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ABSTRACT

This project consisted of the planning and installation ot
facilities within the Department of Electrical Engineering at the
University the Witwatersrand for the development of

microprocessor-based systems.

The project work covered the following areas: familiarisation
with the principles of microprocessor-based svsterns and their
development reouirements; evaluation of the requirements to be
met bv development facilities; formulation of a policy for
providing these development facilities; acauisltion,
configuration and integration of the development facilities; and
final evaluation of the capabilities of the acquired development

facilities.

The policy for the provision of development facilities which '"»s
employed implied a configuration which consisted of a centra¥*
general-purpose computer system which would allow multi-user
access to the development facilities. To provide functions which
the central system could not perform a number of special-purpose
stations would be connected to it. These stations would consist

of commercially availshi development systems.

The project was un iken in two one-veer phases, each consisting

of a complete cvri. tartlng with the evaluation of reouirements
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INTRO nnCTTON

The microprocessor has become one of the most widely wused compo-
nents In digital systems because of its ability to perform a wide
range of complex function®* . Also, user programmability provides

extensive Implementation flexibility.

Th. programmability costs little in terms of components but can
be expensive in terms of the development of the programs needed to
implement the required functions. In many instances the decrease
In component cost of microprocessor-based svstems, when compared
with the previous generations of programmable svstems, has been

largely offset bv an Increase in software development costs.

This project addresses the development support problem. Much has
been said about microprocessor-based system development facili-
ties, primarily by the vendors of microprocessor development sys-
tems. But little or no attempt has been made either to provide a
compreh nsive solution to the problem or even to adopt a cohesive

approach to its solution.
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1.1 Mlcroprocessor-haaer! System npyglopirifnt

MicroprocesLDr-based svstems.are performing a much more varied
ranpe of functions tl.an other programmable systems. This makes
the task of developing programs much more difficult. This diffi-
culty is compounded by the fact that the majority of microproces-
sor- based systems do not incorporate the development facilities
found In typical mini- and mainframe computer systems. In the
case of microprocessors, these facilities usually have to be pro-

vided by a separate system.

Some of the facilities provided for other programmable systems can
he wused; however these facilities will not he capable of solving
the special problems which occur in microprocessor-based systems.
It should be noted that many of the methods and approaches to sys-
tems development used for other programmable svstems are not em-
ployed in the development of microprocessor-based systems and have

been overlooked bv man" development system vendors.

At present the provision of facilities for the development of mi-
croprocessor-based svstems is a new, poorly developed and fast
changing field. Although it is extremely important to provide the
most modern and capable facilities, this is not easily achievable.
This is due largely to the fact that it is wusuallv difficult to
distinguish between useful <capabilities and those included into
development systems merely to sell the product. Many capabilities
provided by vendors fulfill needs that are not, and may never be,

felt.
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hiIrrorvrnrpflRoi h«NHn ivsiem ufevolopment

siir 1 e p u t JI Klec.tnvai Engineerinn it the University of the
<#itwatersrand committed Itself at the enti of 19RO to upgrading its
existing facilities. The author was called upon to supervise this
undertaking. This required the application of many different
areas of knowledge vfthin rhe field of Computer Engineering, rang-
ing from fundamental concepts of software production to configura-

tion of computer hardware.
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1.2 Project Objective and !lmltatlons *
The objective was to configure and expand the department's facili-

ties for the development of microprocessor-based svsttms.

In order to work towards this ohlectlve, femlllarttv with the
field of microprocessor-based svstem development had to be sained.
Thereafter the requirements of the department's development facil-

ities had to be Identified.

This project report documents this upgrading process by outlining

actions performed during the course, of the project, and their

motivation.

The material covered in this project report is limited to experi-
ences within the department in the support of systems based on
conventional microprocessors, and does not consider the support of
micreprogrammable devices; although some cf the basic principles

are applicable to this field as well, as shown bv Wild f19R3).

This implies that this nrnlect report is largelv oriented towards
the support of development of micronrocessoi—based systems in an
educational environment, even though a number of industrial sys-

tems are developed within the department as well.



CHAPTER 2
DEVELOPMENT FACILITIES FOR MICROPROCESSOR-BASED SYSTEMS

Before describing the characteristics of development facilities
for microprocessor-based svstems, it Is Important to discuss vhv
the need for these exists. This chapter looks at this aspect and
proceeds to introduce the concepts and terminologv used in the
description of development facilities. Thereafter, the essence of
the various development methods will he described, prior to out-
lining how the development facilities provide the means for usine
these methods. A good introductory coverage of this material in

simpler and more specific terms is given by Tseng (1982a).
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2.1 The need for development facilities

Microprocessor-based systems are usually wused In applications
where the cost of the hardware Is very low. This Is possible be-
cause the components that make up a microprocessor based svstem
are relatively Inexpensive. This means that the tvpical micropro-
cessor-based svstem cannot have components within it which are
used only durine development, especially if the cost of these com-

ponents Is a significant portion of the total svstem cost.

In a microprocessor-based system the complex functions are per-
formed by by the programs which are developed for the system (i.e.
the software) and not directly performed by the hardware circuits
and components. This results in a situation where the cost of
hardware is very low because mass-produced components are used,
whilst the cost of software is entirely dependant on the capabili-
ties of the developers and the methods used for development be-
cause the software is redeveloped for each application. This
means tnat in these systems software development is the major com-
ponent of system development, and the development facilities are
usually aimed primarily towards efflciencv of software develop-

ment .

The majoritv of programmable systems which are not
microprocessoi—based are more expensive and are used where oneolng
user provrammahilitv is essential as is the case in most mini- and
mainframe computer svstems. These systems will tvpicallv have
their development facilities totally integrated into the structure
of the system. Most microprocessor-based systems are used in ap-
plications where the development is not ongoing, but is only per-
formed during the initial stages of the system life-cycle or for
occasional software revision. These dedicated applications re-
quire the addition of special components (used onlv for develop-
ment and maintenance) for a relatively short portion of the
system's life-cycle and only to a small number of the systems pro-

duced .
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The need for development facilities

Development facilities for microprocessor-based svstems

fore not normallv integrated into the systems themselves,

this respect, they can he verv different to the development

ities used in mini- and mainframe computers. The components which

are needed to support the development of a system

""he compo-

connected to the system whilst it is being developed,

development

nents which need to he connected to the system wunder

function.

will allow the development facilities to perform their
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2.2 Teminolopv of development facilities

The methods used for the development of the hardware In micropro-
cessor-based systems are virtually identical to those employee in
other user-programmable electronic systems. Software development
torms the major part of the development effort because the cost of
the software component in systems has become much larger than the
hardware component and for this reason, the rest of this chapter

will only consider the software development.

The microprocessor-based system under development is termed the

"target", whilstthe development facilities are provided by a
number of computer systems which are ~called the "development
hosts". In most <cases, onlv one host is required. In other

words, the development facilities are hosted on a number of com-
puter systems and thev are oriented towards supporting the devel-

opment of a number of tvpes of target svstems.

A development facility consists of a number of verv different com-
ponents, some of which are hardware components, and others are
software components. All these components together perform the
functions of the development facilities. The software components
consist of a set of programs which perform various functions which
allow the development process to be partially automated. The
software components rely in turn on the the hardware components to

enable these programs to execute.

A development facility is usually based on a wuser-programmable
computer system. Some developm** t facilities are a based on a

number of user programmable computer svstems.

The computer svstems upon which development facilities are vari-
ants of the tvpical micro-, mini- or mainframe computer svstems

and therefore are comprised largely of the same components.
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2.2 Ten.lnolopv of development facilities

The methods used for the development of the hardware in micropro-
cessor-hased systems are virtually identical to those employed in
other user-programmable electronic systems. Software development
forms the major part of the development effort because the cost of
the software component in systems has become much larger than the
hardware component and for this reason, the rest of this chapter

will only consider the software development.

The microprocessor-based system under development is termed the

"target", whilst the development facilities are provided bv a
number of computer systems which are called the "development
hosts". In most cases, onlv one host is required. In other

words, the development facilities are hosted on a number of com-
puter systems and thev are oriented towards suoportine the devel-

opment of a number of tvpes of tareet systems.

A development facility consists of a number of very different com-

ponents, some of which are hardware components, and others are.
software components. All these components together perform the
functions of the development facilities. The software components

consist of a set of programs which perform various functions which
allow the development process to be partially automated. The
software components rely in turn on the the hardware components to

enable these programs to execute.

A development facility is usually based on a wuser-programmable
computer system. Some developm<tr facilities are a based on a

number of user programmable commuter svstems.

The computer svstems upon which development facilities are vari-
ants of the typical micro-, mini- or mainframe computer systems

and therefore are comprised larpelv of th" same components.
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Terminology of develonment facilities

The hardware components of these systems include a Central Proces-
sor Unit, a Primary Storage System (Memory), a Secondary Storage
System (Disks), a Tertiary Storage System (Archives), a wuser in-
terface terminal (usually with CRT and Keyboard), a hardcopy unit

(Printer) and an interface to the system under development.

The use of the hardware components is managed and facilitated by
the most important software component of all, the host operating
system. The operating svstem controls the access hv the users to
the other software and hardware components. Tn systems where
there are multiple users the operating system allows the use of
the various components shared amongst them. The operating system
itself is made up of a number of different programs and utilities,
incliding programs which allows a user to interface directly to
the operating system and request the use of the various facili-

ties .

A "capability" is the property of a development facility which al-
lows a certain development method to be used. Development facili-
ties possess the capabilities for supporting a number of develop-
ment methods. An example of a capability of a development facili-
ty is throughput. A development facilitv with a large throughput
can perform an intricate set of operations in a short time. This
means that this development facilitv can support the use of com-
plicated and comprehensive methods which ideallv, will make the

development process easier for the user.

The components of a development f litv that directlv perform a
function which is required hv a particular development method are
called the "development tools". Manv functions are not directlv
required by a development method hut are needed hy the development
tools or by the developer so as to facilitate the use of the de-
velopment facilities. These functions are performed hy components

which are collectively termed the "development environment".
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2.3 Microprocessor-based svsteins development methods
The majority of methods employed to develop software for micropro-
cessor-based systems are characterised by the fact that they po

through the following stages in the 11fe-cvcle of the system.

START

OONCPPT TON

SPFrTFTCAT tov

DESIGN

CODING

DEVEIDPMEOT

TRANSLATION

INTEGRATION

VALIDATION

DISCDNT TNI'ATTON

All systems will typically go through all of the above stages dur-
ing their life cycles along the path shown on the left, but some
stages or groups of stages will he repeated by tracing sections of

the path along the right. The stages from Specification throuph
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Microprocessor-based svstems development methods
to Validation are called the development stapes. A description of

each stape in the life-cvcle Is >uven below:

2.3.1 Conception
This is the first stap.e in the iife-cycle of a system and is where
the system Is first thought of in terms of satisfying an identi-

fied need. Typically a desirability study is done at this stage.

2.3.2 Specification

The functions to be performed by the system are established in
this stage, ideally without implying .ny implementation method.
In practice however, the system has to be specified in terms of
some of the aspects of the Implementation. A feasibility study is

usually also performed at this stage.

2.3.3 Peslpn

In the design stage, the implementation method is developed and
the system specification wused to derive a design specification
which describes the solution to the implementation problem. This
specification usually takes the form of a number of descriptions
of program modules which implement all the identified, separable

functions performed by the system.

2.3.4 Coding
In this stage, the programs for the microprocessor-based system

are formally drawn up in a programming language.

2.3.5 Translation

The programs which have been coded are now translated into the
code wused by the microprocessor. This process is normally done
automatically by a translator program, but sometimes it has to be

done manually.
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Microprocessor-based systems development methods

2.3.6 Integration

The various code modules are connected together to form the total

software system during the integration stage.

2.3.7 Validation

The operations performed by the programs and thereby the functions
performed by the system are analysed, verified and tested at this
stage. For software, due to the fact that the solution cannot be
formally developed or verified by means of established theories,
this tends to be the most time and effort consuming stage in the

development.

2.3.B Operation
This stage will tvpically last the longest of all the stages, as

the svstem 1is used and produces the required results.

2.3.9 Revision

In programmable systems it is ouite common that a svstemls func-
tions are altered after it has becomeoperational,so as to Im-
prove its functionality. This is possible since the functions are
largely performed by the software and therefore, should be rela-
tively easy to change. Revision usually implies the wundertaking

of a limited development cycle.

2.3.10 Discontinuation
At this stage the use of the system is terminated and It ceases to
exist as a system, even though some ofits softwareand hardware

components may he used In other systems.
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2.4 Microprocessor-based systen-i development too ls

Manufacturers of development facilities provide tools to support
the development methods which they feel are most appropriate for
the intended application. These methods usually differ only in
various details, and the large majority of the methods go through
the stages described in the previous section. The tools which are
provided to aid the developer in performing the actions in the
various stages of the development cycle are typically the same
tools for all development methods. The differences in the devel-
opment methods are directly attributable to the differences in the
nature of the tools that are used In a certain stape of the devel-

opment rather than what tools are provided.

The approaches to the provision of tools bv various development
facility manufacturers are outlined in the following nublications.
Conings (1982) describes Intel's approach which is characterised
by the provision of integrated hardware and software development
support tools. Motorola's policy for provision of tools, as des-
cribed by Kister (1982) is pitched at a higher level of support
oriented towards developers who are using board-level nodules.
Lee (1982a) puts forwards Hewlett-Packard's strategy which is
strongly oriented towards providing a capable user interface for
the development tools whilst also optimising development through-

put.

The following subsections summarise the tools that are tvpicallv
provided to aid the developer at each of the development stages in

the *ife-cycle.

2.4.1 Specification

Specification tools are not being used bv microprocessor-based
systems developers to any significant extent, although it 1is the
author's opinion that in the future, ns the complexity of these
systems increases, the use of specification tools borrowed from

other development facilities viii undoubtedly become common.



)EVE.LOPMENT FACIMTTES FOR MTEROVROCFSSOR-RASFP SYSTEMS PACE 2-9

A Microprocessor-based systems development tools
Manufacturers of development facilities provide tools to support
rne development methods which they feel arc most appropriate for
the intended application. These methods usually differ oniy in
various details, and the large majority of the methods go through
the stages described in the previous section. The tools which are
provided to aid the developerin performing the actions in the
various stages of the development cycle are typicallythe same
tools for all development methods. The differences In the devel-
opment methods are directly attributable to the differences in the
nature of the tools that are usedin a certain stage of the devel-

opment rather than what tools are provided.

nt'e approaches to the provision of tools bv various development
macilitv manufacturers are outlined in the following publications.
Conings (1982) describes Intel’s approach which is characterised
bv the provision of integrated hardware and software development
support tools. Motorola's policv for provision of tools, as des-
cribed bv Ulster (1982) Is pitched at a higher level of support
oriented towards developers who are using board-level modules.
Lee (1982a) puts forwards Hewlett-Packard's strategy which is
strongly oriented towards providing a capable user interface for
rne development tools whilst also optimising development through-

put .

the following subsections summarise the tools that are tvpicallv
provided to aid the developer at each of the development stages in

the life-cycle.

4. Sped fication

peci flcation tools are not being wused bv microprocessor-based
systems developers to anv significant extent, although it is the
author's opinion that in “he future, as the complexity of these
wsfems increases, the wuse of specification tools borrowed from

'iCher levelopment facilities will undoubted!v become common.
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Microprocessor-based systems development too s

2.4.2 Design

In the design phase, the solution is Implemented bv Identifying
the portions that have been previously designed and implemented in
other previously developed systems. Effort is then concentrated
on the portions which still have to be designed and on adaotinv
the previously designed portions to the <current implementation.
Portions which are alreadv designed usuallv perform commonlv re-
quired functions and are also obtainable from outside sources. *
good example of this is the us* of a multi-tasking target execu-
tive, which allows a number of programs in the target to execute
apparently concurrently. To use this executive in anv design, it
must be provided together with tools whicn will allow it to he

configured.

2.4.3 Coding

The coding of programs is done in a language suitable for the ap-
plication. This can either be a high level language or assembly
language. The types of languages which are suitable for wvarious

applications are given in the next chapter.

2.4.4 Translation
To perform the translation of programs, a compiler for the

language used in the coding or an assembler "mist bp provided.

2.4.5 Integration

The various program modules are integrated either manual v, or au-
tomatically by tools such as linkers. The capabilities of the
linker will determine what structures can be wused to support

software modularity in the implementation of the system.

2.4.6 Validation

Validation in microprocessor-based systems involves the controlled
and monitored execution of the developed programs. There are verv
few validation methods which do emplov exe .ition of the programs

to be wvalidated. Validation methods fall into two classes which
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Microprocessor-baser4 systems development tools
are dlsttneuihed by the method used for the execution of the pro-

grams:

- Simulation: In which the Instructions In the propram under
development are interpreted hy a processor different to the
target processor, with the aid of a simulation program. This
implies that the validation tool can easily provide extensive
control and monitoring capabilities because it executes in an
artificially created and therefore more controllable and ob-

servable environment.

- Emulation: in which the instructions in the program under
development are interpreted by the target processor and
preferably in the target hardware. This Implies that the ex-
ecution environment of the program under develonment is vir-
tually identical to the target environment. The execution is

monitored and observed hv the addition of software and

hardware compon to the target svstem or a target proces-
sor. These ¢ ,nents are ideallv included in a manner which
makes their use virtually transparent to the program under

execution.

Validation tools are thus either simulators or emulators. A more
comprehensive description of validation methods (sometimes called
debugging methods) and tools used in the process is given in the

chapter which develops the upgrading policy.
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2.5 Microprocessor-based systems development environments

The development environment Is itself provided to support the use
of the development tools at all of the stages 1In the Illfe-cycle of
the system. The emphasis of the evolution of development facili-
ties in general revolves around the provision of a comprehensive
development environment. Hewlett-Packard's Lee (1982) stresses
that the development environment must provide effective facilities

for performing the following functions:

1. The manipulation and storage of information

2. The support for modular programming

3. The coding of programs in languages approoiate to the ap-

plication.

