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~« ABSTRACT.

Since the emergence of the digital computer>in the Tate 1940's, computer
“architecture has been largely dictated by the'requirements of mathematicians
and scientists. Trends have thus been towards processing data as quickly
and as accurately as possible. Even now, in the age of large scale
integration culminating in the microprocessor, internal structures remain

. comnitted to these ideals. This is not surprising since the main users

of computers are involved with data processing and scientific

computing. ' |

The process control engineer, who turned to the digital computer to provide
the support he required in his ever increasing strive towards automation,
has had therefore to use these generalized computing structures. His

basic requirements however, are somewhat different to those of the data
 processing manager or the scientific user,. He has to contend with an
inherent problem of synchoronizing the computer to the real-world timing of
his ‘plants. He is far more interested in the response time of the
computer to an external occurrence than he is to sheer 'number-crunching'
power. g

Despite the.trends in'process control towards distributed computing, even
the most advanced systems require a relatively large central proccessor.
This processor is called upon to carry out a wide variety of different
tasks most of which are 'requested' by external events. Multiprogramming
facilities are therefore'essentia1'and are normally effected by means of

a real-time operating system. One of the prime objectives of such a real-
‘time operating system is to permit the various programs to be run at the
required time on some priority basis. In many cases these routines can be
“Jarge - thus requiring access to backing stbrage.

Tréditiona]]y the backing store, implemented by a moving-head disc for
example, is under the control of the real-time operating system. This can
have serious consequences, If real-time réquirements are to be'met,
transfer to and from the disc must be made as rapidly as possible. Also,
in'initiating and controlling such transfer, the computer is using time’



which otherwise could be availabje for usefu], process-orientated work.

With the rapid advancement of digital technology, the time is c1ea}1y
right to examine our present computer architecture. This dissertation
explores’ the problem area previously. discussed - the control over the .
bulk storage device in a real-time process-controi computer system.

It is proposed that a possible solution 1lies in the development of an
intelligent backing-store controller. This essentially combines the
conventional low-Tevel backing store interface with a special purpose
processor Which handles all file routines. This dissertation demonstrates
~how ‘such a structure can be implemented using current technology, andA
- will evaluate its inherent adVantages. |
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(1)

(i1)

(iii)

(iv)

HOUENCLATURE

Unless otherwise indicated, all numbers are decimal. Octal

numbers are of the form ng, where n is an octal number.

k = kilo-word = 210 = 1024 ‘words.

One word contains 16 binary‘digits (bits) of data unless
otherwise specified.

TRUE = HIGH = + 5 Volts; FALSE = LOW = 0 Volts.



CHAPTER 1

INTRODUCTION

Computers have had an impact on almost every sphere of man's environment.
One particular area where the computer is being used in an increasing extent
is the industrial sector. This environment extends from simple data logging
functions to the complex envircnment of process control. The demands made
on. the computer in this environment are increasing. Increased demands mean

" that the computer capabilities must increase. The solutions to these
“increased demands are many, and include distributed processing, multi-
processing and more sophisticated hardwé}e and software.

In the process control environment,‘there are many different functions that
-the computer must perform. 'Many of these functions may have to be performed
in accordance to the "real-world time" rather than the computer's own time.
The system must be abie to cope with a large number of different tasks.

Tasks may be initiated by a real-time clock, by other tasks currently in
execirtion, by a process-operator, or by signals from the process being
controlled. Many of these tasks wiil be time-critical, and will have to be
performed within a certain time period. Multiprogramming is necessary in
such-a system to allow tasks to be active simultaneously. A currently active
‘task can therefore be suspended to allow for the execution of some other
task. The suspension of a task may arise through various reasons. A task
.would be suspended if it'required the use of a peripheral which was currently
being used. The processor would execute some other task until the peripheral
became free. A task would be suspended if a task of higher priority is

. initiated. Execution of the suspended task would only begin again after

all higher priority tasks had been 2xecuted. It is evident that a management
system is necessary to control the organization and execution o7 these
various tasks.

1.1 Organisation of Tasks in a Process-Control Computer System

Rodd1 indicates three essential fuhctions which the process control computer
must be capable of performing.

(i) The scheduling of a variety of tasks in such a way as to
effect overall control of the process.

<



(ii) The initiation of a specified task, indicated by any of the
following occurrences : |

(a) A signal derived from a process.

(b) A request from another task, currently being executed.

(c) A signal from one of the computer system's own external
or internal peripherals.

(i11) The temporary suspension of a task currently in execution,
-following the request of a task with higher priority.

- Requests, as outlined above, arrive at €he computer, and their corresponding
tasks are executed as soon as possible, under the guidance of a chosen
scheduling policy. One or a few processors must handle many requests.

Queues of tasks waiting for execution will consequently occur. The resulting
characteristics of the queue are of the most fundamental importance in the
organizational structure. If a particular computer organization cannot
handle the request rate, the queue may continuously expand resulting in
infinite delay time-in-queue. In most industrial appiications there will be
deadlines for certain tasks. If a task is not completed by the deadline, the
process will collapse. Queue characteristics give a clear indication ¢f the
delays which may be expected; and will be the basis in deciding whether a
“particular organizational structure will be capable of controlling the process.

H Rodd2 gives a detailed statistical analysis of tasks in a multiprogrammed
computer system based on traffic theory, and has formulated a queue
characteristic of the fundamental importance to the system desianer in

a multiprogramming environment. That is :

The average delay, D, of task in a queue is given by D= TQRH

where, K is the average request rate, and
h is the average task executicn time.

This expreséion relates the delay which can be expected by a task in a queue
in a multiprogramming system; to the demands made on that system (i.e. average
request rate, and average task execution time). The average delay in a queue
can therefore be plotted as a function of these demand characteristics. The
resulting graph (Graph 1.1)3 is a family of curves, each curve being formu-
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lated from different average request rates and average execution times.
When analysing a particular process control environment, one must look at
the average delay times which are permissible. This is dependent on the
process being controlled, that is, different processes have different
time-constants. By estimates of average task arrival rate and average
task execution in a system, the system designer can see if a proposed
computer organization will adequately meet the permissible average delay
‘times. Estimates can also be made on the amount of system expansion
- - possible. This analysis will be used in proposing and analysing possible.

- organizational strategies.

&

The analysis has been made on the following assumptions about the
characteristics of requests and the servicing of tasks : ‘

| (ij Requests for tasks will arrive randomly at the pfocessor, and
' . their corresponding task exécution times will be random. This
assumption is reasonable in’'most process control environments.
(ii) The time required to cause the suspension of a current task and
iv~to start the execution of a new task will be instantaneous. In
i practice this is nct the case, and this time is most significant.
.- (The process of changing from one task to another is called task-
swopping. The time required to perform a task swop is the
. task-swop time). . | |
(111) Tasks will be serviced on a first-come-first-served basis. This
assumption is not generally true, as tasks will be serviced
~according to their prescribed task priorities.

© The eflect .of task—éwopping and task priorities on the above analysis will
~now be discussed. ' ‘

Rodd4 shows that if all tasks are held simultaneously in the computer's main
_ memory, the task-swop time can be as high as 500 microseconds, whilst if
backing store is used, task-swop time can be in the order of milliseconds.
Every task which comes into execution requires a task swop. The task-swop
time must theréfore be indicated in the average task execution time. In

the above equation, h will now be given as the sum of the actual task
execution time and the task-swop time.



Another important factor infliencing the above analysis is task priorities.
Tasks are allocated pricrities in order to ensure that they are executed
within specified times. When a task is requested that is of higher
priority than the task currently being executed, the latter must be
suspended. The higher priority task will then begin execution. The
suspended task is then placed back into the queue. The nett effect is _
that each task suspension will cause a task swop. A system having a large
number of different priority tasks will spend much of its time performing
task swop activities on tasks which are not fully completed.

Task swops will be most significant in those systems requiring backing
store. This point is expanded below.

Backfng Store

Most: industrial-control computers require a large storage space to store

all the tasks required by the system, as well as data which will be collected
about the plant performance. The tasks could all be stored simultaneously
in main memory. Task swops woulu then be efficiently accomplished. There
are, however, serious disadvantages with this method of storage in those
industrial-control computer systems requiring a large main memory. Whilst
memory prices are falling, high-speed memory still remains comparatively
expensive. Fast memory is between 10 and 1000 times more expensive per bit
thah slower backing store memory (such as disc or drum)s. A large main
memory will require a large word size to efficiently address that memory.
(One method of addressing a large main memory with a small word size is to
use base registers. The number of base registers required for any address
is a function of both word size and main memory size. Task execution times
will be increased, as base register modifications will be continuously
required. Consequently, efficient addressing is achieved by a large word
size). Program expansion, which is fundamental to many industrial computer
applications, will become difficult, as main memory size and the computer's
word size may consequently have to be expanded. Such a system is inherently
inflexible and costly.

The alternate method is to multiplex main memory. That is, only a small
number of tasks are kept in main memory with the remainder of the tasks on



~ a backing storage device. Tasks would then be brought into main memory
when required. Tasks will remain in main memory until a task has to be
brought off the backing store device into main memory, and no main memory
space is available. One or more tasks would then have to be written back
to the backing store device (if necessary) to make main memory space
available for the new task. The algorithm controlling which task has to
be moved to backing store is complicated, and would be handled by a
management system.

Lengthy task-swop times for tasks residing on backing store can be expected
for the following reasons :

(i) A large amount of prucessing is required to initiate a backing
store transfer (this point is discussed in detail in Chapter 2).
(ii) In most small computer systems, there is only one main memory
access paths. Data will be typically transferred between the
backing store device and main memory by 'cycle stealing'. That
is, a main memory cycle is taken up between two successive
processor instructions. This effectively s'ows down the main
processor. _
(iii) When a task transfer from backing store is initiated, there may
be no other task in main memory ready for execution. Consequently,
the task transfer from backing store cannot be overlapped with
the execution of a task in main memory. In this situation, the
task-swop time must be considered as being the time from the
initiation of the task transfer, to the time the task is fully in
main memory and ready to execute - as backing store is comparatively
slow, this time will be significant.

The above discussion highlights the importance of minimizing the non-
productive function of task-swopping. This point is expanded later.

1.2 Organizational Strategies

When a system designer is éva]uating a particular computer system, he will

do it in terms of the average delay curves. The designer will know the plant
parameters, and will thus be able to calculate the permissible average task
delay time. For example, consider a process which will have an average delay
of 0,04 seconds. If the maximum task arrival rate is 200 tasks per second,



then the average task execution time must be less than 0,0045 seconds
(refer to Graph .1.1). If the average task execution of 2 particular
cdmputer system was in excess of 0,0045 seconds, then a different

computer system must be considered. A solution could be to obtain a

faster computer, but the faster computer may not be sufficiently fast to
get the average task execution time into the required limits. Different
organizational approaches to solving the problem must then be considered.
If fewer tasks were allowed to enter the system, then a greater averagé
execution time would be allowed. For example, if the task arrival rate
‘could be lowered to 150 tasks per second, then the average execution time~'
of 0,0057 seconds is allowable. Anotheriapproach would be to decrease
faverage task execution time. In the above example, if the task execution

" time could be lTowered to be'less than 0,0045 seconds, then the process
receiving 200 tasks per second could be adequately controlled. Consequently,
two apprbaches can be made : -

(i) Reduce the average request rate.
(i1) Reduce thé average task execution time.

1.2.1 Reducing Average Pequest Rate

One method of reducing the task arrival rate is to distribute the computer
~ system. Distributed systems are particularly suited to those industrial

| control environments which have a high degree of process (and hence task)

' independence, and where only a small amount of communication between the
different controlling processors (nodes) is necessary. In certain process
control applications, however, certain processes may have a high degree
- of dependence on each other, and a large information flow between these
processes may be necessary. Trade-offs will exist between moving a large
amount of data between different nodes or having only one node controlling
the different processes. More simply stated, not all industrial control
applications lend themselves to.a high degree of distribution.

Another method which could be used is to use. a multiprocessor system. Having
more than one processor in the system means that the average task arrival
rate at any one processor will be proportionally lower. That is, the

average task arrival rate at a processor in-a two processor system will be
half that of a one processor system. There are a number of ininerent

problems with this approach7. One of the problems is tkat like the



distributed processing system, a large amount of communication between
tasks may be required (comnunication in the multiprocessor system will

.~ occur by means of a common memory). A large amount of the system

processing resources will go into handling this task communication and

in handling the specialized management functions required in such a system.
Consequently, with the reduction in average task arrival rate, the average
_task execution time will increase. In this instance, the improvement in
system performance by adding an extra processor may be small, and the
percentage improvement will feduce~drastica11y as the number of processors
- increases. The cost of the multiprocessor system is high, and whilst it -~
may be suited for certain process control applications, it is necessary

to investigate if alternate computer organizational strategies are possible.
(One of the arguments used in favour of the multiprocessor system is
reliability. The argument is that if one processor in the system fails,
the system will continue to function although in a degraded state. This
argument is suspect, as it makes assumptioﬁé'about softwére reliability

- and hardware failures which are not always true. Producing fail safe

hardware and fault free software is very expensive (if not impossible), and
better reliability and cost factors may be obtained by duplicating a simpler
organizational structure). '

1.2.2 Reducing Average Execution Time

As mentioned above, the time required to execute any task can be divided
“into two parts : '

(1) The time required to perform the productive part'of the task -
that is, those instructions which perform the prescribed
function of the task.

{i1) The time required to perform the non-productive part of the

' task.: This time will be spent performing task swops.

