execute. This is done in the
following way., A verb is defined which, when executed,
will set the task's status byte to 0, and will point the

task’'s IP at the verbs to be executed :
¢ GO taskname ACTIVATE some-verbs 1 STOP ;

This will activate the task called "taskname", and set
it to execute ‘“some-verbs'. The copastructioen 1 STCP
deactivates the task when some-verbs is finished, by
plaging a 1 in the task's STATUS byte. Any non-zero
value in the task's status byte wil; desctivate that

task.

A shadow task is activated by simply setting it's status

byte to zero:
C name SEADCU.STATUS

WARRINC: A backgzound or terminal ,usk wust never be
allowed to execute the ;" at the end of the verd which
activated it. A STOP must always be placed before the

and ol the activetion verd to prevent this.

D%n
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4 HOW THE MULTITASKER WORKS

the multitasker is a simple round-robin. Each task is
activated in turn, when the previous task releases the

cr.

4.1 Pausing a Task

Any . & that is active, but that ot present does not
have the CPU, ig ssid tn be PAUSED, Naturally, at any
instant all but one of the tasks in *he system will be
paused, Each task does a few things, and then pauses;
the mnext task in the round robin is then activated,
ur;tz'l it in turn pavses, The verk which a task uses to
release the "PU is, as might be expected, named PAUSE. 2
task can PAUSE at any time, but the most common place is
during I/ opexations. It is good practice ta put PAUSEs
insicde loops that will tzke z long time to execute, to

avoid causing delays in other tasks in the system.

4.2 Task Registers

The FCRTE system has several syster registers., These are
1P, the interpretive pointer; UP, a pointer to the base
of the wuser variabkle takle; i, the current working
pointer which is cderived from IP just before a verb is
executed; SF, the stack pointer (in the G502 medel this
is synenymaus with the Neregister); TP, the return stack

pointer ( in the €502 mal¢l this is the CPU machine

Sy
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stack pointer); and ME, the pointer to the currently
active task's header. 3all these registers, except W,
are saved in a tasks buffer ares when it PAUSES. ¥ need
not be saved, since it is pointing at PAUSE whenever
PAUSE executes, and it's next value will be derived fram

IP when the task is reactivated.

4.3 The System Stacks

The Forth svstem has twn stacks, the Parameter stack and
the Return stack. In many models, these two stacks are
in main memory, and each task has it's own stacks.
However in the 65¢2 model, the parameter stack is always
:n page zero, *o allow the ¥-xegister te be used to
.déress it, ané the return stack is the machine stach.
Therzfore, whenever a task pauses both these stacks nust
be saved to a task buffer area. This is naturally slower
than  simply saving pointers to the stacks, as can be
dore if every task has it's own stack area. The
advantage is that actual stack operations are very much
faster in the 6572 model. The return stack especially is
used heavily by the inner interpreter, NEXT, and so
effirient operation of this stack is important.
Normzllv the stacks are very small in size when PAUSE is
executrd, and g0 the overhead involved in saving them is

small,
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4.4 User Variables

Bach task has a group of varisbles that it alone ecan
access. They are arranged in a table, the base of which
is pninted at by UP, the User Pointer. When a task is
active, UP points to that task's User Variables. BAmong
the uses of - the user variables are to store task
specific system values such as OFFSET, SG6,,R6, CURRENT,
and CONTEXT. In addition, it is convenient te vector the
primivive I/0 functiovns svch as KREY, EXPECT, TYPE, EMIT,
CR, etc via user variables., In this way, each terminal
task can have it's own specific 1/0 primitives, which
are transparently used by other verbs such as LIST.
E;:ecu‘.:ing LIST in OPERATOR will automatically cause the
TYPRE putput to appear on the VDU, while the same verb

executed from FRINTER will cause the output ta appear on

the printexr. This is because the user variables 'TYPE
and 'EMIT are set up specifically for each task.

H Executing TYPE or EMIT from any task will vector via
that task's user variable takle to the 1/0 verbs defined

. \ specifically for that task.
g i
|

VECTORING CORVIPTICNS ¢ The following conventions are

2 used in naming vectored verbs @

Primary verb TYPE, EMIT

. Variable containing the PFA of the

verb vectored to 'TYPE, 'EMIT

hetual verk executed (TYFE), (BNIT)

= e e i
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For example, if a new versien of TYPE is to ke used in a

new terminal task, this would be achieved by the

following means:

+ (WEW.TYPE) NEW VERRS ; ( defines the new verb )

' (NDW.TYPE) 'TYPE ! ( changes the vector )

5 MODIFICATIONS TO THE PIG MODEL

The following modifications (ie not merely extensions)

te the FIC madel were made.

5.1 Insertion of Pauses

pauses were embedded in all 1/C verbs, ie terminal, VDU,

printer, and disk related verbs.

$.2 Resource Sharing

since several tasks wmay want to use a particular

resource at the same time,

it is necessexy to have an

arbitration rule. This is descriuved later. Useage of

the printer and the disk drives is governed using this

rule, and the relevant verbs were modified accardingly.

5.3 Vectoring

The following system verbs are vectored: RESTART, QUIT,

ar

BOR®, LRROR. They aze the same for all tasks, an@ are

=Bl)~
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merely vectored for convenience. eg

¢ ERROR {ERROR) }

A new version of ERROR can be defined and the vector

changed thus :

' (BEW.ERFOR) CFA ' ERROR !

1n adéition the following user variables are used to
vector task specific verbs : ‘TYPE, 'EMIT, 'CR, 'EXPECT,

‘RE¥, and 'PAGE.

z

5.4 Forget

The memory management of & multitasking system is moxe

complex than a single tasking system, and FORGET has

o been medified to reflect this. Cssentially, since the

ie memory is broken up into diverete porkions by the

)

RS various tasks, and each task's Jictionary is inside it's
t
' own memory portion, new verbs are nnt always at higher
i

locations in memoxry than older verbs. In addition, each

'y task's dicticnary links into the dictlonary of the task

which created it, all the way back to OPERATOR. The new

PORGET?, therefore, must aveid forgetting verbs in other

tuask's dictionaries. More subtly, a verb may be .

preceded in the linked dictionary 2ist by & verdb in
another task, and succeeded by a verb in yet another

task, Thus it is insufticient to merely reset DP and

LATLST when forgetting... those verbs created later than

the one heing forgntten, but which eaist in other tasks'
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memory sreas must remain in the dictienary.

The new FORGET therefore will only forget words in a
task's own dictionary, and will leave a correctly linked
dictionary when it is finished. Any words above the
forgntten word which are in that task's dictionary will
also be foxgotten as is normal. Words in other tasks’
dictionary areas which are above the forgotten word
either physically, because they are higher in m-mory, or
logically, because they were defined later, will remain.
3 side-effect of the new FORGET is that werds which are
in & task's dictionary ares, and are logically later in
the dictionary than the forgotten wnrd', but which are
lc;wer physically in memozy due to some non-standard
manipulatinr, will be d&elinked, and thus forgotten,
although that memory area will not be automatically

recovered.

kote that if & vocabulazy is forgotten, all the verbs in
that vocabulary wiil be forgotten, no matter which task
they are in. Potential problems can also occur when a
task defines a verb in its own dictionary which uses a
vark Erom anothor .tas':‘s éictionary which is
subseguently forgotten by the other task. The verb using
the f£orgotten verb will remain, and behave erraneously,
and probably catastrophically. It is therefore gond
practice to define all verbs which will be used by more
than one task as part of OPLRATCR's Jictienary. 1t iz
also a good ideo for easch terminal cask to have its own

VOCARULAPY, which will separate the verbs in  its
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dictionaxy from the rest of the system conceptually as
well as physically. In keeping with the FIG model, but
in contrast to most actuel implementations, FORGET will
only work on the CURRERT or ‘“definitions" vocabulary.
This is logically sensible and analagous to the defining
case. I1f each task has its own vocabulary, as
described, it is explicitly necessary to invoke another
task's vocabulary before verbs in its dictionary ares

can be used, with the consequences this entails.

Due to the complexity of the new FORGET, & debugy

tool has been included. This 1lists all the verhs
c?nsidered during a FORGET, and indicates which of them
have been delinked, and thus forgontten., The utility is
controlled by a system variable, FRARNING. When PWARNING
is 1}, the teol is operational, and when it is @, {t is
disabled. If the conventinns described earlier have been
followed, hawever, FORGET behaves consistently, and this

tonl is not reguired.

5.5 Erroxr handling and Restart

Tnis agpect has been improved so that most errors in
tasks are iselated to that task and do not cause the
rest of the system to crash. Background tasks however
are created with WARNINC set to -1, since they have no
means of error natification; thus 1f an error occurs in
a backmround task, the system will ABORT. LBORT  has

been modified to indicate which task was aborted. The

~B144
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verb ¥YY? may be executed from the keyboard te get the
error message. A second errer occurring during the
process of handling an errar alse csuses the svstem o
ABORT. Since the erxor mesgsages are contained on the
disk, a terminal task trying te indicate an erzor might
not be able to {f amothexr task has the disk. This case
is treated as though WARNING was €, ie an error number

is shown,

m™he syster stertup is via the normal COLD or WARNM
verhoYs. ~ verb executed is RESTART which is 2
vacknrar ®his is especially useful to allow
a?dicinnul tasks' to be restarted apart from OPERATOR.
For exemple, if a task activation verd was called
TASKL.GO, and that task was to be activated at startup,

the fallowing procedure would be followed:

(testart) (reostart) taskl.ge ;

¢ {xestart) cia ' restart |

1 this procedure is f£ollowed, any addition to the
staxtup routinge will f£ollow autematically, and ne

knowledge of the previcus (restars) in necessary.

6 USING THE MULTITASKER

The use of a multitasning systex is Qifferent in a few
subtle ways from a single tasking system. The biggest

differences ave discussed hera,

< L A whoo ‘u‘kkw@
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6.1 Resource Sharing

Common resouxces such as the &isk musi be shared between
tasks in a suiteble fashion, and conflicts prevented.
The way this is done in MultiPoxth is by means of the
functions GRET and RELEASE. Before a task can use the
disk drive, for example, it must first obtain the use of

it by exscuting:
DISK GET

where DISK is actually a variable which is defined in
the sysiem, GET fizst checks that no-one else {s using
t}‘ae @isk; this is the case if DISK contains 6. If
semenne else is using the disk, DISK will contain an
adéress in that task's header; in this case, GEP will
PAUSE until CISK becomes €. CET then places the address
contained in ME in DISK. When the disk operation is

corplete & task releases the fawility by executing:

CISK RELEASE

which putr € in DISE, GET and RELEASE can be used at any
time, ie you can GFT or RELEAST 2 facility, whether you

prosentiy have it or not, without harm.

Grrting and RELEASEIng the disk is done automatically ia
the disking primitives in Nuleirortl, and so it is not
necessaxy to oxplicitly OIT the BISK in most cases, It
is worth while remembering that a verb such as “BLOCK"
FELELSEs the disk immediately Jfter It ls executed.

hnather  task  could then use the &isk drive and

=216~
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overwwrite the buffer at the address left by BLOCK., The
contents of a block should be jmmediately moved to a
safe place befere editing, for example. Whan the time
eomes to veplace that block on the disk, the original
address will, in general, no longer bhe correct, and
RLOCK shoulé be used again, the data moved ta that

adcress, and the block CUPCATRA,

6.2 Printing

During a printing operation, the computer spends a large
praopnrtion of it's time waiting for the printex. One of
the advantages of multitasking is that the time spent
waiting need not e wasted, but may be a.located ta
annther task to do something in, MultiForth contains a
terminal task called PRINTER which has all  the
facilities of a normal terzminal, with the exception of a
keyboard, PRINTER obtains 1it's input in the form of
commands  f£xom other hasks such as OPERATOR. These
commands sre exactly like the commands that would be
typed at the keyboaréd of a noxmal terminal task. The
noxmal commands  that weuld Le sent to PRINTER &re
printing commands such as LIST, but BRINTER can do other

things as wall. The format of commends is as follaws:

PRINT # 3N

where # is any character (eften a quote "} and NXXXRXN
represents any FORTY  verbs that can be executed

interactively. ilate that the Gelimiting character is the

ol . e e
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first non-blank character after PRINT, ané that all
characters from that character until its next occurrance

will be sent to PRINTER. A nractical example could be:
PRINT / . PROGRAM LISTING ™ DRL 20 LIST /
A more complex example :

PRINT / ¢ zap 3¢ 20 &o § list loap ; /
PRINT / zap forget zap /

The last example will list screens 20 to 29 on the
printer, and then forget the verb used to da the
printing. In bath cases, while the printer is busy
OPERATCR is active and can be doing other things, such
as editing. an important point is that 2AP is detined
in PRINTER's dictionary, and OPERATOR therefore could
compile new verbs inte its own dictioenary while 2P is
being executed, and these would not be affected when ZAP

is forgatten by BRINTER.
PRINT can be used inside definitinns:

print " ¢ {disk.dump) 141 1 do i list loap ; "

print ¥ : disk.éump print / (disk.dump) / ; "

Note that (DISK>DUMP) and DISK.DUMP will be contained in
PRINTER's dictionary (although they could just as easily
have been put in OPERATOR's dictionary}. Since PRINTER
has its own vocabulary, PRINTING, using DISK.DUMP “:om
CPLRATOR reguires that the vocabulary PRINTING  be
invoked fixst, If it had been put inte OPERATOR's
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dictionary, then this woulé not be necessary.

6.3 Intervpt Handling

In most systams the handling of interrupts requires the
use of long assembly language programs, A multitasking
gystem allows the interupt handler to be written in high
level FORTH, and placed in 2 task. The task remains
dorman:  {ie its status byte is non-zexn)} until an
interupt occurs. A small assembly language program then
simply sets the status byte of the interupt handler task
to zera. when the task is finished, it places a 1 in
its status byte again., The following trivial example

illustrates the point.

108 107 80 terminal interrupter
interrupter constroct

1 go.intervupting  interrupter activate
bogin & status ¢} { switch off until interupt ocaurs }
pause { will not bo reactivated until status = ¢
. interupt occurred { when reactivated
again
i

code aandle.interrupts
sei, {mask interrupts)
rig, ( ané save acocumulator )
ro 1ds,
interrupter 1+ sta, ( restart interrupter btask }
=la, ( resine see
cli, ( unmask )
ztl, { carry on
end-code

‘ hendle.interrupts hex FEPD !
{ set 65P% interunt vecter to this reutine )
an,interrupting { staxt task opcrating

Testing the interunt handlex is casy since

HANDLE, INTFRRUPTS is edoovtable from the keyboard if the

“r1fe
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BTI, is replaced with the usuval

7 ANATOMY OF A TASK

hny task has o header. In a shadow taslk,

it ends.Background and terminal

HEXT JNP, construction.

this is where

tasks have buifer and

user areas as well, ané terminal tasks have 'a Gictionary

srea,

HEADER Ko
RUEFER

Cmm

SEP ARBA
——eeel L

T

G

TICTIORERY
Lo

7.1 The Header

ne

up

T8

FENCE

prToR

b ¢is-acsembled listing of PRIDTER's header follows:

€F3T. Al U1 LY #8010 {
GFSF~ D 12 ERT §6F04 (
6rél- 4C FC FE JUP POLLOWLP (

CPG4~ 59 (P B #56T (
6Pt~ ¥E L ETh ML

GREE- AL €1 L7 #8061

EPER- L 1AL 8Ta

CHECF S8TATUS )

¢ MCARE TASR I8 ACTIVE )

HOT ACTIVE, 80 GOTC HRADER CF
PENT TREBR IN QUEUE

PUT ADDPDSS NF JNF 0O
FOLLOVER IN 2 FCR USK RURING
TRER SRITOH OVER )

Wi el
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6F6C- 4C L4 4R JMP (PAUSE) { GOTO ROUTINE TO SWITCH TASKS )
MZ  contains the address of the jump to the next task's
header; in PRINTER's case ME woulé contain 6F6l. then
PAUSE is executed, it does a jump to the address in ME,
which causes a jump to the header of the next task, The
previous task te PRINTER in the queue would have ME
pointing te a jump to 6F5D. Therefore when the task
prior to PRINTER PAUSEs, a jump occurs to PRINTER's
header. The first thing that happens then is that
PRINTER's status byte is checked, In the example shown,
PRINTER's status is »nnt zere, therefore a Jjump is
performed tn the header of the next task...PRINTER
effectively PAUSES before it even starts. If however
6FSE  cantaiat a zero then a jump is performed ‘ta the
multitesker, which is called (PAUSE). Befoxe this
happens PRINTER's HME is stored in zero page, so that

{PAUSE) knows who to activate.

A SHADOW task behaves slightly differently. The header
af this kind of task does not contain 2 jump to (PAUSE).
Rather, it dones a JSR to the machine code routine that
the SHADOY task is tn execute, and then after the RTS it

jumps to the header of the next tusk.

7.2 The Buffer Area

The first thing (PAUSE) does is& save the old task's
stacks and system registers in it's buffer area. The
buffey area contains the following data:

~P21-
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8P+RP, UP,IP,SP,RETURN STACK, PARNM STACK.