This trend is even more obvious In a description of development
facilities provided by Texas Instruments as given hv ”rlstow, Vin-
son and Woolen (1*582). This description stresses the need for

generality and flexibility which must inherent In the user Inter-

face, and the importance of support for developing apllications
which employ concurrent programming. The reason for this trend
will be discussed after the requirements for development capabili-
ties are outlined in the following chapter, when the expansion

policy for the dej artment's facilities is developed.
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The development environment is provided by the components which

support the use of the development tools i.e.

- the software comnonents which interface with the user.

- the operating svstem and its utilities.

- the underlying hardware components which allow the execution

of all the software components.

2.5.1 User interface

This is the most important component of the development environ-
ment because it is the only part with which the user cones direct-
ly into contact. The user interface allows the user to access the
development facilities and thereby employ its capabilities. The
user interface is therefore the most important factor affecting
the productivity of the users. The design of a user interface is
characterised by a three-way tradeoff between friendliness, func-
tionality and simplicity of implementation. It is a general rule,
that given a certain complexity of implementation, the more flexi-
ble and powerful the capabilities provided bv a user interface,

the more unfriendly it is.

Ructions which are performed bv the user Interface include the in-
terpretation of user commands, the guiding of the user in formu-
lating these commands, the automatic execution of wuser definable
sequences of commands and the provision of capabilities for devel-

oping user defined commands.
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2.5.2 Host Operating System and U tilities

These components of the environment are the ones which lay the
foundations for the functionality of the development facilities

and therefore contribute to its usability and expandability.

The most important function performed hv the Operating System is
resource management and the most important resource in anv svstem
is secondary storage because this is where most of the information
is kept. Therefore file management is the single most important
function performed by the Operating system components. The capa-
bilities provided by the file management system form the major
touchstone for evaluating the capabilities of the host opearating
system and its utilities. Functions which are performed by the
file management system include file organisation and access con-
trol, file archival and backup, and file structure and content ma-

intenance .

Other functions performed by the operating system include execu-
tion control, device handling, facility access control, resource
sharing, device maintenance and the provision of high-level I/O

operations.

2.5.1 Hardware components

As previously described, the hardware components of a development
host form a typical wuser-programmable computer svstem with the
added interfaces for connection to the target systems. The func-
tionality of these components will determine important capabili-
ties such as throughput, multi-user access and quantity of primary

and secondary storage.

These components will allow the operating svstem, utilities and

development tools to execute and therefore perform their function.
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2.6 Conclusion

The malorlty of development facilities and the development methods
that thev support can he described in terms of a development pro-
cess which is made up of a number of distinct stages. Development
tools are provided to aid in performing the actions required bv
each of these stages. The development environment is provided to
support the use of the development tools by allowing these to in-

teract amongst themselves, and with the user.



CHAPTER 3
REQUIREMENTS FOR DEVELOPMENT FACILITIES

This chapter lavs dowr the requirements for a development facility
within the context of the Department of Electrical Engineering of

the University of the Witwatersrand.

In order to make these requirements more understandable It is ne-
cessary to define a model for the development process. This will
allow the requirements to be evaluated in separate classes Dbefore

obtaining the overall requirements for the development facilities.



REQUIREMENTS FOR DEVELOPMENT FACILITIES PAGE 3-2

3.1 Development Model
A model for the development process can be conceived by first con-

sidering the basic components which interact within the develop-

ment process. These are:

- the user.

- the development facility.

- the microprocessor-based target system which the wuser will

employ to perform the required task.

Their interaction 1is as shown below:

USER DEVELOPMENT TARGET
FACILITY

The user is guide 1 during the development hv the feedback which he
receives from the target, via the development facilities. Rv

looking more closelv at this feedback, one can introduce into the

model the following conceptions:

- requirements of the project undertaken hv the user.

- the solution which is attainable at any one time.

- the problems encountered by the user.
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The latter can be seen as the difference between the renui rements

and the solution. This can he show as:
PFVFTOPMF»rr
FACILITY
REOUIREMENTS

With this framework in mind the requirements can now be obtained
by firstly examining those requirements which are determined out-

side the scope of the development facilities. These are:

- the user's project requirements.

- the characteristics of the users.

- the targets which thev will f»mplov and what forms their solu-

tions will take.

With this information one can now consider the problems that the
users will encounter and this will then allow one to conclude what

tne requirements for the development facilities are.
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3.2 User's Project Pennlrerents
These can best be reviewed bv statlnp the classes of projects that
users within the department penerallv undertake. These may be

summarised as follows:

- Undergraduate course projects which typically entail taking
general principles as covered in lectures and applying then
to simple projects which will enforce the wunderstanding of
these principles. These projects are undertaken on a
part-time basis during the term and they require the equiva-

lent of one to two weeks of continuous work.

- Projects undertaken bv final vear students as their major
project. The students acquire specific information about the
field they are working in, and thev apply this to a soecific
task so as to become proficient in the application of what
they have learned. These projects <can be of considerable
complexity and thev require the equivalent of six to nine

weeks of continuous work.

- Postgraduate projects in fulfilment or partial fulfilment of
higher degrees. The projects in this category range over a
wide spectrum of complexity and applications. The manner in
which these projects are tackled is probably more similar to
the approach used in an industrial environment than the pre-
viously described projects. This is applicable even though
some postgraduate projects tend to be less
production-oriented then industrial projects. These projects
are normally tackled on a full-time basis requiring four to

twelve months of continuous work.
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It is evident that the users have widely different requirements in
terms of the types of projects which they undertake. Most pro-
jects are characterised by having strict time deadlines which are

satisfiable because the scope of the projects is limited by the
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1.3 Charact.brJsties of users

In away similar to the types ofprojects undertaken, wusers pro-

jects within the department fall into three categories:

- Undergraduate students - these students have no specific
knowledge or experience that thev can anplv to the usage of

the development facilities. Thev usuallv have only a knowl-

edge of the principles behind its usrge. Thev will normally
be encountering the facilities for the first time and are
looking for the shortest and simplest solution to their prob-

lems .

- Final year students - These students are usually no more ad-
vanced than the other undergraduate students, but when tack-
ling their final year projects they will dedicate time to
train themselves in the use of the facilities which their su-
pervisors indicate should be used. They mav have met the fa-
*ilities beforehend ar.j will normal lv make omprehensive use
of them but will only emplov them to solve the problems which

thev recognise.

- Postgraduate students - these people have widelv differing
previous experiences and will usuallv he able to dedicate
enough time to learning the use and application of the avail-
able facilities to become experts. Thev will normallv have
encountered the facilities previously and will usuallv trv to

use them to the limits of tM rapahilities.

The variety of users who will require access to the facilities is
too large to tailor the system to anv single class. To accelerate
the initial Ilearning rate of the new users, friendliness and ap-
proachabilitv an necessary requirements for the development fa-

cilities.
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3.A Target Svstew
The characteristics of the target svster remilrenents will hp ex-

amined under the headings of complex!tv and architecture.

3.4.1 Complexity
The complexities of the target svstems car he separated into rhe

following levels:

- Chip Level designs which are configured from the separate In-

tegrated Circuit 'soonents for custom applications.

- Board Le- 'l designs which are configured la. ely from stan-

dard bo J to Implement a conventional system.

- Module Level designs which are composed of modules made up of
standard hoards. These are us.ed to implement multiprocessor

systems.

- Svutem level designs which are hut If from standard computer
systems and wused to implement distihuted multicomputer sys-

tems .

It is evident that provision must be made for supporting the full
range of complexity with facilities of the appropiate level. The
facilities should support each level as completely and

cost-effectively as possible.
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3.4.2 Architecture

The processor architectures which should be supported will be

classified as follows:

- Second generation or &8-blt microprocessors, specifically
those to which the department decided to commit Itself, being

the Intel 8080 and 8085 and the Zilog Z80.

- Third generation or 16-bit processors, specifically the Intel

8086.

The choice of which processors to support was deliberately kept as
small as possible so as to favour the aualltv rather than the var-
iety if support, ffone the less, when considering the large range
of complexities of target svstems which must be supported, and
also bearing in mind that room should he left open for easv future
expansion of new architecture support, the requirement for flexi-

bility and universality of the facilies is evident.
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3.5 User's Project Solution
In this section an review is Riven into the form taken by the

user's project solutions. They may be classified into those em-

ploying a high-level language for their implementation and those

employing assembly language.

3.5.1 Implementations employing High-Level languages

These implementations can be characterised by the level of ab-
straction and facilities provided by the high-level language, e.g.
in complex systems a user nay employ a high level language which,
with the aid of an executive, will provide multi-tasking opera-

tion.

Another important characterisation of high-level language imple-
mentations is the programming orientation. Rome svstems are
largely implemented using application oriented programming which
does not require strong interaction between the program and the
underlying hardware. Others, which tend to be the majority of mi-
croprocessor systems, need a strong interaction and are therefore
programmed in systems programming languages and the target's as-
sembly language. Other high level languages are usually unsuit-
able for use in the Implementation of most microprocessor-based

systems.

This means that :ompilers and their associated host and target
support environments must he provided as part of the facilities.
It is desirable to constrain the choice of language as little as

possible, therefore as manv compilers should he made available as
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In this section an review is Riven into the form taken by the

user's project solutions. They may be classified into those em-

ploying a high-level language for their implementation and those

employing assembly language.

3.5.1 Implementations employing High-Level Languages
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Another important characterisation of high-level language imple-
mentations is the programming orientation. Some svstems are
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underlying hardware. Others, which tend to be the majority of mi-
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It is desirable to constrain the choice of language as little as

possible, therefore as manv compilers should he made available as
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3.5.2 Implementations employing Assembly Language

Assembly Language will be employed for the implementation in cer-
tain special cases where a greater degree of implementation flexi-

bility is required. Those cases include:

- trivial implementations.

- educational exercises.

- implementations having critical time or space restrictions.

- Implementations requiring snecial nurnose structuring which

cannot be supported by a High Level Language.

Assembly Language implementations wxll require powerful and mature
Assemblers e.g. with macro processing and symbol scope control.
A great strain is placed on the debugging tools used for such im-
plementations as they will have to be powerful without being too
difficult to use, and flexible to the extent of being

user-tailorable e.g. multiprocessor symbolic simulators.
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3.5.2 Implementations emplovinp Assembly Lanctiape

Assembly Language will be employed for the implementation in cer-
tain special cases where a greater degree of implementation flexi-

bility is required. These cases include:

- trivial implementations.

- educational exercises.

- implementations havinp critical time or space restrictions.

- Implementations requiring special purpose structuring which

cannot he supported by a Vieh Level Language.

Assembly Language implementations will require powerful and mature
Assemblers e.g. with macro processing and symbol scope control.
A great strain is placed on the debugging tools used for such im-
plementations as they will have to be powerful without being too
difficult to use, and flexible to the extent of being

user-tallorable e.g. multiprocessor symbolic simulators.
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3.6 Problems encountered by the users

Now that the environnev.t surrounr'inp, the development facilities
has been defined, one can consider the problems which the users
will encounter. The requirements for the capabilities of the de-

velopment facility will be larqely determined bv the possible so-

lutions to these problems.

3.6.1 Proerammlinp Inability

Typically undergraduate students have omv had exposure to simple
proprammlnp in  FORTRAN. This means that thev have considerable
trouble in expression themselves in low-level lanpuaees, and, when
using assembly language they tend to make unwarranted assumptions.
This implies that the availability of high level languages is a

necessary requirement.

3.6.2 Lack of programming concepts
Users frequently find their problems insoluble because the'l lack

the insight to either visualise their problem or the form of the

solution. Users are usually unfamiliar with concepts of data and
program structuring and information flow through their
Software/Hardware complex. A development facility should provide

capabilities for adopting these programming concepts in the devel-

opment process la an obvious manner.

3.6.3 7ardware/Software interact Ion problems

Some users are still developing their understanding of the funda-
mental opeiation of their target svstems. This means that thev
will have trouble with Hardware/Software Interaction. A develop-
ment facility should force an understanding of t’c fundamental op-
erations before the user gets involved with more complicated prob-

lems.
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3.6.4 Hardware design faults

Users are often confronted with emulators that do not behave pred-
ictably or with programs that are not executed loeicallv. These
are usually caused by marginal faults In the desipn of the tarpet
hardware. To rectify this, facilities such as loeic analysers,
should he available to dehup hardware before it is used to execute
and dehup the software, even if an in-circuit emulator is used.
Also, hardware debug programs for use with emulators (e.g. memory

test programs and the like) should be available.

3.6.5 Complexity

Users are always struck by the complexity of an unknown facility,
especially if they are educating thtmselves at the same time. It
is obvious that the more capabilities a facility has, the more
complex it will be, but the orderly and logical organisation of

the capabilities will reduce the apparent complexity.

3.6.6 Unavailability or unsuitability of Tools
Postgraduate users very often can see the need for some very use-

ful tools which can rake the capabilities of the development fa-

cility more extensive. An ideal facility should provide all pos-
sible tools, hut this Is unrealistic as new tools are becoming
available all the time. A more practical approach is for the de-

velopment facility to provide a simple means for the users to add

these tools at any time.
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1.h.7 Misuse of Tools

Tnexenerlenced users can often total lv misinterpret the function
of <certain tools provided hv a development facility, or even
disregard the existence of tools. If a development facility has
an obviously <consistent structure with respect to the provision
and factions of the tools it provides, users will mnaturally wuse
tools correctly, and will come to expect tools which provide func-
tions which are consistent with others within the total develop-

ment framework.

3.6.8 Access to development facilities

Users will encounter problems when trying to access the develop-
ment facilities as these are shared amongst a large number of dif-
ferent projects, and conflicts will occur. To minimise problems
which arise from these access conflicts a development facility
should cater for multiple users and should also provide maximal
throughput for the users which are accessing simultaneous!v. n

consequence of this is that thev free the facility for use hv oth-

€rs ¢

3.6.9 Time constraints

The major problem encountered bv all users Is the constrain placed
on them in terms of the time they have to complete their work. As
the scope of the projects is determined by the supervisors so as
to make the deadlines realistic, the facility's throughput capa-
bilities using various development methods must be known to the

supervisors.

3.6.10 Overcommitment

This arises when the target system is targetted to an application
which strains or exceeds its capabilities. Tt also arises when
the development facilities are similarly employed. The limita-
tions of the ranfihillties of the dpvelonment facilities must he

discernible to the supervisors as well as the users.
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3.7 Peoulrepents for the development feci 1lrv

Hp to now, many specific requirements have been stated. Tn this
section, the peneral requirements can he summarised and the prob-
lem posed by this project can he stated as the provision of facil-
ities to satisfy these requirements. The requirements may be

listed as:

1. The development facilities must provide methods for mul-
tiple users to develop microprocessor-based systems con-
currently. These methods must provide as much automation
of the development process as possible so as to maximise

throughput.

2. The capabilities of the development facilities must be as
flexible as possible so as to support presently renuired,
ms well as future functionalitv. This should also be en-
hanced bv the inclusion of capabilities for expanding the

facilities.

3. The facilities must provide a comprehensive and friendlv

user interface.

4. The faclltles must be implemented in as reliable a manner
as possible. The department is understaffed, and has a
larpe turnover of support staff and therefore cannot com-
mit itself to extensive maintenance of the facilities.
This applies especially to the Software components of the

facilities.

5. The above requirements should he met with the maximum
achievable <cost effectiveness, as the department is fi-

nancially constrained.
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3.8 Conclusion

The requirements which are to be met by the development facilities
which are to be provided arise because of the department's orien-
tation towards educational project work. A broad and flexible

base of support must be provided to meet the requirements.

These requirements will be used to formulate a policy for wupprad-
inp the department's development facilities in the followinp

chapter.



CHAPTER U

POLICY FOR THF I'PCRAniNC PROCESS

T>p exnnnslor flnrl stibspnupnt reronfinirfltton of tho Hovolormpnt
facj]IMpF haH to hr piijrlpH hv an intoprateH overall nollcv #o
that it coulfl he effective. The application of this nollcv moti-

vated all the actior.R which were performed durinp the course of

the pro lect.

Ihe policy had to contort tv current and future trends in the evo-
utior ot development facilities therefore the fundamentals of

e trends had to hi initially reviewed. Following this, the
policy for the expansion and configuration of these facilities
could hr stated and motivated. The chapter is concluded by a con-
sideration of the major implementation difficulties which can
arise as a result of the adoption of this policy, and considera-

"™ is piver to how theme ran he overcome.
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4.1 Current and Futr e Trends

The current and future trende in the provision t
microprocessor-bas*d systems development facilities can be evalu-
ated by first considering what the functionality increases in mod-
ern development systems are. When this has been done the configu-
rations which support this functional!tv can be reviewed. A re-
view of these trends is given by Tseng f1982b) and the following
description is based on this material, together wirf at analvsit
of trends in modem offerings by development svs ems manufactur-

€rs.

4.1.1 Functlonalltv

It has become evident to manufacturers of development systems 'ha*
most of th» general requirements as stated in the previous chapter
can be met by providing a development facility which ran be des-
cribed as a "programmer's workbench". This is a programming envi-
ronment which provides a large number of Interrelated and inter-
ratable tools which the programmer emplovs to aid Ir thr develop-

ment of his software.