These two points will now be discussed in detai],

(i) ﬁirst consider the problems of reducing the time spent on the
productive part of tasks. One method of reducing the execution
time of a task would be to reduce the number of instructions
needed to be executed to perform that task. The best way to
reduce the number of instructions would be to write programs in



machine code. This soiution is rarely considered, as machine
code programs are not only more difficult to write than high
level language programs, but are more difficult to modify and
debug, and hence tend to be less reliable. The labour costs
involved in machine code programming are higher than when

* writing in a high level 1anguage8. This solution to the problem
s thus not recommended. What is recommended is that the
correct language choice be made when writing programs (for example,
CORAL 66 may be chosen instead of FORTRAN, if such a choice 1is
available), and that careful programming, with certain functions
performed in machine code, will help reduce program execution
time. Another solution is to have a machine which is architec-
turally more suited to a real-time language such as CORAL 66.
Such a machine will have better execution times for this high
level language than a conventional computer, thus helping to
satisfy some of the discrepancies between the inefficiencies
of a high level language on the one hand, and the advantages of

a high level language on the other handg.

Task execution can also be reduced by implementing certain
common]y‘executed software functions in hardware. For example,

a hardware floating-point arithmetic unit will greatly improve
task execution time if a large amount of floating-point arithmetic
is necessary.

(ii) Secondly, consider the problems in reducing the time spent on
task swops. It has been mentioned above that task-swop times
will be most significant in a system having backing store.
Improving the average task execution time in such a system will
most naturally be achieved by reducing the average task-swop
‘time of tasks from the backing store device.

A file system is necessary in a system having backing store.

The file system (filing system) is that part of the operating
system which organizes and contrcls backing store. (This
~definition is narrower than the general definition of the filing

system. A more general definition can be given to include those
systems (such as Multics) where the user thinks he is using a
very large main memory, all movenents between main memory and
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backing store being invisible to himio’ 11. In sﬁch a system,

the file system is generally defined as the total memory
management system).

One method of reducing task-swop times is to delegate most
of the file system to a separate processor. This processor
can be called a backing-store processor. The backing-store
processor will take a large processing load off the main
processor, allowing the main processor to'spend more time
'pérforming useful processing functions. The backing-store
processor will genera]]y be a small computer (minicomputer or
microcomputer), with the filing system functions performed in
software. A possible backing-store processor configuration with
"the backing-store processor interfaced to a disc drive is
illustrated in Figure 1.1,

Main Processor

Main Memory

N

Y 1

Backing-Store | _ __ _ N Low-Level j > Disc
Processor Disc Contrq]]er e _ o> Drive
Data

Control =—====m—— — -

Figure 1.1 A Possible Backing-Store Processor Configuration.
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- If a task is required which is currently on backing store, the
central processor will initiate the task transfer to main memory
by passing a short message to the backing-store processor. This
message will include the task name, the main memory address where
the first word of the task is to be loaded, and the number of
words of the task to be loaded. The backing-store processor will
do the necessary processing to begin the data transfer to main
memory (by cycle stealing). The central processor will at the
same time, be executing some other task in main memory, if there
_.is a task in memory waiting for execution. Bringing a task from
backing store into main memory, and the execution of some other

- task already in main memory can therefore be done in parallel.
Task-swop times will therefore be the normal swop times between
tasks in main memory; the time required to execute those '
instructions necessary to initiate the transfer from backing
store; and the timé used for cycle stealing when transferring
data to main memory via a direct memory access facility. The
net effect is to reduce the average task execution time for
tasks being brought off baéking store.

‘The above discussion assumes that the backing-store system will
be fast enough to ensure that the next highest priority task will
be in'main memory waiting for execution before the completion of
the currently active tasks. This is not geneha]]y true ina
real-time environment. The random nature of task arrivé]s; the
fact that certain tasks must meet certain deadlines; the fact
that tasks ﬁust Bé transferred from backing store according to
task priorities; and the fact that task-swop times from the
backing-store system to main ‘memory may be longer than the
execution times of certain tasks, will require the backing store
system to be as fast as possib]e; If the backing store system is
4too slow, the following undesirable situations may occur :
(a) all tasks currently residing in main memory may either be
) completed or suspended, with a queue of tasks waiting to
be transferked from backing store to main memory;
(b) a task mey be in execution, but a queue of higher priority
tasks may be waiting for transfer from backing store into

main memory; or T
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(c) a task requiring to meet a certain deadline may be
requested. The time spent bringing that task off backing
. store into main memory may mean that the task deadline
cannot be met.

Consequently, if the backing-store system is too slow, the
system's response to the environment it is controlling may be
inadequate. The cause of this undesirable situation being
inadequate task transfer speeds from backing store. A possible
.solution to this problem is to use a high-speed backing store
device such as "bubble" memory or fast fixed-head disc or drum.
In certain systems, even the introduction of these high-speed
devices may prove inadequate. A high-speéd backing store device
controlled by a backing-store processor forms an expensive system.
~The expense of such a system may be unnecessary.

1.3 The Proposed Approach

The problems involved in organizing an industrial-control computer system
have been discussed. It has been shown that there are many ways of producing
an efficient computer organization. It is impossible, however, to propose

a general computer organizational structure which is suited to all process
control environments. Each application will be different, and will require
different solutions. ' '

The demands on the computer system when backing store is used is significant.
It has been indicated that the response to the environment in a process-
control computer system having backing store can be improved by :

(i) minimizing swop times of tasks from backing store to main
memory, and o ' I

(ii) minimizing the interference backing store operations have
on 'useful' processing operations.

The above discussions have indicated methods which could be used in

attaining these goals. Introducing a multiprocessor or backing-store processor
will allow one processor to perform backing store operations whilst another
processor performs useful processing operations. Writing programs in
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machine code will reduce task size ~, and minimize swop times. Introducing

‘a high-speed backing store device will have the same effect.

Cost is of great importance to any system's organizational solution.
Certain of the above methods are inherently costly to implement. There

are other equally important factors which must be considered. In the real-
‘time process control environment, factors such as system reliability and
system upgradability must be considered.

Before any alternate structures which may help in attaining the above two
goals can be considered, it is necessary to examine the hardware/software

relationship in the real-time process-control computer.

1.4 Hard-Soft Trade

Essentially, functions in a computer system can be implemented in hardware
or software or firmware. The decision as to which functions are to be
performed in one of the above is fundamental to the design of any computer
system. A hard-soft trade is the trade between hardware and firmware,
“hardware and software, and firmware and software. It is necessary to
examine the reasons for performing the hard-soft trade in a real-time
process-control computer system.

(i) Improving System Performance

One of the most common reasons for trading software for hardware or
firmware in a real-time system is to improve system performance13.

For example, improved performance will be achieved by including a
hardware floating-point arithmetic unit, or a fast Fourier transform
processor14. Memory management can be moved from software to hardware,
‘as is illustrated by the SYMBOL project15. This greatly improves

system performance.

Certaih operating system functions require the frequent manipulation
of tables and queues. Implementing certain of these functions by
means of microinstructions can greatly reduce system overhead. A
“microprogram sequence used in place of a normal subroutine can save
several memory cycles. A few examples illustrate this point. The
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interrupt-handling and scheduling functions can be implemented by a
special microprogrammed pirocesscr. Such a system will greatly reduce
6 The Scientific Control Corporation (SCC) 6700
_system updates the associative map (used in segmentation) from the

task-swop times
segment and page tables by a special microprogrammed processor17.

'(ii) Improve Reliability

Good system reliability is of fundamental importance in any real-time
system. Software failure occurs from.the accidental overwriting of - -
programs and of 1ntroducing faults into the software by frequent\software
‘modification. Committing the uiore critical functions to more secure
locations such as firmware or hardware will improve syétem re]iability18.
There is an inevitable tradeoff between éecurity and high executive
overheads when the security functions are performed in software. The
GEC 4080 reduces these overheads by implementing all the 'innermost'’

executive functions in firmware (by a microprogram called Nuc!eus)ig.

Reducing software complexity by moving certain functions to hardware
will aid in improving system reliability.

(i11) System Upgradability

The life-span of a computer system is largely dependent on its ability
to meet changing demands. Many process controi systems are subject to
continuous expansions and modifications. The systens adaptability is
achieved by assigning hardware functions to software or firmware.
Emulators are an excellent example of the hard-soft trade. The
ability of one machine to emufate another is of great value, as it
allows software developed on one machine to run on another. The
emulation could be performed by software, but this would be slow.
Microprogramming helps to solve this problem. For éxample, the
Burrodghs B1700 ‘computer system has no machine language,.allowing
any definable language to be imp]ementedzo. The B1700 is a hardware-

orientated structure which is totally microprogrammed.

1.5 Hardware Implementation of the Filing System

The above discussion of the hard-soft trade has indicatcd that the hardware
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approach is suited to the real-time environment. One method of reducing
swop times from backing store using hardware is illustrated by the SYMBOL
project21. SYMBOL demonstrated that a high-level language, virtual-memory
time-sharing system could operate entirely in hardware. An all-hardware
memory management was a key aim of the SYMBOL project. Virtual memory for
the system is derived from a small core memory and a larger drum memory

- (managed by a drum controller and a page table that maps virtual memory
addresses into core memory addresses). The memory management (which
includes the routines to organize and control backing store) is performed
entirely by hardware. The major objection to the strictly hardware approach

is the lack of flexibility.

The filing system functions could be performed by a hardware unit which

is microprogrammed. This is the approach ddopted by the Scientific Control
Corporation (SCC) 6700 system. The SCC-6700 uses separate computers to
control input/outputzz. These computers are called 1/0 processors. All
I/0 processors are identical. Each I/0 processor has its own memory and

is microprogrammed, and each I/0 processor has a subset of the instruction
 set of the CPU. I/0 processors can also execute normal input/output
instructions, and can contain the allocation and control programs to handle
- the set of devices attached to it. The I/0 processor in charge of the backing
storage system (i.e. disc and drum) is called the Auxiliary Memory Control
Processor. This processor controls a special high-speed channel to the
system main memory. This system is illustrated in Figure 1.2. Basically,
a task can be created to bring information off backing store. The task
will be run on the Auxiliary Memory Control Processor.

1.6 An Alternate Disc Controller

The SYMBOL and SCC-6700 systems perform most of the processing required by
the filing system (in either hardware or firmware unfts), thus resolving

- most of the disadvantages of the software backing-store processor. These
' systems are designed around large computer systems with 1arge, general
purpose operating systems.

The area of interest is that of real-time process control. A small computer,
interfaced to a backing~store unit, and being controlled by an easy-to-use, _
fast, reliable operating system, usually forms the processing system for
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Figure 1.2 The SCC-6700 Architecture
this environment23. It must be investigated if the above methods can be
~adapted to such an environment.

One area which has not been fully investigated is the placement of more

_ phocessing power in the low-Teve]\device controller,

The basic function of a low-level controller is to provide an interface
between the processor in charge of the backing store, and the backing-store
device. The functions of the low-level controller are generally performed
by a hardwired unit. A typical low-level controller for a disc drive
requires between 150 and 250 circuit elements?®, A comparable unit

which is microprogrammed has been developed by Intel, and only requires 67
circuit elements?®. Conventionally the low-level controller is hardwired,
and hence inflexible. To allow the system designer flexibility in file

organization and control, it has therefore been necessary to limit the.

Drums, Discs.
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low-level controller functions. The typical low-level Controller'will;
only providerassistance in be“fokming basic system functions. (In a disc

~ drive these functions include “"seek" to a prescribed cylinder on disc, or

"read" or "write" a number of contiguous sectors from disc). With the
adyent of microprogrammable controllers, the philosophy of restricting the -
device controller to these "low-level" functions comes -into question.

A microprogrammed controller will allow a large amount if design flexibi~
lity which is not available in the hardwired unit, and will still be
sufficiently fast to manage a high- speed backing store dev1ce [t is clear
that this area requires further exam1nat1on. '

This thesis investigateswhether it is feasible -for the low-Tevel controller

- to help in the performing of fi]ing system functions. It will be shown that
it is possible for the low-level controller to be combined with some (or

~all) of the filing system functions into one hardware unit which is totally
microprogrammed. This hardware unit can be called a High -Level Controller.
(The unit could possibly be called an "Intelligent Controller", a "Hardware
Fi]ing System", or various other names). This thesis sets out to show that
a High Level Controller is particularly feasible in a small real-ftime process
control environment. This will be done by building an experimental High .

~ Level Con£;011er and interfacing it to a backing-store device. The backing-

store device is a moving-head disc drive, and the resuiting hardware unit

can therefore be called a High Level Disc Controller (HLDC). Figure 1.3
illustrates a possible HLDC configuration. ' ’

Main Processor Main Memory

HLDC |  Disc Drive

Data

Control = = =~ -— = =

m_m_wﬁ;“mwwfiunevj,3 Possible High.Leyel Disc Contreoller Architecture
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. 1;7- Summafy

This chapter has shown how the analysis of queue characieristics of tasks
in a multiprogramming computer system can help the system designer evaluate
different computer organizations for the real-time industrial control |
environment. The industrial-control computer systems under review are
“those systems which require backing store (that is, not a1l tasks will be
held simultaneously in the computer's main memory).' The backing store
device will place large demands on- the computer system, resulting in
increased task-swop times and consequently increasing the average task
execution time.. The response of the computer system may then become

- unacceptable, and consequently different computer organizations must be
considered to achieve the desired computer response. .

It has been shown that the following two goals are desirable in a system
having a backing device : o ‘ ‘

(i) Minimum swop times of tasks from backing store to main memory.
(1) Minimum interference of backing store operations on 'useful'
- __ processing operations.

The examihation of the hard/soft tra2de has revealed that the hardware
or firmware approach is ideally suited to the real-time process control
~ environment. Based on this hard/soft approach, a suitable hardware
structure, which is the combination of the conventional low-level controller
and the filing system, has been proposed for the real-time process control
environment. ' '
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CHAPTER 2

REQUIREMENTS OF THE HIGH LEVEL DISC CONTROLLER

I'd

Before formulating a possible hardware structure for the High
Level Disc Controller (HLDC), the fundamental processes to be performed by
~this structure must be determined. Basically, the HLDC must :

(i) perform the functions specified by the host computer
h (Figure 2.1 illustrates the host computer/HLDC interface).
The functions specified by the host computer are the .
- filing system functions. _ .
(i) perform the functions specified by the disc drive.