After saving the old task's buffexr, (PAUSE) fetches the
contents of the ~ew task's buffer snd fixes the system
registers and stacks for the new task. It then fetches
the new value of ME from where it was saved in zero
page, and puts it in ME. It then jumps to the inner
interpreter via ?5TiHCR. ?8TACK is a code routine to
check for stack evexfi~ws. The new task is then uctive
until it executes PAUSE, which will jump via %% to the

jump contained in the tasks header to the naxt task.

7.3 The Dictionary

A terminal task has it's own memory area, consisting of
the User Variable table, the TIB, ané the dictienary. A
background task has only a User Variable table. FENCE is
set to the beginning of & terminal task's dictionary
when the task is CONSTRUCTed, and another user variable,

DTCR, paints to the end of the task's memory area.

L T




{PAUSE)

(WAIT)

8 GLOSSARY

(e

{ n..

ACTIVATE ( n...

BACKGROUNT { nl n2..__)

BUILD ( n..__|

L

)

)

)

MULTIFORTH

The multitasker. Jumped to from
the hradexr of a task that is
about to be activated.

The normal routine vectored ta
by WAIT. Causes the task
executing it to PAUSE 1@ * n
times. .

Used inside a colon definition
to activate a task. Eg
3 GO taskname ACTIVATE
some,verbs ;

will cause the task named
taskname to become active and
start executing some.verbs. The
task executing €O deoes not
execute past ACTIVATE.

Used to create the header and
allocate memory for a
background task with n2 User
Variables, and a combined
return and parameter stack size
ef nl words. Used in the form

nl n2 BACKGROURD name

ithen executed, name will leave
the addtess of the start of the
task's headex, Name 1+ will
leave the address of the task's
status byte., Sees BUILD .

Used to initialise a newly
created background task. Must
be execvted before ACTIVATE.
Used in the form

name BUILD

~[23~ .
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COMSTRUCT { n..__ )

MAKL.CPERATOR {__..

whexe name is the name of the
task.

Used to initialise a newly
created terminal task. Must be
cxocuted before ACTIVATE. Used
in the form

name CONSTRUCT

where name is the name of the
task.

Used to  determine  whether
another task is using a shared
facility. Used in the form

DISK FREE?

Leaves a true flag if the
facility is available, else
leaves a false flag.

Used to obtain the use of a
shared facility. 1f the
facility is being ised by
another task, the reguesting
task will be paused urtil the
facility becomes free.

Uncaonditienally takes contrel
of a shared facility. Used@ hy
GET.

Used during system startup to
create OPERATOR.

A system register in zero page
containing the address of a
jump to the header of the next
task in the gueve. PAUSE jumps
indirectly via this lacation.
The address in ME is a fixed
affset from the current task's
status byte and this fact is

~n24-
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used by STATUS to return the [
address of the current task's
status byte.

PAUSE {__.._) Feleases control of the CPU to B

the next task in the gueue. o

i

I

s PBRANCE (__.._) The primitive used by REBEGIK. .
g Takes the address compiled
ie in-line and puts it in IP. b
= REBEGIK (__.._) Analogous to AGAIN, and used in :
the same way, with the :

L &ifference that REBEGIN causes
o the task to  PAUSE before }
\ returning to BEGIN., Used in the .

i
i

. i, £orm =i
N . SEGIN scme.verbs REBEGIN B

! tn create an endless 1lnop
executing some.verbs.

i RELBASE (n.._) Used to release control of a
i shared facility. Used in the
form

" DISK RELEASE

task calle¢ taskname from the
round-robin, It is essential
te do this before FORGETting a
task.

;
t

. f REMGVE {n..__) taskname REMOVE will remove the ;
;
i

! REKDEZVOUS (n.._} Used tn synchronise two tasks
i Task-A executing
i

- TASK-B REIREZVOUS

w#ill then PAUSE until TASK-B
o oxecntes

TASL=A RPRDEZVQUS
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RESTART ( __.. ) The last verb executed by the
cold apd warm start routines. ‘L
Executes the latest version of B
(RESTART) , which can  be
medified by defining 2 new
{BESTART) and putting the CFA
of the new verb inte the PFA of e L
RESTART, Usually, the  néew
(RESTART) will execute the old
ane befare the additions. H

SHADOW ( n.. ) Used to create & shadow task.
address SHADGW name fof

‘ i will greate a task, name, which l i
i i will execute the machine-code !
Pl subroutine at address each time :
! the multitasker round-robin
S ‘Y activates name. The subroutine
L« must end in an RTE,

) An ASSEMBLER macre used by
SHADOI! to create the header
code of a shadow task.

SHADOY.COBE {__..

STOP ( n.._) Puts the value on the stack
irto STATUS, and PAUSES, A
non-zero value will cause the
task to stop.

} An ASSEMBLER macre to create .
the header ¢ode of a background "
or terminal task. Used by
TASK.CORE. »

TASK.CORE ( _ ..

TASK.CORE { nl n2...5 ) Used by BACKGROUND and TERMIKAL I
to greate z task header. Leaves N
the address, A, of the buffer H
area. Takes the number af usex .
variables, 2, and the size of
the stacks, 41,

- 26~
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) Crestes a terminal task with
2 dictionary of nl bytes, a
stack buffer of n2 bytes, and
n3 user variables, Used in the
form:

nl n2 n3 TERMINAL name

Erecuting name wili return the
sddress of the start of the
task's  header. The task's
status byte is the second bpyte
in the headex ( ie name 1+ ).
Must he followed by CONSTRUCT.

Waits a time determined by n
{often n  milliseconds). In
systams without a realtime
clock. will pause 18*n times.

L
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1 INTRODUCTION

This appendix describes the details of the primary
software modules that make up the system. The overall
structure of the system is described and the methods
used to overcome the major design problems is set

forth, The emphasis is on description of key aspects of

the system software rather than on the actual snurce
i\ . code. No attempt is made to exhaustively describe the
inner workings of FORTH itself; the methods used are not

{ langvage dependant. Honetheless, some of the examples ol

bY are necessarily fragments of FORTH cede. These have been
extensively commented. Where special extensions [:34 N

modifications Lo the FIG Porth model have been made,

H these are described briefly.

g

.
kY

%

0

-1~

n A B g &



SOFTWARE DETAILS

[N toval 4
3 I tastn o
i
o X
' + 5
: configurad ApSYs ¢
Lovat 3 aeivet bibeory InatTument Drivers
F 5
L spacial Utilicigs
; i
[ . M
b
L — ApSys coro — =
3 i
i . tovel 2 ATE
N : tanks & Tools
i
e
I +
| — . Hulkivotth Doskrarth
|
H "
i taved 1 Seandord 170 Dosktop paradigm .
o + 1P
o i
' E— i
1
; toval 9 Keznel fornol
4 =
.
1av 4
< .
! Figure C2: foftvare Ftracture =02«




SOFTHARE DETAILS ﬂ

2 SOFTWARE STRUCTURE

“he overall system was built using a step by step, or
lgyered approach. This allowe? the debugging of the

software to procede in manageably small increments,

while also ensuring that the effects of changes could be |
easily gouged from their effect on the interface betwesn 7/,1
each layer, The layers &are shown diagranatiecally in \
figure €2, It is convenient to use names for the

. various layers. These are listed here.

MultiForth.,.a multitasking version of FIG Forth,

used in level-l.

- The DeskForth Kernel... a package of the most
T primitive FORTH verbs and utilitles. In combination

with an I/0 packsge ané other ¢tools, such as an

editor, it can be used to form a bootable FORTH
gystem. HultiFnrih consists of the Kernel together i
‘e with an editer and a standard set of 1/0 -

primitives.

DeskForth ... a multitash.ng voxsion of FIG Forth
f whicn has a deshktop paradigm and menu GAriven
operating system in place of the usual usexr
,C\ interface. It consists of the Kernel plus the

\{5 deshtop user interface. Synanymous with level 1.

. Apfys ..., an acrenysm derived from "apple" and “Test
System" which has evelved to describe the entive

test seoftware system. Level 2 is called the ApSys

“C3-
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Core, while level 3 is referred to as a Configured
ApSYS. The ApSys Core consists of DeskForth
together  with the AT BUNPOre tasks. The
configuration process, which results in a Configured
ApSys, cansists of adding wtilities to the core to
sllow the contxel of the facilities of a particular

ATE,

QUT  Dest Systen....this is the finel configuration
and consists of the Configured ApSys plus the suite

of tests reguired to test a particular DUT.
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3 THE KERNEL DEVELOPMENT SYSTEM

3.1 MultiForth

One of the first reguirements that was addressed was the
develapmant of a multitasker. This colminated in a
complete Foxth system, besed on the FIGC model, with
wmultitasking eshancements. The differences between
Multiforth and FIG Forth are described in Appendix‘ B.
MultiForth was used to develop DeskForth. The source
coée was generated using the MultiForth editor, and each

verb tested under . ultiForth before the entire system

was compiled.

The choice «f Forth as the system development language
was made ip an earlier phase of the development, The

reasons for this choice are repeated briefly here:

- Forth is very compact, an important considexation in

keeping the system cost down,
- Despite its compact nature, Forth is fast.

- The availability of source listings  and
meta-compilers meant that the Forth kernel could be
modified to efficiently suit the system's

requirements.
-~ It was available on the Apple II computer.

~ Forth lends itself to context sensitive softwars

develapment, a reguirement which had been identified

05—
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3 THE KERNEL DEVELOPMENT SYSTEM

3.1 MultiForth

One of the first requirements that was addressed was the
development aof a multitasker. This culminated in a
complete Forth system, based on the FIC model, with
multitasking enhancements. The differepces between
MultiForth and FIG Forth are described in Appendix B,
MultiForth was used to develop DeskForth, The source
code was generated using the MultiFerth editor, and each

verb tested under MultiFsrth before the entire system

was compiled.

The choice o0f Forth as the system development language
was made in an earlier phase of the development., The

reasons for this choice are repeated briefly here:

Porth is very compact, an important consideratien in

keeping the system cost down.

¢

Despite its compact nature, Forth is fast.

~ The availsbility af source  listings  ang
meta-compilers meant that the Forth kernel could be
modified to efficiently suit the system's

regquirements,

It was available on the Aprle II computex.

i

Forth lends itself to context sensitive snftware

development,‘ a requirement which had been identified
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as crucial in the design of an English-like test

language.

The risks involved in developing & multitasker fox
Forth were considered less than Lor othex

contendexs, such as Pascal.

3.2 The Meta-Compilexr .

The Forth kernel source is traditionally weitten in
Forth. This means that existing Forth system must be
used to compile it. A proprieta,y meta-compiler was
purchased for this purpnse. The meta-compilexr can
compile itself into any location in memory, and can be
used to compile the ApSys kernel into another place in
memory. In fact, anly the bare minimum for a warking
Forth system was compiled this way, the Kernel itself

being used to compile the rest.

3.3 Debugging the Kernel

1t vas anticipated that the Kernel would be the wmost
€ifficult part of the syster to debug. This was because
the operating system itself was being debugeed; exrors
would invarisbly czuse the entire system to orash
aatastrophically, For this reason it was decided to
debug the Kernel in as minimal a configuration as
possible, &nd to get it working reliably hefore the

comparatively unknown andé xisky desktop operating system
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was campiled. This approach was supplemented by testing

all the kernel primitives individually before the Xernel
was compiled as a system. As a result of this approach
the Kernel ran the first time it was compiled by the
meta-compiler. 8ince the behaviour of the Kernel was
designed to be similar tn a standard Forth, bugs were
easily identified, and the errors found were usually

trivial mistakes, rather than conceptual blunders.

OR—- o e
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4 THE KERNEL RUN §YSTEM

This consists of the minimal bootable system compiled
using the meta-compilexr, together with tools and
uctilities used by the later layers, all running under &

tewporary user interface,

4.1 Temporary /0

In orxder that the kexnel could be debugged seperately
from the desktop operating system, a set of standard 1/0
primitives was included temporarily in the Kernel. This
was fecilitated by making use of one of the

characteristics of HultiForth; all I/0 primitives are

called via vectors contained in each task's Usex

Variable table. The temporary 1/0 verbs were compiled
physically seperate in memory £rom the main dictienary,
and when they were no longer reguired they were simply
discarded, the system 1/0 being vectored to the new

desktop operating system.

4.2 virtual Memoxy

Much of the ApSys system is not needed in main memory at
any particular time. An example of this is the dozens of
menks associated with the wuiting aid, which are
probably not being used at run time. Another example is
the assembler, which is very rarely used at any level

higher than level~{, These parts af the system are kept
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on the gisk until needed. A set of tools was developed
to make use of the disk as wvirtual memoxy. These
include virtual srrays, byte fetch and stove werbs, apd
block moves bhetween wain and virtual memory. The
virtual memory is configured as 64 Kilobytes of byte
addressable memnry, plus a further 1€ blocks nf page
addressable memory. These latter are used as buffers for
the pages an the desktop, and similar applications. They
are 1024 hkytes in sizme, The entire virtual memory space

is paged as required inte 8 Kilobytes nf main memory.

4.3 Headerless Definitions

fhe Forth dictionary consists of a series of verbs. Bach
entxy ‘in the dictionary caonsists of the verb header and
the verb body. The header containg information used by
th; compiler when the verb is used by a highe. level
verb, and by the outer interpreter when a verb is used
interactively from the keyboard, The body is simply a
list of addresses of the verbs that comprise that

particular verh,
s
taturally, in a complete system the only headers that

are reguired are those of the verbs that arxe going to be
called interactively. The vast majority of verbs aze
celled by other verbs, and not interactively from the
keyboard. The name of the verb is therefore only used
when  the system g being compiled, In many turn~key

systems, no verbs will be called: interactively; the

~
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system simply boots and performs its task. Many of the
headers are therefore of use only for a short time and

are simply 'a waste of space after that.

another version af Foxth, PolyPorth (a registered "

trademark of Forth Inc}, has & £acility which enables S
the bodies and headers of such verbs to be compiled into :
seperate wmemory blocks. When the headers are no longer
required, they can be éiscarded. Although the PolyForth
aictionary styucture 3s signifigently different from
that of FIG Forth, the concept remains valid and
implementable. Tools supporting headerless verbs were

therefore developed and included in the kexnel.

4.4 Arxays

The deskinp operating system makes use of arrays in ;
several places. The array facility was developed as a
generalised facility for creating and accessing arrays
of bytes, words oxr other arrays. Boundaxy and type
checking is done. Arrays of two or more dimensions are
addressahle as arrays of arrays, and this can have

signifigant speed advantagoes,

4.5 The Printer

one of the most obvious advantages of  having a

multitasking operating system is that the printer need

not hold up the rest of the system. Noxmally & printing

“Cl0~
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task spends a large propertion of its time simply
waiting for the printer. In a multitasking system, the
corputer can ba faing something useful during that time.
The printer task is implemented as a full terminal task,
except that it has no keyboard. Ohe printer task can do i

everything that a noxmal terminal task can, and thus one

can send it high level cowmands and it will perform all
the disk access, caleulating oz vhatever else, that is : !

required.

¢ ~C1l-
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5 THE . 3SKTOP OPERATING BYSTEM

5,1 Modelesy Systems |

one of the design goals of ApSys was that it shoulé
avoid Ffrustrating the user as much as possible. One
common cause of operator frustration and resentment is

the phenomenon known as modality.

A zimple example of a mode , found in editing
applications, is the insert vs overstrike mode. In
insext mode, striking a key causss all text starting
from under the cursor to the end of the line to move ane
sp’ace t6 the right, the key struck is placed into the
resulting blank space, and the cursor wmoves one space to
the right. In overstrike mode, the struek key simply
replaces the character under the curgor, snd the cursor

moves one space to the xight,

Each mode has advantages in ¢ertain circumstances. Iin

practice however, most people chonse one mnde and stick
to it for mnst of their work, sinze the continunus
frustration of typing a kaey and seeing the wrong thing
happen, due to being in the wrong mede, has greater
weight than the extra keystroke required at times when

only one made is used.

Dven & simple modal effcct like the one described causes
resentment when it interferes with an avtomatic process,

such as typing.

~Cl2-
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iodality is even more frustrating when it appears under
the guise of the "exclusive mode"., An exclusive mode of
operation is one which prevents the user from accessing

a oystem facility while that mode is in effect.

Imagine 2 person editing a file on a word-processor. He
wishes to append another file, say &n appendix, or even
a series of appendices, to the present dogument.
However, he has forgotten what the filenemes of those
appendices are. He must Jleave edit mode, and enter
command interpreter mogde, in nrder to get a catalng of
the files on disk. There is a whole list of appendices,
s@ he creates a f£ile 2nd 1lists all the appendices intc
that file. Then he goes to print and Fformat mode and
prints the file containing all the appendix filenames,
Then he rxetvrns to the command interpreter mode and
...can’t remember the filename of the original document.
He gets a catalng of files on disk and loads the file
and enters edit mode...to discover that he JSorgot to
save the latest changes before f£inding out the appendis
names, Luckily, the system always saves a tempoxary copy
of the last file used, so he exits edit mode, and
returns to command interpreter mnde angd inads the
tempozary copy.He then gnes back ta edit mode,
and...fniled agein...it kept a copy of the last £ile he

worked on, and he has before him a list of appendices!