This approach was formalised and implemented hv thr designers of
the UNIX operating system at Bell Laboratories and it is not
surprising that the latest generation of development systems pro-
duced by Tektronix (1982) and Philips (1982) enplov this operation
system. It is similarly not surprising that new tools such as
i MAKE which are being added to Intel development svstens were dei—
ived from their UNIX equivalents. A programmers workbench s
identical in concept to svstems such as the Ada prorramtaing Sup-
port Environment (APSE) described by Stenninc et al f1QPl) and

other similar software oevelop t support environments.

It is evident that any operating svstern which is tailored for
software development provides the beginnings of such an environ-
ment. If such an operating system is mature and well developed it

can provide more functionality as a development environment than
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those on most current development systems. A typical example of
this is any well established and well developed mi licomputer oper-
ating system which supports software development (eg. Digital
Equipment Corporation's RSX-11M, Data Genera] Corporation's AOS
and Hewlett Packard's RTF). The same observation can be made of
timesharing operating svstems available on many mainframe computer

systems.

These trends also cater for many requirements which are not co-
vered in the previous chapter because thev are nor applicable to
the department's needs at this point in time. These requirements

include support for:

- Teamwork.

- Development of very large multimodule software complexes.

- Development of systems which require extensive.

multidisciplinary interaction.

- Project management and documentation.

4.1.2 Configurations

All modern development facilities must provide the functionality
previously described as well as a considerable increase in
throughput compared to previous generations of de* lopment facili-
ties. If the throughput is not Increased users will not employ

these new tools as their use will consume too much of the avail-
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those on most current development systems. A typical example of
this is any well established and well developed minicomputer oper-
ating system which supports software development (eg. Digital
Equipment Corporation's RSX-11M, Data General Corporation's AOS
and Hewlett Packard's RTF). The same observation can be made of
timesharing operating systems available on many mainframe computer

svstems.

These trends alsc cater for many requirements which are not co-
vered in the previous chapter because thev are nor applicable to
the department's needs at this point in time. These requirements

include support for:

- Teamwork.

- Development of very large multimodule software complexes.

- Development of systems which require extensive,

multidisciplinary interaction.

- Prolect management and documentation.

4.1.2 Configurations

A1l modern development facilities must provide the functionality
previously described as well as a considerable increase in
throughput compared to previous generations of development facili-
ties. If the throughput is not increased users will not employ
these new tools as their use will consume too much of the avail-

able time.
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This increase in throughput, which is approximately of the order
of 2 to 20 times that of the previous peneration is accomplished

by providing more powerful hardware components and more powerful

operating systems to manage these hardware components. This 1is
evidenced by the trends in current development systems to uce
powerful 16-bit CPUs, large main memories, and fast hard disks.
These components are still not inexpensive and must be utilised
fully to justify their cost. This explains the trend towards

multi-user development systems which allovs these costly resources

to be dynamically shared.

Multi-user development systems fall Into two categories: those
that employ a single central processor and those that, at a small
increase in cost provide a processor and memorv for each user.
The former configuration is more reminiscent of timesharing main-
frame and minicomputer svstems whilst the latter emplovs the more

modern concepts of networking in order to share the expensive com-
ponents which cannot be replicated for each user. An example of
the former is the Tektronix (1982) 8560 MDL and of the latter the
Hewlett-Packard (1982) 64000 system. The new Philips (1982)
PM4422 is an example of a hybrid between the two configurations,

although it is centrally controlled.

Generally speaking, the most extensive functionality is provided

by configurations employing a central processor because these in-

herit their environments from mature minicomputer systems. On the
other hand the development systems that employ networking are de-
veloped from scratch and have not yet attained the functionality
of the others. A network-based development system promises the
greatest potential in terms of throughput, but it will take con-
siderable time before thev develop the functionality and before
all the components become cheap enough for this potential to be

realised.
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4.2 Expansion Policy

The proposed expansion policy will first be described, following
which it will be reviewed in terms of the general requirements
stated in the previous chapter, to see whether it precludes any of

them.

4.2.1 Description

The priciple employed to Implement this policy is that all the
components of the development facilities will be employed to per-
form the functions which they can support best. Components of
various types will be integrated into a complete development fm-

ciltv so that they can be used together rather than separately.

The approach adopted is a very obvious one, best described and mo-

tivated for an academic environment by Glover and Bargainer
(1981). The facility is centered around a single host minicom -
puter system which forms the connecting link between the various

components and directly controls those facilities which must be
dynamically shared. The facilities which are not dynamically
shared, are connected to it and used independently, except that

they require information which has been processed by the host.

Dynamically shareable facilities which the users will employ in-
clude editors, assemblers, compilers, linkers and simulators with
their attendant file management and support utilities.
Non-shareahle facilities inc’ude emulators and lIonic analysers.
This configuration will allow the bulk of users to perform devel-
opment on the undedicated terminals of the host, and when required
can use the specialised facilities without monopolising them unne-

cessarily.

Although the approach described above is relatively uncommon in
industry, it is very extensively adopted in educational environ-

ments because it tends to be the only one which wil’ give the re-
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industry, it is very extensively adopted In educational environ-

ments because it tends to be the only one which will give the re-
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quired cost-effective throughput. Examples are given for univer-
sity envin nments by Ahlgren (1981', Aylor and White (1981) and
Zornig (1981), and a rood description of their implementation, use
and motivation 1is given by Alty (1982). Implementations are
however, not only restricted to universities, since Saukkonen,
Karppinen and Kemppainen (1982) describe a system which implements
this policy in a very general manner in an industrially oriented
environment. This implementation goes as far as having the host
manage all accesses to the development svsterns connected to it.
An example of a host-centered configuration as employed in an in -

dustrial educational environment is also given by Lumley (1981).

The policy proposed can be summarised bv saying that it will im-

plement a configuration which has centrally controlled sharing of

those components which are easily shareable and which maintains
communications with those that do not. The central controller
will be based on a timesharing minicomputer system and it will
host the development facilities. The facilities which will be
shared are those that can be migrated to the host system. Others
will remain in the attached development stations and can only be

accessed in a local, non-ahareable fashion.

6.2.2 Review

A system implemented using the described policy can provide a de-
velopment environment for microprocessor-based systems. This 1is
achieved bv adding to these systems, the tools which are specific
to microprocessor—based mvstems development such as assemblers.
The other non-specific tools can be provided bv the host operating
system and its utilities. The host can be powerful enough to pro-
vide multi-user access with enough throughput. Functions which
are not available on the host can can be provided bv attached sta-
tions which will thereby extend the host's development environ-

ment .
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The host development environment will co-ordinate the use of the
development tools and can provide the required functionality, in-
cluding the provision or a base for extendinp the capabilities of

the development facility.

The user interfr-e which will he inherited from the host minicom -
puter system can he comprehensive, hut it may not he friendlv
enouph. As the apparent friendliness of any computer svstem is
dependant on whether the users have encountered it before, the
lack of friendliness shown by the host may be tolerable if the

users have used it previously, even for another different purpose.

Reliability of implementation will be met if the components em-
ployed are commercially supported and if local in-house software
efforts will be limited to the development of interfaces between

these components.

Cost-effectiveness 1S maintained because the ms lor part of the in-
vestments which is the host svstem, has either been performed, or
It mav be employed for other uses rather than wasted on a specific

application. Also the bulk of the components will he shareable.

In conclusion, the policy does not seem to preclude any of the re-

quirements stated in the previous chapter.
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A.3 Implementation HIfflenities
The tnalor implementation difficulties center around the migration

of components to perform various functions fror the dedicated sta-

tions to the host, specifically functions such as debugging. If
these functions are not migrated to the host, they cannot be dy-
namically shared amongst the users and therefore the policy does
not provide sufficient cojt-offectiveness. Cost-effectiveness can

only be maintained if the functions performed by the dedicated
stations are not in heavy and continuous demand. It is unrealis-
tic to expect users not to be able to debug their programs whilst

they are using the host directly, without access to the stations.

It is therefore appropriate to consider various debugging methods
“.c this point, to see which ones can he migrated to the host sys-
tem. If the debugging methods which can be migrated to the host
can satisfy enough of the demand for debugging, the implementation
of this policy is nossihie and desirable. Additionallv, if the
demand can also be met bv emnloying a debugging method which calls

for the replication of some inexpensive components, then the use

of the policy is still justified.

4.3.1 Debugging methods
Debugging methods are varied, ranging from methods which require

one to debug on the target system through to the use of simula-

tors. Here are some examples of debugging methods:
I. In the target system with a monitor program.
2. In the target system with a state analyser with software

debugging capabilities as shown by Dlttman, Clasby and

Benenati (1981).

3. In a development system which has all the hardware of the

target as part of itself, as described by Harp (1981).
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4. With an in-circuit emulator as described M Lejeune

(1982) and Mihalik (1982).

5. With a remote emulator such as wused in the MAGIC system

reviewed by Finucci and MacLeod (1981).

6. Using a hardware/software simulator as described by Rodd

and Gray (1979).

7. Employing a software simulator which simulates the target
system.
The various methods are differentiated hv different tradeo ffs

between how <close the dehuggine environment is to the target and
how much control the user has over the execution of his software.
The different methods are chosen depending on which method cm

satisfv the particular debugging requirements.

Only the last three stated methods can be migrated to the host,
but the hardware/software simulator requires in-house development

as it cannot be commercially obtained.

The first method can le implemented in a cost effective manner
even without migrating it to the hostbv replicating a relatively

inexpensive and standard target for each user.

4.3.2 Debugging Demands
The hulk of the demands for debugging can he met hv the use of
simulators and remote emulators, or at the worst, hv manv standard

target svstems.
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4. With an In-clrcult emulator as described by Leleune

(1982) and Mlhallk (1982).

5. With a remote emulator such as wused In the MAGIC system

reviewed by Flnuccl and MacLeod (1981).

6. Using a hardware/software simulator as described by Rodd

and Cray (1979).

7. Employing a software simulator which simulates the target
system .
The various methods are differentiated hv different tradeo ffs

between how <close the dehuggine environment is to the target and
how much control the user has over the execution of Ms software.
The different methods are chosen depending on which method can

satlsfv the particular debugging requirements.

Only the last three stated methods can be migrated to the host,
but the hardware/software simulator requires in-house development

as it cannot be commercially obtained.

The first method can be implemented in n cost effective manner
even without o'.grating it to the hostby replicating a relatively

inexpensive and standard target for each user.

4.3.2 Dehuxglnr Demands
The bulk of the demands for debugging can he met bv the use of

simulators nnd remote emulators, or at the worst, hv mmnv standard
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..it Kimulatort. can cater tor educational demand6 because these de-
mands are relatively trivial in complexity, and the users are
still becoming familiar with the target environment and they will
find the simulated target environment more approachable because it
is more predictable (if the simulation is sufficiently accurate).
For complex applications, the simulator must be user-configurable,
and in the hands of users which can nredict, and <cater for its
limitations hv emplovinr the configurability: it can become a
tool which can actuallv be more powerful than most in-circult emu-
lators. In a timesharing environment the simulator can be concur-

rent Iv accessed hv all the users.

A remote emulator can cater for debugging of systems at the board
level of complexity, and will definitely be more cost effective
for such systems than in-circuit emulators. It has the potential
tor being, more cost '*ffective than any other debugging facility
when applied to levels more complex than board level system, if
the functionality of remote emulators is extended so as to cater
for the debugging of multi-tasking or even oulti-processing sys-
tems. The remote emulator can be accessed by as manyusers as

there are target svstems connected to the host.

The rect of tbe demand which requires simple interaction interac-
ticT between the outside world and the target, can be met bv a

numhi rV Inexpensive monitor-equipped tareets.

It 1* felt therefore that enough of the demand for debugging can
he migrated to the central system or catered for bv emploving a

sumber of standard targets for he polirv to be viable.
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4.4 Conclusion

This chapter has presented and motivated a policy for the provi-
sion of facilities .or the development of microprocessor-based
systems. This policy Is simple yet generally applicable and it 1is
independent of the current fashions in tie field, thus being ap-

plicable in the future as well as the present.



CHAPTER 5
THE UPGRADING PROCESS - PHASE 1

The upgrading process was performed in two phases, one during
1981, and one during 1982. This was due to the faci that it 1is
driven by finances which are available only as a lump suu at the

beginning cf the year.

The actions within the process will be documented in five chrono-

logical Iv distinct phases which cover:

1. Statement of requirements
2. Availability review

3. Acquisition of components
4. Configuration of components
5. Evaluation of capabilities

The final evaluation of capabilities would form the bests for the

requirements for the upgra process in the following year.
Before the requirements for ;base 1 of the upgrading process can
be stated it is necessary to document what facilities were ini-

tially available at the beginning of 1981 when the protect start-



THE UPGRADING PROCESS - PHASE 1 PAGE > 2

5.1 Initially available facilities

The initially available facilities will be described in two sec-
tions denoted by the manufacturers of the microprocessor-specific
development facilities and a third section which outlines the gen-

eral-purpose computing facilities within the department.

5.1.1 Intel facilities

The department's investment in Intel facilities consisted of one
Intellec Series 800 Development System with ICF-80 in-circuit emu-
lator. The hardware configuration comprised a full complement of
memory, dual double density disk drives and dual single density
disk drives. The ISIS-II operating system was employed, together
with Intel standard utility software. This included PI./M-80 Com-
piler, ASM-80 Assembler and their supporting utilities. A
PROMPT-80 wunit was connected to the Intellec system for program-

ming Intel 2708 and 8755 UV-EPROMS.

This basically constituted a single user development facility for
the Intel 8080 processor, with software provisions for other 8-bit

Intel processors.

5.1.2 motorola facilities

The department owned a Motorola Exerciser 1 development system
with a 6800 USE Module. This syutem, during the course of the
this project had been dedicated to developing microprograms for a
specialised application, therefore it was not considered as part

of the generally available facilities.

It is possible that sometime in the future, this system mav he in-
tegrated with the rest of the facilities, and at the very least,

it is capable of supporting 6800-bnsed systems development.
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5.1.3 General-purpose computing facilities

The department has access to various general-purpose computers
which can be employed to support various areas of
microprocessor-based systems development. These fall into two ca-

tegories which are described separately.

5.1.3.1 Unlveisltyv Computer centre - This comprises a large main-
frame svstem which can be used hv many people. Most students are
familiar with it and tools can be acquired for it which will en-
able it to aid in the process of development of
microprocessor-based systems. Some of these were developed within
the department by Jackson (1980) but these tend to be incomplete,

unsupported and difficult to maintain.

This system is not an ideal microprocessor-based systems develop-
ment host as it is overloaded, inflexible and it is difficult to
obtain dedicated links to it, which is an important requirement 1if

it has to communicate with the rest of the facilities.

5.1.3.2 In-house Minicomputer facllltles - The department
possesses two minicomputer systems which can be usefully employed
to support microprocessor-based systems development. Both of

these hosts can provide a general purpose software production en-
vironment and car. be made to communicate efficiently with other
components of the development facilities. The systems will he

described separately in the following sections.

5.1.3.2.1 Data General Eclipse svstem - This constitutes an
Eclipse S/160 computer system with 25hKP of memory, a 25MB disk,
printing facilities and 10 serial interface ports. It is con-
trolled by the ADS operating system and supporting utilities
which, as it stands can only contribute editing facilities towards

the development of microprocessor-based systems.



THE UPGRADING PROCESS - PHASE 1 PAGE 5-4
Initially available facilities

5.1.3.2.2 Systlnip 5000 system - This machine is based on a Digi-
tal Equipment Corporation PDP-11/34 with 256KB of memorv, two
4.8MB cisks, printing facilities n' 9 serial interface ports. It
is managed hv the RSX-11M operating avscem and itn supporting
utilities which can hv itself only support the d *velopment of DEC
LSI-11 microprocessors. At the start of the this prolect, it was
only employed for control systems design and it was felt that this

machine would be the first one to be used to host

microprocessor-based systems development if this was required.
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5.2 Statement of remitrements

The requirements are derived so as to set specific goals for the
capabilities which must be added to the development facilities as
constrained by the finances available. The requirements would be
derived by identifying the major areas of support which were not

provided by the facilities at the time.

The available finances, from various sources were of the order of

R25 000, and with this amount a number of capabilities were tar-
getted for implementation during the year. The implementation
would have to be completed before work onthe final-year student

projects was started in earnest (this would occur approximate!y on

the 1 July 1RS81).

The various reouired capabilities will he described in the follow-

ing sections.

5.2.1 Programming environment for Intel RORO/5 and Zllog Z80

The primary requirement was the establishment of a multi-user pro-
gramming environment for supporting the development of systems
based on the Intel 8080/5 and on the Zllog Z80 processors. The
environment would be required primarily by the final-year students

undertaking work on their final-year projects.

Due tc the financial constraints, it was felt that the environment
would be implemented primarily on the host computer, which would
be the Systime 5000, by adding the following tools or software

components:

l. Compilers and Assemblers for the RO080/5 and ZRO.

2. Supporting Utilities for the above.
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3. Simulators, or Utilities for downloading Object code to

existing target systems for debugging.

These tools would be commercially obtained, or if they were unava-
ilable and simple enough, would be developed in-house. It was de-
cided that software components of high quality would be required,
as the users would be educating themselves while they developed
their software. This would mean that the software components
would only be acquired after they had been evaluated on our sys-

tem .

5.2.2 Chin-level dehurrlnc facilities for the Intel POPS

The Intel RORS5 is the most widely used processor in the department
and was being employed In at least two postgraduate projects which
required chip level debugging. It was decided that this would be

performed by an in-circuit emulator.

This implied thau an 8085 emulation station had to be integrated

into the facilities. It was decided that the existing Intellec
Series 800 would not be converted into such a station as the 8080
emulation facilities would then be lost Therefore, a new inde-

pendant emulation station would have to be acquired.

In order to spend as little money as possible, the emulation sta-
tion would ideallv onlv be capable of emulation, and software de-
velopment would be performed elsewhere, preferably on the host.
In such a case, utilities for downloading oMect code to the de-

velopment station would have to he provided.