Host Computer

e == — =

HLDC " Disc Drive

o =

Data

Control ——————

Figure 2.1 HLDC/Host Computer Interface
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The text which foi]ows begins with a review of the essential filing

system requirements.

2.1 Essential Filing System Requirements

A file is a collection of related information with a name1. Files are

stored in a computer system as a string of elements : bits, characters,

computer words, etc., and may reside in main memory or on backing store

(e.g. disc, drum, magnetic tape, paper tape, etc.). The set of routines
handling backing store is called a filing system. One of the goals of the

filing system is to make the user independent of the system hardware. The

"~ user works with logical records, whilst the backing store devices are

more naturally organized into physical records. A file is made up of one

or more logical records, which may be of arbitrary length or structure.
The physical records can be made up of one or mere logical records. If

the logical record is smaller than the physical record, more than one

Togical record will usually be packed into the physical record to increase

I1/0 transfer rates and storage efficiency.

The filing system should satisfy the following basic user requirements

(i)
(ii)
(iii)

i)

2.

The user should be able to access files by symbolic name;'
The user should be able to create, change and delete files;
The user should be provided with file backup in case a file
is accidentally deleted or corrupted.

The user should be able to control who has access to his
files, and the type of access allowed (e.g. read, write and

 execute).

The above filing system functions must be implemented so that the following

design goals can, as far as possible, be attained :

(i)
v(ii)

(iii)

The filing system must minimize average response time to any
request made on it.

The filing system must maximize the storage efficiency of
backing store. ' ‘

The filing system must maximize the reliability of the

“information stored on backing store.
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Tradeoffs will inherently occur in attempting to fulfil the above three
goals. System reliability will usually require redundancy. This redun-
dancy occurs by adding check information to files in the form of cyclic
redundancy codes, etc. Consequently, good reliability will tend to |
reduce storage efficiency and system response. Tradeoffs will also occur
between storage -efficiency and response. That is, the methods of storing
.data which allow maximum system response may result in poor storage
efficiency. |

‘Before examining how the above user requirements can be impiemented,

it is necessary to discuss the file system's data structures.

2.2 File System Structure

An examination of the basic data strucfures_required by the filing system
will help indicate which of these data structures can be managed by the
HLDC. This will, in turn, indicate which filing system functions can be
performed by the HLDC, and which functions should be performed by the
host computer. o - ' '

2.2.1 File Directories

Files are accessed by symbolic name. Consequently the filing system must

translate the symbolic file name to the address where the file is stored.

The filing system performs this translation by means of a file directory.

. That 1is, the file directory(stores symbo]ic‘file naines and corresponding
physical addresses. Appendix A.1 discusses file directories in detail.
In certain systems (notably those systems under the control of large time-
sharing operating systems, or virtual memory operating systems) the user
will not know : on which backing store device his file is stored3’4.
such a.system, the symbolic file name is used together with the file directory
to locate the name or number of the backing-store device, as well as the
address of the file on that device. In a system where thare is only one
backing-store devite, or a system where the user must specify the device

~name or number, then the file directory function of indicating the backing-
store device name ¢r number is redundant. The above distinction between
the two types of fi]e'directory functions is important, as it indicates
what portion of the filing system can be performed by the HLDC.

In
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As mentioned in Chapter 1, the system under review is a small computer
syétem controlled by a fast, reliable operating system. It can be
~assumed that the operating system will require the user to specify the
backing-store device name or numbers._'In such a system the HLDC can
handle the file directories and it will be shown that the HLDC can perform
most of the filing system functions.

It is useful, at this stage, to briefly investigate the types of filing
system functions which could be performed by the HLDC if it was to be

. interfaced to a more generalized type of system. As mentioned above, in
certain computer systems, the user will not know on which device his file

is stored. In this situation, the file directory is used to determine

the device name. The file directories in such a system are most efficiently
handled by a centralized processor. The HLDC would still be useful in this
environment, as ‘it will be able to perform much of the organization and
control of data structures required when storing data on disc.

The remainder of the text assumes that the HLDC will perform the file
directory ‘management. :

2.2.2 File Storage

The fi]ing system must resolve the following two issues :
"(i). How to keep track of the locations and proper sequencing of

- physical records on the disc; and , v
(ii) How to keep track of the space which is not being used (free
space), so that this space can be used for new files and the
expansion of old files.

‘A review of some of the methods storing data on disc is given in Appendix
A.2. The method of storing data that is recommended is the index block
method. This method allows efficient disc accesses whilst maximizing

data stofage. Appendix A.2 gives a description of the index block method,
as well as a description of how free space maps are used to indicate used
and unused data sectors.

2.3 Implementation of the Fi]ing System in the High Level Disc Contro]]ér

It is now necessary to examine how the file system will implement the above
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mentioned user requirements. This examination will be in terms of a

‘computer system interfaced to an HLDC. Four major functions can be

recognized in this system when performing the file system functions.

(i)

(i)
(ii1)

(iv»)

Buffering of. information transmitted between backing
store.and main memory.

Reserving and allocating of files. _

Protection of the files dedicated to one user from
interference by another user.

Handling of communication between HLDC and host computer.

. The following discussion will indicate how these functions can bevperformed.

2.3.1 Buffering

The information on disc will generally be required to bé transferred in

two different ways :

(1)

(i)

When a task is initiateua, the information nzcessary for the
execution of this task may be on disc. In this situation, the
host computer will request that the information relating to the
task be swopped into an area of main memory so that the execution
the task can begin. Examples of this type of transfer would be
the transfer into main memory of parts of the operating system,
or an applications program or users program which is to be run.
A task may require to use the information on disc as data.
Examples are a compiler using a source program as data, or an
applications program storing information about plant performance
in a data base. In this situation, the task may only request
one or a few words of data at a time. Buffering is therefore
necessary in this situation. A buffer is a storage area used

-to give a better match between the central-processor speeds and

1/0 speédsﬁ. In the case of disc the buffer size would generally
be the size of a sector (i.e. 1 physical record size). For
example, if a program is writing to disc, it may be writing one
word at a time, This data, under the control of a special task,
would be stored in a buffer in fast memory. When the buffer \
becomes full, a requesf will be made to transfer the contents of
this buffer to disc. |



One ofrthe problems to be solved is whether buffering should be performed

by the HLDC or by the host computer. If buffering is performed by the

HLDC (i.e. the HLDC would require fast memory to contain such buffers),

then the host combuter would have to initiate an information transfer

every time it required one or a few words of data. The currently executing
task in the host cpmpuier may then have to be blocked to wait for the HLDC

to respond to this request. In this situation; a large amount of processing
time will be taken up by the initiation of each data transfer. That is,

the host computer will require to send certain information about the file

to the HLDC (e.g. file name, etc.), and a task swop will have to be performed.
Alternatively, if the host computer does the buffering, a 1arge>amount of
main memory space may be required to store the buffers, since a number of
tasks will generally be accessing disc in parallel, and each task will
require its own buffer. Added to this is the processing required to allocate
and manage these buffers. Buffering methods are discussed in more detail

in the reference Watsonj.

Point (1) above raises the question whether certain tasks may be allowed to
by-pass parts of the filing system. This would have the advantage that
information could be very quickly accessed. For example, if the task
knows the address of the data on disc, it would then be unnecessary to

- access the file directory. This would minimize disc accesses and would
consequently allow fast response to a request for a task transfer. One
disadvantage with this method is that certain information would require
fixed locations on disc. This would introduce complexity into the filing
system. Another disadvantage with this method is that file security and
integrity may be degraded. A possible solution is to keep certain parts
of the file directory permanently in fast memory (refer example in
Appendix A.1).  Such a system will allow fast access whilst maintainihg
file security, flexibility and simplicity. '

2.3.2 Cdmmunication between the HLDC and Host Computer

The general file system must cope with a wide variety of I/0 devices.

To create a design which is as conceptually simple as possible, the designer
generally isolates as many device—dependant characteristics as possible

in separate routines. These routines are often cailed device drivers. The
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device drivers are then interfaced to more general routines which are
device—independant8 The set of routines which communiicate directly

w1th the HLDC can be called the HLDC driver.

There are six basic file commands which any filing system must respond to.
These are the commands "create", "delete", “open", "close", "read" and "wr1te““. It
is necessary to prevent the HLDC receiving any of these commands in

parallel. This point can only be thoroughly explained in terms of the

HLDC'S hardware. Basica]]y; testing if the HLDC is ready to receive a

command and transmitting a command to the HLDC cannot be performed by one
~instruction. The situation that could occur, therefore, is that immediately -
after the test operation on the HLDC's readiness is performed, the task
performing this test may be suspended. Some other task may now test if

the HLDC is ready. Finding it ready, this task could issue a command.

There ic a finite time between the issuing of a command, to the HLDC being

able to receive another command. During this period of time the HLDC is

no longer ready. If the originally suspended task starts executing whilst

the HLDC is not ready, problems may occur. This is & classical problem.

The general solution to this problem is to channel all requests through

global routines10. There will be six such global routines associated with

the HLDC. These routines can be called Open, Close, Read, Write, Create and
De]ete11. The task requesting the file operatioh will make a call to the
appropriate global routine. This routina will, in turn, communicate with

the HLDC driver. (Communication would occur by means of normal task

. communication methods., A discussion of these methods is given in the
1iteratUre12’13). The HLDC driver, by using semaphores, will ensure that
the above mentioned situation does not occur. :

To initiate a file command, the HLDC driver will first test if the HLDC
is ready to receive a command, and will then pass a table of all the
hecessary'informétion to the HLDC. This table of information can be
called the filename block, and will generally include file name, file
access control information, etc. The contents of the filename block will
depend on the file operation to be performed. (Physically, the HLDC
-driver will only pass the address of the filename block to the HLDC, and
-the HLDC will access the information via a direct memcry access facility).
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When the file operation is complete, the HLDC will communicate this
completion to the HLDC driver (probably by means of an interrupt).

Since a number of commands may be active in the HLDC at any one time,

it must be resolved how the HLDC will indicate to the host computer which
command has been completed. This problem, together with certain other
communication problems, will be discussed in Chapter 3.

2.3.3 File Operations

When the filing system receives a file command, it will perform the
corresponding file operation (i.e. create, delete, open, close, read or
write). It is essential that the filing system perform any file operation
as quickly as possible.

- Create and Delete

When a file is initially created (i.e. a create command received from the
host computer), the symbolic file name, access control information, etc.,
will be placed in the file directury. When writing teo the file for the
first time, an index block will be reserved for this file. The address of
this index block will then be piaced into the file directory, thus associa-
ting the symbolic file name to a physical address on disc. When the file
is deleted, the index block will be used to reset the appropriate bits in.
the free space map. The file name will then be removed from the file
directory. '

Since the HLDC will manage the file difectory, index blocks and free space
-map, it will perform the create and delete operations. These two operations
will be initiated as follows. The task requesting that a file be created
(deleted) would communicate this request to the global routine Create
(Delete). The information passed to Create (Delete) would be the file name,
access control information, the expected size of the file, etc. Create
(Delete) would pass this information to the HLDC driver. The HLDC driver
would set up the filename block and would pass the filename block to the
HLDC. (Physically, the task would set up a buffer containing information
‘such as the file name etc.The pointer to.this buffer would then be passed to
Create and then to the HLDC driver. Information may be added to this

buffer by Create (Delete) or the HLDC driver to get the filename block into



28

the correct form so it can be received by the HLDC).

At this stage, the task which initiated the file command would become

14:ready to be executed;

blocked. (Tasks can be in one of three states
blocked whilst waiting for I/0 or some other task to finish; or running).
The task would only be placed into the ready queue once the HLDC had

signalled the end of the create operation to the host computer.

Open and Close

When a file is opened, the file directory will be searched and the index
block address obtained. The address of the index b1ock; tbgether with
certain other information about the file (i.e. file name, whether a
character or binary file, access control information, etc.) will be placed
into a table. This table can be called the file-control block. Whenever
an open file request is received, it must be checked whether a file-control
block already exists for that file. File-control blocks will be Tlinked
together. If the file can be accessed by many different tasks (e.g. if
the 7ile is open for read), the file-control block will contain an open
counter which will be incremented and decremented by open and close
requests respectively. When the counter reaches zero, the file-control
block is relinquished. If the file can only be accessed by one task (e.g.
if the file is open for write), then a request to open an already opened
file will be rejected.

A fask wishing to open a file stored on disc would enter the global routine
. Open. The request to open this file would then be passed to the HLDC driver,
and then to the HLDC in a similar fashion.to create and delete. The HLDC
"will check through the list of file-control blocks to see if a block
exists for this file. If no block exists, the HLDC will create the
appropriate file-control block. If a block does exist, then the HLDC will
either increment the file-control blocks open counter, or will queue the’
~open request. Before a request to read or write a file can be made, the
file must first be opened. This will establish the file-control block.

The question now arises when, and how, buffers will be allocated. In terms
of the discussion on buffers above, certain tasks will not require the
allocation of buffers. In this situation, it may be desirable to issue one
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command which would open a file, transfer some, or all, of the file ihto
main memory, and then, possibly, close the file again. When buffers are
required, it will be assumed that they will be allocated during read and
write commands. '

When a task is finished with a file, the file must be closed. Closing
‘the file will free the resources assigned to the file in both the host

computer and the HLDC.

Read and Write

‘Data is written to disc by issuing a write command, and is read from disc
by issuing a read command. Since the disc is a random access device, files
should be allowed to be used in a random fashion. That is, the user should
be able to access any logical record in the file. This is generally done
by specifying a location relative to the start of the file, and the number
of words, characters or bits to be transferred.