The problem describe® above is caused by the

exclusiveness of " ench system mode. One cannot for

~Cl3~
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example get a disk catalog while in edit mode. i

This is circumvented in DeskForth by having all the
commands ave ble at once, Certain commands are

apparently mutua..y exclusive but this is got around by o r

one of two methols. Either they are executed by seperate

tasks, or else their output is sent to seperate places,

Each of the menus in the operating system represents a
grovp of commands that are often modal in classical

w - operating systems. For example, if one is editing a

pascal file wunder the (CSD p-system, which {5 a very

¥

b

|

i

; or both.
¢

12

1

|

H

|

H

?

1 common operating system, it is not possible tn get a
J

{

i

catalog of the disk files without leaving the editor. i

The edftor is an application that has exclusive use of ‘
i
the system while it is running, Thus modality Iis i
ol required because only one applicatien can run at one

i time.

i Even if the editor were able to get a cataleg of disk ‘
{ f£iles, a second problem would arise, Either the catalog
would have to be written over the program that is being
edited, oxr the editing wnuld have to be suspended while
the catslog was being displayed, This would make it

[ difficult to use the data in the program without

. actually retyping it in by hand, The data would be ~
available, but not as useful &as it might be.
The analogeus situation in this system is editing either /

S & Forth source program, or a test program, This is done

~Clé-
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by writing the software on one of the pages on the
desktop; and using the editor menu as required. Another
aonlication, the test writing aid, is avallable, if it
has been compiled into the system, simply by accessing
its menus. Even {f a facility that is wanted has not
been compiled intn the system, this can be done at any
cime, s.mply by inserting the razlevant disk, and

compiling it. I1f a file index is needed at any time,

this can be obtained by using the £iler memu, and
another page on the desk. Data obtained by any means can

be “out" fror ope page and "pasted" into anothex.

5.2 Non-Directive Systems

4 directive system is nne which tells the user what he !
nmust do, ané then asks him if he's sure that thet is
what he wants. MNany people feel secure in this kind of
envizonment, but it can be a sonurce of great resentment

to others. DeskForth is o non-directive system that |

uses an UNDC command to provide security. In most cases
selecting UIDC will reverse the effect of the last
command. For exarple, while edlting one might wish to

delete s paracraph. 3 directive system wight say

SELECT COMUARD : M)OVE, D)ELETE, R)ILL.va...0te .
one selects DOLETE and tho computer recpondst

CELELY WEAT? EWTLP LINE NULBER(S):

sfter the line numbers have been entored, the computer

~C15-
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asks:
THIS COMMAND DELETES TEXT: ARE YOU SURE? (Y/N):

Desfsorth avoids this, while providing & level of
security that is at least as comprehensive. in order to

achieve the same result as the above, in DeskForth one

would point to the beginning and end of the text to be
deleted (using the mouse), move to the edit menu 2nd
select DELETE (again using the mouse). Immediately the

test to be deleted is selected, it is highlighted. As

soon  as  DLLET is selected, the highlighted text is
removed., However if one dees have second thoughts,

selecting UNDC replaces the text.

The actual effort involved in the two cases is about

equal. In the first example, one types D 5..7 ¥; in the
second, one selects the beginning, then the end, then

) DELETE.

apart from the resentment that the first method cauvses,

the second wmethed is a2lse guicker to lesarn, since one
. can try things out without fear oFf the result being

* i” irreversible, The UNDC method allows ynu tn change your

%f mind aftexr you have seen the result of your actiens, and

4

this is very useful.

, i; Certuin things are difficult to UNDC, An  example of
i this is formastting a disk, Short of saving the entire

! contents of a @isk in memory before refrrmatting, it is

difficult to undo a format command. Most systems provide

~C16- i
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a two step command to safeguard the user, usually via
the FORMAT, ARE YOU SURE?, YES route. DeskForth alse i
pravides a two step commend formula, for the same

reason, However, the psychology is entirely different.

[
|
i
!
when reformatting a disk one first selects TRASH from H
the Disgking menu. This command "trashes" the disk, ie
|
L

makes it unusable. 2 message is given that the data

. disk has been trashed. Any attempt to use a trashed
disk will result in an arror message. This command is
reversible (UNTRASH). Once a cisk is trashed, it can be

. N reformatted via the IRITIALISE command. If one tries to

\l < " ir..itialise a goond disk, a message is given to the effect

that the disk is goed, and shauld be trashed if it is to

i

|

i

i

i

1

i

!

i
v be reformatted, However, initialising a2 brand new disk f 0
does not reguire the trashing step, since the system |
i

accepts an unformatted disk as not containing good

o

data.

H
Sp the user whe is perfectly aware of what he is doing 5
will select TRASH than IKITIALISE, without having to ‘,‘b

answer impertinent gquestions. The unsure user will be

able to select TRASH or INITIALISE secure in the

S knowledge that nothing too terrible can happen, [
Pinally, if INITIALISE is selected in error, the system
! will not damage a disk with good data on [t. If TRASH

i is selected in erxor, the error is immediately

reversible, by simply salecting UNTRASH,

' =C17-
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5.3 The Desktop Paradigm

The user interface is represented by a desktop
paradigm. Pieces of paper can be put on the desktop,
and they <~an written on, meved around, overlapped, etc.
The system menus are also represented as little pieces
of paper with lisv: of commards on them, They can also
ke moved around, arranged and overlapped an the desktop.
The total desktop is bigger than the screen. A mouse
pointing device is used to move a cursor around the
desktep, and the screen moves te follow the cursor if it
is about te move out of the viewing area. The mouse has
a button on top, and this is used to select whatever It
i; that the cursaer is pointing at. This may be text, a

page, a menu, or an item in a menu.

5.4 Menus and Pages

Menus have becom# a well accepted way of presenting the
available options to the user., They are particularly

helpful while learning a system, and to the occasional

user,

The normal way of inputting data te the system is by
writing it onto pages that are 1lylng on the desktop.
Most data that the system outputs te the screen is alse
written on a page on the desktep. Thus each page can be
likened to the screen of a more classical computer
system. The advantage here is that there are several

screens available without the hardware cost of several

k"
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terminals.

The page that the user is writing on at any particular
time is always the topmost of all the pages on the desk.
Any page can be brought to the %op of the pile by

selecting it with the pointing device.

The pages are physically mapped to disk based virtual
memory, Data cengerning where they are on the desk,
whether they are currently displayed or not, where they
are kept in virtual memory, anéd so on are kept in an
arxay, This array is indexed to a smaller array known as
the page queve which specifies the order in which they

are to be put ante the desk.

Moving. & page around the desk ihvnlves changing its
pasition daka. If a page is moved out £rom under annther
page and placed on top of it, this is reflected in the

page jueue.

Creating the desktop image invelves placing all the
pages on the dJesk. First the area of memory that
corresponds to the desk image is f£illed with the
character that represents the surface of the desk. The
pages are then put onto the desk by moving the date from
the “real" {(disk besed) page to the desktop memoxry. The
order in which this is done is Setermined by the gueue.
The position of each page on the desk is obtained from
the main page array. The topmost of any overlapping page
is written 1last, thus automatically overwriting any

obscured data. This task is known as ‘"building® the

~C19~
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desktop.

Building the desktop Iis a2 reasonably time consuming
process (taking typically several hundred milliseconds
to achieve), and sn it is only undertaken when
necessary. The task that rebuilds the desktop can be
prompted to do g0 by using the command PROMPT. This
command is embedded in those procedures that cause

changes to the desktop.

The area of the desktop that is displayed on the screen
is determinad by a coordinate variakle. The screen image
is moved from the desktop image to the video memory (the
Apple viden output is a character mapped memery system)
whenever any change to the screen image occurs. This is

very fast (a few millisecands}.

It is not necessary to rebuild the desktop unless
something happens that changes the desktop radically.
For instance, if the aperator move the cursor around the
desktop, tha desktop itself does not change. All that is
necessary is that the screen memory be refreshed o
display the correct portion of the desktap. Thus maving
the screen ‘"window" around the desktop can  be
accomplished swiftly and smonthly. Similarly, typing
onte a page does nhot require the desktop to be rebuilt.
The character is placed aonto the cerrect place nn the
desktop {as well as onto the “real" page) and the screen
However, if = page is mnved then the desktop

must he rebuilt.

-Gt~
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The menus are reprasented by small pieces of paper with
writing on them. They are always "on top" of any of the
athexr pages on the desk, They are also kept in virtual
memory, and the wasys in which they are displayed and o g
manipulated are very much the same as for the other

pages in the system.

Although the pages and menus are kept physically on

disk, the disk buffer is large enough to accommndate all

the desktop data in main memory et once. Rebuilding the }

' desktop therefore d¢4s not usually invelve actual Qisk

aceess.

The methnd described for creating and displaying the

desktop paradigm results in a very fast system response.

This is achieved at some cost in memory efficiency. Data
corresponding to a page on the desktop may be duplicated i
in several places....the disk itself, the disk buffer, i
ot the desktnp image buffer, and the screen HEMOLY g;
However, the success of the paradigm depends on a !?
virtually instantaneocus response to the peinting device, ih
and so optimising for speed rather than memory

[ afficiency was necessary.

$.5 The Editor

! The commands in the editor menu act on text selected
from the a page on the desktop. One will typically

select 2 piece of text, and then select a command from

s 3 R
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editor menu.

CUT This command removes the selected text from the
page, leaving a blank space. The text is kept in a
buffer, The analogy is with a physical piece of

paper and a pair of scissors,

PASTE Will paste a previously CUT piece of text at

the selected position on the page.

CCPY similar to CUT, but does not xeplace the text

with blanks, leaving it on the page.

DELETL Replaces the selected text with blanks.
PHOTOSTAT Shorthand command to copy an entire page.
CLEAR Shorthand command to delete an entire page.

UNDO  Restores the page to the condition it was in

prior to the last editing command. .

'¥D0.IT Takes the selected text and {nterprets it as
a command. Any Forth command may be executed in

this manner. The verb is interpreted and executed by
the OPERATOR task., The asterisk in front of the
name indicates that the cammand requires data that

it will interpret.

5.6 The Filer

The £iling systom is analogous te a simple loose-leaf

bos~-file. Pages can be inseried and removed, and text

5

o g TR




- ’ " e T -

SOFTWARE DETAILS

written on them. The first page in the file is a title .
page. Th £ollowing ten pages comprise an index, which
is generated avtomatically from the first line of cach
page in the document. See appendices F and G for
examples. fThe disk in drive-2 is the file. Drive-l is

system disk centaining the virtual memory.

the
- OPEX.FILE This opens the file by accessing the disk ’
in drive-2 and replacing the current page on the :
desk with the title page of the file. The normal ,,
‘;?u editing commands work as usual on the £file pages. '
‘%\ There is no need to save changes. Like a real piece {
b ' . of paper, once & change has beep made, it has been ‘

made. The normal editing UKDC, and a £iling command,

LAST.VERSION, provide secuxity.

- CLOSE.FILE This closes the file, saving any pages in

memory to disk, and xeplaegng the contents of the
current page with whatever ''as there before the file

was apened..

i ~ TURR.CVEP Analogous to turning over a page in a :
e
i

book, this command displays the next page in the

£ile,

TURK.BACK Similar to TURN.OVER, except displays the

previous page.

*TUP. TC  Displays the page whose number has been ‘

'

selected,

- LAST.PAGE Turns to the last page in the file.

~C23~
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-« INDEX Turns to page 1, which is the £irst page of

the ten index pages.

INSERT.PAGE will insert a page into the £ile,

causing the current page and all subsequent pages in
the file to be renumbered saccordingl,, The index
will alse be updated. The inserted page will, in

general, not be blank (see RENOVE.PAGE)}.

REMOVE, PAGL Removes the current page from the £ile,

and renumbers all pages accoxdingly. The page
displayed is the next one in the file, and will now
have the page number the discarded page had. The
remeved page is not lest but can be recovered by
selecting INSERT.PAGE. ' A series of pages can be
removed and then inserted in anothar part of the

file using this command,

LAST.VERSIOR This command replaces the contents of

the current page with whatever it had on it when It
was f£irst turned te, ie all editing done since the

page was f£irst displayed will be discarded,

FILL, BAGE This command forces the pages in memory to
be written to disk. It is never absolutely nacessary
to use thi. command, but it is & safegvard against
loss of data in the avent of a power failure during

an editing session.

~ CONPILE, PAGI Thig command causes the source on the

page of the file currently turnsd to ta be compiled.

~Ca4~
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Compilation can be continued from page to page by i
putting a compiler directive at the end of the page.

This directive is imslemented in the verh "prOY, i

5.7 The Disker

- The commands provided by the éisker utility allow the

user te copy and format disks.

- IRITIALISE This command formats the disk in the data A
grive (drive~2). It will only initialise a disk that of
iy is brand new, or that has been explicitly trashed, )

using the TRASH command.

DACKUP This command copies the disk in the system

arive {drive-l1) to the &isk in the data Qrive .

{drive-2), This is the only case whera the system o)

drive contains a disk that is not the system disk.
i The standard nightmare of copying in the wrong
direction is addressed by the same methed as is used A
for INITIALISE; the system will only copy from a

good disk te a trash &isk.

- TRASE This command marks an initialised @isk in an
unambiguous fashion so that further attempts to use
it as & data disk will raise mn error, Unformatted
daisks are automatically considered as trash disks
and so an attempt tm trash an unformatted disk

- results in no change.

- UNT%ASH Reverses tho actien of the TRASH command, ie

o e L L I Ty . . — Fonm——
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makes the disk usable again. Attempting teo UNTRASH
an unformatted disk will result in an error being

raised.

5.8 Options

These commands allow the user to configure the system to

his preferences, and ta conform with the »apple

.configuration he is using, They have no effect on the

data in the system or on the pages, and merely modify

the @isplay.

- GE.CGLUMI\‘i AED 8C.COLUMNS These twe change
the display between 4C and 8C columns. Attempting to
use 8¢ columns on an Apple 1I+4, or on an Apple //e
witheut an 8¢ column card, will result in every
second character of the display being lost. The
system is still fully functianal under this
condition and selecting a 4¢ column display will

restore everything to normal.

LIGHT.PAPER AMD DARK.PAPLR Certain pzople prefer
white on kblack éisplays, and nthers prefer black on
white displays. & black on white display reguires a
good quality monitor with a long persistence
phoaphar if excessive £flicker is to be avoided,
These twe commends allow the user to cheose the

diszlay he profers.

UPPCR.CHLY AND LOVDR,CARF The apple Il+ does not

C26~
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allew the use of lower case letters, while the ipple
//e does, The display can be forced to display
everythirg #8 upper case by using the UPFI2.ONLY
command. Using LOWER,CASE will allow the display of

lower case letters again.

*DEER, *SIDEE, AND *TCFS The aesthetics of the
screen are determined to a large extent by the
characters used to denote the sides of pages
{*SIDDS), the tops and bottoms of pages (*TOP3), and
the surface of the desktop (*DESK). These can be
altered by the dsat. These commands have an asterisk
in front, denoting that the system will interpret
the selected text to get the data it needs. 7o
¢hange the deskinp surface to blanks, one could type
20 (the ASCII value for » blank) onto a page, selecg
it and select *DRER., The desktonp surface would then
be a uniform blank. Altexnatively, one could type

ASCIT +, select this and select *DESK. The desktop

surface would nov be covered in plus signs. Pexhaps

the best way however would he to type KEY, select
that and then select *LiSK. The Foxth verh KEY walts
for a keystrohe and returns the ASCII value of the
key struck, Sn seleckting *PDSK with KEY selected
will cause KEY to be intorpreted and whatever value
it returns will be used as the Gesktep surface. The
COFLRATOT  tosk will therefore walt f£or the next
keystroke, and surface the desktop  with the

character chosern. All the verbs in the system which

i
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are prefaced by an asterisk behave in this powerful

fashion.

PAGE.ONE, PAGE.TWO, AND PAGE.THREE The system can
accommodate up to toh pages on the desktop at once,
‘althaugh this would be rather crowded. Normally
three pages is sufficient. Three pages are provided
as standard and they are named PAGE.OME, PAGE.TWO,
and PAGE.THREE. Selecting their names in the options
menu causas them to be placed on or removed £rom the
desktop. These commands toggle. The pages are
always in existence, whether they are on the desktop
or rot. In the test gystem, a fourth page is
avajlable, the status page. This page contains
information as ta the system status and is
continuously updated by the MONITOR task. However,
most of the time the operaztor is not interested in
the status, and he can choose not to bave that page

on the desktop, unless he needs it

5.9 The Pxinter

As has been described hafare, the printer is controlled
by a terminal task called PRINTER. Selecting items from
the Printer menu causes the printer task to execute

those commands.

- TOR.PAGE 7This will cause the currently selected

page, which is always the topmest one on the

desktop, to be printed.

=C 28~
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FILE This will cause the entire contents of the disk °

1

in the duta drive to be printed.

*PAGES This will cause the selected pages from the

1

file to be printed. The parameters required are the
first and last page numbers in the range to be . '

printed.,

DESKTOP This will cause an imabe of the entire

T

desktop to be printed.