5.2.3 General-purpose device programming facilities

Initially, the department was onlv capable of supporting the pro-
gramming of Intel 2708 and 8755 MO5 EPROMs using the Intel

PROMPT-80. The addition of expandable and truly general-purpose
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programming facilities was considered to be an important require-
ment . It was felt that the initial implementation ot these facil-
ities would provide support for the procramming of Intel 2716 and

2732 MOS EPROMs.

The requirement would he adequately met hv acquiring a universal
programming unit, which would he connected and controlled hv the
host computer, so that it could easily he shared hv the majority
of the users. If the device was also capable of programming TTL
fusible link PROMs additional financing could be obtained for it,
as a project which requir'd the use of these PROMs for storing mi-

croprograms was in progress at the time.

5.2.4 Intel 8066-based development support

The remainder of the finances, if any, would be employed to add
facilities for the development of Intel 8086 based systems, as
projects using this processor were being considered for execution
during the year. Most of these projects would employ board-level

implementations.
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5.3 Availability review

Prior to the acquisition of components, an availability review
within the South-African context bad to be performed. The results
of this review were contained in an intermediate report which is
reproduced in Annendix A. A list of development system component

manufacturers considered in riven in Appendix B.

This report detailed the available components which should be ac-

quired to satisfy the requirements Riven above.

The American software house Boston Systems O ffice (BSO) was capa-
ble of supplying some of the required tools. These were CY8005
and CYZ80 assemblers and the SI8085 and SIZ80 simulators together
with their supporting utilities. Their Pascal compilers were only
available at exaggerated prices, possibly because these were still

in development.

An in-circuit emulation station could be acnuired from Tektronix
(the TFK 8001) or Intel (Tntellec Series II model 120). The In-
tel lec was comparably priced, even though it included a

floppv-disk drive.

Suitable universal PROM-Programmers could he acquired from Data

I/0 (System 17) or Kontron (MP80S).

Acquisition of the above components would exaust the finances ava-
ilable, but a requirement for the support of the Intel 8086 still
needed to be met. Fortunately the department, as an educational

institution would probably be able to acquire the MAGIC package

from SPL International at no cost.
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S.6 Acqtil sltlon of components

After vevievlnr what was available, a decision had to he reached
which would determine which components would be acquired, and how
the requirements would be met. The decisions taken will be docu-

mented in the following sections.

5.4.1 Programming environment for Intel 8080/5 and Zllog Z80

As the BSO components were the only ones available at the time,
their quality and applicability to departimental use had to be de-
termined . This was done by acquiring an evaluation copy of the

tools for the Intel 8080/5, and trying them out.

\lIl components conformed to the host operating system's command
line and execution conventions, and users who were familiar with
these would find them easv to use. The components were found to
he relatively expensive, hut their cost was justified because it
was spread amongst the large number of users which could access

them concurrently.

The asseble/s were found to he fast and powerful. All the stan -
dard Intel instruction mnemonics were accepted by the assembler,
but some of the assembly directives were different to their Intel
equivalents. This was due to the fact that these assemblers im-
plemented their directives in a consistent way which was indepen-
dant of the processor supported, and in fact was reminiscent of
the host assembler directives. It was felt that this was an ad-
vantage as the same powerful and manufacturer-independant direc-

tives would he provided for all processors supported.

The simulators exceeded all expectations in te ms of quality and
functionality. The commands were independent of the processor
beinp simulated, and the symbolic debugging facilities provided
not hist user-defined symbols, but also full disassembly with the

user svmbnls included, a very important feature still not found in
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any debugging tools now available. The simulators are

user-programmable in a language similar to BASIC, and this is used

to add user-defined commands, change the presentation of informa-
tion to the user and to transparently simulate components which
are not supported directly by the simulator such as serial and

parallel interface devices.

All supporting utilities were implemented in s processor indepen-

dent manner and were found to be verv functional and of consis-

tently high owualitv, especially the verv useful fullyv interactive
linker. The utilities also included a symbol cross-reference pen-
'sttcr, an object format converter supporting all known manufac-
turer's formats and a downlnader for use with Tektronix systems

such as the Tek RQO1 and PO0O02.

The absence of high-level language compilers was unfortunate and
could only be temporarily remedied by using the compilers provided
by the existing Intellec station. Hopefully, it would be capable

of meeting the expected demand, at least for the current year.

5.4.2 Chip-level debugging facilities for the Intel 8085

The decisions to be taken in this regard came down to making a
choice between the Intel and the Tektronix stations. Roth were
comparably priced, and as the Tektronix station was of dated de-
sign and the Intel station also provided a disk, the Intellec was
more attractive. It was therefore decided to acquire the Intellec
station as this would also h»lp in fulfilling the demand for com-

pilation.

5.4.3 General-purpose device programming facilities

The DATA I/O System 17 programmer was very modern, and at the
time, it was the first and only programmer to offer a universal
programming module (the Unipak), albeit very costly. As both the

Intellec station and the DATA I/O programmer was obtainable from
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EBE and a special deal could be organised for its acquisition at a
very favourable price, the DATA 1/O programmer and the Unipak mo-

dule became affordable and was therefore acouired.

5.6.4 Intel ROPA-hased development sunnort

A fter discussions with representatives of SPL International UK and
their local agents, the MAGIC develooment nackage for the Intel
R0O86 hosted under RSX-11M (the host operating system on the Sys-

tine 5000) was acquired.

This package is reviewed by Finucci and MacLeod (1981) and pro-
vides development facilities for systems starting from board-level
complexity upwaids. Program implementations using MAGIC are ei-
ther in assembly language or In RTL/2 (Real Time Language/2; a
standardised British language developed for process control) and
if required, with the addition of a multi-tasking executive.
Debugging is achieved by using a remote emulator. This package
provides extensive development capabilities for projects requiring

complex implementations.
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5.5 Configuration o £ components
A fter the components were acquired and delivered, they had to be
configured and integrated Into the overall facility. Considerable

familiarity has to be developed with the host so as to configure
it to support microprocessor-based systems development concurrent-
ly with its other activities. This process will be documented by

in the following sections.

5.5.1 Physical conflnurntlo" of components

As the facility was centered around the Svstime 5000 host system,
other development system components had to be housed close to it.
Appropiate rooms (which used to contain the old Illumination Labo-

ratory) had to be cleared out and renovated.

The final layout of rooms included an airconditioned room which
was normally closed off housing the host computer, a
general-purpose terminal room with a printing terminal, three al-
phanumeric terminals and a graphics terminal with access by all
users, and a microprocessor development room which housed the emu-

lation stations and related components.

5.5.2 Configuration of emulation stmtions
These stations reouired the configuration of various hardware and

software components.

5.5.2.1 Hardware components - Other than the installation and
commissioning of the various emulation and memory modules in the
stations, a decision had to be made as to the redistribution of
the floppy-disk drives amongst the two stations. A dual

single-density drive and a dual double-density drive could be
placed in either of the stations independently. The Series II

station also contained a single integral single-density drive.
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In order to support PLM/80 compilation on both stations, at a dual
drive had to be placed on each station. In order to have one sta-
tion with both a slnp.le-densltv and a double-dens 1tv drive, sc as
to be able to transfer files between the two, the double density

drive was placed on the Series II station.

5.5.2.2 Software components - The confipuratlon of software com-
ponents was achieved by creating two system disks, one for each
station, with the appropiate software. As the single-density
drives did not have much capacity, two system disks 1i.,d to be cre-
ated for the 8080 support station, one containing the software
components for emulation and editing, and one containing the

software components for compilation.

The Intel screen-based editor CREDIT had to be reconfigured on the
8080 emualtion station for use with a ADDS Consul 580 terminal.
Standard conventions were developed for disk label colours and
disk names so as to simplify the management of disks and backups,
as the disk density, owner and other characteristics were now ea-

sily identifiable. These are riven in Appendix C.

The final aspect of software configuration involved developing a
method for code to be downloaded from the host. With the aid of a
program obtained from Insite (the Intel user group library) the
Intellec Series Il station could immediately be used as a terminal
on the host, and with the aid of a few command files on the host,
text could be downloaded reliably, with no handshake implemented,
at 1200 baud. This implementation was considered sufficient, con-
sidering the small size of ASCII-HEX coded object files which were
produced on the host. The BSO utility could produce standard
Intel formatted object, including the symbols required for symbol-
ic debugging by the Intel ICE-85b emulation control software. The
Series 800 station was not connected to the host as it did not
have an RS232 compatible interface, and considering that the de-

mand for it to be connected was low, because it was used primarily
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for compilation, no time was expended to connect it to the host.
Flies could still be moved to it from the host by using the other
station and taking the disk over.

5.5.3 Configuratlon of the 8080/5 and Z80 programming environment
This was relatively trivial and no problems were encountered ex-
cept that at first, no more than one user could access each utili-
ty at one time. This was solved by changing the method of naming
and invocation of these utilities, so as to be in line with the
other standard RSX-11M utilities.

At about this stage it was becoming evident that some kind of re-
organisation of the files on the two disks of the host computer
was required. The new organisation should allow easv backup, and
had to conserve as much space as possible, as 2x4.RMB did not give
much room to move In. Of the two disk units, one was fixed and
the other was a removable cartridge, therefore the user files,
which had to he backed up frequently, had to be constrained to the
fixed cartridge. System software would be kept on the removable
cartridge, and it had to be thoroughly examined and re-organised
for it to fit into 4.8MB.

The disk space limitations, especially for the wuser files were be-
ginning to constrain the usability of the system, and a very
strict discipline had to be imposed on the users so as to keep the

system usable.
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5.5.4 Configuration of device programming faclllties

The DATA 1I/0 System 17 programmer and Unipak programming module

were commissioned, and as it had a flexible RS232 compatible in-
terface, it was connected at various times either to the host, or
directly to the Intellec Series Il development station. Although
it was intended for computer remote control, it was found to be
usable even when directly controlled by the user. This was the

mode in which it was used, mainlv because it was capable of satis-

fying the demand.

5.5.5 Configuration of Intel RORh development environment
This basically entailed the installation and commissioning of the
MAGIC package. This proved to be a non-trivial task due to the

following problems:

1. The package occupied a large amount of online disk space

if used in its released form.

2. Our installation was the first one to be performed in the
country, and therefore the local agents had no previous
experience either with this package, or software of simi-

lar nature.

3. The automatic delivery procedure provided with the
software was found to be making invalid assumptions about

the directory structures, and other such installation de-

pendant details, and needed complete reworking.
4. Problems were experienced with establishing communication
with the target single-board computer as there were some

hardware configuration errors of the computer.

5. Errors existed in the Interrupt handlers of the provided
target multitasking executive. These were identified and
solved by a member of the department's staff who had had

previous experience with these executives.
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The installation and commissioning of this package proved to be a
very instructive task as much insight was gained into the workings
of the host operating system and its application to the develop-

ment of microprocessor systems.
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5.6 Evaluation of capabilities

It was very Important to evaluate the capabilities of the develop-
ment facilities In the light of the upgrading that hal occurred
during the year, so that the requirements for the upgrading cvecle
curing the next year could be formulated so as to nrovlde the ob-

viously missing capabilities.

The capabilities will be evaluated in separate sections which
cover to what extent the requirements laid down at the beginning

of the process were met.

5.6.1 Programming environment for 8080/5 and Z80
The capabilities of this environment were probed by two final -year
projects, one postgraduate project and were considered by a furth-

er postgraduate project.

The final-vear students, found the facilities anproachahle and
functional. Their main problems were due to the disk space limi-
tations and thev felt that the*, wene not altogether happy with the
results as they had not seen their programs running In ’real’
hardware. They found their experiences with the use of an simula-
tor as a debugging tool very valuable, and their unhappiness could
have been cured by actually moving their code into a target Sys-

tem, which unfortunately did not exist.

The Z80 support facilities were extensively employed hy a postgra-
duate group developing software for emulating a commercially ava-
ilable VDU on different hardwart . This group uncovered the only
outstanding bug found in any of the BSO utilities to date. This
bug was trivial and easily recognisable and affected the interpre-

tation of one of the Instruction operands.
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A postgraduate project considered the RSO RO085 simulator for de-

bugging acme specially structured assembly language coded programs

running in coupled microprocessor systems. The simulator was at-
tractive because it could provide automated program and data flow
monitoring, and with some simple extensions could even simulate

the interaction of the multiple processors.

BSO were approached so as to implement these extensions, but have
been found more concerned with other problems. Never the less,
the simulator will still be used in the debugging of this system,
as it is the only tool which can provide the required execution

monitoring facilities.

The major limitation (aside from the disk space nrob'ems) was the
unavailability of high-level language compilers on the host, even
though the Intellec stations managed to meet the demand for the
year. Some users found the RSX-11 command language too terse, al-
though when it became understood many users appreciated its flexi-
bility (similar comments have been made in connection with the
UNIX command language). The majority of users had not encountered
the host system before and therefore some users found the task of
learning the command language at the same time as learning the use

of the development tools excessively difficult.

5.6.2 Chip-level debugging faclllties for BOBS
The Series II emulation station was extensively employed by two

postgraduate projects to debug hardware that had been designed at

the chip-level. In both cases it proved adequate for the task,
and the method employed for the downloading of object code was
adeqate for this purpose. To reduce disk space limitations on the
host, a number of postgraduate and staff users employed floppy
disks created on the station for intermediate offline storage of
their files from the host. This practice required more develop-

ment of the download software as the method used was too slow and

difficult to employ by new users.
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A problem which manifested itself was the lack of space around the
emulation stations which made it difficult for targets under de-
velopment to he located neai them. This problem had to be re-
solved in the next year, when the location c¢f all the computer fa-

cilities 1in the department would be reorganised.

5.6.3 General-purpose device nrorramminr facilities

The programmer employed was found to he very capable and flexible,
but it tended to be relatively difficult to use because it was in-
tended for computer remote control and it was not used in this

mode.

5.6.6 Intel 8086-bnsed development support

The MAGIC package was employed bv one final-year proiect and apart
from some initial teething problems, which were due to the com-
plexity of the package, it was found to be usable. It was con-
cluded that it would be applicable to projects of large complexity
due to its proven approach to the development of complex software.

This approach was inherited from the minicomputer world.



CHAPTER 6

THE UPGRADING PROCESS - PHASE 2

The actions within the uperadinr process will be documented in a

manner similar to that used in the previous chapter.

The final evaluation of capabilities will form the basis for the

conclusions reached in the next chapter.
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6.1 Statement of requirements

lhe requirements were reached by considering the results of the
evaluation of capabilities performed at the end of phase 1 of the
uppradlnp process. A fter this the major areas of support which
were not provided at the time could he Identified, and require-
ments could he derived which would enable these areas to be co-

vered .

The required capabilities would have to he implemented before work

on the final-year projects was started In earnest.

The required capabilities will be described In the following sec-
tionr

6.1.1 Host storage capacity Increase

The secondary (online disk) and tertiary (archival and backup)
storage capacity of the host computer would definatively have to
increase so as to remove many of the limitations felt by users Ir.

the previous year.

6.1.2 HIch level laoruage support for Intel POPS
The majorltv of projects emnluved Intel BOPS5-based tsreets and
could use a high-level language implementation mo as to make the

development easier for the majority of users.

This wou’d require the multi-access availability of suitable com-

pilers so that a larger number of users could be catered for.

6.1.3 Extension of chip-level design support

Support for chip-level development for various microprocessors had
to be extended. More facilities had to be provided for the Intel
8085 processor and the capability for supporting Intel 8086 and

Zilog Z80 processors had to added.
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6.1.4 Increase In user frlend liness

All of the development facilities In the department had user In-
terfaces which were not verv friendly, although thev met or ex-
ceeded the reoulred functionality. It was felt that If friendli-

ness could be improved the efficiency of the development facili-

ties would benefit as the bulk of the wuser's time was spent In
learning how to use the development facilities. The maloritv of
undergraduate users did not encounter the facilities in any way
before starting their projects, and this is what made the unfri-

endliness of the facilities intoler. ble.
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6.2 Availability rrview

At the bepinning of the year it became evident that a new
multi-user development facility waspoing to be donated to the de-
partment . This development facility would attempt to satisfy some

of the outstanding requirements.

In order to remain in line with theupgrading policyand so as to
obtain the maximum benefit fromthis new facility it wouldhave to
be integrated with the other development facilities in the depart-

ment .

The first requirement would be best met bv acquiring a sealed
media Winchester technology disk drive, and backups and archival
would be performed bv a 1/2-inch 9-track magnetic tape drive which
had been donated to the department. The capacity of the disc
drive required was estimated to be in the range of 50 to 100MB.
Drives in this capacity range would have a greater degree of per-
formance than the existing drive and therefore the throughput of
the host system would dignificantly increased, so that access

could be provided to / users concurrently.

The availability of suitable disk drives and compatible controll-
ers for the disk and tape drives had to be reviewed. The major
constraint in the acquisition of these components would be that
they could be covered by a maintenance contract, as the department
did not have internal expertise which could he committed to this

purpose.
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6.3 Acquisition of components

The host computer system was upgraded by acquiring the following

components:

I. Control Data Corporation 9730 Mini Module Drive (CDC
9730-160 MMD). This is a low cost sealed media Winches-
ter technology disk drive with an unformatted capacity of
165MB. This drive was chosen in preference to a BOMB

unit because the difference in cost was minimal.

2. Dataram S33/A1 disk drive controller. This controller is
compatible with the above disk drive and would format it
to give 2X67MB logical disk units. The controller emu-
lates the Digital Equipment Corporation RMO02/3 disk sub-
system so that none of the software in the host computer

needs to he altered.