 When a task issues a read command. the following situation will occur. The
task will enter the global routine Read. Initially, there will be no buffers
assigned to this task. Assuming the host computer manages the buffering of
data from disc, the read routine will obtain buffers from a buffer pool.

The size of each buffer requested will generally be equal to one disc sector.
The read routine will put a request to the HLDC driver to transfer data to
main memory. This request will contain the number of words or sectors to be
transferred, the buffer (i.e. main memory) addresses, and possibly the

start address, relative to the beginning of the file, that the read must
commence from. This data, as well as other information such as file name
etc., will be placed into the filename block, and will then be transferred
to the HLDC by the HLDC driver.  The HLDC, on receiving a read request,

will search through the list of file-control blocks. Using the information
stored in the file-control block, the data transfer will be made. One
important point which must be mentioned, relates to the fact that more

than one task could be accessing one file for read. The problem here is to
keep track of which part of the file any one of these tasks is reading from.
This could either be done by storing certain information about each task
‘accessing the file in the file-control block, or this information could be
stored in the filename block. |
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A similar procedure will occur when writing dat& to a file. The major
difference here is that a file may be open to only one task when writing.
The HLDC, when writing data to disc, will require to access the free space
map to reserve sectors for the data written. The HLDC will also update
the index block for-each sector written to disc. When a file is closed,
the index block will be written to disc by the HLDC.

2.4 Filing System Response
As mentioned in Section 2.1, the filing syétem must respond to a request
made on it as quickly as possible. That is, the filing system must '

minimize average response time.

2.4.1 Queues of Requests

The most significaht time in data transfers to or from disc is the time
taken to perform seek operations. It is therefore necessary to minimize
the number of seeks and the seek distances so as to reduce the average
transfer times to and from disc. In the multiprogramming environment,
a queue of requests for file operations may occur. This queue would be
managed by the HLDC, as the HLDC will know, by examination of the file

directories and index blocks how to minimize seek times. Denm’ng15 and

16

Teorey '~ examine the problems of minimizing seek times in detail.

2.4.2 Fast-Storage Requirements of the HLDC

~The HLDC will require access to fast storage for various reasons :

(i) It is desirable to have the currently referenced index block of
each open file in the HLDC in fast memory. When data is written
to disc, the index block can then be rapidiy updated. During

read operations, the address of the next sector to be read from
disc can also be rapidly located if the index block is in fast
memory'.

(i1) As mentioned in Appendix A.2, 1250 words will be required to

| house the entire free space map for one disc drive. The 1250
words will be stored on disc. |



During write and delete operations, a number of words

in the free space map will require modification. These
wérdsiwi11 usually be contiguous or close to each other

(refer Section 3.4.3). Consequently, when the free space

map is to be modified, it is desirable to have the area of the
map which is curiently being modified in fast memory and hence
avoid uﬁnecessary uisc accesses.

~The entire 1250 words of the free space map may be kept
continuously in fast memory. The free-space map would then
only be written back to disc when the system closes down. The
advantage of this method is that accesses to the free space map
will be efficient1y accomplished.” The disadvantage being that
it is expensive in terms of fast memory usage. )

An alternative method is to keep anly part of the free space

map in fast memory. The minimum amount would be one sector (128
words) of. the map. When the map is to be updated, the appropriate
part of the map would be brought into memory if it is not already
there. 1If the current sector of the map has been updated, and a
new sector of th2 map is to be brought into memcry, the current
sector must first be written to disc. This metnod has the dis-
advantage of increasing the number of seek operations when

the map is to be accessed. The greater the percentage of the

map kept in local memory, the greater the probability that the
part of the wmap currently held in memory will be the desired part
of the map, consequently reducing access times. ‘

If the HLDC is in an envivonment which has a large amount of
modifications to disc files, then as much as possible of the free

space map should be held in fast memory. If, on the other hand
‘the system has to manage a large but reasonably static data base,

it would oﬁ]y be nacessary to hold a small part of the map in
fast memory. ‘

When a file is expanded, it is desirable that the file be in
contiguous sectors to allow maximum transfer rates. Checking
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through the free space map for contiguous sectors can be a
lengthy operation. Another map could be used giving the number

of free sectors on each particular cy]ihder (ihe sectors may

not, however, be contiguous). This map would be kept continuously
in fast memory. In a system having 200 cylinders, the map would
be 200 words in length. This map would aid searches into the

free space'map for free sectors. _

As mentioned in Appendix A.1, it is desirable to have as much

of the file directory in fast memory as possible to maximize

‘the filing system's response.

The filename block (Section 2.3.2), the file-control block
(Section 2.3.3) and the information associated with queues
(Section 2.4.1) should be stored in fast memory.

2.4.3 Improving Transfer Rates between Disc and Computer

‘There are

various methods of improving transfer rates, and three methods

are discussed below :

(i)

(i1)

(ii4)

Both storage and transicr efficiency can be improved by packing
character files. The routines to pack and then unpack these
files would be performed by the HLDC.

Tasks requiring frequent access could be placed near the centre
of the disc, whilst those tasks requiring infrequent access could
be moved to the edges of the disc. Disc accesses would then be

reduced by concentrating these accesses to a small area. A record

of the number of accesses a task has had, and the date the task

was created could be stored in the file directory. A routine in
the HLDC could then attempt to perform the above reorganization on
the basis of this information. '

When files are expandéd, parts of the file will often beccme scatt-
ered throughout the disc (remember the index block method of
storing files is being used). This 1is particularly true when

. storage rates approach a maximum. Scattered files will cause

slower transfer rates.  For example, consider a common disc
operation of transferring a number of sectors of data to the
host computer's main memory. Assume three sectors of data are
to be transferred. To transfer three sectors of data contained
on different cylinders is a lengthy operation. If the data is



33

stored in three contiguous sectors in one cylinder, however,
 the transfer can be handled quickly and efficiently.

To realize maximum disc efficiency in terms of transfer rates
and access time, the disc should be reorganized periodically to
make files as contiguous as possible. The critical decision

is when, and how often, to perform the reorganization. In those
systems which are not continuously on-line, the reorganization
of the disc can be done as an off-1line operation. If the HLDC
is interfaced to a system which is continuously on~line, which
is the case with certain real-time systems, file reorganization
could possibly be performed during the HLDCs idle time (free
time). '

2.5 Reliability of Data on Disc

A'As mentioned in Section 2.1, the filing system must maximize the reliability
of the information stored on disc. The integrity of data on disc is put at
risk by the probability of hardware failure, software malfunction and
physical damage. There are various methods of improving data reliability.
Software malfunction is reduced by placing the filing system in firmware.
That is, by placing the filing system functions in secure locations (i.e.
hardware), the file handling routines cannot be inadvertantly modified.
This is important, since the modification of parts of the file system
~routines could cause wholesale corruption throughout the data base. This
is one of the advantages of the HLDC over the conventional "software"
filing system. ‘

The disc drive, because of its mechanical nature, is the most unreliable
component in the backing store system. Consequently it must be investigated
whether or not the disc drives reliability can be improved, and‘what the
overheads of such improvement will be.

To minimize the possibility of corruption of data on disc, it is often
necessary to incorporate error detection and correction procedures. The
greater the reliability required by the system, the greater the demands
these procedures will place on the system in terms of both response time
and storage efficiency (i.e. error detection relies on the existence of



redundancy in the data base). A detailed discussion on the methods of
ensuring that the correct sector has been located, and that the correct
data has been written and read is given in Appendix A.3.

The system designer must assume that corruption of data will occur, and

- consequently file backup must be provided. Data backup will generally be
onto a slow backing store device such as magnetic tape. The recovery of

data from such a device is slow, and if a time-critical task becomes
corrupted, the recovery procedure will generally not be fast enough to

enable the task to meet its real-time deadline. Consequently, it may be
necessary to ensure that a duplicatc copy of such a file is available, and
.can be transferred fast enough to meet its real-time deadline. The Tile

may be duplicated by keeping a copy of the file on the same disc drive,

on a different disc drive controlled by the same HLDC,'or even on. a different

backing store subsystem.

Data on disc can on1y be accessed through the file directory, and therefore
reliability of the file directory is important. The above discussion on
time—cri;ica] tasks may make it nccessary for a duplicate copy of the file
directory to be maintained on a fast backing store device. The duplication
of the file directory has certain disadvantages associated with it. A
system which requires a large number of file directory modifications, will
have to perform these modifications on two file directories instead of

‘ oh]y'one, with the resulting increase in disc seeks and data accesses.

On the plus side, if only part of the file directory is to bz held in

- fast memory, two well placed file directories will help reduce the average
file access time. Any file directory access will then choose the file
directory closest to the current head position.

As mentioned above, it must be assumed that system failure will occur, In
“this situation, it is necessary to have a restart procedure which will assure

-~ that there is no inconsistency within the file control information (i.e.

index blocks, free space map and file directories). Minor errcrs in the
control information can provoke wholesale corruption throughout the data
base.
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2.6 Free Time

The HLDC will not be continuously active perfofming commands from the

host computer. There are useful housekeeping functions which can be
performed during this free time. The types of activities which could

be performed during this free time have been indicated above, and include :

(i) the reorganization of a file;
(i1) the maintenance of a duplicate file directory; and
(ii1) allowing the movement of frequently used files towards the
" centre of the disc, to minimize disc accesses.

The major problem in performing any free time operation is that a request
on the file system may occur whilst the free time operation is in progress.
This necessitates that free ‘time operations be as short as possible N
to ensure that the request can become active as quickly as possible. It
must also be ensured that free time processing does not become a

liability to the system. Careful analysis of the system functions and
careful choice of a free time algorithm will undoubtedly improve system
performance.

2.7 Requirements of the Disc Drive -

The disc drive to be interlaced to the HLDC is the CalComp CD1 disc drive.
The requirements made on the HLDC by this disc drive are well defined and
 the hardware requirements can be easily determined. The CalComp CD1 disc
drive requires that the HLDC transmit control signals and data to the disc,
and receive control signals and data from the disc to perform the following
disc drive operations : '

(i) a disc seek,

(i1) a head select,

(iii) a data transfer to disc (write data),

(iv) a data transfer from disc (read data),
(v) the power up operation for disc,

(vi) the monitoring of error conditions.

The order that the signals are sent and received to perform any of the above
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operations is fully specified by the disc drive, and the flowcharts

specifying this order are given in the referehqe17.

One of the functions which is usually performed by the Tow-Tevel
controller is that of ‘initializing or formatting the disc. Every disc
to be used on a system will first have to be formatted. The formatting
routine will generally write header information onto each sector of the
disc plus other necessary information. Formatting is discussed in
further detail in Chapter 3. '

2.8 Conclusion
The analysis of the filing system and disc drive functions has highlighted

the processing requirements of the HLDC. The hardware structure necessary
to implement these requirements is the subject of the next chapter.
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CHAPTER 3

THE HARDWARE STRUCTURE OF THE HIGH LEVEL DISC CONTROLLER

" The discussion in Chapter 2 has indicated the types of functions that the
High Level Disc Controller (HLDC) must perform, and a possible architecture
for the HLDC will be developed in terms of this discussion. |

3.1 The Essential Hardware Requirements of the High Level Disc Controller

The facilities required by the HLDC, based on the discussion in Chapter 2,

can now be determined :

(i)

(1)

Chapter 2 has highlighted the necessity for the HLDC to have
access to a large amount of fast memory. This memory will be
used for the manipulation of the file directory, the free space
map, index blocks and the various system tables. The HLDC
could conceivably use main memory. The HLDC would then require
a large number of memory accesses. Whilst these memory accesses
would by-pass the main nrocessor (i.e. a direct memory access
facility would be used), the main processor would be inhibited
for a certain amount of time to perform each access (i.e. by
cycle stea]ing)1. The time associated with the cycle stealing
would interfere with the main processors "useful" processing
functions. This, together with the main memory space which
would have to be reserved for the filing system functions, makes
the use of main memory unattractive.

Fast metal-oxide semiconductor (MOS) random access memory
elements are, on the other hand, comparatively inexpensive,
and the price of these memory elements continues to fall.
This makes it feasible for the HLDC to have a large supply
of its own (local) memory.

An interface between the HLDC and host computer is netessary.
This interface must perform the foliowing functions :

(a) The interface must be able to receive file commands
from the host computer,
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(b) The interface must be able to transmit the completion

~ of commands to the host computer.

(c) The interface must provide fast data transfers between -
main memory and the disc drive with the minimum amount
of interference to the main processor. Transfers will
thus'be performed by a direct memory access facility.

(i11) An interface between the HLDC and the disc drive is necessary to
allow for the commuhication of data and control signals between
these two units.

(iv) The HLDC must have a central processing unit (LPU) which must

' perform the following functions : ' ' '

(a) The CPU must supervise and control the above three system:
elements (i.e. local memory, the disc drive interface and
the host computer interface):

‘ (b) The CPU must be capable of perTorm1ng the file hand11ng
,‘vfunct1ons and the disc drive functions. These functions
were discussed in Chabter 2.

-To fulfil the above requirements, the CPU must be capable of
performing simple arithmetic and have the ability to make

!1ogica1'decisions.
~ The implementation of the above structure must be done with certain basic
' design goals in mind. The system must be both fast and reliable, and

should be able to adapt to the chang1ng demands of the process contro]

environment.
The central processing unit will now be discussed.

3.2 The Central Processing Unit

The central processing unit (CPYU) could possibly be designed using one

- of the numerous 8-bit or 16-bit microprocessors. These microprocessors

are comparatively slow, however, and would generally not be fast enough
to fully execute certain critical program sequcices necessary to handle
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the data transfer rates of a high-speed backing store device2’3.

In such

a system, data transfers between backing store and the host computer would
- not be routed through the microprocessor. A possible hardware configura-

tion using one of these standard microprocessors is illustrated in

Figure 3.1.