*DC,.IT Behaves exactly the same as the *DO.IT in the
Editor menu, but the commands are interpreted by

PRINTER, not OPERATOR.

CCHPILE.PAGE Will compile source code from the

current page in the file., The code is compiled inte

the Printer task's dictionary. This facility is

usually used to cempile drivers for different kinds

of printer.

*§PACING Sets the line to line spacing (single,

‘

Qouble, etc) ' .

*LINES Sets the page length, in lines e

*COLUMNE Sets the page width. O

TOGGL) -LE  Sets the option of a linefeed with every

carriage return (toggles).
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5.1¢ Operating System Tasks {

The Operating System makes extensive use of the
multitasker. The system tasks are listed here, and their

functions are described briefly.

The Terminal Input task is a shadow task that monitors

the keyboard., If a key is struck, this task gets the

character and passes it to the Desktop Contrel task, It

aiso receives data from the Mouse Control task.

The “Desktop Contrel task is a background task that
performs the small scale editing and cursor control
fqnctions, and also updates the -&ve and menu arrays ang
gueues. It is responsible for all the housekeeping
functions involving the desktop. Any character that must
be placed on a page is put there by this task, pages are

moved around by this task and so on. It does not

actually build the desktop, but alerts the Terminal

Qutput task to éo 50 when necessary.

tenu selections are also coordinated by the Desktop
Lt { Contrel task. This task gets the menu item selected angd
sends it to the task whose function it is to act upoen

the selected command.

1
The Terminal Qutput task is a background task that .
|
performs the screen xefresh. Uhenever necessary it alse

rebuilds the desktap.

The Cursox task is a shadow task that maintains the “

cursor on the screen. It moniters the position of the

~C3Gm
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cursor and places the cursor arrow at the correct place
in the video memory. If the cursor has moved off the
screen, this task updates the screen coordinate variable
and alerts the Terminal OQutput task to refresh the

screen.

The Mouse Control task is a shadow task that isg
activated by an interrupt rovtine. It services the mouse
interrupt, and updates the cursor pnsition if necessary.
If the select button has been pressed it alerts the
Terminal Input task, which will in turn pass this

information to the Desktop Control task,

The Cperator task is a terminal task that acts upon
commands from the EDIT, OPTIONS, FILE, and DISK menis.
In addition it is the overall system master, and

controls the startup of all the other tasks at system

'startup.

The Printer is a terminal task that receives its
commands from the PRINT menu, and performs all printing

actions.

In 2édition to the tasks listed above there are several
more tasks that are concerned with the testing function,
rather than the operating system, These will be

described in the next chapter.

R s v v n g e e
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6 THE APSYS CORE

This level of the system contains the tools and tasks

It provides the infrastructure around  which the

A7

that are reguired to turn DeskForth into an ATE system. J“
L
[

configured system is built.

6.1 Writing Tests H

f, The test language itself was expected tn reduce the
numbear of conceptual errors in the Ltest programs. i

Y However, the problem nf coding errors (especially typing i

grrors) was expected to become worse, Foxr this reason a
writing aid was required  that would assist i
f ! non-specialist personnel to use the right word, in the

right place, and to spell it correctly.

In order that the writing aid should alse be of use in
experienced test writers and test engineers, it was set

as 2 design goal that writing software using the aid i
should be at least as fast as writing it without the

aid. Anotner factor that emerged during evalvation of

2 .

the aid was that using the aid shoulé also be percelved

by the user to be easler than writing the test by hand.

6,1.1 The Writer Task

: In oxder that the writing aid should not impnse
exclusive wmodes on the. user, it was implemented as a

- seperate terminal task. The user can specify to the task .

-C32~
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which page on the Sesktop to use. This may or may not be =
a page in a £ile. The user can write directly into a -
file, or he can write onto a page on the desk and later
place it in the f£ile. 4
: |
. (
6.1.2 The General Method . {
|
{ The user will start by selecting the place on & page N
where he wants to write the test. This he does by simply )

peinting at that place with the mouse and pressing the
o select butten. He will then select the menu item

BEGIN.A.TEST. The writer task will write
Begin Test ?

on the page, starting at the point selected. The

question mark indicates that user supplied text is

required, in this case the test name. The user can go

immediately to that place on the page by using the mouse 3

or the “text cue” key, and type it in, or he can leave

it till later,

The user then starts writing the text body. The body

consists of sentences. To write a senkence, he must :

£irst select NEW.SENTERCE, the cueing key will then

take the user to the menu containing the classes of i

sentence that can be written, such as CONWNECT, SETUP, i

CALCULATE and %o on.

Selecting a2 class will cause the beginning of the

sentence to be written %o the page, usually simply the
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name nf the class, for example CORNECT.

Begin Test Eiample :-

Connact

RBote the indentation. This is done automstically by ¢he
writer task. Pressing the cue key will take the user to
a menut containing the names of the things that can be
connected, say for example a digital voltmeter (commonly
called a2 DVM), a counter-timer,as data-acguisition ‘and
contral unit (usuelly <alled a DALCU), and perhaps a
function generater., Selecting one of these will write

the correct software on the page.

EBegin Test Lyample :~

Connect DV

If at this stage the user decides that he has made a
mistake and he really wants to use the DiCU, he could
delete “DVMM  (using the nermal editing facilities),

select where hae wants the writing aid to continve
writing, and select DACU from the menu. (Mote that the

menu containing the instruments didn't go away to be
replaced by the next menu when DVN was selected; the
cursor anly moves to the next menu when the user asks it

o, by using the cue key),.

Cf course, since DVM was the last selection made, the
same effect could be achieved by selecting URDC and then
DACU. Undning only works however on the last menu

selection, and so more majnr changes vequire the user to

-C34-
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use the editor. If for example he decides after
£inishing the connect sentence that he would rather
SETUP the DVM first, he could use tre editing facilities
to move the connect statement down the page, gelect
where Lthe writing aid must write, and write the setup

statement using the writing aid &s usual.

Continuing with the original example, after the
instrument to be connected has been chosen, pressing the
cue Key will take the user to a menu containing the VUT
points that can be connected to the DVM, and oane of

these can be selacted.

Begin Tast Example 7-

Connect DVM to Amplifiex Output

deote that the word “to" is inwerted automatically. This

kind of word is often used to wake the software read,

easily. The £inal stage in writing the sentence is to
again select NEW.SENTENCE which will put the sentence
terminator “:~" on the page; one can then continuve to

write the next sentence in eXactly the same way.

Begin Test Exarple i-

Connect DVM to Amplifier Qutput i~

6.1.3 Oparator Entered Text and umbers

At times it s necessary for the operator to enter text
ox pumbers by hand. The system indicates this by means

of question marks in the omee af text, and the Y§*

~C358m~
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symbal in the case nf numbers, » special "text cue" key

3

will take the cursor to the rlsce on the page requiring

&
2

text input. Alternatively, the user can elect to leave

w

this until the whole test has been written.

G.1.4 A Sample Session \

Appendix L contains a series of spapshots of the screen
Ruring a sample test wxiting session. With the

exception of the test name, the comment-line on the o

S

result sheet, and the result nhumber, the keybnard was
? not used tn enter any text. Everything was done using
the cus key and mouse. A benchmaxk was done to compare '

the time taken to write this sample test by hand (le

withovt osing the menus), with that taken to write it

° using the menus. The results were

~ By Hand - 120 secandis

- By Menu - 80 seconds w

Both benchmarks were done by the same persan, wha was

axperienced in using the system, The results shown are

the average of three runs., The typing speed achieved in
the "by hand® test was in excess of 20 words per minute,
which is prebably faster than most occasional computer
users will achieve, However, the speed obtained using

o the menus is attainable cven by novice typists.
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6.2 Running Tests

Once a test has been written, it must be compiled before
it can be run. Once a sulte of tests has been compi‘ed,
the operator may wish to run them individually, or as a
suite, He may wish to have print-outs after every test,
or after the svite is complete. He may wish to stop
testing if a failure occurs, or sirply get a printout
and continve., The Runner task provides the tools the
operatox needs to test a UUT using a suite of tests

written using the Writer task.

6.2.1 The Runner Task

Bspecially during debugging, the system user will want
to be able to run tests while having 2 listing of the
test he is running available to him. To prevent problems
of the "exclusive mode" natuze the runner task is a
seperate terminal task. The user can tell the runnex
task to send its output, such as messages to the
operator, te a particular page on the desktop, and kesp

a listing of the test being run on a seperate page.

6.2.2 Compiling Tests

Tests can be campiled £rom a page on the desktop, or
from a file. When compiling from & file, the page bheing
compiled is displayed on the deskiop. Usually, the

runner task is used to eompile tests, but other tasks,

=C37-
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such as OPERATOR, can be used as well.

A ‘test can be written over moxe than one page, as long
as the compiler directive P.T.0 is pvt at the end of
sachk poye except the last. If the compller comes acrass
& P.7.0., it "turns over" the page in the currently open

file.

A test is not compiled into the main dictionary of Foxth
verbs, but is stored on the system disk in virtwal
memory. It is brought into the runner task's dictionary
area when needed and  linked inte the  RURNING

vocabulary.

6.2.3 Running Tests

The operator runs tescs by selecting RUN.ALL.TESTS from
the runner vocabulary, or by tvping the names of the
specific tests he wishes +to run, selecting them, and

selecting *RUN.SELECTED.TESTS. A tool that will sessist
him in this is the menu command CATALOG, If the aperator

is geing to run certain tests or groups of tests on a
regular basis, he can list the test names to a page on
the desk, edit them into suitable groupings using COPY
and BASTE, and than select groupings as cequirved. Having
several pages available on the desk, he can have the
runner task output on one page, the systen status on

another, and the list af test names on a third.

-C38-
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6,3 System Status

The system status page shows things such as the date,
the UUT number, the Operator's name, the name of the
test currently being zun, and the stnp and print options
curre ¢ in foree. Often, the user will want to change
some of these options while a test is running, so the
status display is controlled by a seperate tLerminal

task.

8.3.1 The Menitor Task

The moniter task is a2 terminal task whose output is
placed on the status page, MONITOR maintains a menu of
options which can be changed by the opexator at any
time. MONITOR al.» kecps track of what RUNNWER is doing

and displays the name of the test currently being run.

§.3.2 The Status Fenu

The status menu is the normal way of communicating with
the Nonitoxr task. Commands include SHOW.STATUS, which
displays the status page; STATUS.CFFP, which turns the
MONITOR task off; *CHANGE. DATE, *CHANGE.DUT, and
*CHANGE.OFERATOR which are used to change the displayed
date, CUT number, or operator's name; PRINT.ON.FAIL,
PRINT.ALL, PRINT.COFF, SYOP.ON.FAIL, and $TCF.OPF, which
contral conditions under which the system will step or

print a2 result sheet,
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6.4 Test Result Sheets

These are printouts of all the tast resvlts in a suvite.
They contain a list of high limits, low limits, actusl
reselts and 2 crmment line for each reswlt. The high
liwits, low limits and comment lines are stored on the
system disk when & test is compilmé. The date, result,
TUT number and how many times the test bas been run on

that UUT is stored when the test is run.

6.5 The IEEE 488 Bus

7he IZEL 488 bus is an industry standard instrumentation
b;s. In the same way as the printer can hold up the rest
of +the system, the 488 Bus can hold the system up while
it is waiting for an instrument. To Lvoid this, the 488
bus driver has been implemented as a shadow task. Since
interaction an the bus is more complex than with a
printex, a slightly different approach has been used
here. Data to be sent over the bus ir placed in a buffer
by the runner task, while the 4B8 Bus task takes the
data from the buffer and puts it on the bus., Incoming
data is treated in a similar fashion, except that the
roles of the tasks are reversed. Bus control is
performed at all times by the runpvr task, who sets up
the talkers and listeners explicitly before letting the
488 bus task talk or listen. Rone of this is visibl:r to
the test writer however, although it is imporrant te 2

TE confjgurer,
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7 CONFIGURATION FOR A SPECIFIC ATE

pefare ApSys can be used to test a DUT it must be
configured for use with a specific set of instruments
and & syitching matrix, and any special verhs required

must be added to the systenm.

7.1 The Configuration Process

Configuration takes place in phases. Usually an
acceptance test instruction is written first, The ATE
Engineer then decides on the instruments he needs and
designs an ATE to sult the UCUT, Sometimes several DUTs
will be testedé on the same ATE and the instrumentaticn
will be chosen accardingly, At this point the instrument
érivers can be written, or selected from a library. The
interfaces and looms can now be designed and the
suitching configuration for each UUT decided an. This
information is used¢ to configure the software that
cnntrnis the switching matrix. Finzlly, special and
complex procedures required, if any, can be written by
the ATE designer and added tn the ApSys system. At this
roint, the specialist worlk is finished, and the process
of urning the acceptance test instruction inte test

software is straightforward,

Later changes to the softuare  will be easily
accomplished in most cases, 1t {s only when changes are
recuirad that need specialist ottention by virtue of

their complexity that an MTD specialist need be called

~T41-
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7.2 befining the Vocabulary

Pirst of all the instruments are named. The classes of
operation that must be allowed for are selected. The
special verbs that are opeeded are named, with clese
attention being paid at all times to making the result
look like English. The nonise words that are required are
chosen. The names of the LUT connection points, modes of
operation and so on are chesen, Only when every word in
the vncabulary is known, and sample sentences using them
have been tried out for readability is  actual

lementability is ensured by

irplementation begun.
following a few simple zules. These axre described later

in the saction Cealing with the test language.

7.3 configuring the Writing aid

This consists of writing the verbs that will be used to
write the tests, and creating merus to allow the uvser to
access  them, the first ostep is ta create the menus.
High level Forth tools are provided teo help with this.
For example, c¢reating s menu with twe instrument names

in it would be done like this:

1& 2 renu instruments

instruments menu.is Functicn-Generator Counter-Timer

The first statement createx a menn of 2 items, each item

nCAR=

B

N . L, - -




il v A A AT 7 o, TR

SOFTHARE DETRILS

being 18 characters or less in size. The menu 1is pamed

vinstruments’., The secend statement puts the text into

the menu. The menu items will later be defined as verbs
in the writing vocabulary, and must obey the zules

gnverning the naming of Forth verbs. k

. Ouce all the menus have been defined, the verbs reguired
to write the tests must be defined. These must in
general do twe things, Firstly they must write the
appropriate thing on the page, and secondly they must
set the cueing system to go to the next logical menu

1
{
. % . when the cue key is pressed. An example follows.

: Counker-Timer (Define & verd “Counter-timer") !
who.called? (finds onui the class af sentence ) 3

t setup = if c/t~setups

else UUT.points

endif menu.is.next (set cueing system )

" " Counter-fimer " ind.post.word (write the software) i
¥ mi
: 2 The construction ": Counter-Timer" is the way that Foxth 4

defines the start of a prnceduxe named "Countex-Timer",

>

A tthen  "Counter-Timer™ is selected from e menu. this By

b B

procedure will be executed. B

H :

L 4
The procedure "Counter-timer" first f£inds out whether it B

A

¢
is being vused to write a setup" ar = connect® H

sentence. The vetb "vho.called?" *inds nut which class

of sentence the wordé "Coungsr-Timer" is being used in, «

1£f it is "setup', then the next menu to be used will be .

. ~C43~
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to/t-setups", while if it is ‘'connect™ then the menu
containing the things that the counter timer can be
connacted to will be called next, viz "UUT~points",
ttho.called? leaves a value on the stack. This is
compared with the value associated with the setup
menu..™ ¢ setup = “, Depending on the result of this
comparison a value corresponding to either “c/t setups"
33 "uet-points® is left on the stack. The verb
“menu. s, next" takes this value and sets up the cuéing
system so that the correct menu will be displayed when

the user presses the cueing key.

The second function of the verb counter-timer is
n;tuxally go write the correct software on the page.
tais is dnne by printing "Counter-timer™ on the page,
together with any noise words., The noise word "te" will
be printed by “and.pest.ord" if the class of sentence

is "connect™,

A complete set of tonls to configure the writing aid has
heen crested. The example given is about the most
compler situation that occurs, so generating the writing
8id is reasonably trivial, as leng as the programmer is

familisx with Forth,
hr exemple of a complete writing aid configured f£or an

ATE with several instruments is given in Appendix G.

7.4 The Switching Matrix

g
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In virtually all cases, the switching matrix is

implemented in the form
Connact Instrument to GUT-point :- ,

The writing aid consists of a menu of instrument names,
a menu of UUT points, and definitions for each
instrument ané UUT peint, The instrument definitions are
all similar te the one given in the previous section,

The UUT points are defined even more simply:

¢ Amplifier.Cutput Frimary.writer menu. i it

Implementation of the run-time vexrbs to drive the
switehing matrix is done next. The actual switching
matyix driver js.the verb ":-", as is usvally the case
in ApSys. The twe parameters taken by ":=" will be the
UUT poirt and the instrument to be connected. The actual
implementation will vary from system to system, A common
way of doing things is to use an array, one cdimension of
which is referred to the instruments, while the ather is
referred to the UUT points., The data in the array would
ther be the characters to be sent aver the 488 DBus to
close tﬂe right relays in the switching matrix, The
ivstzument names and UUT paints would bhe defined as
constants in the vocabulary "connect". at run time, the
instrument name uwould leave a number on  the stack, =2s
would the UUP point. The verb ":-" would pick up these
numbers, use them as coordinates in the switching array,

get the velevant data and send it over the 488 Bus.