3. Dataram T36 magnetic tapedrive controller. This con-
troller is compatible with the donated Wangco Model
10-45 PE tape drive and emulates a Digital Equipment Cor-
poration TU10 tape subsystem with a density of 1600 bpi.

and a speed of 45 ipe.

4. Digital Equipment Corporation TUS8 cartridge tape drive.
This tape drive is a ow cost device could be used to
ease the transportation of software to or from other com-

puters .

5. Digital Equipment Corporation DI.-11W serial interface.
This interface could heu. d to connect either the TVS58
tane drive to the host or when it was not in use, any

other device with an RS-232 compatible asvnchronous serf-
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6. Digital Equipment Corporation BA-11 expansion chassis.
This expansion unit could accomor.ate the interfaces and
controllers of the above drives and it included a power

supply and cables to connect it to the host computer.

The Hewlett-Packard 64000 development svstem which was donated to

the department included the following components:

1. Three HP64100 development stations. Each station con-
tains a computer system and a VDV and keyboard to commun-
icate with the users. One of the stations has an integ-
ral cartridge tape drive used for software transfer.

2. One HP791IP disk drive. This disk drive has a capacity

of 27MB and includes a built in cartridge tape drive for

backup purposes. It is shared amongst the three develop-

ment stations.

3. One HP2631R printer. This device 1is shared amongst the

three development stations.

4. The following components were also included. These could

be distributed amongst the stations as required.

1. One device programmer supporting Intel 2716 and 2732

family Eproms.

2. Two Intel 8085 in-circuit emulators. The emulators
and the following related components may he distri-
buted amongst the development stations as required.

3. One Intel 8086 in-circuit emulator.

4. One Zilog Z80 in-circuit emulator.



THE UPGRADING PROCESS - PHASE 2
Acquisition of components

PAGE 6-6

6. Digital Equipment Corporation BA-11 expansion chassis.
This expansion unit could accomodate the interfaces and
controllers of the above drives and it included a power
supply and cables to connect it to the host computer.

The Hewlett-Packard 64000 development svstem which was donated to
the department Included the followinp components:

1. Three HP64100 development stations. Each station con-
tains a computer system and a VDU and keyboard to commun-
icate with the users. One of the stations has an integ-
ral cartridge tape drive used for software transfer.

2. One HP7911P disk drive. This disk drive has a capacity
of 27MB and includes a built in cartridge tape drive for
backup purposes. It is shared amongst the three develop-
ment stations.

3. One HP26313 printer. This device is shared amongst the
three development stations.

4. The following components were also included. These could
he distributed amongst the stations as required.

1. One device programmer supporting Intel 2716 and 2732
family Eprvms.

2. Two Intel 8085 in-circuit emulators. The emulators
and the following related components may be distri-
buted amongst the development stations as required.

3. One Intel 8086 in-circuit emulator.

4. One Zilog Z80 in-circuit

emulator.
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5. Three emulation memorv controllers and three emula-

tion memorv hoards.

6. One internal emulation analyser.

An operating system and related wutilities together with
tools to use all the above components and allow program-
ming of the various processors both in assembly language

and in Pascal/64000.
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6.A Conflpuratlon of components

The acquired components had to be configured in su'-h a way c¢s to

provide the required capabilities. This process is documented in
four sections - the physical configuration of all the computing
facilities, the configuration of the host system, the configura-

tion of the HP64000 development system and the integration of the

two systems.

6.4.1 Physical configuration
A complete reorganisation and relocation of all the computing fa-
cilities in the department was performed at the beginning of the

year.

This was motivated because of the following reasons:

1. The space available near the emulation stations was in-
sufficient to allow a number of targets to have access to

them.

2. The new HP64000 system had to be integrated with the
other development facilities and therefore had to be
placed in the proximity of the host computer system. No
room for expansion existed near the laboratory where the

host system was currently hosted.

3. The increase in the number and usage of all the computing
facilities in the department required that access had to

be made easier by a larger number of students.

4. The new nature of the computing facilities required that
the facilities had to be organised into a form which was
similar to a computing centre, with low benches for the
correct placement of VDUs. The existing organisation of
the computing facilities was similar to that used in la-
boratories for electrical and electronic experimentation,

with high benches and stools. This organisation was not
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suited to computing vork and also resulted in a large am-

ount of floor area being wasted.

The new organisation of computer systems in the department was

planned and executed using the following guidelines.

1. The central computer laboratory was reserved for equip-
ment which had to have access onlv hv users doing specif-

ic prolect work using some dedicated facilities.

2. The areas surrounding the central computer laboratory
were emploved for the placement of all the undedicated
computer terminals (such as VDUs and printers), used for

general-purpose access by users.

3. All other laboratories could house computer equipment
which could be kept relatively independant of the central

facilities.

The reorganisation resulted in the relocation of the host computer
system in the central computer laboratory together with its devel-
opment stations and the HP64000 development svstem. The
general-purpose host terminals were placed in an area outside this
laboratory, adjacent to the host. Work benches were modified to
be of the correct height and were organised so that benches with
an upper shelf were placed where targets would be connected to em-
ulators, so that the upper shelf was used for the placement of the

required instruments.

6.4.2 Development host system

The first stage in the configuration of the host system entailed
the installation and commissioning of the components, following
which, the operating system software had to be regenerated to make

use of the new configuration.
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The mechanical installation of the components was performed by the
department and the electrical installation was performed by the
sellers of the equipment. The cartridge tape drive was bought in
kit form and had to he assembled, packaged, Installed and commis-

sioned within the department.

The operating system software was regenerated and reconfigured to
suit the needs of the department. As the disc capacity was in ex-
cess of the requirement, only onelogical unit was dedicated to
online usage and the other wasreserved for regeneration of the

operating system.

A special technique for configuring the operating system software
was employed which allowed the new serial interface to be used for
the cartridge tape drive, fora target used asa remote emulator
under the MAGIC system and forthe universal device programmer.
This allowed the number of terminals connected to the host to be

increased.

6.4.3 RP6AQO0 Development system

The acquired components were installed and were distributed
amonrst the stations so as to provide one ZRO emulation station
and two 8085 emulation stations. This configuration would meet
the need of the final-vear users. The 8086 emulator was not imme-
diately installed, and the internal analyser which it required was

used in the other emulators as the need arose.

Two of the three stations were configured for interfacing to the
host system and the other was configured for interfacing to a tar-

get system which was being developed by a postgraduate student.
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6.4.6 Interration of facilities

The HP64000 development svstem had to be integrated with the rest
of the facilities so that the development load could effectively

be shared across the whole set of facilities.

The HP64000 stations which were acquired are not user-programmable
and therefore one has to rely on the software present in them to
allow them to communicate with other computer systems. The sta-
tions bad a well designed 'terminal' facility which allowed the
use of the station as a terminal of another computer as well as

file transfer (both text files and ASCII-formatted binary files).

For the integration to be performed, a program which implemented
the correct handshake protocols had to be writtenfor thehost

computer. This task was tackled in two stages.

The first stage was undertaken before the HPA4000 development svs-
tem was delivered. In this stage the expertise of programming in
a suitable language on the host was developed. RTL/2 was emploved
as a high level-language because it allowed flexible I/O V rough a
serial interface to be performed. A program which allowed file
transfers between Hewlett-Packard 2640 series terminal devices and
the host computer at high speed with handshake was developed.
Tbs program which was <called HPT, also implemented standard

RSX-11 command line processing.

When the HP64000 development stations arrived, a new program for
transferring files between them and the host was developed. This

program was called XFR and a listing of it is given in appendix D.

Another aspect of the integration of the development facilities

which was undertaken consisted IT, the transportation of the Intel
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6.4.6 Intepratlon of fad Ilties

The HP64000 development svstem had to he Integrated with the rest
of the facilities so that the development load -onld effectively

be shared across the whole set of facilities.

The HP64000 stations which were acquired are not user-programmable
and therefore one has to rely on the software present in them to
allow them to communicate with other computer systems. The sta-
tions had a well designed 'terminal' facility which allowed the
use of the station as a terminal of another computer as well as

file transfer (both text files and ASCII-formatted binary files).

For the integration to be performed, a program which Implemented
the correct handshake protocols had to be written for the host

computer. This task was tackled in two stages.

The first stage was undertaken before tbe HP64000 development svs-
tem was delivered. In this stage the expertise of programming in
a suitable language on the host wasdeveloped. RTL/2 was employed
as a high level-language because it allowed flexible I/O through a
serial interface to be performed. A program which allowed file
transfers between Hewlett-Packard 2640 series terminal devices and
the host computer at high speed with handshake was developed.
This program which was called HPT, also implemented standard

RSX-11 command line processing.

When the HP64000 development stations arrived, a new program for
transferring files between them and the host was developed. This

program was called XFR and a listing of it is given In appendix D.

Another aspect of the Integration of the development facilities

which was undertaken consisted in the transportation of the Intel
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Floating Point Arithmetic Library (E'PAL) co the host system, and
thereafter to the HP64000 system. This was only achievable if the
source for FPAL was obtained. Intel do not provide the source,
therefore all the separate modules of the library had to be disas-
sembled and ported to the non-Intel systems. Thereafter it would

be reassembled and reconverted into a relocatable object library.
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6.3 Evaluation of capabilities
The capabilities resulting from the upgrading process are evaluat-

ed in the following sections.

6.5.1 Host storage capacity increase
The storage capacity and attendant capabilities as well as the
throughput of the host comouter svstem were effectively increased

and met all the needs encountered during th* vear.

All components proved to be .. tie and useful except that an in-
termittent fault was detei when the disk and tape drives are
doing concurrent transfers. Tnis fault has not been zctlfled
yet.

6.5.2 High level language support for Intel 8085

The Pascal/64000 compilers provided with the HP64000 development
system allowed a number of final year student groups to undertake
the programming of their systems in a high-level language. The
implementation of Pascal was found to be powerful and flexible but
it had sone drawbacks when compared to other implementations. The
major drawbacks were the inability to declare string literals and
the lack of real arithmetic, which made many of the programs writ-

ten very incongruous.

The demand for access to these compilers was effectively met hv
the number of stations on the development svstem and bv its

throughput.

6.5.3 Extension of chip-level design support

This support was utilised by two final-year projects using Intel
8085 processors and one final-year project using the Zilog Z80
processor. The latter grown were very successful in their use of
the emulation capabilities. The Intel 8085 emulator users found

many problems in the use of the emulator because of its erratic
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behaviour. In one <case, this wcs due to hardware faults in the
desipn of the tareet system, and the emulator was in no position

to he able to Rive indication of *. his fact.

The other erratic behaviour was attributable to two causes. The
first was damaee caused to the emulator pod buffers hv voltape
transients which occurred because the supply earths of the work
benches had been accidentally disconnected. The second was a de-
sign fault on the part of Hewlett-Packard in the mechanical as-

pects of the connections at the tip of the emulation pod.

A postgraduate student completed his debugging successfully wusing
the Intel 8085 emulator. Another student attempted to use this
emulator for debugging a system with memory-mapped I/O devices and
found it wunusable because isolated memory locations could not be

read from by the emulator under user control.

The debugging feature set of the emulators was found to be very
extensive but surprising!v, f w of the users employed anything

like its full capabilities.

No demand for the HO86 emulator arose during the vear.

6.5.6 Increase in user friendlyness

The bulk of microprocessor-based systems development by new users
was performed on the HP6600G system and the key-directed command
syntax provided by the system was greatly appreciated by the new
users. This capability was so heavily relied on that few of the
users consulted the manuals and they sometimes felt that these
were unnecessary. As a result, many of the users wasted time with
problems that need not have occurred if they had not been lulled
into a sense of false security regarding their familiarity with

the development system.
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The documentation provided with the HP64000 svstem is of Thigh
standard, hut its content does not cater proper!v for users who
are unfamiliar with the principles of uicroprocessor-ha“ed systems

development.

The problems encountered with the HP64000 system are largely at-
tributable to the fact that it is still a relatively new and
therefore poorly understood, immature and underdeveloped system
because it has not been in use for a long enough period of time,
both within the department and throughout the world. This means
that it is still relatively inflexible in its approach to micro-
processor-based systems development and the overall quality and
operational consistencies of its capability set has mnot yet
evolved. It does not effectively provide a development workbench

as described in the chanter which outlines the upgrading policy.

Also, due to its novel architecture and recent introduction, it is
not a very cost-effective solution to development problems, be-
cause the components which are duplicated fur each user are very
expensive and its large and ongoing development costs incurred hv
Hewlett-Packard have not yet been rpread over enough wusers. It
still appears to be one of the most capable development systems

available at the present time.
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The documentation provided with the HP64000 svstem is of high
standard, but its content does not cater properly for users who
are unfamiliar with the principles of uicroprocessor-hased systems

development.

The problems encountered with the HP64000 system are largely at-
tributable to the fact that it is still a relatively new and
therefore poorly understood. Immature and wunderdeveloped system
because it has not been in use for a long enough period of time,
both within the department and throughout the world. This means
that it is still relatively inflexible in its approach to micro-
processor-based systems development and the overall quality and
operational consistencies of its capability set has not yet
evolved. It does not effectively provide a development workbench

as described in the chanter which outlines the upgrading policy.

Also, due to its novel architecture and recent introduction, it 1is
not a very <cost-effective solution to development problems, be-
cause the components which are duplicated for each user are very
expensive and its large and ongoing development costs incurred bv
Hewlett-Packard have not yet been spread over enough wusers. It
still appears to be one of the most capable development systems

available at the present time.



CHAPTER 7
EVALUATION, RECOMMENDATIONS AND OnNCLUSTONS

At the end of the upcradinp process it Is mnecessary to evaluate
the results achieved In terms of the previously stated require-

ments. From this evaluation recommendations for the future can be

made and conclusions can be drawn.
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7.1 Evaluate on of restil ts
The results achlved will he evaluated bv considering how well tbev
meet the stated renulrements. The orpanlsatlon of this section

follows that c @ Chapter 3.

7.1.1 User requirements
The facilities were not used for the support of wunderRraduate
course projects, but only for final year and postgraduate pro-

jects. This is due to the following reasons:

- The throughput of the development host will notsupport more

than 4 simultaneous users without untolerable response times.

- The proficiency of the students in the use of the facilities

was limited.

- The level of the material presented to the students did not

warrant developing this proficiency.

As foreseen, only the postgraduate students made use of the more
sophisticated facilities. The majority of final vear students

used the HP64000 system because of its greater user friendlyness.

7.1.2 Target system requirements
The facilities provided a broad base of support which catered ade-

quately for all required complexities of target systems.

All there required processor architectures were adequately sup-
ported, except for the unexpected need for support of the Motorola

68000.
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7.1.3 Project Solution reoulregents

Most implementation methods were adequately supported, except that
high-level language support was not available for the 8-bit pro-

cessors on the development host.

7.1.4 Problems encountered by users

The development facilities provided a base of support which has
the potential to resolve the majority of the problems encountered
by the users. This potential is limited primarily by the discip-
line imposed by the development methods used and their application
to the problem solution, rather than the inherent limitations of

the development facilities.

7.1.5 General requirements

The development facilities provided in the course of the upgrading
process completely overshadowed those that had been previous]v
available both in terms of the number of users that could be ca-

tered for, and the development aids provided.

The generality and flexibility of the facilities is such that they
can cater for present as well as future needs if the flexibility

is correctly employed.

Both users and supervisors found the facilities approachable as
they have ©been well received and accepted, especially if the ex-
tent to which the facilities were utilised is considered. The de-
velopment host is not very user friendly although its facilities

are approachable after an initial lerning period.

The facilities were implemented in a reliable manner without ex-

cessive reliance on departmental support staff.
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The development facilities have the potential for supportinp larpe
numbers of users in an extreme]v cost effective fashion. This is
not a characteristic of many commonlv available development sys-

tems.

The final configuration of the development facilities is as given

in the following figure:

Systir.o 5000 minicomputer with
248 Kbyr s of memory, 144

Host System Mbytes disk storage, magnetic
tape drive, printer and 5
terminals.

Development svstem with three
stations, 27 Mbytes disk

HP6000 System storage, printer and 4
emulators.

Two Intel lec development systems
Intel systems with floppv disks and
emulators.

Programmer Data I/O System 17 universal
device programmer.

Remote emulator for Intel 8086.
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Evaluation of results

The development facilities have the potential for supporting larpe
numbers of users in an extremelv cost effective fashion. This is
not a characteristic of many commonlv available development sys-

tems.

The final configuration of the development facilities is as given

in the following figure:

Systime 5000 minicomputer with
248 Kbytes of memory, 144

Host System Mbytes disk storage, magnetic
tape drive, printer and 5
terminals.

Development svstem with three
stations, 27 Mbytes disk

HP6000 System storage, printer and 4
emulators.

Two Intellec development systems
Intel systems with floppy disks and
emulators.

Programmer Data I/O Svstem 17 universal
device programmer.

Magic Target Remote emulator for Intel 8086.
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7.2  Kecoffircenriflt lons for future* upgrading

It Is recommended that future unermdinp should follow the princi-
ples outlined in this prefect report aj they have been proved
sound. In order to meet the departments reouirements more effec-

tively the following specific recommendations are made.

7.2.1 Use of facilities
More extensive use can b*™ made of the development facilities so as
to further realise their potential, especially for undergraduate

course project work and laboratory sessions.

To do this the throughput of the development host may have to be
increased. The friendliness of the development host must be in-
creased to support these less experienced users. This can he
achieved by installing a newer version of the RSX-11M operating

system which Includes a friend'ier command line interpreter.

For laboratory work, students can use the assemblers and simula-
tors, and at a later stage, can control real hardware bv interfac-
ing target svstems to the host. This can be done by connecting

the department’s newly acquired Mostek MDX Proto Kits to the host.