- Data transfers between the disc drive and host computer would occur via a

high-speed data link. This data 1ink would convert serial disc data to

parallel data for the host computer. The data link would also have to

'i control the direct memory access transfers to the host computer. Data from

disc required by the CPU (i.e. the file directory, index blocks and the

free space map) would be routed into local memory via this data Tink.

Similarly, data from the host computer required by the CPU (i.e. the filename
block) would also be routed via the data link, and into local memory.

Host Computer

A N
i .
|
|
!
¥ 1
Central Process- ===
ing Unit (Micro- Data Link
processor plus A ‘
contro] logic) I :
P ' A
\ I
1 [}
) I
N/ \E’ N : R
| .
Local Memory " LL_ 4 Disc Drive
Data
Contro] ———————

Figure 3.1 Poss1b1e HLDC Architecture - Us1ng a Conantlonal
Microprocessor,
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The host computer would initiate commands by either routing the commands

into Tocal memory via the data link, or transferring the command directly
to the CPU. The CPU could communicate the completion of a command in a

similar fashion.

Whilst the above mefhod has many desirable features, it has the following
disadvantages.

(i) The standard microprocessor instruction set is not fully suited to -
perform the disc controller functions. Initiation of disc operations
(e.g. seek, read and write), will therefore be lengthy;

(i1) 'Chapter 2 has indicated that a large amount of pfocessing is '
required to gain maximum efficiency from the disc drive. The
étandard microprocessor, being comparatively slow, would not
give good response.

The central procéssing unit could be desighed from the vast range of
medium- and large-scale integrated circuits. The resulting systeﬁ design
woulu be complex, howevar, and a large number of integrated circuit elements
would be required. System reliability would also be poor, as system com-
plexity will undoubtedly produce hardware bugs which may not be eliminated
in the production machine. The cost of such a unit will be high, resulting
from lengthy development time and high component count. Finally, such a
system will allow 1ittle, if any, system flexibility. These factors make
 this approach unattractive.

The approach which is best suited to the HLDC application is to have a
microprogrammed central processing unit. The microprogrammed system

" could be interfaced to hardwired logic to perform the appropriate HLDC
functions. Such a design would again be complex.

- The file handling and controller functions of a microprogrammed HLDC are
‘most suitably performed by an array of fast bit-slice microprogrammable
microprocessor elements. These bit-slice microprocessor elements can be
connected together to form words of almost any lengtn. Most bit-slice
processors available allow high-speed operation and the processor cycle
times are usually 100 nanoseconds or better. The resulting system will

be easier to design and build than the hardwired system, and will be easily



42

modified to meet the changing réquirements of the real-time computer
environment. Modifications will now be made by reprogramming the system
as opposed to redesigning and rebuilding the system's hardware.

The microprogrammed controller will have a definife speed advantage over

any fixed instruction microprocessor. That is, customized microinstructions,
which includes the ability to perform a number of operations in parallel,
will greatly reduce the number of instructions required to perform a
particular task. The reduced number of instructions required, together with
the high-speed operation obtainable with a microprogrammed CPU, will

produce good system response. '

The HLDC's architecture can now be developed.

3.3 Architecture for the High Level Disc Controller

There are various architectures which could be developed for the HLDC.

For example, the HLDC could have a hardware configuration similar to the
configuration illustrated in Figure 3.1. Instead of a standard micro-
processor forming part of the CPU, the CPU would now be microprogrammed.
Another possible configuration would be to route all data through the
bit-slice microprocessor. This configuration is illustrated in Figure 3.2.
The main disadvantage of the system-111ustrated in Figure 3.1 is the amount
of hardware it requires for implementation. (That is, the data link will
require a large amount of logic to route data to and from the three memory
elements, and the data link would be most efficiently implemented by a
microprogrammable microprocessor). The advantage of this system is that
file handling functions could be overlapped with data transfers.

The system illustrated in Figure 3.2 performs all the data routing. Whilst
file system function cannot be bver]apped with data transfers, this archi-
tecture will require fewer circuit elements and its implementation will

‘be more easily realized. - '

It is hypothesized that in a system using'a moving-head disc drive, most
of the filing system functions which can be overlapped, will be performed
during disc seeks. That is, the HLDC will spend much of its time waiting
for seeks to be complete so that index blocks, and parts of the file
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Figure 3.2 Possible HLDC Architecture - Using a Microprogrammed
Microprocessor.
‘directory and free space map can be accessed. The architecture illustrated
in Figure 3.2 is therefore chosen. (The above hypothesis may not be true
for fixed head disc or drum, as processing may not be able to be fully
overlapped with disc or drum rotations). |

The HLDC's architecture centres around the CPU (refer Figure 3.2). The

central processing unit will comprise of  high-speed control memory

' (microprogram memory or micromemory) and a high-speed bit-slice micro-
programmable microprocessor. The central processing unit will provide -

control signals to the external logic (i.e. local memory, the disc drive



interface and the computer interface), and will provide a central point
for gating data to and Trom the external logic. The micromemory will
supply control signals to the central processing array and the external
logic. '

The remainder of this chapter deals with the hardware structure of the
" HLDC. The circuit diagrams for the HLDC are given in Appendix E.

3.4 The Microinstruction Format

Since the microinstruction controls the entire system, the -microinstruction
format is of the most fundamental importance to the system design. The
microinstruction must be capable of performing the following three functions
in the system :

(1) The microinstruction must provide the control signals to the
| central processing array (CPA).
(ii) The microinstruction must provide the 1ogié for selecting the
next microinstruction's address. _
(ii1) The microinstruction must control the external logic (i.e. the
local memory, disc drive interface and host computer interface).

The microinstruction format is formulated by ‘analysing each of these three
system functions in detail. To make the analysing of these functions
clearer, the microinstruction format that has been obtained is given in

- Table 3.1, and the HLDC's architecture is given in Figure 3.3. |

Before the three elements (or fields) are discussed in detail, it is
necessary to discuss the need for a software development aid.

Microprogram Assembler

The software requirements for the‘HLDC will be extensive. It is conceivable
that the microprogrammer could write the microprogrammes in machine code.

In the current system, this would mean coding 35 bit microinstructions.

‘The software for the HLDC would be difficult to write, as well as being
difficult to modify and debug. Software tools are therefore necessary.
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1
12
13
14
15
16
17

18.

9
20
21
22
23

24

25
26
27
28
29
30

31

32
33

34

Mnemonic

MIXEDO
MIXED1
MIXED2
MIXED3
MIXED4
MIXED5
MIXED6
MIXED7
MIXEDS
MIXED9
MIXED10
MIXED11
FO

F1

F2

F3

F4

F5

F6
MADDRO
MADDR1
MADDR2
MADDR3
MADDR4
RE
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S0&

MC

FE

PUP
PORT-CONTROLO

"~ PORT~-CONTROL1

K-CONTROLO
K-CONTROL1
Cl

Field

— MIXED

| |

-

— OPCODE

| |

— MUX

| |

— meu

::}—— PORT-CONTROL
::}—- K~CONTROL

Next address selection field =
MCU + MUX + MIXED

Central processor array field =
OPCODE + K-CONTROL + CI + MIXED
External logic control field =
PORT-CONTROL + MIXED

Table 3.1 Microinstruction Format
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The general software aid for such a system is an assembler. By the nature
of microprogramming, each new architecture which is developed will have a
different microinstruction format. Most manufacturers therefore offer
assemblers which allow the user to define the microinstruction format and
the requirements of each microinstruction field. The assembler can then
“be used by the user to assemble his 'symbolic' microprogrammes. This type
of assembler is 'sometimes called a meta—assemb]er4. High Tevel micro-
programming languages, which use a principal similar to the meta-
assembler, could also be used as a software design aids.

As no suitable software development aid was available when -
this project was initiated, it was necessary to design and implement a
microprogram assembler for the HLDC. The microprogram assembler was
developed to incorporate certain features.

(i) Although the HLDC is designed as an experimental machine, it
is desirable to develop an assembler which has a certain amount
of portability. This feature will allow firmware development
to take place on many different computer systems. The
assembler was therefore written in standard FORTRAN IV - if
a compiler is available, it will generally be a FORTRAN
compiler - and was designed to be as machine independent as
possible. The assembler's portability is illustrated by the
fact that it was developed on a Univac 1106 computer, and

~also runs on a Varian V77 minicomputer.

(ii) The assembler must be easy to modify. An experimental machine
will often require change. This change must be reflected in
the assembler. The assembler was therefore coded in a structured

‘ fashion (as structured as FORTRAN allows), to allow easy
~ modification.

(iij) The assembler must make the microprogrammer's task as easy'as
possible. In this respect, the microprogram assembler is similar
to any normal assembler. One point is worth mentioning. This
is the choice of mnemonics for the various microinstruction

fields. A mnemonic, to be useful to the microprogrammer,
must convey as much meaning as possible about the function that
is to be performed. |

Good software documentation is another important programming aid.
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A detailed description of the microprogram assembler is given in Appendix B.
To emphasize certain hardware features developed, it is necessary to A
include microinstruction sequences in the text. All program sequences will

be in symbolic code (refer Appendix B). |

Each of the above three elements (or fields) of the microinstruction will
now be discussed in detail.

3.5 The Central Processor Array Field of the Microinstruction
The central processor afray (CPA) must perform the following functions.

(i) The CPA must provide a central point for gating data around
the system on various system buses. The CPA must supply the
Tocal memory address and route data to-and from local memory;
tHe CPA must supply the main memory address for direct memory
access and route data to and from the host computer; and
the CPA must route data to and from the disc drive interface.
(ii) The CPA must be capable of performing the file handling and
controller functions specified in Chapter 2. These functions
require only simple arithmetic and logic. The CPA must also
be able to control branching in micromemory. This will allow
microprogram loops to be controlled, and will allow the branching
on the result of a certain computation. The ability of the CPA
to supply a signal on whether a particular register is zero
or non-zero, will provide these capabilities.

3.5.1 Choice of Central Processor Array and Local Memory word sizes

There are two different word siEes which must be considered in the system.
One is the processor word size and the other is the Tocal memory word size.
(Processor 'word' size is really a misnomer, as word size generally refers
to memory word size. The processor word may be larger than the memory
word to allow extra memory addressing capabilities). It would seem natural
that the processor and memory word sizes be equal to the host computer's
word size to allow for easy data transfers between controller and host
~computer. This is not necessarily true. If the host computer was to be
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a 36-bit machine, then a 36-bit processor and a 36-bit memery would be
required. A1l system busses would therefore be 36 bits. The interface -
to the disc drive would require a 36-bit shift register to allow serial
to parallel, and parallel to serial conversions (refer Section 3.12).
The hardware requirements of such a system would be large, and possibly
unnecessary. ‘

The word size is also a function of the disc speed. ‘Data transfers between
the CPA anq the disc drive interface in an eight bit system will be eight
‘bits at a time. When writing data to disc, for example, the disc drive
interface will perform parallel to serial conversion of these eight bits

by shifting one bit of data at a time out to disc. The CPU, in the meantime,
must formulate the next data word to be written to disc. Eight bits may

not allow the CPU sufficient time to formulate the next data word to be
transferred to disc. Furthermore, an 8-bit or even a 12-bit processor
interfaced.to an 8-bit memory, will not give sufficient diréct Tocal memory
addressing capabilities. '

The choice of these two word sizes is therefore not straight forward, as
the word sizes affect : '

(i) the number of circuit elements required in the system;
(ii) the ease of the controller's interface to the disc drive
and host computer; and
(iii) the amount of local memory which can be directly addressed.
The host computer to be interfaced to the HLDC in this system has a 16-bit
- word, and the most suitable word sizes, in this instance, is to have both
processor and local memory words equal to 16 bits.

~

3.5.2 The Central Processor Array

" The choice of components required for a spécific system is dependent on a
number of factors. These factors often prevent the ideal specifications
of the system being met. The designer must consider local availability
and support for the components he requires, as well as the ease at which
these components will interface to the rest of the system. An evaluation
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can be found in the‘]iterature6’7’8.

The Advanced Micro Devices 2900 series appears to be the choice amongst the
4-bit/slice processors. The Intel 3000 series has a 2-bit/slice processor.
Appendix C.1 gives a comparison between the 2900 series and 3000 series
central processing elements. The Intel 3000 central processing element,
the Intel 3002 has been chosen. '

The central processing array (CPA) is a 16-bit processor made up of eight
2-bit slice Intel 3002 central processing elements. Basically the CPA is
capable of a variety of simple arithmetic and logic operations including
logical shifting. A detailed discussion of the CPA is given in
Appendix C.2.° ‘ |

The CPA field of the microinstruction is made up of four subfields as follows :

OPCODE

A 7-bit field is required to specify the microfuncticih to be performed by
the CPA. This field is called the OPCODE field and occupies bits 12 to 18
of the microinstruction. These bits are designated FO to F6 respectively.

o

A one bit field is required to provide control over the least significant
carry-in bit of the CPA. This will allow incrementing to be performed by
the CPA. This field is called the CI field, and occupies bit 34 of the

-

microinstruction.

K-CONTROL and MIXED

The CPA must be capable of receiving constants from micromemory for the
following three reasons : ' '

(i) Certain data will be placed in local memory at certain fixed
locations. (For example, the free space map, the master file
directory, and other important information will be placed in
lTocal memory starting at fixed locations). Since local
memory is to be 4k (refer Section 3.10), twelve bit constants
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are required to directly address this memory.

(i) Constants will be required to set up lcop counters.

(iii) Positive and negative constants will be required in certain
arithmetic operations.

The range of constants required for these last two operations will be
sma]], and the 12 bits required for addressing purposes will be-adequate.
Constants will be supplied by micromemory onto the CPA's K-bus.

Constants will only be required in a small percentage of microinstructions,
and constaﬁts can therefore be multiplexed with the other data supplied by
the (multiplexed) MIXED field of the microinstruction (refer Appendix C.3).
Since the data on the MIXED field is multiplexed, two bits are required

in the microinstruction to specify whether the K-bus is to have an all

0's or all 1's bit pattern, or whether the K-bus inputs are to come from

the MIXED field of the microinstruction. This field is called the K-CONTROL
(K-bus control) field, and occupies bits 32 and 33 of the microinstruction.