“Cé 5w
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An example of a switching matrix driver can be found in

the DACU driver in Appendix F.

7.5 The Instrument Drivers

The instrument drivers are defined in a similar way to
the switching matris driver. Menus cantaining all the
options for each instrument are crested First, followed
by write +time  wverbs, and  then the run  time
‘eptation is decided on. As has been shown,

, the writing aid is relatively trivis'+ each

ine. .ment is accommodated in a few lines of oe” . The
r;n-bime code is howeyer mech longer. Dach instrument
driver is written as seperately compilable moéule. These
are kept ms a iibrary, so that configuring an ATD to use
an  instrument for which & driver bhas already been

written is relotively simple. An example of such a

dAriver is tn be found in Appendix F,

7.6 $pecial Purpnse Procedures

8pecial purpose procedures can be written either in the
high lavel test languaée, ox in FPorth, They can be
ineludad in the writing aid by adding the relevant items
to the menus. and creating the relevant write time

verks.
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8 THE TEST LANGUAGE

In the earlier phases of the project, a specification

for the test language was drawn up. This called for the
language to be English like in vocabulary ané syntax. Tt
was reguired to be hardware oriented. le it should refer
explicitly to the UUT and to the instiuments being used,
rather than abstracts such as "Voltage", The language
was further specified as baing extendible and flexible;
in fact each particular ATL system would have the

language specially tailored for i, and extensions to

suit each YUT would be supported.

The analysis then showed that such a language was

possible if the words in the sentesce could be context [

sensitive. In addition it was shown that the simple

]

imperative sentence was the anly type reguired, and that

S

e

restricting the implementation to this type of sentencs

i

s

resnlted in certain advantages. i}

o

B.]1 CONTEXT DEPANDANGY

Cne of the characteristics of human spesch which is not
ghared by classical computer languages is that the words o

in a sentence do not have single, simple meanings. In

order to design a2 ¢est lenguage that looks like English B

it is necessary that &he meanings of the words in a
sentence be contaxt dapendant. In fact, it Dbecame 3
apparent that the . ajority of the words in a sentence

eould be considered as heving no other purpnse than more *
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closely defining the context of the sentence.

§.2 THE SIMPLE IMPERATIVE BSENTENCE Restricting the 1

sentence structure to the simple imperative simplifies P *

the implementation of the language, Since the sentence

structure is defined, the words in the sentence can be

used in the implementation ten do things that &o not

correspond exactly with standard Snglish grammax. 'Fox

example, the first word in the sentence is always a

} verb, In ApSys, this word is used to provide an an

' averall context for the sentence.

8.3 SENTERCE STRUCTURE AND PARTS

j The basic sentence structure 1is described here in a

simglified form. The sentence cansists of "contexts",

"nouns', ‘“modifiers" apnd a 'verb", There are some

" variants on these, but they need not be discussed here.

Y

The words "neun® and "verb” as used here « : oaaly

superficially similar in meaning to their counterparts

in English grammar.

| The codtexts provide the globel meaning of the B
} sentence, fThey cen be nested, each new context deriving
; meaning f£ram +the previocus cantext andé contributing . 1
?‘ meaning to the vords wiich come after. The offect of

wontexts {¢ restricted to the sentence they are uged

b
]
o in,
1
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Phe nouns in a sentence contain data, and can be
consjidered ss parameters that are passed to the verb.
The meanine of a neun  {ie what data it represerts)
depeands on  the context ip force at that point in the

sentence.

Modifiers are used to alter the effect nr meaning of a
uwnpx® in the sentence. Mo@ificys €iffer from contexts in

that they affect only wne word in the sentence.

~he verb in most sentences is e construction it
appearing at the end of the sentence. The meaninyg of the
verd depends on the cantext in force at the end of the
sentence. The verb performs the action that the mesning

of the sehtence reguires,
For example the sentence
Suiteh the powex-supply on =

begins with a context, namely Yswiteh®, fThere will
probably be several things that can he switched. This
is defineé by the noun "power-supply”., The context of
switching can be further refined to either be ‘“switch
on® or ‘switch offY, The word "on” in the example is
used as @ nested context within the context  of
"switeh®, Thus  the ocampiier i3 able ¢a compile a
specific procedure call o » routine that switches the
powar suprly on, tlete that the chodee ovar whether or
nct the word "power-suprly" sheuld be implemented as a

anntext or as & onoun is reusonably arkitrary in this
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sentence. "Power-supply" could as well be considered as
a nested contest refining the context from "switch" to

tswiteh the power~sunply'. The decision is based on
whether or not the data is best obtained at compile time ‘

or at run time,

8.4 COMPILE TIME BEHAVICUR

At compile time the sentence is scanned from lef£ to
right, Contexts have effect at compile time, while the
other wnrds have effect at run~time, Thus, in the ;
exarple given above, the compiler decides on vwhich
procedure to compile a call te depending on the context,
which in this case is "switch on”. The parameters that

are passed to the procedure (in this case the

“power-supply®) lead to the decision as to what should

be switched being made at run time,

If the woré "power-supply” had been implemented as a

cantext, then a specific routivne to "switeh the power

supply on' would need to be available. Implementing the

woxd “"powver-supply” as 2 npoun allews & wmore  general

i purpose routine to be used, one that can switch many

things on.

Similarly, if tha word "on" was implemented as a onoun,

¥ then a very general purpese uautine, one that could
{ switch many things either on or off could bhe used, In
O general it can be sald that using meny npuns means vsing

fever, more ganeral purnese, routines; using many

LR g AT B S T
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contexts implies 2 special to purpose routine for ecach
context, Thus passing parameters in the form of nouns to
general purpase rouvtines leads to snace efficiepey
{fewexr zoutines need to be used). However, compiling
specialised single purpose xoutines by using contexts at
compile time means greater speed at run time, 1In the
example given the compromise could be arrived at using

the following logie;

- there are many things that can be switched, and so
creating a seperate routine for each of these would be
very inefficient; thus the thing that needs to be

switched should be implemented as a noun;

- thare are only two cases of how the the thing should
be suitched (ie on ox nff) and thus twe simple routines
can bhe written without a great spece penalty, the on/off
decision can thus be made at coxpile time, and contexts

used for this decision.

Other factors could influence the choice. For instance
if switching the  power-supply on was in fact
canceptually very difforent from switohing somethine
else, then it might make sense &0 implement the twe

conceptual types of switching as contexts,

ht compile time the contexts act as Qirectives to the
cempiler. Thoy are in fact implemented as Forxth
vecebularies, TInveking & context tells tue compiler
which vocabulary o use. X second context in  the

sentence mugt be in the vocabulary of the previsus ane.

P SR S S
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Bach successive context instracts the compiler to look
a2t a particular voczbulary in preference to all others,
The run-time nouns and the verb which are compiled saxe

thus chosen from the veocabulary of the current context.

The construction ":-" et the end of the sentence is
considered to be the sentence verb. Upon striking this
construction, the compiler immediately compiles the
procesure that is indicated by the current context; thus
the coptext in force when the ":-" is encountered

determines the action that sentence will produce.

8.5 RUN TIME BEHAVIOUR

At run time, the sentence behaves in the following
fashisn; nouns leave deta on the parameter stack,
nodifiers change the data, and the verbs act on the
data. In the exzmple given above, the noun
"power-supply" could be implemented as a constant with
value equal to the pumber in the switching matrix of the
relay used to switch the power~supply. This value is
left on the stack &t run time. The procedure that is
compilad as 2 result of the contextual information in
the sentence will then take that number and send the
requized command to the switching matrix over the IEEE
488 bus. If the word '"op¥ ha¢ been implemented as a
noun, then the procedure would receive two parameters on

the stack, viz. the number of the powver-supply relay and

z flag telling it to switch the power-supply on rather

T TERE LT
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than off.

The action of a medifier can be sesn in the following

exauple.

SBETUP THL PCWER-EUPPLY 7C 5 VOLTS :-

SETUP THE POWER-SUPPLY 70 500 MILLIVOLTS -t~

The words "5" and "5CCC" are nouns. Thus at run time the
valve 5 o SpOT will be left on the parameter stack..The
modifier "volis® multinslies the value on the stack by
1A0%, while "millivolzs® *oes woihing in this case. Thus

in millivelts at ron

the walve is modified to zlways be

time. The twoe sentences are thus seen to be eguivalent

8.6 RULES WHEN CONFIGURING THE VOCABULARY

There are a few simple rules and guldelines teo follow

when configuring the vocabelaxy.
The sentences must be simple imperatives.

The finpal verb must be unigue in the context in whieh it

will be used.

Use contexts instead of nouns whanever the data is fixed
at compile time, except where the number of optional

parameters is very large.
Use complete sentences to specify the vecabulary.

Klways insert the noise words (the, to, an@, etc) that

an Dnglish sentence would have. Since there is no way of

AT TR
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telling from simply reading the software which words are

functional and which not, the rule should be to put them

in at 8ll tiwes.

TEFT
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DESKFORTH COMMANDS

1 THE BDITOR

The commands in the océitor menu act on text selected

from the a page on the desktop.

~ CUT This command removes the selected text from the
page, leaving a blank space. The text is kept in a

buffer.

~ PASTE 17111 paste a previowsly CUT piece of text: at

the selected pasition on the page.

- copY similar to CUT, but does not replace the text

with blanks, leaving it on the page.
~ DELETE Replaces the selected text with blanks.
- PHCTOSTAT Sharthand command to copy an entire page.

- CLEARD Shorthand command to delete an entire page.

with klanks.

- UNDC  Restores the page to the condition it was in
prior to the last editing command.

- ¥DO,IT Takes the selected text and sends it to the
Operator task 2% a command. Any Forth verb may be

erecuted in this manner.

2 THE FILER

CFENLFILE This opens the file by accessing the disk

in drive-2 and replacing the current page an the

ety




DESRFORTH COMHANDS

desk with the title page of the file.

CLOSE.FILE This closes the file, saving any pages in
memory to disk, and replacing the contents of the
current page with whatever was thexe before the file

vas opened..

- TURI.OVER Analagous to turning over a page in a
book, this command displays the next page in the
file.

- TUDRLEBACK Similax to TURN.OVER, except displays the

previous page.

- *PpRN.TC Displays the page whose number has been

selectad,

~ LAST.PACL Turns to the last page in the file.

1

INDEX Turns to page 1, which Is the first page of

the ten index pages.

INSCRT,PACE will insert a page inte ihe File,
causing the current Bage ané all subsequent pages in

the file to be renumber. i

RENOVE.PAGE Remaves the current page from the file,
and renumbers all pages accordingly. The remaved
rpage is not lost but can be recovered ky selecting

IRSERT. PAGE,

- LLST.VIRSICH Thie commend replaces the contents of
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DESKFORTH COMMAKDS

the current page with whatever it had on it when it
was first turned to, ie all editing done since the

page was first digplayed will be discardad.

- FILE,PAGE "his command forces the pages in memory 4o

be written to disk.

THE DISKER

INITIALISE This command formats the disk In the data

drive (drive-2). It will enly initialise a disk that
is brand new, or that has been explicitly trashed,

using the TPASH command.

- BRCFUR  This cammand coples the disk in the system
drive {(drive-1} to the disk in the data drive
(drive~-2). mhe system will only copy from & good

disk %o 3 trash disk,

1

TRASH This command marks an initialised disk in an
uvnambiguous fashion so that further attempts to use
it as a vtz disk will zaise an errox. Unformatted

Gisks are automatically considered as trash disks,

~ UNTRASH Reverses the actien of the TRASN command, le
makes the disk useble again, Attempting to URTRASH
an unformatted d¢isk will result in an exror being

raised.

-D3=

o




DESKPORTH COMMANDS e

4 OPTICNS

These commands allew the user to configure the system to
his preferences, and to  conform with the apple “ i

configuration he is using,

4C.COLUMNS ARD £C.COLUMNS These two ds  change

'

- the display berween 4C and &C columns,

LIGHT.PAPER AND DARK,PAPER Selects a white on black

display, or a black on white display.

UBPDR.CNLY AND LOWER.CASE The display can be forced
ta Qisplay everything as upper case by using the
UPPER.ONLY command. Using LOWER.CASE will allow the

N &isplay of lower case letters again.

- ¥DESK, *SIDES, ARD *TOPS Used to change the
characters used ta denote the sides onf pages
{*8IDES), the tops and bottoms af pages.(*POPS), and
the surface of the desktop (*DESK). Tthe data
regui:. % is  the ASCII value of the character to be

vsed ia the display.

¥ -~ PACE.OV PRCLLTUC,  AID PAGE.THRRLD Causes the
selected page to  appeaxr on or disappear from the

} deshtop {toggles).

| 5 THE PRINTER

Selecting dterms from the Printer menu cavses the printer

1

I

{ task to execute those cammands,
i

A e
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TOP.PAGE This will cause the topmost page on the

1

desk to be printed. o b

'

FILE This will cause the entire contents of the i

currently open file to be printed.

*PAGES This will cause the selected pages from the
file %o be printed., The parameters required are the

f£irst and last page numbers in the range tn be

printed.

1

DESKTOP This will cause an image of the entire

desktop to be printed,

~ *DO.IT fehaves uxact same as the *DO.IT in Lhe
£ditor menu, but the commands are Iinterpreted by

PRINTER, not OPLRATOR,

COMPILE.PAGE Compiles ‘the scurce on the current page
i
of the cuxxently open file. The verbs will be

compiled into the printer task's dictionary. This »f
. facility is used to compile drivers for different o

printers. ' 1

- SETUP 1M1i seod a pre~defined setup string to a i 4

printer % <+t the desired printer options,

i
1 - *LINES Setr rvue number of lines per page, A
o g
! - XCOLUMLS . the number of columns per page.
| g
,4} - *SPACING Sats the number of line feeds per carriage
| i
| return, |
|

T e N
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- TOGGLE.LF Certain printers automatically <&o &
linefeed on receipt of a carriage return, while
others do not, rhis commands sets the printer task
to send a linefead character after every carriage

return, or not.

4
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9 CONTROL KEYS

The following contrel keys are used te perform small
scale editing functions, and to move the curser around

the page nr deskéop.

ESC Equivalent to the button the mouse; the "select" key
DEL deletes the character peinted at by the cursoer
TRE Lsed tn set tab positions

Cugs the cursor to the next menu
Takes the curser to the WRITE menu
%akes the cursor to the EDIT menu
Undefined
Takes the cursor tn the next text entry point
Undefined
fguivalent to the zight arrow hey
Equivalent tn the TAR key
Undefined
Takes the curser to the PRINT menu
Closes a blank line nf text. See "2,
Takes the curser to the STATUS menu
Takes the curser ta the DISK meny
Tales the curser to the FILE meny
Bell
Eguivalent to the left arrow key
Equivalent to the down axrow key
Cguivalent to the up arraw key
Undefined
Cpens a blank line o the page. See "A.
Undefined
Undaf:naﬁ
Undefi

Takes tHe cursor RDack tn the previous menu
Line feed
Carriage Return
Undpfined

2333 333 33 333353335333
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INSTRUMENT DRIVER

HP-3421A DATA ATUISITION AND CONTROL UNIT
LIBRARY $OURCE
Rev 8 ¢ July 1985

Configured by & F J fuggan
Latest Change t P J Duggan

THIS FILE MUST BE COMPILED BY THE RUNNER TASK
¢ Text starts on page 11 )

INDEX

Memory Managament PJD {/8/85 )
Main Vogabularles FJD VEIBB )
48Bbus address PJUD 22/1/B5

Conpect PJO 28/2/84

Conpect Instruments PJD 268/2/84
connectlons matrix FJD IB/I/GS )
conpect 1~ PJD 18/

conpect vut  PJD zi/E/BE

connect uet PJD 21/8/85

connect wut PJD 2!’5/95

cennect ==>  PJD 2B/2/84

connect dats sirings PJD 24/4/85
connrst duta strings  PJID 24/4/85
dlzounatct data strings  PJD 28/4/85

INDEX

dlscopnect data strings  PJD 24/4/85
switches PJD 28/3/85

switch names PSD 26/3/8%

switch on/off special names PJD 28/3/85
switches matrix lnd t~ PJD 28/3/85 )
COMPT LER CONT swlteh =) PJD 28/3/85 )
switch dau str/ln e PJD 28/3/85

29/
setup wh-tcnkexts PSD 29/2/84 )
setup function  RJD 2
setup function data strings PJD 22/1/85 3
setup range ND zx/as ?
setup range data sipl n? PJD 22/1/83 )
setup tnlgoer, rualu( on  PJD 22/1/85 )

INDEX

read PJ0 22/1/85
read t~  PJD 22/1/85 )
status/ecrors PJD B4/02/85

/02/
actfvate duty srq PJD 84/02/85
\as( compited ggge PUD 22/1/85 )
Syntax - READ
Syntax ~ SETUP DACY PJD /B/BS )
Syntax - CONECT  PJD 1/8/8% )
Syntex - SWITCH  PJD 1/6/85 §

“Fl-

**
W
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INSTRUMENT DRIVER

¢ Memory Management PJD 1/6/85 )

Running Definitions
"runner
INT

h

nere fence

Dtop @ 280 - dup diop ¥ hndemaru 3421A-Heads
dtop !

decimal
pto

{ Main Vocsbularies P3D 1/8/88 )

RUNNING SETUP DEFlNITlUNS
\ UDCABULAR

6 READ DEFlNI‘Hms
K‘VOCABULARY 34214
pto

There are no sub-vocabularies for SWITCH and CONNECT,
This utility is efficlently defined for systems using

a single DACU for switching

There may be more than one DADU In the system, as long as
only one is used for switching...the DUM features are
extendible to severa) DACUS,

Use the Multiple-34214 Hbr\arv #1ls for systems wth
more than one DACY used for switchirg.