7.2.2 Tr.terrat lon of facf 1lties

There is considerable scope for further integration of the facili-
ties and wunification of the development environment, especially
with respect to the HP6400D system. It is feasible to perform de-
velopment for the supported 16-bit processors on both the develop-
ment host and the HP64000, eg. by writing programs in RTL/2 on
the host and downloading object code and symbol tables to the emu-
lator for debugging. Downloading does not present any problems,
but appropriate format conversions must be performed. There are

no difficulties foreseen in this regard.
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Recommends *ions for future upgrading

7.2.3 Unpradlnr of divelonment methods

There Is a wide variety of development methods emploved within the
department and a nunher of useful procedures should he Identified

and documented to aid the users.

Many development packages are becoming available which can provide
newer development methods but these tend to be hostable only on
more modern software and hardware systems, such as the UNIX oper-
ating system and the Digital Equipment Corporation VAX-11 com-

puter.

It is in the department’s interest to expand in the direction of
these systems especially when considering UNIX's increasing popu-
larity and the VAX-11’s compatibilty with the current host. To
resolve conflicts between requirements and to make Implementation
of the newer development facilities possible it will prohablv Dbe-
come necessary to organise the facilities around a number of dif-
ferent development hosts. The HPMOOO is elreadv performing some

of the functions of a host, and others can he added,
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1.3  Conclusions

The wider application of microprocessor-based systems is primarily
costrained by their development costs. A rational and comprehen-
sive effort has been made in this project to identify the develop-
ment facilities required by the department and to implement them.
The knowledge gained thereny should aid in the understanding of
the development process as applicable to microprocessor-based sys-
tems so that the development costs mav he more effectively conta-

\nod .

The formulated upgrading policy and the derisions taken during the
upgrading process have made use of established principles rather
than purely following current trends. This has resulted in the
provision of facilities which are uncommonly organised around a

central development host, but which are very capable.

™v t report stresses the application of established devel-
opmen > <ples to microprocessor-based systems without the aim-
less 1 .. of unusable development tools. The succesfull de-

velopment strategies will always be based on previous experience
ir the field and the microprocessor-based system can and must rely
on the experiences gained in mainframe and minicomputer systems.
It is gratifying to see that many well-known development facility
suppliers are starting to provide facilities which are based on
well established principles and implemented with mature software

and hardware components, eg. the Tektronix PSOO MPIL. series.

The Department of Hcctrieal En Ipeering at the University of the
Witwatersrand ha* acquired .it tensive set of widely applicable

development facilities.
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WITS MICROPROCESSOR SYSTEMS DEVELOPMENT FACILITY

An Initial Assessment
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1.6 Intrpdurtion

1,1 Subject

This report is the initiel assessment of tho pos-
sible ways in which the needs of a Microprocessor
Systems Development Facility in ttv? Depe.v ti eent of
Electrical Engireering .,jay be satisfied <

1.2 Object and Scope

The report has been written to enable a decision
to be niede regarding the purchase of hordk sre and
software components which are to Dbe in .-.grated
into the overall facility

Only those components which are available i the
time of writing are considered for purvi :se al-
though some components which will become a. .-liable
later in the year are surveyed . As sue , the

recommendat ions are valid only in the first half
of 1981

1.2 rieport Orgsniaation

The relevant material 1is presented in three 'ac-
tions , the first one of which covers the regur.re-
merits of the Development Facility . The second

section goes on to survey the available compone: ts

The third Section gives a cost and performance
breakdown of the components , This enables con-
clusions to be deduced and recommendations to bt
made regarding the purchase of the relevant compo-
nents ,



These will be discussed under the seperete sec-
tions of implementation requirements ( which re-
late to the function of the facility ) and support
requirements ( which detail the capabilities )

A final section 1lists the con orients required in
order to satisfy the requirements as given in the
first two sections.

2.1 Imp.lementat ion. Reqyi rement s

Some general requirements arise from the fact that
the facility is to be used in an academic environ-

ment . This implie_ that the facility must  Dbe
cost effective * Also it must be generalised , to
enable it to be tailored to any future and innova-
tive use , Tf the facility is generalised , while
at the same time maintaining a wuniform structure
enforced by universal standards , the generalisa-
tion can contribute to the cost effectiveness ,

especially in the long term

Within the Department the FDP-11 based Systime
computer is ideally suited to provide a
multi-tasking environment for supporting the fa-
cility . It also enables programs which interact
in real time with peripherals , to be easily writ-
ten , thus making it a simpler task to interface
specialised components ( which may be required to
implement the iaeilty ) to it

The use of this computer will also allow the shar-
ing of such resources as the line printer and a
universal programmer

Another requirement of the system is that it must
be reliable and it must come into operation this
year in time for it to be used by the final year
students for their projects , These requirements
imply that it cannot be 1locally developed within
the Department , but that it must be implemented
by integrating commercially available software and
hardware components . This integration must be
achieved with a minimum of locally developed
hardware or software

2.2 Support Requirements

These will be considered under separate sections ,
the first describing the processors to be support-

ed and the second describing the level at which
they will be supf-c ted
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The Bepartment is presently committed to support-
ing the Intel 8080/8085 . Future 8 bit processors
which are being considered for support include th
Zylog Z80 , end the Intel range of single chip mi-
crocontrollers ( eg 8748 ) . Support for the
1l6-bit processors is not strived for as preference
is given to the new generation of 32-bit proces-
sors ( eg Motorola M68000 ) , This does not pre-
clude supporting processors such as the Intel 8086
if the components needed for such support are ea-
sily obtainable < ie a:e financed )

2.2.2 Level of Support -

Level of support for processors falls under two
categories , hardware and software . Also , both
hardware and software are supported at a Debugging
level

2.2.2.1 Hardware Level -

Processor based hardware can be supported at the
chip level or at a board level . Chip level sup-
port involves the use of such tools as in-circuit
emulation and microprocessor-lpecific logic ana-
lysers . On the other hand , board 1level support
requires a board level emulator which is normally
made up of software packages residing in a Dboard
level computer end a host computer , these being
coonected by a communication 1link ( usually serial
eg RS 232 )

The Department is committed to supporting the
Intel 8085 at a chip level

2.2.2.2 Software Level -

Processors can only be effectively supported at
two levels- of software , the Assembly Language
level end the High Level Language level . the
first requires an assembler , end the second re-
quires a compiler , To maintain the multi-user
quality of the facility these must be
cross-assemblers/compilera running on the PDP-11
under its operating System RSX-11M ,

The Department is committed to supporting the
Intel 8085 at an Assembly Ianguage and at a PLM/85
level ,



2.2.2.7° 'm bugging [gVfl

Debugging is normally performed with emulation
stations ( for chip 1level support ) or emulation
programs < for board 1level support ) . Because
emulation stations are not multi wuser it is desir-
able to have some alternate system to provide a
means of debugging chip level designs . This
means can be given by a cross simulator program
which runs on the host computer and simulates the
hardware as seen from an emulation station

2.3 .Qompp.n nt;

2.2.1 | H:row . re Components -
By considering the previously stated requirements
it can be deduced that the following hardware com-

ponents are required to support the facility J

1. An intelligent emulation station which
can be easily attached to the computer

2, A universal programmer which is easily
interfaceEble and controllable by the
compute) ,

2.3.2 go.ftw.i rg .Cot
The following components are required J -

3, A Cross Assebler for each processor to be
supported , Wwith its relevant support
software

2. A Cross Comp’ler for each language to Dbe

supported on each processor ,

3. A Cross Simulator for each processor

4. Ancillary software to download programs
to emulation stations and programmer and
to control these peripherals ( where re-
quired > ,



3.P Survey, of Components

The componentis will be surveyed under headings
given by the nemes of the suppliers of the compo-
nents

3,1 Boston Systems Office

This compsny 1is primarily a software house speci-
alising in the production of cross software for
microprocessor based systems development . They
offer an extensive range of cross assemblers and
cross simulators covering virtually all types of
microprocessors . Their softwaie is of a very
high standard , but it is very costly ,

BSD also offer Universal Microprocessor Develop-
ment Systems ( UMDS ) but these are not supported
locally

3.2 Data I/O Corporation

The speciality of this comprny is Universal Pro-
grammer Systems and they produce a Universal Pro-
grammer ( System 17 ) which is ideal for hooking

up to a computer . They produce the usual range
of personality modules for all PROMS , but addi-
tionally , they offer a universal module ( UniPal'.
) which , with no modification will allow the Pro-
grammer to program approximately 200 different
PROMS . They also offer a MOS-PROM specific univ-
ersal module < MosRak ) as well as a low cost

MOS-PROM specific Programmer ( System 20 >

3,3 Gen.Ped Pytyr.ed.ata

Futuredete universal microprocessor development
systems are amongst the most well proven , They
do not produce an emulation station , and their
development stations arc too costly to be used for
such a task

3, * Hewlell -Pec/Vard

The HP640GG Bevel opneni. System is a state or the
art product range which includes a Emulation Sta-
tion < HP64005 > but this will only Dbe available
later on in the year



the only menufccturer reviewed which pro-

non- universal component but they ere in-

]i.ided because uf their enulstlun systems are very
.need and due to the Department’s commitment to
Intel Processors , they can still provide e cost
effective solution to the problem . An Intel de-
lupmenb system used as an emulation station is

v ey cheap but it requires some software to he de~
I pt . in order to hook it up to the host com-

. The Department’s existing development

Ev'trr Intellec Series 800 ) can similarly be

h .- 4hi' fashion
1! 1 offer a cross software package for sup-
t ti ! 80S5/8098 Processors ( MDS-311VX ) but

wil only run on a VAX1ll Computer

I ' th> only corpeny which supports PLM , and
r tht 1r cWl/elopmxent system , therefore
Ir lit -- tion will have to be integrated

i-it the ficilit3j ,

the cheapest Universal Pro-

r t , but still having the same
-talc of the att product , except
Br-el Modules ( such as the Data I/O

! *e of CpTppr.ation

Univ :1 Programmer manufacturer , Prolog

" i]j expensive programmer system , which

'L,Ttu: llhes been discredited Dby some PROM
uf H . Their products are thus not re-

marn e ,

r'.. Ini rrna tipna.l

'.ofw. re House which 1is very active in the
'"J of supporting R1L/2 offers ? development fa-
fur 16/32 bit processors ( called Magic )
rd level from a RTL/2 Language level ,
bten acquired by the Department , and it
w.:1 inl *.Led into the facility , .o far the
but it will
6809 and the DEC
LSI-11 1 Let in the year |,
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3.9 Tfcitrcnics Cor prftipn

Tektronics markets an emulation station which is

fully supported by bSO ( the 8001 ) . It is of
relatively old design , thus it will not have any
more accessories developed for it . The newer
Tektronics station ( the 8540 ) will only be ava-
ilable later in the yea' . Tektronics also mark-
ets a single user Universal development system (

the 8550 > and a multi user system ( the 8568 )
will be available later in the year.

3.18 Other Manufacturers

These have been superficially surveyed bu their
products are not recommended because they are not

universal . They include ; Advanced Micro Devel-
opments , Fairchild , Motorola , Hostel-, , RCA ,
Rockwell

Emulogics Corporations manufacture universal emu-
lation systems which emulate any processor by
using a microprogram . Unfortunately these are
not locally supported



4. P Cgne]u?ions end Recommendztaons

These will tske the foriii of listing the reconimend-
ed components to Dbe included in the facility
These will be 1listed under the separate headings
of hardware and software components . The prices
of these components are given in the appendix
Not all recommended components are essential , arid
the list is very 1long , to enable a final decision
to be taken which is dependant on the finances
available only

1.1 Hardware Components

4.1,1 Emulation Stations -

1. Tektr onics 3PGl with the following addi-
tional components

1, Option 5 8085 Emulator

2, Real Time Prototype Analiser

2. Intel PS-121/80-KIT with MDS-35B-ICE Emu-
lator or MRS-49-ICE Emulator for single
chip microcontrollers

3. Either of the two previous Emulators to

be incorporated into th' existing Intel-
lac Series 800 MRS

4.1.2 Rrpen snipers -

1. Data I/O 990-17XX Programmer with the
following modules J

1, Unipak 950-0099

2, Mospak 950-076

3, The relevant Programming modules and
socket adaptors for the required
PROMS

2. Kontron MP88S with RS232 Interface and
the required Programming modules end
socket adaptors



4.2 Scftwrre Confgnents

4.2.1 Cross Compilers -
As rio cross compilers ere available at this time ,

none are recommended . In order to support PLM
an Intellec MDS will have to be connected to the
computer . This is an interim solution to the
problem

4,2.2 Cross Assemblers - The PSD range of cross
assemblers is the only one available . It has the

following optional recommended support packages

1. Cross Linkage Editor

2. Jross Reference Generator

4.2.3 Cross Simylators -
BSD range of cross simulators is recommended ,

4.2.4 Ancillary Support Software -

Support for the Tektronics stations is included
with the BSD assemblers . To enable communication
with the Intellec station as well as controlling
the Programmer some software will have to be writ-
ten . This will constitute a relevtively simple
and short task
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MANUFACTURERS OF DEVELOPMENT COMPONENTS

These are listed together with their local representatives:

Advanced Micro Developments (AMD) SCD fPty) Ltd
AMI Radiokom (Pty) Ltd

Boston Systems Office fBSOl Svstime SA fPtv) l1td
CAP CPP CAP SA (Pty) Ltd

Data 1/O ERE (Pty) Ltd

Enuloplc Retecon Electronics (Pty) Ltd
Fairchild

Futuredata currently unrepresented but previously
blowave Electronics (Pty) Ltd

Hewlett-Packard Hewlett-Packard SA (Pty) Ltd
Intel EBE (Pty) Ltd

Kontron Biowave Electronics (Pty) Ltd
Mlllenium Biowave Electronics (Pty) Ltd
Mostek

Motorola ASP (Pty) Ltd

Philips Philips SA (Ptv) Ltd

Pro-Lop

RCA

Rockwe]l International

SPL International (UK) Tek Logic (Pty) Ltd

represented
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Tektronix Protea PM (Pty) Ltd

Zllog



APPENDIX C
INTELLEC DISK LABELLING AND NAMING CONVENTIONS

The disks on these stations (running under ISIS-II) are identified

by the colour of their labels and their name.

The label colours Rive the riensitv of the dials and their tvpe of

usage, as follows

Density Usage Label Colour
Single General Blue

Single Owners only Green

Double General Red

Double Owners only Yellow

All Special Grey
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The disk name Rives the type of disk and its use or owner as fol-

lows

The disk name format is nnnnnn.xyz

Where

nnnnnn -is the field indicatinp its use or owner

ep. TSTS41 a system diskV4.1

X - indicatesthe tvne of disk
ep. S a svster d'sk

N a non-svstem disk

y -indicates the ownership class
ep. S helonpo to the system

U belonps to a user

z - indicates the type of thedisk
ep. M a master disk

B a backup disk



APPENDIX D
XFP - FILE TRANSFER irriLITY

The follow!n% material is reproduced:

1. Listing of RSX-11 HELP file for XFR.

2. Listing of XFR source in RTL/2.

3. Listing of source of I/O routines used by XFR - XPGD
APGD.

and



XFR File Trarisfer U tility

XFR is B utility which is used to transfer' ASCII files between the host
and its emulation ststiorts.

Fur ther helF!

HISTORY COMhW”D HF' 64000

2 HISTOR'Y
XFR was developed at the University of the Uitwatersrand in the
department of Electrical Enyireer irxg, 'Die specification for its
protocols enabled it to conemriicate witfi the terminal utility provided
by the 1£'64066, usirig the corrfigur atior, file ,KD5T;’ a, the 64006
(also HOST.HSF.'), Thas was done in July 1982. It was decided, that the
sane utility could be employed for all emulation stations, therefore
software would have to be developed ar, arc for the Intellec Stations to
cater for this. This program would perform a function analogous to tht-
termiral utility ar, the tf'64U00.

2 COfWIi

The confl”’nd lire oorrfarrrrs to RSX-11 corveritioris and has the form:
outspec=inspec
The file : trar&ferred fron, 'inspec' to foutspecr.

For dowr,loadir»g (ie frm, the host to Uie statior,) 'outspec' is either

defaulted or it is fTTjr whilst 'irfipec' is the rane of the file to bhe'
dowr, loaded.

For uploading (ie fron, the statior, to the host) 'outspec' is the nane
of the of the file to be created on the host md 'irrspec' is either
defaulted or rTI:f.

Nc comnard file processirci has bear, provided as the protocols employed
dr rot allow uriattcnded operatior, because- the user m».jst synchronise
the start of the trarrfer. Further help is obtairahTe by typing;

1-EIF XER. FF'64006

2 IP64006

To me XFR ar, the 1-F'64000 the statior, must be plugged into the host
and cuirfigured usirig the 'HOST;' command.

Example usage sessiore are ot'taireble by typirpj
tCLP XFR hF'6400P 1OUNLOATi
or FELF XFF: RF64000 UFCOATi
as applicable.
In thes* exaifles all user input is lower case, arc! all system, resporrsr
is in upeer case. Sectior” preceded by semicolons are exploratory

(;ckififPrrts.
3 ICUNi_mr,
>xfr ; 'filerame.abc' 1» the rane of the file
XFR>=filerami-.ate ; a, the host t—- be dowr,loaded.
XFR — WAITING TO rOJMIJjAn FILE

; At this point the user hits the dowrr-



;loed key o, the steticr, srid eijnfleteB
; the commarid. The 'jcwiloed will start
; why, the user hits rmreturnr for the
; secorri tine,
XFR — rOUNL-QATi COrPLL£T£H ; find the operatiori is finished,
XFR>2 ; At this tine the user may exit,

>

>xfr =filerfanie<ate ; Siryle lire ccxni“nds may be employed.