Table 3.2 summarizes the four possible K-control bit.patterns, and the
corresponding data to be placed on the K-bus.

K-CONTROL 1 K-CONTROL 0 FUNCTION PERFGRMED
(Bit 33) (Bit 32) :
0 0 A1l K-bus inputs zero
1 0 " A11 K-bus inputs one
i 1 A1l K-bus inputs one
0 1 K-bus inputs come from the MIXED

field.
Table 3.2 K-CONTROL

Since the processor is 16 bits wide and the MIXED field only 12 bits wide,
the twelfth bit of the MIXED field must be connected to bits i1 to 15 of
"the K-bus to give the correct magnitude to negative numbers. That is,
negative numbers are represented in their 2's compliment form with the
most significant bit of the CPA (bit 15) being the sign bit. The most
significant bit of the MIXED field (bit 11) will therefore specify the
sign for arithmetic operations. The range of numerical values that
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- can be supplied by the MIXED field for arithmetic operat1ons is therefore

between -2'1 = -2048 and 2" -1 = 2047.

Since the MIXED field is 12 bits, it allows direct addressing of 212 = 4k

of local memory.

3.6 The Next Address Sé]ection Field of the Microinstruction

Each microinstruction musé contain information to select the next
microinstruction address. This information is supplied by a field which
can be called the next address selection field or, using conventional
terminology, the jump field. The microprogrammer, to implement require-
ments of the HLDC, requires the ability to perform conditional and
unconditional jumps.

(i) Conditional jumps. The selection of the next microinstruction
may be depéndant on certain signals from the external logic, or
on signals indicating the results of computations performed |
by the central processor array. Examples c¢f these signals include
a signal from the disc drive indicating the completion of a seek,

~or a signal from the central processor array indicating whether

a particular register is zero or non-zero. These signals can
be called the input-control signals, as they influence the
order in which microinstructions are to be executed. A jump
which is dependant on any input-control signal can be called
a conditional jump. _

(ii) Unconditional jumps. A jump which is independant of any input-
control signal can be called an unconditional jump.

The method used in selecting the next microprogram address is to use a
microprogram control unit {or microprogram sequencer). The microinstruction
will control the microprogram'control unit (MCU) and the MCU will supply
“the address of the next microinstruction to be executed to micromemory.
There are certain features which are desirable in an MCU : v

(i) The MCU must allow the current microinstruction to specify
any other microinstruction in micromemory as being the next
microinstruction to be executed. This feature is not supplied
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with all MCUs. A ncotable exception is the Intel 3000 series
MCU, the 30019. The advantages of this feature are :

(a) it allows the microprogram assembler to be easily
constructed. That is, the microinstruction placement
problems which occur with the Intel 3001 will not
occur with an MCU having the above feature; and

(b) wasted micromemory space will not occur. Wasted
micromemory space occurs with a microsequencer such as
the Intel 3001 because certain areas of memory become

1naccessib1e10.

In this instance, the full jump address will be supplied to the
MCU from the jump field of the microinstruction.
(ii) The MCU must have the ability to step through micromemory one
"microinstruction at a time without -having to supply the next
microinstruction address. This requires that the MCU have a
micropfbgram'counter which can be incremented either automatically
or under microprogram control. This feature has two advantages :

“(a) it will free that part of the microinstruction field
required for supplying the microinstruction address for
other operations; and

(b) with the MCU under microprogram control, the microprogram
may easily perform a conditional jump. One arm of the jump
is the next microinstruction address supplied by the MCU.
The other arm of the jump is an address supplied by the
microinstruction,

(iii) Subroutining is as desirable a feature when writing microprograms
as it is when writing ordinary computer programs. The ability to
easily impiement subroutines is therefore desirable. This
requires that the MCU be able to store the subroutines return
address. To allow subroutine nesting, the MCU should have a
stack to store the return addresses. Ideally this stack should
be large enough to enable the programmer to be reasonably
unrestricted in the number of subroutine nestings he requires.
The minimum stack should be able tc siore in the region of ten

retuin addresses.
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3.6.1 The Microprogram Control Unit

It would seem that since the Intel 3000 series central processing elements
are used, the logical choice for the microprogram control unit (MCU) would
be the 3000 series MCU, the 3001. Some of the prob]ems encountered when
using the 3001 have been discussed above, and these problems are further

discussed in the 1itera£ure11’12. An evaluation of the different micro-
program control units currently available can also be found in the
]iterature13’14. '

The Advanced Micro Devices Inc. 2900 series microprogram control unit, the
2909, fulfills the requirements of the MCU specified above, and this is
the microprogram sequencer chosen. Part of the jump field of the micro-
~instruction will control the 2909. This sub-field can be called the
MCU-control field.

The 2909'® will now be discussed in detail.

Each 2909 is a 4-bit wide address controller, and thé devices are cascadable
so that two devices allow addressing up to 256 words of microprcgram memory.
Three of these 2909's are used, and microprogram memory can therefore be
easily expanded to 4k. The block diagram of the 2909 MCU is illustrated

in Figure 3.4. -
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Figure 3.4 Block Diagram of the 2909 Microprogram Control Unit
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Each 2909 contains a four-input ﬁu1tip1exer that is used to select either
the address register, direct inputs, microprogram counter, or file as the
source of the next microinstruction address. The multiplexer is controlled
"by the SO and S1 inputs (refer Tabie 3.3). |

Address Selection ’ ' Output Controt
ocTAL | 8, So| SOURCE FOR Y OUTPUTS [svraBoL on; ZERG OF Y;
(1] L L Microprogram Counis- uPC X X H z
1 t H Address register | AR X L L L
2 H L Push-Pop stack STXO H .H L H
3 H R Direct inputs . D; L H L Source selected by Sg Sq

Z = High impadance

Synchronous Stack Control

FE  pur PUSH-POP STACK CHANGE
H X No change .
L H tncrement stack pointer, then

push current PC onto STKO . i
L Pop stack (decrement stack pointer) C

r~

Table 3.3 2909 Multiplexer Select Codes

. The 2909 contains a microprogram counter which is composed of a 4-bit
incrementer followed by a 4-bit register (microprogram register). The
incrementer has a carry-in and carry-out such that MCU's can be easily
‘cascaded together using the ripple carry configuration. The maximum
delay time from carry-in to carry-out for one 2909 is 18 nanoseconds,
hence the maximum propogation delay time across the three 2909's is

54 nanoseconds. The least significant carry-in to the MCU array is
under microprogram control, allowing the microprogram counter to be used
in one of two ways. When this least significant carry-in is HIGH, the
microprogram register is loaded on the next clock cycle with the current
microinstruction address plus one. If this least significant carry-in
is LOW, the current microinstruction address is not incremented, and



the microprogram register is loaded with the same microinstruction
address on the next clock cycle. Thus the same‘micrdinstruction can
be executed any numbér of times. The latter configuration is used in
synchronizing the controller with signals from either the disc drive
or host computer. When the appropriate signal goes TRUE (or FALSE),
thus the carry-in will go HIGH.

The address register (AR) of each 2909 consists of four D-type, edge-
triggered latches with a common clock enable. New data is entered into
the addresé register from the external R-inputs on the clock LOW-to-HIGH
transition. The R-inputs of the MCU are connected to the MIXED field of
the microinstruction. (The reason for this will be discussed in Section
3.6.3) When a branch is required in the microprogram, the address register
will be Toaded from the MIXED field, and fhe address register will then be
sé]ected as the next microinstruction address.

The HLDC can receive 16 different commands from the host computer. _
Physically, a command arrives as a 4-bit address on a bus called the EXC-
address bus. Four of the D-inputs of the MCU are connected to the four
EXC-address lines from the host computer (as illustrated in Figure 3.3).
The EXC-address bus allows the host computer to select 1 of 16 possible
functions. The least significant D-input line is tied HIGH, the next

four D-input lines are tied to the EXC-address latch, whilst the remaining
7 lines are tied LOW. When the D-inputs are selected as the next micrec-
instruction address, a jump will be made to an cdd location between 0 and
- 31 depending on the EXC address. That is, a jump will be made to the
microprogram memory, 1, 3, 5, ..... , 29 or 31, corresponding to an EXC
~address 0, 1, 2, ..... , 14 or 15 respectively.

The last source available to the multiplexer is a four word deep pop/push
file (stack). The stack is used to provide the return address when a
subroutine jump is made. The file contains a built in stack pointer {(SP)
which always points to the last file word written (called STKO). The stack
pointer operates as an up/down counter with separate pop/push {PUP) and
file-enable (FE) inputs. The file operations performed by pop/push and
file-enable are summarized in Table 3.3. Since the stack is four words deep,
only four micro-subroutines can be nested. This is the only severe restric-
tion of the 2909. ' '
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The jump field of the microinstruction can rcw be determined. The juﬁp field
can be divided into three sub~fields as follows :

(i) The input-control signals select field;
(i1) the microinstruction address field; and
(i11) the MCU-control field.

These three sub-fields will now be discussed in detail.

"3.6.2 The Input-control Signal Select Field

As mentioned above, conditional jumps are depéndant on certain input-
control signals. It is necessary to provide a means cf monitoring these
signals and to allow the selection of the next microinstruction to be
based on these signais. Thére are twenty input-control signals in the
HLDC which the microinstruction must be capable of monitoring. The
microinstruction must select the appropriate input-control signals and
‘use the state of these 'signals to modify the outputAof the MCU-control
fieid, and so cause the appropriate next microinstruction address to be
selected, Each of the input-contrcl signals could be masked by a bit

in the microinstruction. Twenty signals would require 20 microinstruction
bits to perform the masking. The required branch in the microprogram
logic would then be performed by the outcome of a logical operation
performed on the twenty microinstruction bits and the 20 input-control
signals. Whilst this method may be necessary in a system requiring the
simultaneous examination of a large number of different inputs, it is not
necessary in the HLDC which requires the examination of only one input-

. control signal at a time. The method used is to input the twenty signals
to a 32 to 1 multiplexer. The output of the multiplexer is gated with
certain of the MCU-control bits of the microinstruction (refer Section
3.6.4) to provide the desired address being selected by the MCU. The
appropriate signal to be selected by the 32 to 1 multiplexer is obtained
by supplying a five bit address to the multiplexer. These five bits are
supplied by the microinstruction. This five bit field can be called the
input-control signal select field or the multiplexer control field (MUX
field).
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The MUX field occupies bits 19 to 24 of the miéroinstruction.‘ Inputs to the
mU]tip]exer are named MUXO, MUX1, ...., MUX31. The five bit multiplexer
address selects the appropriate input as follows: address 0 selects
MUXO,_address 1 selects MUX1, and so on. MUX0 is tied LOW, and MUX1

is tied HIGH, the remaining mQ]tip]exeﬁ inputs, MUX2 to MUX31 being tied
to the appropriate input-control signal. MUX0 and MUX1 are used in
unconditional jumps, and MUX2 to MUX31 are used for conditional jumps.
Table B.6 in Appendix B summarizes the twenty multiplexer input-contro]
signals with their corresponding mnemonics. Only 22 of the 32 multi-
plexer lines are currently used. TWenty lines are used for the input-
control signals, and two lines are uscd for unconditional jumps. Con-
sequently the HLDC can accommodate ten more input- contro] s1gnals with
on]y a minimal amount of hardware modification.

3.6.3 The Microinstruction Address Figlg

As mentioned above, the microinstruction must be able to supply a jump
~ address to the MCU. .Micromémory is expandable up to 4k, and theretore
twelve bits are required for the jump address. The next microinstruction
~ to be executed will generally be the microinstruction in the following
-micromemory location. In this Situation, the twelve bit juwp addreéss
field wili not be required, as the next address will be supplied from
" - the MCU's microprogram counter. The jump address can therefore be
- placed in the twelve bit (multiplexed) MIXED field of the microinstructiion.

' 3.6.4 The MCU—Contro1 Field

Whilst the ability to-perform only two jumps,'one conditional and the
other unconditional,will adequately satisfy the HLDCs needs, it will not
allow easy and efficient programming. Consequently, to allow for. easy
and efficient programming, eleven jumps have been .ormu]ated These
jumps are discussed be1ow

Conditional jumps

The CPU must be able to syncronize itself with the external logic. For
example, the CPU may have to wait for the falling edge of the index pulse
before continuing with a particular program. The best way to achieve this



59 -

syncronization is to force the MCU to continuously fetch and execute the
'microinstruction which tests this condition. As soon as the condition
goes TRUE (or FALSE), the MCU will fetch the next microinstruction,
causing syncronization.to occur. The two mnemonics associated with this
type of conditional jump are INCT (increment if TRUE) and INCF (incre-
‘ment if FALSE). The following example illustrates the use of this jump.
Assume a program is required to syncronize itself with the falling edge
of the index pulse. The index input-control signal is selected by the
“muitiplexer address INDEX (refer Table B.6 in Appendix B). The folicwing
program sequence would cause the required syncronization :
* INCT INDEX H Wait for the indéx puise if it has not arrived.
* 'INCF INDEX # Wait for the faliing edge of the index puise.

Another two conditional jumps are useful

(i) If condition TRUE, select the information in the MIXED field
as the next microinstruction address. If condition FALSE
select the microprogram counter as the next microinstruction
address. The mnemonic associated with this conditional jump
is JMPT. .

(ii) If condition FALSE jump to the address in the MIXED field. If
condition TRUE jump to the microprogram counter address. The
mnemonic associated with this conditional jump is JMPF.