; 489bus address POD 22/1/85 *urk )
ec ima
runnlng ASSbus def|nitiol
¢ THE NAME OF THE FULLO‘:IIN‘G CL'NSTAVT MY BE MDDIFIED&TIF
THERE S MORE THAN ONE DACU IN THE BY!
HKAVE 178 DWN ADRESS, eg DACU) WADR DACUZ AD
The actual adress 1§ system dapenﬂann set |‘ here. ETT N

% constant dacu.adr

pto

¢ Connect PJD 28/2/84 )
RUNNING CONNECT DEFINITIONS

¢ NB This wlt:h!n? matrlx is only usable tar systems wlth one
PACU. Use th tiple~3421A library flle for systems with
more than one DAGU USED FOR SWITCHING

2 BASE 1
811111111 constant from immedlate ¢ disconnect from )
l{lillill constant to  immedlate ¢ comnect to )
pto
noter 9 bit number deflnn cunne:\lonl
é )sbs deﬂne vut pol
blts 7 fine inst
msb d

ru nt,
ehnes connpct/dlscnnnect

w2




INBTRDMENT DRIVER

¢ Connect Instruments PJD 28/2/84 LTU]
¢ A reference must be lrcluded for each instrument [T1]
Jee111111 CONSTANT DACU IMMEDIATE

181511141 constant DAM Imedll(e

1 {channe} : immedlate

vocabu)ary scope Immedlate scape definltions

118131114 constant A)

111411111 constant B)

¢ eg ..connect scope [channel A),.... )}

running definitions
pte

¢ connectlons matrix  POD 18/1/85 )

connect definltions decima)

] UP 9 | CONSTANT MATRIX 512 2% VALLOT

¢ matrix contains the virtual address of the be innlng cf each
string that must be sent for that channel to

ta !+ CHANNEL AND and 2% MATRIX
(‘:unveru instrument, uut polnt and to/from to mate(x adress )
pto

' pio

¢ connest 1= PFJD 18/1/85 )
connect definttlons dec imal

H
!
|
!
1+ {COMIECT) dup ved ¢ coun !
y8 pad rot vimove < datn string to pad ) |
4BBbus dacy.adr i
N Isten.(o.me pag :nuni send,string ALL/SENT § }
€ VADR.,, .. sends string |
¢
i
|
3

{ vadress from matrlx, moves the Mrlng and its length
to pad, and then sends 1% out from pad)

- V1 3 7SH CHANN
) teoe ol e RaverLe ccomiEeTs } IMEDIATE  pto

pto

17

¢ connect uxlt PJD 21/5/85 L]
connect deflinltions
A nfenn:e must be created for each UUT polnt LI

si na] lmmedluo no!sz-

9098 STANT Nieren:e IMEDIATE
980 ¢ con- nt error IMMEDIATE
0618 DNS'I‘\NT wide IMEDIATE
0811 CONSTANT narrow IMMEDIATE

<
1
a
°
T
£
&
&
~
= kS
o
a
5
=
wa
aw
=

. . .. = Sy T S



INSTRUMENT DRIVER

¢ connect vut  PID 21/5/85 Ay )

yau de“nlt

11ieseie8 CNSTANT reference gmeom 3

111886181 constant error IMMEDI
111088097 iST# whde IMMEDIATE
i1ie. 1 CONSTANT narrow [MMEDIATE
detec definttions
111861 sou CONSTANT ac IMMEDIATE
£1188ibw: constant do IMMEDIATE
connect definitions
1 §1)te: 1886 or § dlnte
¢ plich nf filter 3 l 801818 pltch wf +l1ter ¢ 111821011 )
¢ yaw nf #ilter 1 1118Q1318  yaw wi fitter 1 111881131 )
pto
19
¢ copnect wut PJD 24/5/85 L]
decimat
connect definltions
i volt | immediate
uocabularr i\lppl)‘ immediate supply detinitions
s rail dup ( decimal J 24 = i [ 2 base ! ] 11{018000 else
p { decimal ) 5= I [ 2 baﬁe L1 111810801 else
dup [ declmal ] ~iS = it { 2 base ! 1 1§.318810 else
[ decimal 3 S error then then then swap drop
i immediate
connect deflnltjon:
111910011 cnns(in{ dum=hi
vogabu)ary scope-h! lmedlne stope~h| detinitions
15101180 constant B
to
’ 28
¢ cappect ==}  PJD 28/2/84 )
connect deﬂnltlons
t ==2) chanpel vp @ swap v! ¢ put vadress in matrlx )
(J dup ¢¥ 8 min I+ ¢p @ ve rot dup vailot vimove
4 ¢ channel-no ==2) *strin » puts string in virtusl
memory, and points matrixichannel-nol at the strlng )
¢ any character can be used for parentheses )
pto
24
¢ connect dau thngs PID 24/4/85 LU}
connect dei tiol
connect dvm \o pHch reference =a) *cLse2”
connect dum to pitch errop m=) *CLS8B3"
connect dvm to yaw error =) *CcLseg*
connect dvm to yaw reference =) “cLsas
connect dom to pitch wide field ==) "CLBBS®
connect dvm to prteh nirrow fleld ==) *CLog7*
connect dvm to yaw wide fleld ==) *CLSDg"
connect dvm to yaw narrow fleld ==) “CLS120L809°
connect dvm to detector DC sl?mn =) *cL813CLSAP"
connect dum to +24 supply ral =) rCLS14CL889"
connect dvm to +15 supply rail =) *CLSI5CLSas”
connect dvm to <15 supply rail =) “Cl.S140LOED"
F’_‘qgnz:t dvm to ﬁtnpe' (channﬂ b) ==} "CLS19CLSEP"
22
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INSTRUMENT DRIVER

{ connect data sirings PJID 26/6/85 ek )
connect scope (channel B) to detector AL signal ==} *CLSBZ*
conhect scope fchannel B) te yaw reference =) *£Lse3"

conmect scope B) to plich narrow field f[1ter m==) *Ci.5p4" L
connect scrpe B) to piteh wide Held $11ter ) *CLSgge !
connest scoge B} fo vaw narrow field fitter ) “cLsas ;

connect scope B to vaw wide #leld fl1ter =) “cLbe7 ‘
connect scope (channel A) to dum=hi =) “gLsz20 i
. PTO
23
1

¢ disconnect data strings  PID 26/4/R5 *HE )
disconnect definitions
disconnect dum from plich refecence ==) "OPNB2"
dlsconnect dum from pitch epror ==) *geNes”
disconnect dum from yaw error =e) “0PNB4"
disconnect dum 4rom yaw reference ==} *OPNBE"
disconnect dum from pltch wide $igid ==) "OPNBS" i
disconnect dum from pitch narcow {leld =) “OPNB2* i
disconnect dum from yaw wide field ==) M "
disconnect dum from ysw narrow field ==) *OPNI20PNO?Y !
disconnect dum from detector DC s)?na! =) § 0PN
disconnect dum from +24 supply raj "OPN140PNB9*

disconnect dum from +15 supp\y l"il'l => ‘DPNISUPNM'

disconnect dum from <15 0PN 40PN 7
g_l_gconne:( dum from scopes Rl (chinne) Y ==> '0PN190PN09‘ *
24
¢ disconnect data strings PJD 26/4/8% *RE Y
disconnect scope B) from detector AC signal ==y “OPNG2Y
disconnect scope B from yaw reference m=) *OPNAZY
disconnect scope 8) from pitich narrow He)d 411ter ==) "OPNBA*
disconnect scope B) from piteh wide field filter == “OPNOS" .
disconnect scope B from yaw narrow field §11ter =) *DPNBG® b
dlscannect scope B) from yaw wide fleld fHiter wma) *OPNBP" 4
disconnect scope {channel A) from dum=h( ==) “OPN20* {
connect definitions forget aw) y
i
PTO |
25 i

¢ switches PJD 28/3/85 )

N8 This swn:h!nv matr(x le on)y usable for systems with one
DACY, Use the Multiple~342iAa 1ibrary tile for systems with
more than one PACU USED FOR SWITSHING
RUNNING swltch DEFINITIONS

H! m ANT ON  IMMEDIATE
0{1! CONBTANT OFF IMMEDIATE
]

( 4 Bit number. ... hl blt determines onloff 3
o bits determine which switeh )

24
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- INSTRUMERT DRIVER Eﬁ
¢ switch names PJD 26/3/85 bt Iy
¢ each switch must be named to suit the application [T1] 4; ¥
1801 constant goniometer immediate )
1018 constunt modulator immediate
1811 constant light~source immedlate
1180 constant narrow-field K
1181 constant power-supmus ki
3 boresight } (mmediate
vacabulary to lmeduh to definitions
v parrow {compilel narrow~fleld [compilel &n } immedlate
1 wide [compile] narrow-field (compilel off | lmmediate s
+ field [compiled switch } Immeduke pto %

e
- 27 K
é switch on/off special names PJD 28/3/85 X ) H
if words other than on or off are to be used to define ° B
suitch position, then these must be defined here *RE ) i
: boresight ; inmediate ¢ noise ) K
vocabyjary to immediate
PN to definitions ¢ coniext for special names ) i
i
s narrow lcomplile) narrow-field (compiled on { immediate
T wide [:Dmpl el narrow=field fcompile) off ; immediate .
t field Tcompilte) switch ; immedfate ¢ restore context >
. (ieg switch to narrow fiejd 1= = switch narrow-field on =)
pto
2 28 ;
¢ switches matrix and i1~ PJD 28/3/85 )
H dec
B swn:n deanUons g
UP 3 | CONSTANT MATI RIX 16 2* VALLOT
i3 CHANNEL AND 2* MATRY
s i~ 2 756 CHANNEL V@
I (COMPILE) LITERAL connect COMPILE (CONNECT) ; IMMEDIATE i
¢ matrix contains the virtual adress of the be: lnnlng of each N K
. . string that must be sent for that switch to De thr. i
f" ¢ see connect on previous pages ) ki
8 1
R pto |
o
i 29 f
¢ COMPILER CONT switch ==)> PJD 28/3/85 ) (
switch definltions 1
i + =) chanpel vp 9 swap u' ¢ put vadress In matrix )
Z €) dup ¢@ 8 min 1+ vp 3 vB rot dup vallnt yimove
i 3 ¢ channe\-nn =) Ygtring".,.. R string In virty,
memory, and vnlnts m(rlx[: annel-nol at the skrlng )
pto
: 1]
i
Y-
: 3
- . . N Ah&*dﬁ o YT




INSTRUMENT DRIVER .
|
¢ switch data strings PJD 28/3/83 AR ) e
switch goniometer on =) *CLSbB" ‘i
switch goniometer off == “UPNBO*® {
switeh boresight modulator on Ll *CLSBL” i
switch boresight modulator off ==) OPNBE® i
suitch light-source on =) "oLsi1 J i
switch light-source off =) . . §
switch to narrow fleld o= rcLeie” k
. switch to wide fleld ==y roPM1B* *
. switch power-supplies on == *cLsal e
A switch power= suppnes off ==) *DPN2I®
Bmtch detinitins
torget ==)
pto
b B 3
¢ setup PJD 29/2/84 #E% )
SETUP DEFINITIONS
¢ the fcllowing verb can be renamed; i+ there is more than
one 3421A in the system, Lhe verb must be duplicated,
each dacu having its own name, eg dacui, dacu.. etc *EE )
N » dacu 488bus dacu.adr init.pad YP3421A ; IMMEDIATE
| .
pto :
3z
¢ setup sub-contexts PJD 29/2/84 )
. SETUP HP3421A DEFINITIONS
UDCABULARY FUNCTION IMMEDIATE
VDCABULARY RANSE IMMEDIATE
VOCABULARY TRIGGER IMMEDIATE b
VOCABULARY RESOLUTION 1MMEDIATE i
PO
33
¢ setup function PJD 25/2/84 )
b
setup HP3421A FUNCTION DEFINITIONS
0 s immediat { nolse )
VOCABULARY DC IMMEDIATE
DCABULARY AC xm
VDCABULAR’ IRE IMMEDIATE
! VOCABULARY 4-WIRE IMMEDIATE
P70
34
v




INSTRUMENT DRIVER

¢ setup function data strings PJD 22/1/85 )

DC DEFINITIINS
2+ 2 2constant volts immedlate
Fi m + 2 2constant amps immediate

AC DEFINITICNS
+ 2 Zconstant voits jmmediate
F§ l2 + 2 2constant amps immediate

2—inRE DEFINITIONS
2ccnska\u ohms immediate
Q-MIRE DEFINITION!
+ 2 2:anst¢nt ohms immediate

pto

¢ setup range PJD 22/1/B5 3

setup HP34214 ranqz daflnli!ons
vocabulary 3 immed

vocabulary 39 Imednate
vocabulary 309 immediale

£% 20 + 2 2constant auto imnmediate

3 definitions immedlate
% 2 Zeonstant UoHs inmediate
$ 2 Zconstant Anmj immediate

rs 6 4.2 Z:nnsvant ko immediate

ré 12 + 2 2constant MOhm immediate
pto

¢ setup range data strings PJD 22/1/85 )

3e deﬂnlt!

re 24 + 2 2ccnﬁtan( m’UDC immediate

re 2 + 2 2constant Volt immedjate
R$ 2 + 2 2constant Ohm immediate

ré B + 2 2constant KOhm immediate
r$ $4 + 2 2constant MOhm inmediate

388 definitions

r$ 2+ 2 2constant mV  [mmediate

r$ 2+ 2 2constant mA immediate

r$ 4 ¢ 2 2constant Volts Irnmedlxte
4 Zconstant Obm immedia

r: 18 + 2 2constant KOhm |delate
pto

¢ setup trigger, resaolution PJD 22/1/85 )

snup HP3421A trlg?nr da-flnHIons
+ 2 Zconstant” Interna
% 4 + 2 2constant externn

setup HP3421A resolution definitions
: dlglt 1 edlate

% & 4 2 2constant 3 immediate

4 8 + 2 Zconstant 4_immediate

ns 18 + 2 2constant S Immediate
pto

~F§-

i
|
: 1
!
§
]
f
|
3
3
! !
]
@
38




1 NSTR.UMBNT DRIVER

¢ read PJD 22/1/8% #re )
read definitions

¢ the $ollowing verb can be renamed; if there Is more than
one 34214 In the system, the verb must be duplicated,
each dacu having Its own name, eg dacul, dacuz etc
and its own 488 bus adr eg dacul, adr, dacuz.adr ete 1)

dacu 48Bbus dacu.adr HP3421A ; Inmediate

pto

. - 39
{ read :- PJD 22/1/85 )

! read 34214 definitions

; '—dllcompne:l running definltions compile read.instrument §
e

. N

. i 48

¢ status/errors PJD 84/82/B5 *iK )
decimal °

running 4BBbus deflinitions
¢ If there Is more than one dacu in the system, each must

have its own status varisble *%w )
@ variable dacu.status

¢ It there is more than one dacu in the system,
e Fellowing verb may be duplicated %o raise & dlf{erent

error for each dacy e )
i 3 dacu,error runner.task activate 53 error quit j

h pto

¢ srq serlal poll PJD B4/82/85 *us )

¢ If there Is more than one dacy in the system, this

page must be duplicated for each dacuj the correct

versjons of dacy.adr, dacu.states and dacu.error

must be substituted wE )
| t dacu.srq dup i€ dacu.ADR spell dup é4 and

i¥ dep dacu.status c! 32 and

o i+ dacu.error then drop 8

nsu drop then
en §

1 4srg) (srgd dacu.srq |
/ (arq) cfa 4 srg b
pto

P S it
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INSTRUMENT DRIVER

( H Qhere is more than one DALU in the sys(m: the
foilowing verb must be extended to send *M32'

running 488bus cefinltions
t 1 activate.

dacu.adr 1lsten.to.me send "M32* all.sent
1 tactivate.bus) Cactivate.bus) actlivate.dazus j

¢ Cactjvate.bus) cfa ’ actlvate.bug !

pto

¢ last compiled page PJD 22/1/85 )
hex

cr .0 34214 drlvar ex(ends to * here u.
Ennni:‘\g aef{n!