3 UPLOAD

>xfr ;ffilerene,atxrf is the rere of the file

X~R >filertinc-,abc= ; which will be erected ar, the host,
XFR — WAITING TO UPLOAD FILE

; At this point the user hits the up-
;load key a, the statior, arc! conpletes
; the conaerh. The -jpload will tHer,

; start. Qr, completion;

XFR — LFIOAli COMPLETED ; Ard the oferetior, is finished,
XFR >Z

>

; At this tine the user may exit,

>xfr filerane.abc=: ; Single lire cormerids may be employed.



RSX-11 RTL,~ COrPILER, -S.PJL. 8-FEB-G4  13:39
>,XFR.LST=t 103, 103XFR

TABLE3=

CSNWf=

CNTRQ_=

REUDCATAM-E®

GFTId*=

rmr--

irENT=

PSECT=

ASECT=

COMCORIWO=

1 TITLE XFR — FILE TRANSFEF: UTILITY E>FLOYING XQMOOTFF F-TOTOCOL?

XFF: — FILE TRANSFER UTILITY EMPLOYING XOK/XOFF PRDTOCOL

3
4 7 %
51 XFR ¥
6 7 ¥
7 Z THIS PROGRAM TRANSFER'S FILES EMPLOYING f*l XONAOFF FROTCCOL. =¥
8 Z TRFNSMD” CAN £C IOE IN EITHER: THE [CUN DIRECTION (FROM THE =
9 Z HOST TO A DEVICE) OR TLE UP DIRECTION (FROM A DEVICE TO THE ¥

10 Z HOST) . %

11 7 ¥

12 Z COMWNILINE: ¥

13 Z OUTSFEC = INSFEC ¥

14 7 ¥

15 Z THE DEFAULTED IOSFEC IS ASSUMED TO EC TI: WHICH IS CONSIDERED ¥

1A 2 TO EC THE DEVICE, ¥

171 3

13 Z REL 'ISIOEJ IfOOEMATIOr-/; 2

19 7 *

20 2 VI.OA.P.G.FINUCCI WITS ELEC ENG 4-0CT-82 *

21 Z VI.1A.P.G.FINUCCI WITS EIEC ENG 26HCV-G2 »

22 Z CON-EFTED TERMINATION DHARACTER TO SUD CF: CF: EDE. ¥

23 Z >

24 Z FOP THE rCUH.OATi TIE XON/XOFF PROTOCOL IS PRD/IIE!' BY TRE TT; =

25 2 DRIVER, WHILE FOR THE UPLOAD IT IS DPLDEWED BY THE FRCIC X

26 Z XRrTGOIEV. TRE COMhANDi LIhE IS EITTEP: QBTAIFdi FROM MCR OR

27 2 IT IS PROMPTED FOR EXPLICITLY. NO COhWND FILE CAPABILITY IS &

28 Z PROVIDED AS THE DCJUhLOAH OR UPLOAD PROCESS REQUIRES MYNUAt

29 Z INFLIT FROM TRC OPERATOR' TO INITIATE IT ON THE DEL'ICE ANYWAY, &

30 Z IT SHOULD EC NOTHi THAT THE I/O SIFRORT PACKAGE AT PRESENT

31 Z IGNQFES TERMINAL. OPPACTCRISTICS ON QUTFLIT, THEREFORE TADS,

32 Z FORMFEEDS ETC. ARE PASSQi THROUGH DIRECTLY. %

33 z X

Si 2 FROCH#JFES:

35 7 &

36 2 PRJOB GETS THE COrtWID LINE. CALLS RICH. TO READ IT, M

37 z QEQs IT AND DETERMIhE TTC DIRECTION OF THT =

38 z TRASFE.1-:, THEREAT PER CALLING EITHER DNLD CF:

39 z LFLD TO TRANSFER; THE FILE. »

40 7 T

41 7 RDQ-K STREAMS IN TH CCmWD LIh€, PARSES IT AND

42 7 OCCNS IT FDR VALIDITY, IT THEN DETERMINES TRE

43 7 DIRECTION OF TIC TRANSFER,

44 7

45 7 ISTI DETERMINES ti-OTCR: Af) IOSFEC CONTAINS 'TI:'. |



4f

4"

w-V

53

56
37
56
39

riNGi  tkWw . ' a fill prut the hkt to THE 10;icl n: <

ti- r o, fk>. A fiif. fruti the revicE ri:

e RVNr i.Kh=i FOR STREAM IffUT.

2 VH-vAI- URtNi ILESFEC FOF: STREAMOUTPUT.

6& 2

61
62

64
65
66
67

66
69

79
71
72
73
*24
75
76
717
78
79
80

82
33
84
35

36
37

06
89
'45
°3

72
93

75.
76
97
98
99

180

101

102

183

184

105

2

y.

TINUT MUIES IHHIT A€i QUIRUT 1O TERVINAL

2 FIN ROUTES IHUT TO FILE.

2 FOUT ROUTES OUTPUT TO FILE.

2 STAMV«ri SUPPORT

L

I

STREAM 1/0 2

SVC  DATARRSTO: FPOC o0 BYTE IN; FROC(BYTE) OuT
SfJC DATARRSe'? EOTE TERMCH,IOFEAG

EXT PROC (REF ARRAY BYTE, REFARRAY BYTE) ©&TT TREAD;
EXT FfOC (REF ARRAY BT7E) TURT;

Z ERROR RfCOLER;Y 2

SVC DATA RFERE; LAEEL ERE; INI ERN; FROC(IKT) ERE

EXT PROC (INT) REGEL, FfERP;

2
2
I

ENDTIATA;
ENDDATA,;

ENDDATA,;

SYSTEM 1EPBTDAUT SUPPORT — AECI RSX-11 INTERFACE PACKAGE

t«REFEVIATICIJNS 2

LET RAB - REF ARRAY BYTE;
LET RAl = REF ARFAY INT;

2
2
Z

2

2
INPJI "OUTPUT 2
zZ

I/0 Om€LS 2

H it I0U. (RAB EFR, INT N, W, PTR, MB, TRM),

SV DATA F<F:CWN; REF IOCL INCL, OUTCL

2 PHYSICAL IGVICE [/O0 2

2 1

2

EXT PROC (INT. RAP) ASSIGN;
ETT FP.OC DELAY;

ENDIATA;

=

TO the hkets

4 4 My 4 4 4 4

M

»w

»

M

ey



.106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

Z rCVICE LOCKING Z

EXT FftiC <) STARTIN, STAF<i(J ;
EXT PROC < ENUIN, ENTOLrT;

Z STREW 1/0 FROGS Z

EXT FROG 0 BYTE TTIN, HSIN;
EXT FROG (BYTE) TTCLfT, HSOUT;

Z ADVANCED FUNCTIONS Z

EXT FROG (> GETMCEF;;
EXT FROG (IhfT, INT) IMT WLITOETTEV, XFLrTGETTEU;

/Z FILE 1/0 Z
Y - %

MOTE FNEEh.' (IfTT ICLN, FEF BYTE DEVT,
INT PIRN, REF BYTE DIRT,
INT fWW, REF BITE NWT>;
EXT BATA FILEO1; RAI FKBTK.: ENPBATA;

Z GENERAL Z

EXT FRQC (RAI) FINIT;
EXT PF.OC (INT) INT FCLOSE, FTRINT;
EXT FROG (RAB, REF FNELN) FNWE;

Z STREW ACCESS Z

EXT PROC (FEF FNRJ-;, INT, INT) INT FSTRTIN, FSTRTOUT;
EXT FROG () BYTE IFF;
EXT FROG (BYTE) OUTF;

Z ASCII CONTROL CHARACTERS Z
2 z

LET ETX = 3;
LET SUB = 26;
LET = 10;

LET XON = 17;
LET EOS = OH 200;

Z GLOBAL BATA IEELWATIOMS
y

1 I/0 CHWNELS 2
2 2

BATA IO,
10CL TICL := (TIFF, 0,1,0, 0, 0),
TOO. J= (TOFF, 0, 1, O, 0, 0);
ARRAY (256) BYTE TIFF, TOFF;

ENEOATA;



166 EIATA FIO;

167

168 IDT!. FCl.:= (FIT, 0,2, 0, O, 0);

162 AFRAY  (256) BYTE FIT;

170 FNEO< FNB:= (0, [UWY, 0, OJWV, 0, 1U tff);

171 BYTE rUMMY;

172

173 ENEOATA;

174

175 Z LINE Z

| A S — Z

177

ITS DATA IOSPECS;

179

18P AFKAY (30) BYTE ISPEC, OSFET;

181 INT ISLEN, OSLEN;

182

183 ENDDATA;

184

185 1— FFOCEKJRE RRIOB — SNTF'Y POINT Z
186

137 ENT PROC RRJOB ();

188

139 INT mSOL, Z FLAG TO INDICATE HtTHEf: A COrWND Z
190 Z LINE WAS PRESENT. Z

191 RICSTS, ZREAIIi OEUs STATUS Z

192 AGAIN J= 1
193 EOFLAG;
194

195 Z INITIALISATIONS Z

196

177 TINOUT <); OUT (M J; /Z TEFTIINAL 1/0 Z

198 FINIT CFHFTBL); Z FILE 1/0 Z

199

200 GETMCR <); Z GET COWW® LIrE I

201 HASCM. := INCL.N - INCL.FTR;

202

203 WHILE AGAIN = 1 10

204 IF HASCM. <= 0 THEN

205 TVRTCXFR)');

2B6 APUTOETieU (61, 0);

207 EOFLAG ;= INCL.N;

208 out (bL) ;

209 ENIi;

210

211 IF INCL.FTR <INCL.N TVEN

212 RICSTS ;= RICH. <); Z READ IT AND OCCK IT.
213

214 IF RICSTS < 0

215 THEN TURT CXFR — |

216 *ILLEGAL FLNCTION IN COrMANDNL#">;
217 ELSEIF RICSTS = 1

218 TVEN BM-D (ISFEC, ISLEN);
219 ELSEIF RICSTS m 0

220 TVEN UPLD (OSFEC, OSLEN);

221 END;

222 ENTs;

223

224 IF EOFLAG = -1 OFHASCM. > 0

225 THEN AGAIN ;= 0;

>

Z



226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241

242
243
244

24,
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
2717
273
279
230
281
282
283
234
285

ENT;

REP;
ENTmJC;
Z— PRGC RDOtv — IEAli CQrtWCi (V® OTCK IT
Z
Z FETUXEILi STATUS;
Z
Z 1 TRANSFER IS TO TI;
z 0 IRAWSFEF.' IS FROM TI:
Z -1 IWJA_ID FUNCTION IN COTt-rMi
Z
1
FROC RIO*; 0 INT;

OSLEN J* TREAT' (OEFEC, +=4r4-,EDS*e);

IF TERhCH * '=' ThEN REITJFN (-1); ENTg
ISLEN = TREAD (ISFEC,
IF ISTI (OSPEC, OSLEN) = 1
ISTI <ISPED, ISLEN) = 1
TVEN RETUFW <-1>;
END;

s

IF ISTI (OSPEC, OSLEN) = 1 THEN RETURN (1); END;
IF ISTI (ISFEC., ISLEN) = 1 THEN RETURN (0); END;
RETURN (-1);
ENEFEOC;
Z— PROD ISTI — DETERMINES IF STRING IS NULL OR = "TI:"
Z
7 RETURNED UALUE:
2
2 STRING IS NULL OR EQUAL TO 'T I:'
2 0 STRING IS NOT HULL AMD NOT EQUAL TO 'T I:'
Z
2

PROD ISTI (RAF STRING, INT STOLEN) INT;

IF STOLEN = 0 TOEN RETURN (1>; END;

IF STRING (1) = rITT
AND STRING(2) = *1*
AND STRING (3) =
TOEN RETURN (1);

END;

RETURN (0);

ENEFROC;
2— FROG DNLD — TRANSFER FILE TO DEVICE
FROG DNLD (RAB FSFEC, INI FSLEN);



286 IHT STS; BYTE CHV>;

287

288 STS := OPFIN (FSFEC, FSLEN);

289

290 IF SIS < 0 THB

291 TUIT cxFR — ¥

292 tUNAHL TO(PEN INUT HLFM *%*);

293 REIIRN
294 END

295
V. vh  VAING TODONOSBFILE')}
297 STS i« APUTGETIEV (1,4)}
298 IF STS < 0 TVENFCLOSF (-FCL.DV)}
299 TWRT (' — RESPONSE TIMEOL7T*t>L4%>}
300 RETURN }
3B1 EMi;
302
303 STFATOIT <>}
Oi¥< }- IN <)}
305 IF (HAR = EOS THEN RETURN; ENB;
306
307 FIN (>}
306 CH¥< := IN ()}
309
310 WHILE CHAR' *EDS 10
311
312 OUT (CHAR) }
313 CHAR 7= IN <>}
314
315 REP}
316
317 OUT (SUB)} OUT <N_>}
31B EMOUT <>}
319 TIM3IT <)}
328 IELAY (10)}
321 TWRT CXFR — IOWhLOAB COMM_ETED#N_*">}
322
323 ENTPROC;
324
325 Z— PROC LFLIi — TRANSFER IEL'ICE TO FILE
326
327 FffIC LPLI' (RAB FSFEC, INT FSLEN) }
328
329 INT STS, AGAIN ?= 1} BYTE OWE"
330
331 STS :« CFTOUT (FSFEC,FSLEN);
332 IF STS < 0
333 ThEN TWRT CXFR' — *
334 #¢UNAFOF TO OPEN OUTFIT FILE4NL**);
335 RETURN?
336 END;
337
338 STARTS <)}
339 TWRT CXFR' — WAITING TO LPLQAD FILE")} ouT (hL)}
348
341 WILE AGAIN = 1 10
342 STS J» XPITGETTCV (255, 2)}
343
344 IF STS ( 0 TEN

345 TWRT C*XCMXFR — RESFI>«E TIHEOLT#L*")}



346 ENMN <);

347 FCLOSE (-FCL.HV);
348 RETURN;

349 END;

350

351 CM# = IN <);

352 FTX{T 0 ;

353 WHILE CHAR * M,
354 #WD CGAR'*EOS
355 AND QW : *ETX
356 10

357 OUT (CWR) ;

358 CHAR := IN O;

359 R£p;

368 IF CHAR = EOS OR (HAR: = ETX
361 THEN AGAIN J* O;
362 ELSEIF CHARR' = r*_

363 THEN OUT M) ;

3t*4 END;

365 TINOUT ();

366. REF';

367

368 ENDIN (>;

36® FCLOSE (-fCWW) ;

370 TURT (l*xarf#iXFTx — UFUDAIi COrPLETEI#L*') ;
371

372 ENCFROC;

373

374 Z— PROC OFEIN — OPEN FILE FOR STREW IhPLT

375 Z

376 Z RETURN COTES ARE LINE THOSE FROM FSTRTIN,
377 Z

373 2m e o
379

380 FROC OFEIN (RAB FSFEC, INT FSLEN) INF;

381

382 INT STS;
383

384 FSFEC (FSLEN + 1) := hL;

385 FNAAE (FST-EC, FNEO ;

386 FTN <);

387

388 STS ;= FSTRTIN (FNB, 1, 2);

389

390 TINOUT <>;

391

392 RETURN (STS);

393

394 EMPROC;

395

396 Z— FROC OFFOUT — OPEN FILE FOR STREAM OUTPUT
397 Z

398 2 RETURN COTES ARE AS PER FSTRTOUT.

399 Z

401

402 FROC OFFOUT (RAB FSFEC, INT FSLEN) INT;
403

404 INT STS;

405



346
347
348
349
350
351
352
353
354
355
356
357
35B
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
370
391
392
393
394
395
396
397
398
399
106
401
402
403
404
405

ENDIN' ();
FCLOSF < -CL.TV);
RETURN;
END;
CHAR ;= IN O;
FOOT ();
WHILE CHER' # M.
AND GZR, t EOS
AND CHAR | ETX
10
OUT (OFA-);
CHAR := IN o;
REFf
IF CHAR = EOS OR CHAR = ETX
THEN AGAIN 7= O;
ELSEIF CHAR = NL
THEN OUT (NJ;
END;
TINOUT (>;
FEE" ;
ENDIN O;
FHUSE (-FCL.rej);
TWRT (‘¢XONtXFR — UPLOAD COrFLETET.ftNL* *) ;
ENTPROC;
Z— PROC OFfIN — OPEN FILE FOR' STREAM INPUT -
Z
Z RETURN COTES #*£ LINE THOSE" FROM FSTRTIN.
4
Z _____________________________________________
PROC OFFIN (RAB FSFEC, INT FSLEN) INT;
INT STS;
FSFEC (FSLEN r 1):= hL;
FNA®E (FSFEC,FNP>;
FIN 0 ;
STS := FSTRTIN (FNB, 1, 2);
TINOOT 0 ;
RETURN (STS);
ENTFROC;
Z— FROC CFFOLIT — OPEN FILE FOR STREAM OLTPUT -
Z
Z RETURN COTES Pff AS FEF: FSTRTOU:.
Z
Z
FROC OFfTUT (RAB FSFEC, INT FSLEN) INT;

INT STS;



406 FSFGXFSLEN 4 1):= M

FNAhE<FSPEC, R®> i

40B FOUT 0 ;

A STS := FSTRTOUT(FNB, 1, 2);
411

412 TINOm" <>;

413

414 RE71R4 (STS);

415

416 EM m x;

S Z— FKOC TINtXJT — SWITCH I-W T S

420 PROC TINOUT O ;

425 QEf-ROC;

420
429 PROC FIN

430

z  PROC FIN -

>

STT"iiS

SWITCH DfVT STTEAM TO FILE

m
431 INCL 1* FO_;

432 in

433
434 ENDFROC;

36 Z - PROC FOUT -

= iff;

SWITCH OWTOT SmEW TO RLE

437
438 PROC FOUT O ?
439 m
448 OLfTCL := fcl;
441 ouT = OUTF;
442
aa = CcMIPRITT *
*USE OF RESOLFCES*
RESOURCE MAX USED
HENTIFIERS (I) 552 107
U4RIAELES (1) 552 "
AT IRID-: TUL (ID ~
ID WVCS (D) ~
MArtF CHARS (N) 2078
GEN. LABELS (G) 345
CONSTAfTT POOL (C) 1380 10
STRING POOL (S) 414:
ARRAY KINDS (A) 69 *
“nrer Tkirn rH) 69(d

*EFIO, SIZES (BYTES)*

ORIO: rcciMTi.