~ For example, to test if the drive is unsafe, the following program sequence
may be used (the unsafe condition from disc is examined by an UNSAFE in
"the MUX field) : '

*  JMPT - UNSAFE  ERROR

Unconditional jumps

There are seven unconditional jumps which have been formulated. A brief
description of each of these jumps with an associated jump mnemonic is

given below :
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INC - fetch the next microinstruction.
JMP - jump to the address in the MIXED field.
JMPD - Jump to the address specified by the host computer. This

jump was elaborated in Section 2.6.1 above.
,JSR - Jump to subroutine. The subroutine address being specified

in the MIXED field. S | |
Jjump to subroutine. The subroutine address being specified by

JSRD -
the host computer.
RTS - return from subroutine. :
HLT - continuously fetch and execute the current microinstruction.

Note that only four jumps JMPT, JMPF, JMP and JSR -use the MIXED field of the
microinstruction. This field remains free when using any of the other jumps.

The format of the MCU-contrcl field can now be determined. As there are
only eleven jumps in the microinstruction, oﬁly four bits are required to
perform the appropriate jump. If only four bits are used in the MCU-
control field, jumps.would then be in an encoded form, and each jump would
have to be decoded to allow the appropriate jump to be performec. The
"extra logic required for decoding makes this method unattractive. The
jumps can be performed by using six bits in the microinstruction field
with a minimum amount of extra logic. Consequently the latter method is
used. The six MCU-control bits are designated PUP, FE, MC, S0&, S1, and
RE, and occupy bits 29 to 24 of the microinstruction respectively. . |

The signals PUP, FE, St1, and RE are connected direct]y to the MCU through
the pipé]ine register. MC and SO& are gated with the output of the multi-
~plexer to obtain the MCU signals Cn and SO. The next address selection
TOgic is illustrated in Figure 3.3. Table 3.4 shows how the appropriate
Jjumps are formed by the six microinstruction bits. ‘

4

3.7 The Control of External Logic

"~ The signals for controlling the external logic (i.e. local memory, disc
drive interface and computer interface) are derived from miéromemory. These
signals can be called output-control signals. There are 26 output-control
signals which are required in the current system, and they are summarized

in Table B.7 in Appendix B. Each of the 2& signals could te controlied by
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MNEMONIC - DESCRIPTION PUP FE MC SO& S1 RE MuX

INC ~ Increment uPC. Select uPC 6 0 1 0 0 0 ONE
as next pl address ) : .

JMP Load AR and select AR as 0 0.0 1 0 T ONE
next ul address

JMPD Select D-inputs as next 0 o 0 1 1 0 ONE
pl address

JSR Increment uPC, Increment 1 T 0 1 0 1 ONE

stack pointer and push uPC
onto stack (STKO). Load AR
and select AR as next ul
address

JSRD “Increment uPC. Increment 1 1T 0 1 1 0 ONE
stack pointer and push uPC -
onto Stack (STKD). Select
D-input as next ul address

RTS Jump to STKO. Decrement 0 1 1 0 1 0 ONE
stack pointer (ie. POP stack) ‘

HLT Select uPC as next ul 0 0 1 0 0 0 ZERO
' address (Note: Do not incre- '
ment uPC)

INCT If condition TRUE increment 0o 0 1 O 0 0 ADDR
uPC. Select uPC as next ul -
address '

INCF If conditicn FALSE increment 0 0 0 O 0 0 ADDR
pPC., Select pyPC as next ul
address

~JMPT Load AR. If condition TRUE 0 0 0_1 0 1 ADDR
select AR as next ul address. .
If condition FALSE increment
uPC and select uPC as_next
address

JMPF Load AR. If condition FALSE 0 0 1 1 0 1 ADDR
select AR as next ul address.
If condition TRUE increment
pPC and select uPC as the
next ul address

~

Notes: 1. uPC = microprogram counter, ul = microinstruction,and
AR address register.

2. The MUX address ZERO selects a LOW, and the MUX address
ONE selects a HIGH. ADDR selects the appropriate multi-
plexer input condition.

nn

Table 3.4 Jumps
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a separate microinstruction bit. Whilst this has the advantage of

a1low1ng any of the 26 signals to be active simultaneously, it is expen-

sive in terms of the Togic it requires (i.e. fast micromemory is expensive),
and is unnecessary in the HLDC. Usually only one output-control signal

is required in any one microinstruction. When more than one signal is
.required, the signals will be related. For example, a signal for controlling
the disc interface will never be required with a signal controlling the

host computer interface. This field can consequently be multiplexed as
follows. Only 12 bits will be used for controlling the external logic.

Each bit will provide three possible output-control signals. The appropriate
output-control signal being selected by two other bits in the micro- .
instruction. That is, there are three output ports. Each port supplies a
maximum of 12 different signals to the external logic. The ports are named
PORT A, PORT B and PORT C. - The signals to the external logic will only be
required in a small percentage of microinstructions. These signals can
therefore be multiplexed with the other data in the MIXED field. The two
bits that select the appropriate port are called the port control bits, and

- occupy bits 30 and 31 of the microinstruction. {Bit 30 is called PORT.CONTROLG,
qnd Bit 31 is called PORT.CONTROL1). '

The port control bits enable the appropriate port by causing one of the
signals EN.A, EN.B and EN.C to go HIGH (refer Table 3.5). These three
signals are AND'ed with each of the bits in the MIXED field to form 36
different port signals (output-control signals). Since only 26 of these
output-control signals are currently used, the remaining ten signals allow
. for system expansion.

PORT.CONTROL1  PORT.CONTROLO ~ PORT SELECTED SIGNAL THAT GOES HIGH.

0 0  NONE | NONE
0 1 PORT A | EN.A
1 0. PORT B EN.B
1 1 PORT C EN.C

Table 3.5 Port Control
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3.8 Microinstruction'Cyc1e Time

The microinstruction cycle time directly affects system performance - tHe
faster the HLDCs clock, the better the response of the backing store device.
Consequently, factors affecting the microinstruction cycle time will be
discussed in detail.

3.8.1 Microprogram Memory

. The microprogram memory (micromemory) contains the microinstructions., Each
microinstruction is 35 bits wide, and therefore micromemory is a 35 bit wide
memory. The amount of micromemory required by the HLDC will depend on the
sophistication of the filing system. The system currently has 1k of
micromemory. The maximum amount of micromemory which can be supported is 4k.
As the current system is deéigned as an experimental machine, random access
memory (RAM) has been used. RAM allows microprograms to be modified. This
is essential for hardware and software development.

The access time of micrcmemory will directly affect the microinstruction
cycle time. Consequently the system should be designed using high-speed
bipolar RAM (such as the Intel 3106A with an access time of 60 nanoseconds15).
High-speed bipolar RAM is expensive, however, and uses a great deal of power.
Metal-oxide semiconductor (MOS) memory components are cheaper than bipolar
memories, but are considerably slower. The cheaper MOS memories are

suitable for the experimental machine. The memory elements used are the
Intel 2102A-1 MOS memory elements with a 200 nanosecond access time. The
production machine would use high-speed bipolar read-only or random-access

. memory.

'3.8.24 Pipelined Architecture

One method ofvimproving the microinstruction cycle time is by overlapping
the execution of the current microinstruction with the fetching of the next
microinstruction. This is calied pipelining. Figure 3.5(a) iliustrates
how the pipelined architecture will help improve system performance. In
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a non-pipelined architecture, the fetching of the next microinétruction
to be executed does not begin until the execution of the current micro-
~instruction is complete. This is illustrated in Figure 3.5(b).

The pipeline architecture is implemented by placing edge-triggered D-type
latches between the micromemory outputs and the externa1'circuitry. These
latches are together called the pipeline register. The pipeline register
holds the present microinstruction whilst the next microinstruction is
being fetched. Certain bits of the microinstruction cannot be input to
the pipeline register. These are the bits of the microinstruction used

“in calculating the next microinstruction, .and which are clocked by the MCU.
The bits used in calculating the next microinstruction which are not
clocked by the MCU (e.g. SO and S1) must go through the pipeline register.

Micro-
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Figure 3.5 (a) Pipelined Architecture (Parallel Fetch and Execute)
(b) Non-Pipelined Architecture (Serial Fetch and Execute)
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There are two disadvantages in using pipelining. The first disadvantage
is that the hardware is more complicated in a pipelined system. The second
disadvantage is that a conditional jump, using an output.from the CPA,
cannot be done in one microinstruction. That is, the CPA cannot set up

a condition in the same microinstruction that this condition is to be
tested. For example, if it is necessary to test whether a particular
register (say régister R6) is zero or non-zero, two microinstructions

-are required as follows : '

i @ TZR(R6) |
i+1: NOP JMPT €O AGAIN

Whilst the input-control signal CO is being generated by microinstruction
i, the next microinstructicn i + 1 is being fetched. This problem only
occurs with the two synchronous input-control signals C0O and SIGNBIT.

$

- 3.8.3 Calculation of the Microinstruction Cycle Time

The most commonly used method of calculating cycle times is by increasing
the clock rate until the system no longer works. Whilst this method may

be useful in the production stage of the machine, an analysis of propogation
delays in the system which determine the microinstruction cycle time is
important for. two reasons :

(i) The HLDC will not always be operating in a non-hostile
~environment. Calculation of typical and maximum micro-
_instruction cycle times will, therefore, yive the user

some 1nd1cat1on of the system performance to be expected
.~ in a real world situation.
(ii) The analysis will highlight bottlenecks in the system. This
s essential in a prototype system, since system improvements
can then be made, if possible, resulting in better micro-
“instruction cycle times, and hence better system response.

The microinstruction cycle time is determined by examining the propogation
delays in the system associated with the fetch and execution of each

microinstruction.
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(1) The next-address sejection field of the microinstruction
determines the next microinstruction address. Consequently the
1nf0rmat1on in this field must be used in every microinstruction.
The delays associated with the next-address selection field deter-
mine the microinstruction fetch propogation delay. A detailed
analysis of the microinstruction fetch propogation delay is given
in Appendix C.4. This analysis shows that the maximum fetch
propogation delay, tFM’ is 355 nanoseconds, and the typical fetch
propogation delay, tFT’ is 265 nanoseconds,

(i1) The central processor array and the external logic control fields
perform the microinstruction execution. The external logic control
field will only be required in a small percentage of micro-
instructions. Consequently, the delay associated with the execu-
tion of this field is not considered when calculating the micro-
instruction execution delay, and is analysed separately. If an
output-control signal is required to be present for longer than
one microinstruction cycle, this will be done by either triggering
a monostable or by using two (or more) microinstructions. The
microinstruction execution time is therefore determined by the CPA
field. The microinstruction execution propogation delay is analysed
in Appendix C.5. This analysis shows that the maximum execution
propogation delay, tEM’ is 150 nanoseconds, and the typical execution
propogation delay, tET’ is 100 nanoseconds.

As the HLDC has a pipe1ined architecture, the microinstruction cycle time is
- the maximum of the microinstruction fetch and the microihstruction execution
- propogation delays. 1In the present system, this will give a maximum micro-
instruction cycle time of 355 nanoseconds, and a typ1ca1 m1cro1nstruct1on
cycle time of 265 nanoseconds. '

The microinstruction cycle time chosen will depend on environmental factors.
Since the HLDC is currently situated in a non-hostile environment, the
propogation delay time will be in the region of tFT’ and the system can
successfully run at this clock rate. A clock period of 280 nanoseconds has
been chosen for the analysis of the system, as this will be a more realistic
figure to ensure stable operation. The clock (MAST.CLK) HIGH time is

set to 70 nanoseconds, and the clock LOW time is set to 210 nanoseconds.

3.8.4 Imprévements in Microinstruction Cycle Time

Having located the maximum propogation delay path in the system, system




‘ 67
improvements can be proposed. - It must be realized that by improving one
path of delay in the system, another path may become the most significant
delay path, ‘

The most significant factor in the microinstruction cvcle time is the.speed
of microprogram memory. This is to be expected, and improvements to system
performance will most naturally be achieved by using faster memory. For
example, by replacing the Intel 2102A-1 MOS memory elements used in the
-system by the faster Intel 3106A bipolar memory elements with a maximum
access time of 60 nanoseconds, the microinstruction cycle time will be

reduced to :
’ tFM' = 210 nanoseconds
tFT' = 165 nanoseconds.

These times are still greater than the microinstruction execution cycle
time. Setting the microinstruction cycle time to 190 nanoseconds results
in a 30% improvement in cycle time, and consequently better system
performance. This is the microinstruction cycle time which could be
expected in a producfﬁon machine using high-speed read-only memory.

3.9 Syétem-Timing

3.9.1 Glitches

It is necessary to ensure that glitches {spikes),which will inevitably occur
in the system, will be rendered harmless. To ascertain whether or not any
glitches could be harmful, it is necessary to look at the timing associated
with the three microinstruction fields. ' '

(i) The next address selection field. The data in this field is
initially clocked into the MCU or pipeline register. The data
will only be clocked into the MCU and pipeline register when
the data is again stable at the inputs of these two elements.
Consequent]y no timing problems will be associated with this field.

(ii) The central processor array field. Microfunctions are supplied

| to the CPA on one clock edge, and the data is gated into the
CPA registers on a different clock edge. Glitches will not be
of sufficient duration to cause any timing problems.

(iii) The =xternal logic control field. The port data and port control

‘ bits are logicaliy AND'ed together to form the output-control
signals. These output-control signals directly control the |
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external Togic. That is, these signals will set and clear
latches, will gate data onts the M-bus and will provide the
write signal for local memory. If the output-control signals
are not clocked, propogational delays in the system may cause
unwanted output-control signals.. This problem is analysed in
detail in Appendix C.5. The resulting solution is to have a
clock (called PORT.CLK) which is out of phase with the systems
master clock (MAST.CLK). PORT.CLK clocks certain of the
output-control signals and thus prevents glitches from occurring.

3.9.2 Critical Timing Paths

It is essential to examine all the possible time-critical paths in the
system to ensure that no timing problems will occur. The time-critical
paths associated with the external logic will be discussed below in
the relevant sections on the externai legic.’ .