KiY lhead 342m-hnds

hex 288

here ﬂnce '

er ." dtop ns(or-ad to ¥ diop

= Y Jedt In runner s dictionary " cr
§W{INE DEF]N]T!CHS
N?

¢ 8Syntax - READ DACU PJD 1/8/85 )

Read DACU 1=

¢ Syntax ~ GETUP DACU PyD 1/8/85 )
Setup DACU Function to DC volts, Range to 3 \  Velt
3 AC Voits 3 - W
368/
OC Amps, Range to & mA
AL Amps 38 mA
368 mA
2~a|re Ohms, Range tu 3 \ Ohi
4-wire Dhms 38 KOhm
300/ MObm
Trigger to Internal , Resclution to 3 digits i~
External = g

N ~FlB-

( a:iivn'm dacu srq PJD 84/82/85 LI

each dace; extend the verb, dn not duplicate |t. L

43
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INSTRUMENT DRIVER . I

¢ Syntax - CONNECT  PJD 1/8/85 )

Connect Instrument-name to UUT-point-name -
UGT-point~name to Instrument-name t- ¢
Disconnect Xnﬁtrunenk-nme from  UUT-point-name 1~ 1’
=pe.nt-name from JusirURent-naee )~ [I
- 47
¢ Syntax -~ SWITCH PJD 1/8/85 )
Switeh  switch-name nn‘ =
o
to user~defined-condition
to user~defined~condition
[
) 48
i
¢
i
i
|
i
=Fll- i
o oy e L, o - rp ey e
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WRITING AID APPENDIX G

ABPENDIX G |

EXAMPLE OF A CONFIGURED WRITING AID PACKAGE

i -G-
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WRITING AID

Optica) Sight Configuration
Write-time Source i

Rev 3.4 : AUGUST 1985

Configured by ¢ P J Dupgan
Latest Change : P J Dupgan

THIS FILE MUST B8 COMPILED FROM THE OPERATOR
{ text starts on page 34 )

INDEX

{ APSYS WRITER CONFIGURATION PJD 04/3/84)
{ Writer Tagk Qverla: PJD 28/1/85
( Fxnihse Cmﬁ uraticn PJD 28/ 1/85 )
Y KANAGEMENT PID 28/9/84)
(wﬁXTB PJD 28/9/84)
{PRIN, ARY WRITER MEN! PJD 29/7/94)
(DVM CONNECTIONS HBNU PJD 26/9/84
((SCOPE CONNECTIONS MEN/U PJD 23/9/84 )

U
¢SWITCH NENU  FJD 25/6/35 i
(WAIT MENU ~ PJD 28/9/84

IHDEX

(BAVE MENU  PJD 26/9/84)

{ CONSTRUCTS MENU PJD 28/9/84 )
{ MOVE MENUS PID 4710784 )

( DAgld SETUP MEENU PJD 28/9/84)

ACY RANGE MEN D 24/9/84 }
( DACL FUNCTION, GATE, TRIGOER MENUS PSD 28/9/64 )
{DVH SETUP 4ENUS /171
32 ( DVM FUNCTION, RE«-JLUTION: 'X”R!GG-ER MENUS PJID 28/9/84
33 { SCOPE CHANNEL M| '

34 { WRITE KENU HEADE / 4)
85 ( WRITE DESKTOP UTIUT!E?HO/;‘:‘? 9/8/88)

. ON STRIN
. 33 ( MORE COMMON STRINGS

© b INDEX i

99 { BEGIN AND END OF BLOCI( PJD 9/8/84)

40 {PRIMARY.WRITER _ PJD 9/8/84) {
1 { CALOULATE, SWITCH PUD 9/6/84)

2( ONNECTu READ, SETUP P4D 23/9/60 H

43 { MEBSAGES, WAIT PJID5/10/84)

44 {SAVE P /!

45 {BAVE IN ARRAY PJD 1/10/84)

46 { PLOT ARRAY PJD £4/1/85)

i 47 { REGISTERS AND LITERAL FJD 15/10/84) u

I
|
{




WRITING AID

INDEX

§3 (DYH FUNCTIONS AND RANGES PJD 28/9/84)
54 (DVK RANGES CONT _PJD 15/,
AUTG, GATE TIHES, RATES FJ’D 23/‘7/84)
56 ( CU RESOLUTION PJD 28/9.
57 (DALY FREGUEENC CDl{}NTbTRIGGER, GATE PJD 28/9/84)

£+ INGS PJD
41 (UUT CONNECTIONS FJD 1/10/64) {uut)
82 { UUT CONNECTIONS CONT PJD 25/6/85)  (wutcont)
(INSTRUMENTATION PJD 25/4/85)
(IN! TRUHENTATIDN CONT PJD 5/10/94)
{ INSTRUMENTS CONT _PJD 2
(UUT BWITCHES POl 5/10/84) H:Awﬂchinp)

° INDEX
67 { DVH FUNCTION, RANGE, TRIGGER PJD 5/10/84)
88 { writer definitions Jast page PJD 12/7/
C APSYS WRITER CONFIGURATION PJD 01/3/84)
ASSEMBLER forth definitions { io ensure assembler is in}

T HEX 9000 d
(9000 ....ssoo averlny area )
L UBI00aBO00 Uriteheads )

pto

i

;1 Vriter Task Overlay ~ PUD 2874/8%)
e

fordh definitians
0 VARIABLE WRITER,DONE
f i wrmr.ovzmy writer,task activne nveriay?
] CrlH D14 l ral H f{SET WRITER'S PAGE TO CURRENT TOP PAGE)
: 400 OUT ! (STA WRITING ON BOTTOM OF P,

Ceer @ 24 3 Hiteral load.page

operator tmduna rendezvous q.
{ TH!S VERB ACTIVATES THE WRI ER TASK, WHICH THEN LOADS THE REST

F THE FILE FROM PAGE 14 O
n

.

12
. Finalise Contiguration PUD 28717851
writer,overiay { START COMPILATION IN WRITER TASK)

writer.task writer.done rendezvous ( WAIT UNTIL FINISHED)
{forget writerdone { CLEAN UP ORERATOR'S DICTIONARY )

{
|

hare fence
orhex Opurnnr dictionary extends to * here u, y

! \‘th deﬁ i
i [N wrmr cnnﬁwuﬂucn rompiste ¥

~G2w §

T » R S—
T s 4 d - s - - e weny
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WRITING AID

{WRITER MENORY MANAGENENT PJD 28/9/84 )

writing DEFINITIONS

hex 100 B30 headermark writehoads
{ a«s top ta’poo bytes not recoverss at hont {imeend

pto

(WRITERMENL PJD 28/9/84) ;
writing DEFINITIONS

|+ WRITER,HENU
WRITER,TASK $+ ( TASK STATUS BYTE )
WRITER.TASK {3+ 9 A+ 2{ Terminal Input Buﬂer address )
C/P 20 15 + (initial huruonnl pnnmnn nf mervu
L/P § + {inttial vertical of mi
(SETS UP PARAHMETERS R A MENU THAT 1S ASSOCIATED WITH THE !
LY WRITER TASK ) i

pto

K i JAF |
{ PRIMARY WRITER HENU PID 2879784 ) !
weiting DEFINITIONS

DECIHAL 1771 HENU.STRING PRIMARYWRITER

PRNAR‘{.\JR TER menulS New.Sentence M
1 ih.a,Test EndaTest meu\.Pro:ndwe Erid.a.Procedura Bt
i o. Start.aConstruct End.aConstruct Unde b

V«;RITER.KENU PRIMARY WRITER HENU i i
pto B :

1 |

‘ ( DVK CONNECTIONS HENU  PUD 26/9/84 ) 14

18 141 HENU.STRING DVM.CONNECTIONS i t

dvm.conrections mems.is P(tch.ﬁnhmncl Yaw.Reterenca

PitchEError Yaw,Errar Pitch.Wide,F ld H(ch Narrnw.Fmd 3
Yaw,Wide.Fleld Yaw.Narrow.Field nc

+24Y.8upply +15V.8upply ~1SV.Supply s:opl.Chln.B.m tndo

WRITERMENU dvm.CONRECTIONS HENU ¢

pto

-G

. s - W PO



WRITING AID "

( SCOFE CONNECTIONS MENU  PJD 28/9/44) 13
57t mnnu.strinn scope.b.connections

e PR e Vo AR e T
writer.ment stopebiconnections menu

& 2 menustring scope.a.connectiong
scape.d.connections menuds DVHHI undo
;lgter.menu scope.sttnnections merw

18
{ CLASSES MENU  PJD 25/7/85)

10 41 } HENU.STRING CLASSES

CLASSES meru.18 Cunnect st:annm:t swnch Read Setup
Hove Display Wait Save Calculate Undo

WRITERMENY CLASSES HEND
pta

Y 19
(INSTRUMENTS MENU PJD 25/7/85)
15 5 | HENU.STRING INSTRUMENTATION

INSTRUMENTATION menu.l§ DACU DVM  Scope.Channel.A
Bcope.Channeal.B Undo

WRITER.MENU INSTRUNENTATION HENU

431 MENU.STRING bus. JNSTRUMENTATION
bus INSTRIUMENTATION menul8 DACU DVM Undo ‘
WRITERMENU bus. INSTRUMENTATION MENU !
pto

20
(UNITS MENU  PJD 25/7/85)

46 | HENU.STRING UNITS
UNITS memsdS V mV mRad Kin Sac Undo
WRITER.MENU UNITS MENU

PTO

~

‘b ~Gd-
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WRITING AID

{ CALCULATE MBNU PJD 28/9/84 3

417} MENUSTRING CALCULATE.WHAT

CALCULATE.WHAT menuds Add Subtract Multiply Divide
Slope Y~intercept Undo

‘aal’!’EH.HB NU CALCULATRWHAT NENU
P

22

¢ SWITCH MENU  PJD 25/4/85)
9 07 | MENL.STRING BWITCH.WHAT

SWITCH.WHAT menuis Goniometer Buresiohi~Nodulator
Xenon-Source To.Narrow.Fisld To.Wide.Field Power Undo

WRITER.KENU SWITCH.WRAT HEND

04 03 t MENU.STRING ON/OFF
ON/OFF menudS On OH Unda
. WRITERMENU ON/OFF MENU
pto

CVAIT MENU  PUD 20/9/84)

08 03 { MENU.STRING WAIT.FORMWHAT
WAIT.FORWHAT menudS Time Operator Undo
WRITER.MENU WAIT,FORWHAT NENU

pto

{SAVE HENU  PJID 28/9/84)

16 06 | NENU,STRING SAVE,WHAT

BAVE WHAT menudS Rigisiar Rnnﬂna
Literal Calculated.Value XY=Array Ondo

WRITERMENU BAVEWHAT MENU

46 07 | MENULSTRING INWHAT

INWHAT memudB ln.neﬁmer AgResutt  AsFirstX-Value
A Firat.Y-Value As,Noxt.X-Value As.Next.Y-Value Undo

WRITER.MENU IN.WHAT HENU .




WRITING AID

(CONSTRUCTS MENU  ~ v..0 28/9/84)
07 04| MENU.STRING DO., HAT
DOMHAT merwnS If Until N.Times Undo
Writer.Meru Do.What Menu

59! MENU.STRING IF.WHAT -
IF.WHAT memisl8 7 < = <3 Y= <= True False Undo
WRITER. ¥ _NU IF WHAT MENU

pto

{ NOVE NENUS PJID 4710784 )
6 3 | meny,string move.what

move.what menuds Source Sight Undo

writer.menms moveswhat menu

13 § | menu.string move.where
move.where menudy Te.XY By.Hand To,Zero Incrementally Unde

~writer.menu move.where menu

to
? %

{ DACU SETUP HENU PJD 28/%/84)
15 06 | KENU.STRING DACU.SETUPS

DACU.BETUPS menudS Dacu, Fur\cﬁan Dacu.Range Dacu.Trigger
Dacu.Gate DacuResolition Undi

WRITER.MENU DACU.SETUPS XENU

Pto

28

( DACU RANGE MENU PJD 28/9/84)

1112 MENU.STRING WHAT.DARU.RANGE

WHAT.DACILRANGE men. i3 Auto 300.mVDC 3,Valts 30.Valts
300,VoltsDC 300.0hm 3.KOhm 80.KOhm 300.KOhm B.MOhm 30.MOhm

WRITER.MENU WHAT DACU.RANGE MENU

pto

-G6~
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WRITING AID

{ WRITE MENU HEADER PID 978784

writer.meny WRITE bar mert
i1 e compile WRITE bar [:nmpuul Leompile] g |
- comgile nc.xm‘ 3 immediate

{Write! e @

B SCOPe.b.connections ex what.:hu\nnl e movaswhat
ex gnve.when 2 instr X bus.dnst

e tlas

2% UNES @k calaulatewat & wartfor. wmt BuX SaVRWIRT
& dnwhat e on/off e du-what e jfwhat

B dacusetups e.x wh nrange ex whetdacu.functs

[ digit: ex whats dn:u.gnte m what. danu.trsgqer .
e e

e d
ie.x what.dvm.irigger ' sth:h.what £.X primary.writer ; i
A ple a4 .
I (WR!TE DESKTOP UTILITIES BID 9/8/84)

wrhe ftmh write writing (write)
{TURNS MENUS ON AND F'F, AND ENSUREE OVERLAY ISIN}

:2 a"w wrxte.bar %ntu.msnu i
LSET CONTROL W TO G0 TO WRITER HENUS)
weite

LR cr . Menus extend to " here U, cr
. decimal
. st

UWRITIN G S s nom 45 040784 )
WRITING Dok ‘""n i

ex
it ‘margin+! ‘ margin +
( Nawsrar MOVES MARGIN IN BY N 8PACES..~VE MOVES LEFT)

. 01 varizble endad?
(FL m'I‘O CDN‘I’;ROL INDENTING IN A TEST )
: e
. "i40i% 23 mangin! er 0 ended? ! then writa.here H H
. (RESTORE MAHGIN AT END OF A ]

! : start eng? § ended’ ! 3 ‘mary xm! : . I
{INDENT AFTER TEST HEADING ) 4

-
e

PID 9/8/84)

"test" " Tes( |
"Dr‘medure" " Prn:edur! "y I‘

t

|

H

te

1K

1i uu um..; i |
} "pev Dot
|

H

|

!

!
W,

" the
mﬂec" W~ mSe
“function® * 4unct1nn "
*ranga® * Rang

plo

-G7-
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WRITING AID : ﬂ

{ DACU FUNCTION, GATE; TRIGGER NENUS PJD 28/9/84)

i 07 | HERU.STRING WHAT.DACU.FUNCTION

\~'H DACU,FUNCTION menudS VDC VAC 2wireGhms SwireOhms
reguency Count  UNDO

WRITER ENU WHAT.DACU.FUNCITION MENU

08 04 | MENU.STRING WHAT.DACU.GATE
WHAT.DACU.GATE menuds 10G.mBec i.6ec  10.8ec Undo
WRITERMENU WHAT DACU.GATE MENU

08031 HENU.STR!NG WHAT.DACU.TRIGGER . ]
WHAT.DACU,TRIGGER menu.i8 Internal  Extermal Undo
WRITER.MENU WHAT.DACU.TRIGGER NENU

A oto

30
¢ DVM RANGE, SETUP NEXUS PJID £3/4/85)

3 16 | KENU.STRING WHAT.DVM, RAN

WHAT.DVH.RANGE menu.d§ Autoc 30,mVDC 300~V 3,Volt 30.Volt
300,Volt 30,0hm 300.0hm S.KOhm 90 HOhm 300.KChm
3.M0hm 30.HOhm 300.mA 3,Amp U

WRITERMENU WHAT.DVH.RANGE MENU

45 04 | HENU.STRING Dvm.SETUPS

DVH SETUPS menudS DVM.Function DVH.Range DVM.Trigger
DVH.Resclution Autozero Undo

WRITER.MENU DVH.SETUPS MENU

ﬁtn
3
(DVH FUNCTION, RESOLUTION, TRIGGER MENUS PJID 28/%/84 3
1 05 J MENU.STRING \JHAT DVM.FUNCTION A
M.FUL 2TION menudS VDG VAL 2wireDhms 4wireDhms UINDO
WRXTER HENU WHAT.DVH.FUNCTION MENU
08 04 | MENU,.STRING DIGITS
DIGITS menu.S_3.Digits 4.Digits  8.Digits Undo
WRITER.MENU DIGITS MENU
08 03 | MENU.STRING WHAT.DVM.TRIGGER
WHAT.DVM,TRIGGER menu.IS Internal External Undo
WRITER.MENU WHAT.DVH, TRIGGER MENU

sto

82
{ SCOPE CHANNEL MENU PID28/9/84)

13 03 } MENU.STRING WHAT channe}
WHAT.chatnel menu,JS channel.A channel,B UNDO
WRITER.MENU WHAT.chennel NERU

pto

4
'
E ,
)
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WRITING AID

{HORE COMNON STRJNGB )
1

250
+ *trigger” v trigper® ;

4
{ BEGIN AND END OF BLOCK  PJD 9/8/84)
i+ BEGIN.ABLOCK set.clller‘ PRlMARY.\JR!TEN MENUds.next
end? out De/p mog 3 + ¢
start & Begin" ;