OCTAL

TO TSW I*L



»STOGLT 330 454

no 540 1034
FID 284 434
IOSPEC 68 104
RR3GE 204 314
I<ECH 168 250
IsTI 70 106
trLJi 192 300
UFU- 244 364
UPFIr 78 116
OPFOL'f 78 1.16
TINOLR 36 44
FIN 24 30
FOOT 24 30
HOTAL’ 2310 4406

COMPILATION a;



RSX-11 RTL'2 COT'ILER. -S.P.L, 8-FEP-84 18:44

>, xPGU,LST=C 102,10 aXFuli

qy My My L4 4y 4y y 44 4 Yyy 444 244 4 M

r*

NMNM

T7AELES=
CNTRa.=f"
RELOCATABLE".
fIPTICN-
TI7LE-
.;rem
PSFICT-
ASECT=
CnNCOFI<ANCE:
1l TITLE XFUTGEnTCV' — PROT TO SLffOR' I/0O WITH XON/XOFT FfOTDCCLS;
XFirrGETrev — PROC. TO SUPPORT 1/0 WITH XDNAXTFT PROTOCOL!
3
4 2
XPUTGETDEYV
7 Z THIS FROC ALLOWS FIXEH LENGTH I/0 TO EE PERFORMED WITH THE
6 Z STANTARB STH£*Vi 1/0 /€f>*WISM. IT FERFORttS RECORI' 1/0 TO
9 2 A DEVICE USING THE SATE RJFFERS AND OWMZL AS THE STFWBARH
10 X FECOFTi I/0 FROCS, AND IT IS IDENTICAL TO PUTDETIEV EXCEPT
11 2 THAT I]: SENDS AN XQM ATTEF; THE c¢fO ET (XTC AN XOFT ATTEF: THE
12 2 wrut IS cem ETT.
13 2
14 2 1.0 21-JUN-92 A.P.G.FINUCCI1 WITS ELEC ENG
15 2
16 2 THIS PROCHLFE IttE S THE CURRENT OUTPUT BUFFER (AS FILLEH BY
17 2 TTOUT OR HSOUT) FOLLCWEH BY fV] XON IN1.IVISIELY, FILLS THE
18 2 IHFUT BUFFER' TO A SPECIFIED LENGTH (LEN> WITH A SPECIFIED
1?2 2 TIfECUT VALUE HMD).
20 2 THE VALUE -1 IS RETURNED IF TIMEOUT OCCUPRB'
21 2
LEN - THE NUMBER OF CHAFACTERS REQUIRED FOR INPUT
23 2 THE - THE TIHEOUT VALUE IN TENS OF SECONDS
24 2
25 2 THE HOLLOWING O m CL RECOFIG ARE AFFECTED:
26 2 OUTPUT USES OLCL.BFRC 1 TO OUTD .FTF: + 1)
27 ThPUT USES INCL.EfF'< 1 TO LEN )
28 BOTH US LU * INCUR
29 AFTER.WAFIG, XXXCL.FTF: = 0
30 OUTCL.N := LENGTH OLTOL .B fR
31 INCL.TFM := TERMINATING CHAR.
32 HCI..N := NO OF CHARACTEIE
33 ACTUALLY INTUT
34
35 2 ERRORS
36 RROTI (21) OUTPUT DIRECTIIt LRROF;
37 ERF (121) 1/0 ERROFc, I0FLAO := 7
38
39 ERF (5000) CUTFUT U.LFfLUWS BLI-TEF: III TO XON
40 ERF (5001) LEN > LENGTH INCI1.BPR
41
42 If'UN TIMEOUT, 10Fu-VG J= 3
43
471 2 THIS MOIXJLE IS F£-£NTRWT

45 2

M #



46 Z THISMOOJLELGES IMtOtCJi COEC XT fin BE nOrf'ILEIi WITH A Z
47 Z ZCNtFSWITOL Z
48 Z z
49 7 z
5B

51 CPTION (1) EI ;

52

53 MQCC 10C1 \REF BYTE £FR', INI N, DV, FTR, Mil, TRM);

54 MOTE 10XD (IfTT 10STI1, 10ST2, BITS, TMO);
55 MOTE TFREC (INT TN, TEr', I0EF, MET)

56

57 SVC BATA FfiSEJi; BYTE TERMCH, IOFLAG ENHDATA;
58 SVC.BATA RRERR'; LABEL ERL; IHT ERN; 'ROT (IfET) EW ENKBATA;
59 SVCBATARRCHX; REF IOCL INCL, 01711 ENBBATA;

60 EMC: BATA RRERRX; IMI LThEND; BYTE IJEFLAb, ERRLUN} XDSU ENto '
61 SVCBATA RRIOX; REF IOXB INXB, OJTXB; REF TFREC TF ENBBATA;

62

63 EXT FffOC (INT) RRCEL;

64

65 LET BCl = 17;

66 LET XON = ICI;

67

68 Z PftOC XrUTGETTPV' z
69

70 ENT PROC XFUTGETTEV (INT LEN,TMO> INT;
71

72 INT RES ?2=0,

73 LU 9= INCL,IV .

74 FLAG := OITCL,HB LOF: INCL,MB,
75 OLN ;= OUTCL.FTR + 1,

76 SB2, SB;

77 REF BYTE CUE J= OUTCL,BFR (1),

78 IEF ;* INCL.BFR (I);

79

80 OITCL.PTR ;= 0; Z F1ISGE OLfTFUT BUFFER Z
81

82 IF OLN > LENGTH OLITCL.EFR'

83 TFEN ERF (5000);

84 GOTO EXIT;

85. END;

86

87 OL/TCL.EFF, (OLN) J« XOI;

89 IF LEN > LENGTH INCL.EFR

90 THEN ERR (5001);

91 GOTO EXIT;

92 END;

93

94 core 106,0;

95 .LIST MID

96 MBLL QIOSY* , TTSYm,0l0UtS

97 0OIOSYt

98 TTSTA

99 MO’ *10 .H ff;i7F ,BINiTF.TM OITF.X0r,F3

100 YZ READ AFTEF: BINARY t*OMEF'T, WITH TIMZOTT AND XOFF Z
101 BIT *100,4FLAG (R5) «Z' TEST NO-ECHO MOIC

102 EEO If. *f¥ R3 - aWCTIOJ COO

103 BIS *TFIJC,R3 *Z SET NO-ECHO MOIC FOR: READ
104 It; TST *LLN(R5> *Z O0CO, THAT TRERF ARE CHARACTERS
105 BUZ *a. *7Z IN PUFFER, ELSE t<J] NOTHING.



IR6
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

MOV R5,R1 *7 R1 - ADIFESS OF IOSB Z
ADD *%SB R 1
OIOU4.S R3,*LU(5),tl,,R1,,<*IEF(5),*LLN(5)..4TMO0(5> .¢O1IF (5; f*ULN<3)
MCR' $IGW , *FSXrSU-/RRERRX (RO;
ECS #DERR:
OPE *IE.ECF,*£B(R5>
PEO ¢EOF
CMFD *IS.-m O ,A"SD(F5)
ECB +TMEO
MOLT «SB<R5) ,R1 *7 WIDEN ANT' TEST SIGN z
MOV R 1, $RSXDSW/RRERRX (R0)
EGT *OK *2 1/0 SUCCESSFUL

*F:TL;

Z— 1/0 ERROR': TREAT IT AS RHXMERAH-E, WITH STATUS IN FSXIuU ~Z
ICFLAG i* 2i
ERR (121);
GOTO EXIT;

Z— DIRECTIVE ERROR; TREAT AS FATAL, WITH DSW IN RSXDSU/FKERX — Z

IEFR: FROEL(21);

I— EM:OF FILE: FLAG IT FOR TTIN TO TELL USER LATER" —Z
EOF: INCL.N := -1;

GOTO ZERO;
Z— TIMTOUTOCCURRED: SET IQFLAG AMi RETURN TTC VALUE 1 —Z
TMO: IOFLAO k3,

RES = -1y

Z— ALLOK: SO RESET OtVMLLPOINTERS AND RETURN TERMINATING —
zZ— CHARACTER, —

Oh.: INCL.N = SEC; Z CHARACTERS ACTI’LLY IRFUT
INCL.TRM := SRS5RL 8§; Z TERMINATING CHARACTER
ZERO: INCL.FTR := 0; Z HIFFER FOINTER

EXIT: RETURN (RES);

EMPROC;

W OO (fTLED AS SYSTEMS MOtULE**

#¢USE OF RESOURCES*
RESOURCE MAX  USED
lieVTIFIERS (1) 552 56

VARTARES (I) 552 44



m/ mio. -.7

ID N.vts (ID
rwe cm s (N
GEN. LAEGLS <G
CONSTA£T POOL (C
STRING POOL (S
~;iRAY ECUE6 Mo
rfiTE INFO. (C

345
345
2078
345
380
4142
69
690

*Ef<IO. SIZES (BYTES)*

-fTD reciM A1
g-oal - 0
xPLfTGE 340
>TOTALr 340

COMPILATION O

OCTAL

12

'16

13



RSX-11 R7L/2 COrF'ILEF:. ~-M W 80 -3.F.L. 8-FEB-34 13:46

>fAPGEi,LS7=C103rieDAF/Gri

X

¥ M X X X X

1« M N >

» M % H N H X

»f

TAEt£S=
CINA*E=
CNTRtLrf
FELOCATARIJE-
OPTIOLN
TITLE=
ITCNT-
PSETT-
ASECT=
1 TITLE AFirraEneX' — PROC TO SUPFORT INDIVISIBLE FIXED LENGTH 1/0 ;
APinrOETDEV — FROC TO SUPPORT INDIVISIRf FIXED LENGTH 1/0
2
3 Z
4 7
5 Z APUTGETDEYV
6 Z
7 Z THIS FROC ALLOWS FIXED LENGTH */0 TOEE PEFFORfCD WITH T>E
B Z STA'YDFKD STREAM 1/O HECHWISM, IT PERFORMS RECORD 1,0 TO
9 Z A DEVICE USING TPE SAfC EOFFERS AND CHAN”l. AS THE STANEtARD
10 Z RECORD 1/0O PROCS, ANTi II IS FUNCTIONALLY SIMILAR TO GETCOWD
11 Z IN THE IEL'IO MOICILE. IT IS IIGNTIC'L TO FVTGETTEV EXCEPT THAT
12 Zz IT ICES NOT USE A BINARY PROMPT HIJfF: ANASCII PROMPT IN TPE
13 1 010.
14 7
151 1.0 13-JUL-62 A.P.G.FINUCCI -WITS ELEC ENG-
16 2
17 Z THIS FROOEHJRE OJPPS TPE CURRENT OUTPUT RJFFER' (AS FILLEE' BY
18 Z TTOUT OR HBOUD AND IXUVISIBLY, FILLS TPE IPFUT RIFFER TO A
19 Z SPECIFIED LENGTH (LEN; WITH A SPECIFIED TIPEOUT (TMO).
20 Z TPE VAi-UE -1 IS RETURNED IF TIPEOLT OCCURRED.
21 Z
22 Z LEN - TPE NLKEER OF CHARACTERS REQUIRED FOR INPUT
23 Z TMO - TPE HPEOUIl VALLE IN TENS OF SECONDS
24 Z
25 Z TPE FOLLOWING CHANEL RECORDS ARE AFFECTED:
26 Z OUTPUT USES OUCL,£FR( 1 TO OUTCL.FTR >
27 Z ITFUT USES INCL.EFR< 1 TO LEN )
28 2 ECTH USE LU = INCL.DV
29 Z AFTERWARDS, XXXCL.FTR := 0 =
30 Z OLTCL.N ;= LENGTH OLTCL.IFR
31 Z INCL.TFM := TERMINATING CHAR
32 Z INCL.N := NO OF CHARACTERS =z
33 Z ACTUALLY INPUT "
34 7
35 Z ERRORS:
36 Z RRGEL (21) = OUTPUT DIRECTIVE ERROR,
37 Z ERE (121) « I/0 ERROR, IOFLAG := 2 s
38 Z
39 Z UPON TIPEOUT, IOFLAG = 3 =
40 Z :
41 Z THIS MOIULE ISRE-ENTRANT. 2
42 7
43 7Z THIS MOIULE USESIMEGCED CQIG AND MUST EC COMPILED WITH A
44 Z /CNIJF SWITCH. z
45 1

»e



47
48
49
50
51
52
53
54
55
56
57
56
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

OPTION (1) EI ;

MOTE IOCL (REF ARRAY BYTE EFR, IMT N, BV, RTF, MB, TRM);
More IQXH <INT10 SIl, 10ST2, BITS, TMO);
MCEE I1TREC (INT TN, TEF, KEF, MEF);

SvC BATA RRSEB? BYTE TERMCH, I0FLAG ENDBATA;
SvC BATA RRERR; LABEL ERL; KTT EM-I; PROC(INT)ERPEMIBATA;
SvVC BATA FRCHAN; REF IOCL INCL, OLiTCL ENBBATA;
SVC BATA RRERRX; IhfT L1IhENO; BYTE UEFLAG, ERRLUN; INT RSXISW ENBBATA
SLE BATA RRIQX; REF IQXB INXB, OUTXD;REFTFF.ECTFENBBATA;

EXT PROC (INT.) RRGEL;

z FROC AFUTGETEE?,"------- Z

ENT FROC AFLfTGETEEV (INT LEN,TMO> INT;

INT RES —®f
LU ;= INCL.DV,
FLAG ;= OUTCL.ML' LOR' INCL.MTi
QLN ;= OUTCL.PTR,
SB2, SB;
REF BYTE OET ;= OUTCL.EFP'd),
IEF ;= INCL,EFP;(1>;
OLiTCL.FTP ;= 0; 2 PURGE OUTPUT BUFFER I

IF LEN > LENGTH INCL .EFR
TFEN RRGEL (5000) }
END;

COTE 106,0;
.LIST fCB

MCALL OT, L,TTSYMS$,0IUW $S
QIOSY't
TTSYMt
MOL' *I0O.RTRITF.TMO,R3 *Z TIfCB REAB AFTER' PROMPT
BIT *100,*FLAG(R5> *2 TEST NO-ECHO MOTE
EED 13 *Z R3 - FLNCTION COTE
BIS 4TF.RhE.R3 *Z SET NO-ECHO MOTE FOR REAIt
It; TST *LEN(RS5) *2 CHECK THAT TTEFE ARE CHARACTERS
EEE *»u. *2 IN HIJFFER, ELSE 10 NOTHING,
MOV R5,R1 *2 R1 - ABTFESS OF IOSB 2
ABB *«SB,R1
OoloUtS R3,*LU(5) ,*1,,R 1,f<*IFF(5) ,LEN<5> f40MO0(5) ,*OEF(5) ,toLN (5) >
MOV $16 W, *RSXIGU/RRERKX (RB)
ECS »rGFR
OF'B *IE.EOF,*3B(R5>
EEC *EOF
OFB *IS.TMO0,*SB(R5)
BED *TMTO
MOVB tSB(R5) ,R1 *2 WHEN AND TEST SIGN 2

MOV R 1, *PSXDSW/RRERRX (RO0)



106 H3T *OF *2 1/0 SUCCESSFUL

107

106

109 Z— 1/0 ERRORI TREAT u AS RECOVERABLE, WITH STATUS IN RSXDSW
110

111 IOFLAG := 2;

112 ERR (121);

113 GOTO EXIT;

114
115 Z— DIRECTIVE ERROR: TREAT AS FATAL, WITH ISW IN RSXHSW/*RRERX

116

117 DERR: RRGEL<21>;

lie

119 Z— END OF FILE: FLAG IT FOR TTIN TO TELL USER: LATER
120

121 EOF: INCL.N := -1;

122 GOTO ZERO;

123

124 Z— TITEOUT OCOIJRREJt: SET IOFLAG AND RETURN THE VALUE 1
125

126 TMO: IOFLAG = 3,

127 RES = -1

128

129 Z— ALL o;: SO FLSLI OW*)E_ POINTERS AWI- RETURN TERriINATTNG
130 Z— CHARACTER,

131

132 OF: INCL.N := SB2; Z CHARACTERS ACTUALLY IliT-UT
133 INCL.TRM := SB SRL 8; Z TERMINATING CHARACTER
134 ZERO: INCL.F'TR .*= 0; Z BUFFER: POINTER

135

136 EXIT; RETURN (RES);

137

138 EMFEQC ,.

WCOTrtPIL-ED AS SA'STEMB MDTU-E**

*)JST. OF RLSXF-CES*

RESOURCE MAX  USED
IDENTIFIERS (1) 552 54
VARIABLES (1) 552 44
AT ERICK LIL (ID 345 . 10
11T NATES (ID 345 53
NAME CWFfS (N) 2078 210
GEN. LABELS (G) 345 1
CONSTANT FOOL (C) 1380 10
STRING POOL (S) 4142

Af*AY BOUNDS (A) 69 0
MOTE INFO. (G) 690 41

tKRICK SIZES (B'YTES) *

ERICK IECIHAL OCTAL

'SPOOL’ 0 0



AFUTGE 298 452

fTOTAL' 298 452

COMPILATION' OK
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