EN{).OF.BLOCK PRIMARY.WRITER MENU.is.npxt -3 ‘margint!
star

pto

(PRIMARY.WRITER PJD 7/8/84)

¢ P.T,0, primary.writer menuds.next CH/P 6 - QUT . PTO"

: BEGINLA.TEST BEGIN,A.BLOCK "Test" "7

: BEGXN A.PROCEDURE EEGIN.A.BLOCK "Pruceﬂura" Al

+ END,A.TEST end.of block "Test" end

: END,AProcedure end.o(.hlu:k “Pro:zdure end?;

+ new.SENTENCE CLASSES MENU.ismext start
SET.CALLER 5

pto

t CALCULATE, BWITCH PID 9/6/84)
CALCULATE CALCULATE'WHAT MENUds.nent SET.CALLER
+ Caleulate ®

3 Bwitch SWITCH.WHAT MENU.dsnext SET.CALLER . Switch ¥

44
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WRITING AID

{ CONNECT, READ, SETUP PJD 28/%/84 ) ;

+ CONNECT INSTRUMENTATION MENU.is.next  SET.CALLER i
& Connect " POST.WORD IS "0 * H

t DISCONNECT INSTRUMENTATION MENU.&S.H@X? SET.CALLER
«* Disvonnect " POST.WOI

+ READ busJNSTRUNENTATION menu.ds.ieai BET.CALLER " Read * §

i SET'UP bus.INETRUMENTATXON MENU.ds.next SET.CALLER
& Setup ¥ BET.COI

to
P 42
- { MESSAGES) WAIT PJD 5/10/84)

+ DISPLAY primary.wrﬂer menuds,rext " Display Message ”
string.required ;

+ wait wait.forwhat menuds.nent set.caller ' Wait®

+ ime primary.wmer menu.xs.nex'l  for "
value.peguired "m!
180y prxmuy,wri\er menu.is.nex( “ for BRG“ 3
: Operator primarywriter menu.xs.next
W until the operator responds

to
< 4 43
: SAVE PID 5740784
Laer o
S;va s'ave.whaé m{anu.‘xs.nm SET.CALLER ' Save " 5

A Lo-Limit ")

u
5
i A9¢RE5ULT UN!TS meruisinext M As Result ¥ VALUE.REQUIRED
* Commert-Line:  strany .regmred o
"Hi-LSmﬂ" "ig* VALUE.REQI "

“Lu-!qxsi{:_"is“ VALUE.REGUIRED jcr +" Units are *
+IN,REGISTER PRIMARY'WRITER MENUdsnext " in®
REGXETER.REG IRED ;

{1 REG.MENU WHO.CALLED? dup ! SAVE =
IF inwhat MENUds.next

Else primary.wri(!r mmu.is.next THEN gst-mler i PTO
{ BAVE IN ARRAY PJD 1/10/88)

33 Mas,first' ¥ as the Fipat
{2 "n.n&xt" W as the Next "

:s.ﬂrst.x-valu! primary.writer menu . anext
“as,Firgt* *X-valug”

+ aBfirst, -vuua primnry.wrher menu.ds.iext
Rinahy

H u.nex(.x-va.lus prxmlry.wr!tar menu.isnest
Lot o

: u.neyt.y-value nrimary.writer meruiis.next

; “as.Next" "Y-value

i

to
" s

i ~G10- |
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WRITING AID

{PLOT ARRAY PJD 11/4/85}

11 *profile* v* Profile (Xi ¥i,X2 V2 ..-..Xn GRS
e valuerequired space value.require
+ XY=Array Prxmary.wrx{ar menu-is.nm “' XV—Array as Result v

g )
valuereguired “ va.\ua.required s

" H x&mi ( X.\')- N valu:.r?;iumd 4 valuerequiced .u‘

Shi-limits "Protile®

“Lu-hmit“ "Profile"
=3 ‘margint!;
pto

44
(REGISTERS AND LITERAL PJD 15/10/84}
+ REGISTER REG.MENU REGISTERREQUIRED AND.POST.WORD ¢
+ READING REG.MENI! * Reading * AND.POSTLWORD ;

+ LITERAL REG.HENU . the value * VALUE.REQUIRED
AND.POST.WORD ¢

ULATED VALUE REG.MENU " Caleulated Value *
AND.FOET.WORD

pto

Iy
(CONSTRUCTS PJD 15/10/84)

+ STARTWA.CONSTRUCT DOWHAT KENU.is.next  start
BET.CALLER 3 ‘ margin +! ." Do the Following " ;

END.A-CDNSTRUC’F FHIHARV WRITER MENU.s.next -3 ‘margint!
start * That's all"

3 IF IF .WHAT HENUdsinext M 1§45

© UNTIL IF.WHAT HENUas.next . Until " ;
N.TIHES PRIMARY WRITER MENU.is.next
VALUE.REQUIRED /" Times " §

pto

A&
{LOGICALE & COMPARISONE  PUD 1/10/841

) savestat Esnu.is.next Seticaller POST.WORD 1™ V3

D I8 “true
+ FALSE > POST.WORD 18 "fl\s! i

~Gl1l~




WRITING AID

{ON; OFF  PJD 1/10/84)

+ ON PREVIQUS. MENU.next " on*
+ OFF PREVIQUS.MENU.next »° BH by |

pto

50

(UNITE PID 1/10/88)
WRITING DEFINITIONS

{1 (nit! forth whoutalled? < anresult
if primary.writer mengis.next else previous.menmnax* then ;

PV nit) v

8L
. SEE (nft) ¥sect s
3 mRad (wnit) " mRad " ;

P10
. 51

(DACU FUNCTION & RANGE  PJD 26/9/84)

+ RACU.FUNCTION WHAT.DACU FUNCTION MENU.is.hext CONHA?
"Function® “te® SET.CALLER

“ : DACULRANGE WHAT.DACU.RANGE HENU.is.next
OH MA? "Range" “to" SET.CALLER ;

52
: {DVH FUNCTIONS AND RANGES  PJD 28/9/84)

+ VDG PRE VIOUS.MENU,next "DO¢ "vohs" '

+ VAL PREVIQUSHMENU next  AC* “volts

+ 2wireQHM PREVIOUB.MENU.naM " 2-w!re " 'Dhme® §

i dyipeOHN PREVIOUEMENUnext 4-wm » "Ohmat |
+ 80.mVOC PRE VIOUS.MENU,ne: f"SO” mVICH ¢
soo.m\\jnc FREVIOUE-MENU‘MH "300" mVDE §

2

N { S.VELY PRAVIOUS HENU.next “91 rVaitet |

+ BONVOLT PREVlOUS.MENU.m)ﬁ 130" “Voltg"
+ 300,VOLYDC FRE VIOUS.MENU.naxt #5300 "Vﬂlti" i
EUD.Vult 300,VoltDC 3

pto

§8 b

i ~Gl2- :
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WRITING AID

{ DV),!] RANEES CONT PJID 1571785 )

HI M %
0. KOHM FREVIOUS.KENU ext "30° “KORm®
00.KOHM PHEV[OUS-&('%!IU gkt '300" "l(Dhm" i

L MOHY PREVIOU!
0.MOHM BREVIOUE MEN) -m:': 'E’\' “)mhm' H
\next "300' “HOhm‘

00, MOHY PRE VIQUS, ME N
00. Rrevious.menunext *3000 K mA iy

L.2Mmp previous.menudext #3°

54
{AUTC, GATE TIMES, RATES PJD 28/9/84}

+ AUTO PRB VIOUS.MENU.next » AUTD

OD.mSEC FHEVIDUS.M Ni.next denma] 2100 YmBec”

C R QUS,MENU.next " 1 " "Sec" |

FRE VIOUS.MENU.next dectmal .+ 10 “Se:"'

SEC PFm VIOUS.HE NUinext vALUE.RBGUIR

ANB.POST,WORD ascii / emit ®

+ HIN PRE VIOUSHE NUnext VALUB.HEGUXRED AND,POST.WORD

Y /Nin
IHDUR PRE VIOUS.MENUnext VALUE.REQUIRED AND.POST.WORD

‘pto
R 55
( DACU RESOLUTION PUD 28/%/84)

: DACU,RESOLUTION DIGITS HENt.ls.next comma?
“Resolution® “ta" |

\DIGITS PRE VIOUS,MENU.next 3 , *Digits! ¢
\DIGITS PRE VIOUS.MENU.next 4 , *Digits® |
.DIGITE PRE VIQUS.MENU.next 5 , "Digits* §

pto

B
{ DACU FREQUENCY, COUNT) TRIGGER, GATE  FJD 28/9/84 )

: FREQUENQY PREVlOUB.MENU.nux1 » Frequency v
+ COUNT PREVIQUS.MERU.nant

' QFMX:U TﬁI_BGER WHAT.DACU.TRIGGER HENU.in.next comma?
rigger

NAL FREV!DUB-HENUJ\EH N lnm-nll

XTERN AL PREVIOUS.MENUnext * Bxternal

Ai)CU OQTE wHAT.DACU.GATE HENY.ds.next :ommn

S Gate-
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WRITING AID

(MOVE STEPPERS  PJD 4/40/84)

 move move.what meruds.next & Move ¥
iource move.where menudsnest “the" ." Xenon gouree " §
ight move where menuRMERt "the [ sight ¢
+ To.XY pr&muvy.wrmr menuds.next ¥ to Y} T
valuerequired *4' valuesequired % ) mRads * §
: By,hand priman) .writfr mnnu.&smxt
b hand M ;tr NQ.recun
H ARy writer menu.icmnt " 40 zero position ®
In:remnnmly prmary-writer manuds.next
valua.reqx;lr;al." mRads in X, ¥ value.required
mRads in

{ ARITHMETIC  PJD 28/% /88)

+ ADD > POST WDHD 1§+
SUBTRACT > FOST,WORD I8 "= * ;
ULTIPLY > BOST.WORD IS % * 1
DIVIDE » POSTWORD IS/ " §

|1 "of.array® M of the XY-Array "

lape primary.wrmr mentds.next slopz * "ofArray" §
« Y=Intercept primury.writer menuds.next
Y-intercept * "ofarray” |

pto

CONNECT ETHSNGS BID {/10/84)
"Fxtw,:t} 4

“Rei!renu" e Re{erence "
¥ gignal

+ voetecton dmmnr' 3

:‘ﬂher" fier " ¢

+"vasupply® J Volt wnpl rafl "

1 pnx cnmpﬂe prSmary.wrl!er :ampile menuds.nest |

&0

(UUT CONNECTIONS PJID £/10/84)  (uyt)
ftch,reference prn "Pitch" "Reference® and.pustiword
awreference pnx "Yaw* “Reference” and.pnit.wnru H

i phch.errar pr "Piteh" "Errort and, pus(.

1 yawLerror phx “Yaw' "Errart and.postover

+ AQ.Detector pm kg "Detectort ACH "siunal"
ang.postword

+ DCydetector pnn “me" "Detectar® “DC *Bighal*

andipost.wat

* Patcl .Wiﬂ!.ﬂlld Pk "Pﬁch" "\Jlde" "Flald“ lnd Pant.word i

i an Nar rw.Fhld pnx "Piteh* "Narrow* “Fiald"
and.post.won

Aw.wsde.ﬂeln e FYaw! "Widev “Field" and.postword §

yaw.nawnw.ﬂel ook "Yaw" *Narrow” *Field" .\nd.pnst.ward H

e e [RES——

-




WRITING AID

(LIUT CONNECTIONS CONT Pal 25/6/85)  (uart cont)
p:é:h.n(.mter px "Pitck® *Narvow" "Field" “Filter” 1
ard.postwor

4 plt: wlt.'mter pnx "Pitch® *Wide* *Field® "Filter"

5
H yaw.nf flter *Yaw" "Narrow” *Rield *Filter"
and.po%ta
1 yawwh :nm pnx "Yaw* "Wide* “Findd” “Filter*
and.pr

word
+ 428 v.supply .‘ *24 M "v.:upply" wwst.wnrd 3
3 +18v, .supply b \SUpplY* and.post.word §
t={Sv.supply -15 u I’v ilml)" and.pnst.word 1
i dvm.hi |:nx * DVH-HI " and, post,word ;
scnpe.nun.h.hi oy Scope-HI (channal B " and.postivord

pto

62

4 XNSTRUMENTA’K‘!ON PID 25/6/85)
wrmng definitiont
| : drop.menu dmp 26 up

: 2dn
I insfg(rt.undo WOB.CALPED7 dup r * read farth =
it 2dropumeny

P e
drop.mecw 3R 2R >R dropumenuy 13 R> R
else I'- ? DI’CONNECT =R *CONNECT = OR
R 2drop.menu £ R R}
elsn zdrop.menu dropamenu PRIKARY.WRITER

=

th
THEN is.next rDROP primary.weiter fs.after |
*{ read.menu setup.menu connectemeny ) pto

83

( INSTRUMENTATION CONT  PID 5/10/84
wrmng detinitions
!HM éDfDHPILE inst [COmpiie) . COMPILE and.postiword
i
{ read.menu setup.men cannatt.menu inst” name"
will cause name %o be prints
and next merw to be sele:ted #rom read, setup or connections;
or, if none of these called, then primary writer)

pto

4
{INSTRUMENTS CONT PJD 25/4/85)
+ dacy primary.wt-iter dacu.setups dvmiconnections

ins{ DA

: DVH pﬂmv.wrl\er dvm.setups dvin.connections
inst" th i

' hi A primary.writer pri

lcum.memnn"ms inst" the scope (:hnnnnl A) v
+ seope.channel.B pr{mlry.wrhar primary.writer
seopedi.connections inst” the scope (channel E) "y

pto
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WRITING AID

{UJT SWITCHES PID 5/10/84)  ( Bwitching )

{2 Bwiteh" complle onv/oft compile menuds.next
Lcomaﬂe: * compile primary.writer compile is.after

INMEIRS

+ Gontorm, ter switch" the %nntomater

B g! modulator *
B Light-sour:: witeh? m Yght source *
t 'ra.mrt"ruw.ﬁnld ;rimatly.wr ter mand.ds.next

s T::.xz&&:;.ﬁnld imuy.wr;tur menuds.next
twwar switch* {h! Power-Gupplies * |
é8
(DVHN FUNCTION, RANGE, TRIGBER PJD 5/10/84)
+ Dvm.FUNCTION WF_}_A{':I'.DVN.FUNCTION MENU.is.next COHHAL
+ DVM,RANGE WHAT.DVH.RANGE MENU.is.next
COMMAT *Range” "to" SET,CALLER ;
i DVM.(NH T;DVM .trigger mendis.next comma?
"trigger’ "o 5
+ DV resumian digits menu.xs.nexf tomma?
"resolution” “to" set.ra:
+ Autozers on/off menu.is.next comma? . Autozero * set.caller

3
pto

87
{ writer definitions last page PJD 12/7/85)
ex

& writer carlay extends 1o " here U,
writing definitions
Kallhead wmehn s
hex b&0O rno
here ien:e

or dop B here = . left in writer’s dictionary area ¥
writi de¢initions

imal
er * writer all done " ¢

48
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TEST EXAMPLE

APPENDIX H

EXAMPLE OF A COMPLETE TEST

~H-

W g T opY

APPENDIX H i

I T ——




-

Save the calulatec Value I| ﬂeqnsur i

w g@e T
TEST EXAMPLE :

O U s

tBegin Tast Horizontal-Scan :- | FRun} Printl iFileloaeadBdit}

4 Coanect the DM to the Detector IC Sig‘n) Ferre s IR oy ) PRTIRSTIIGRAS | IS | SIS

i Betep the DA Funclion tw B0 Voits ige 10 5 W0 i "Tup page

i Trigger to Internal M levtlun tn 4 Ngl&s Levoneemmmmz, [ Desk

{ Howe the Yenon Source to =100 miads on the X-azis i it W besvirnennnn

t Hose the Xeion Source to 8 nﬁms o (h Yanis b 3P;

§ Save the wajue ~100 in Register ! Feed

} 5m the valee -150 as the Hrsi X-«:i)n ™~ H +{Betap

b e D 1 H Toggle LF

i Save m ﬁud}nq as the #irst Y-vajuve 3+ | # Y:\es

| 1 orlantat s Contined e 2) sspacin

ipto ! Do the Foliowing 108 Ti Conpile.Page Hirigel

H Calculate Regisier i 4 Qh valy 2 1= 00,3t s

ng tg 00 Source +2 akads in the ris ¢

Save the Hudlnp a5 the Next Yevalue 3
That.

Horizontal Scan Continued .A.pwp 3)
Save ﬁeqlsm 1 as the Next X-Vaiue = | s;v:i %h: X‘!—arm‘ s Result 6
L

' 003l
X-fxis Nane: * Angle of mlmm i
YAl nane: * Dﬂemr Qutpet *
origin Gegn)i 0,
Nmm lx}y)x i é Hininy (x,y)- 100, l) ¥
0,5 ¢ =30 25
Lo~unnomlne i,

End'l i

Stan !

o1l X1 Y, X212 oo e Yo )
m.s 1i8°8s
(n¥n )
V320 3 Pis 100057
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