~The remainder of thié chapter deals with the external logic.

3.10 Locé1 Memory

As mentioned in Chapter 2, a large amount of Tocal memory is required.
The amount of memory required is dependant on the process control
environment, and the type of response required. Bésica]]y, the more
Jocal memory available, the better the system respcnse will be (refer
Chapter 2). Since a twelve bit constant can be gated into the CPA from
micromemory, 4k of local memory is directly addressable.

The HLDC has been provided with 4k of 16 bit memory. Since local memory
accesses are comparatively infrequent, fast Tocal memory is unnecessary.
The memory elements used can therefore be the 1ntel 2102A-2 static

: ) . .17
random access memories, with a 250 nanosecond access time '.

An ana]Ysis of 1oéa] memory timing is essential for programming purposes,
and a detailed analysis is given in Appendix C.7. This analysis is only
true in a system which has a microinstruction cycle time of 280 nanoseconds,
and uses the Intel 2102A-2 memory elements for the local memory. If

the hicroinstruction cycle time was to be improved, Tocal memory timing

would have.to be reanalysed.
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3.11 The Computer Interface

The computer interfaced to the HLDC is the Varian 620 minicomputer, Thé
input/output (I/0) facilities provided by the Varian minicomputer allow
three basic modes of.operation18. The HLDC/Varian interféce has been
provided with these modes of operation,. and Appendix D.5 discusses how
the input-control and output-control signa]svare used to perform each
operation. These operations are first discussed below, and then it will

be shown how communication between the Varian and HLDC could occur.

(1) I/O Instructions. 1I/0 instructions are executed by the Varians
main processor. Each I/0 instruction has associated with it
a device address. Each peripheral controller attached to the

system has one or more device addresses. The HLDC has one

. device address. This is address 14, (octal 14). Each I/0
instruction directed to the HLDC must therefore specify this
address. There are four types of‘I/O instructions, and these
will now be discussed. '

/_(a) External Control. The external control instructions (EXC
| and EXCE) can be used to specify a maximum of 16 different
modes of operation. For example, the external control
command could be used to instruct the HLDC to perform a
particular file operation (i.e. read, write, create,
delete, open or close). A
(b} Program Sense. The program sense instruction (SEN) is
" used to test the status of a specific device condition,
and, if a true condition, a program jump is made. If a
false condition is detected, the next instruction in the
sequence is executed. For example, the sense instruction
could be used to test whether the HLDC is ready to receive .
a ‘command; whether the HLDC is out of action {possibly
‘through a disc fault); etc.

Each device address has associated with it a maximUm of
eight sense linés. A sense instruction specifies the
device address plus the sense line it is testing. The
HLOC currently supplies three sense lines to the Varian,»
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but this can eaéi]y be expanded to eight if required.

(c) Single-word input transfer. There are five instructions
which provide single-word input,transfers19. %he
single-word input transfer instructions are used to
input data from the peripheral controller. For
exampTe, the HLDC could set up its status in a
register. The data in this register could then be
transferred to the Varian by one of the single-word
input transfer instructions. '

(d) Single-word Output Transfer. There are three single-

~ word output transfer instructions?®, A single-word
output transfer instruction could be used for transferring
a main memory address to the HLDC. The HLDC could then

use this address for.a DMA transfer.

(ii) Cycle-Stealing I/0. Cycle-stealing I/0 allows a word of data
. to be transferred directly between main memory and the peri-
pheral controller by means of a direct-memory-access (DMA)
feature. In the Varian, each data word transferred by DMA
will inhibit the main processor for a total of 3,15 wmicro-

21. This is the time required to transfer a word

seconds
of data directly between main memory and the peripheral
device. DMA allows data transfer rates of up to 202 000 words
. per second22. _ |
(ii1) Interrupts. An interrupt from the HLDC will force the currently
executing program in the Varian to branch to a memory-address
location specified by the HLDC. For example, on the completion
of a file operation, the HLDC could issue an interrupt to the

Varian.

23.11.1 Communication between fhe HLDC and-the Varian

‘The functions to be performed by the HLDC/Varian interface were outlined
in Section 3.1. There are three functions to be performed, and the
following discussion indicates various ways these functions may be
performed. ‘
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Data Transfers

It is conceivable that data transfers between Varian and HLDC could take
place using the various I/0 instructions. This method of communicaticn is
not practical for two reasons. Firstly, this method would result in

poor data transfer rates. Transfer rates using this method would typically
be 30 000 words per second, as opposed to data transfer rates of up to

202 000 words per second via DMA23. Secondly, main processor utilization
would suffer, as data transfers would be directed through the main processor.
“ -Tfansfers will therefore océur via DMA. DMA transfers occur by trap-in

24. These requests can either be suppiied directly.

and trap-out requests
from the HLDC or from an I/0 option on the Varian called the Buffer Inter-
lace Controller (BIC). The advantage of using the BIC is that the hardware
interface will be easily accomplished. The disadvantage in using the BIC

is that the DMA start and end addresses must be set up in the BIC under
program control. This is unsuitable for the HLDC. In the multiprogramming
environment, the HLDC will be servicing a large number of different requests.
Each request will require data transfers to or from different areas in

main memory. Consequentiy,setting up the currently desired address .in the
BIC would disrupt the main processor. A better method is therefore to

initiate the irap-in and tran-out requests directly from the HLDC.

File Command Initiation
There dre many ways in which file commands can be transferred to the HLDC :

(i) One method of implementing command transfers is to supply

» the HLDC with an interrupt structure. Such a structure will
have many desirable features, but will also have certain
disadvantages. In the HLDC, an interrupt structure would
complicate both hardware and firmware. Interrupts will
‘also reduce system re]iabi]ityzs. If interrupts were to be
used, the interrupts would not be serviced during certain
opekations. For example, if the HLDC is reading data off the
disc, then the servicing of an interrupt may cause data to
be lTost. The following discussion will show that there are
other satisfactory methods of initiatihg a file command, and

conseyuently no interrupt mechanism is supplied.
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Another method of communicating commands is to use the
‘polling' method of communication which was used in first
and second generation computer system526. Thié approach,
in a somewhat modified form, is again being performed by
many computer systems. Examples include the Berkeley

Computer Corporations timesharing system27,'and‘the

Central Data Corporation (CDC) 6000 and CDC-76G0 series

cdmputerszg. There are basically two ways in which this could

be done in the HLDC.

(a) The first method requires that a location {or locations)

~in main memory be set aside entirely for file command
transfers. A file command could be requested by the
Varian placing the address of the filename block in this
location. (Chapter 2 discusses the filename block).
The filename block would specify the file operation to
be performed (amongst other things). The HLDC would
access this memory location via DMA to see if a command
transfer is requested, and would indicate that it had
received the command by either setting thfs location to
' a particular value, or some other (fixed) location to a
particular value., The HLDC would examine this location
at regular intervals to see if a file command is requested.
To allow efficient response time to file commands to be
achieved, this location would have to be frequently
examined. The cycle-stealing associated with the examination
of this location would cause a small amount of system
degradation. - - : |
(b) In the second method, the Varian initiates a file operation
by executing a single-word output transfer instruction.
The data transferred to the HLDC by this instruction would
be the address of the filename block. The HLDC, on finding
that an output transfer instruction had been executed,
would gate the data associated with this instruction into
the central processor array. The advantages of this method
~is that it will not degrade the main processor's performance,
and it is easily implemented. Consequently, this is the
method that is recommended.
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File Command Completion

When a file command.is complete, the HLDC must communicate the completion
to the Varian. As a number of file operations may be active in the HLDC
at any one time, thevHLDC must indicate which file operation is complete.
The methods of indicating the completion of a command can be pérformed

in a similar way to the initiation of a command. For example, the HLDC
could set one of the words in the filename block to a particular value.
The disadvantages associated with this method is that the main processor
would now have to inspect the appropriate word in all the filename blocks
at various intervals.

The most efficient method is to issue an interrupt to the Varian. This

is the method which would most commonly be used, as most real-time

operating systems are interrupt driven. The question still arises as to

how the Varian would know which file operation is complete. One method

would be for the Varian to input the filename block address of the completed
file operation from the HLDC. It would do this by means of a single-word
input transfer I/0 instruction. The Varian, using the filename block address,
will be able to determine which file operation is complete.

The above discussion has shown various ways in which the communication
between HLDC and Varian can occur.

3.11.2 Physical Structure of the HLDC/Varian Interface

There are two physical parts to the HLDC/Varian interface:

(i) the interface which resides at the Varian; and
(ii) the interface which resides at the HLDC.

-The basic design goal of the HLDC/Varian interface has been to make the
interface at the HLDC as machine independent as possible (i.e. as indepen-
dent of the Varian as possible), whilst making the interface at the
computer as simple as possible. More simply stated, the interface at

the HLDC must accomplish as much as possible whilst remaining machine
independent. This design goal will allow the HLDC to be easily interfaced
to different computers. |
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The HLDC/Varian interface is also used for transferring microprogrammes

from the Varian to micromemory. This facility is essential in the prototype
machine to allow easy microprogramming. Appendix'B discusses how the
microprogram transfer between Varian and HLDC is performed.

3.12 Disc Drive Interface

The disc drive interfaced to the HLDC is the Ca]Cbmp DC1 disc drive.
~ The disc drive specifications, and the flow charts for the various

disc drive operations are given in the referencezg.

The HLDC must be able to transmit and receive signals and data from the
disc drive. Some examples of the signals received from the disc are:
index and sector pulses, signals indicating that the drive is online, etc.
Examples of signals that must be transmitted to disc from the HLDC ‘are
signals instructing the drive to perform a seek, to switch a read/write
head on for writing, to select the appropriate read/write head, etc.

Reading data from disc presents a special problem. Disc speeds are a
function of power supply voltages and frequencies. Since these voltages
and frequencies are subject to variations, disc speeds are variable.
Data coming off the disc cannot, therefore, be read by a fixed clock.
One method which can be used is to write a1térnate data bits ana clock
bits to the disc drive. When data is read off the disc, 'the clock bits
will be used to update a variable frequency oscillator, and subsequently
allow the prediction of the next data bit. Problems of recording data

on disc are discussed in the 1iterature30’31.

The variable frequency
“oscillator (VFO) circuitry can be called the read clock. A fixed '
frequency clock is also required for writing data to disc. This clock

can be called the write clock.

‘Since the read clock and write clock circuitry, together with the circuitry
necessary to supply and receive control signals from the disc drive, was
~available from a Telefile disc controller, this circuitry is used in the
HLDC. ' '
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Another problem to be resolved in the HLDC/drive interface is how

data transfers between the CPA and disc drive will occur. Data transfers

between the disc drive and the HLDC occur in serial form, and data

transfers between the HLDC and the host computer occur in parallel form.

It is therefore necessary to provide a means of converting data from

serial to parallel form, and vice versa. The method used is to provide

a 16-bit shift register. During write operations, 16-bit data is

Toaded into the register, and is clocked out to disc using the write

- é]ock During read operations, data is clocked into this register by the
“read clock, and is then gated into the central processor array.

The control of the above operations are performed by certain input-control
~ and output-control signals. The control of the disc drive is discussed
in terms of these input- and output-control signals in Appendix D.4.

;3,12,1 Disc format

The necessity for initiaiizing (formatting) the disc was previods]y
‘mentioned in Section 2.7. A11 discs to be used by the HLDC must first
be formatted by the HLDC. The HLDC's format routine would perform various
functions : '

(i) A bossib]e format for each sector on disc and a discussion
on this format in terms of the input- and output-control
signals is given in Appendix D.4. The format routine would
first set up each sector according to the format illustrated
in Figure D.3. ' ; :

(ii) The format routine will then do successive read and write
-operations on the data area of each sector using different bit
patterns. This operation will isolate any sectors which are

, unusable. : . ’

(ii1) The free space map (refer Chapter 2) will be constructed during
the format routine. The bits in the free space map corresponding
to the unusuable sectors found by (ii) above will be set. The
free space map will then be written to an area of disc. |
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(iv) A sector cn disc will be set up to be the first sector of

the master file directory (MFD). It must be decided whether.

or not a number of tracks will be reserved for the file

directory, and if so, where these tracks will reside on disc.
One problem which must\be solved is how the HLDC will know where the
first sector of the MFD is stored on disc when the HLDC is initiai]y _
started up. A possible solution to this problem is to store the first
sector of the MFD at a specified seétor on disc. The address of this
sector 1is stored in micromemory. If the specified sector is Corrupted,
the HLDC could then store the data at the first uncorrupted sector after
the specified sector. At system startup, the HLDC would realize that
- the specified sector was corrupted, and would then inspect the following
sectors until the MFD was found. A duplicate copy of the MFD will generally
be kept. At system startup, the two copies of the MFD could be ccmpared
4 against each other to ensure that the MFD is uncorrupted.

3.12.1 Critical Timing

Data transfers to and from disc occur at a rate which is determined by
the read and write data clocks. Consequently, it must be determined
whether there will be any timing problems associated with transferring
“data to or from disc. The read and write operations present different
problems, and they will be discussed separately. '

Transfers from Disc “to Main Memory (Reading)

There are basically two methods of transferring data from disc to main
memory : ' | '
(i) Data can be transferred by first reading one, or a number
| .of sectors from the disc drive to local memory, and then
from local memory to main memory. There are, however, certain
inherent disadvantages of transferring data using this method.
Consider, for exampﬁe, the typical data transfer from disc to
main memory of a number of contiguous sectors of information.
This transfer could be done as follows. The information cou]d
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be transferred from disc to lecal memory one sector at a time,
and then this sector could be transferred 1mmediate1y from '
local memory to main memory. The problem of this type of
transfer is one of response time. That is, whi]ét the HLDC

is transfekring data from local memory to main memory, the
next sector would have passed under the read/write heads,
causing a disc revolution to be wasted. Another possible
method of performing the transfer is to transfer all the data
into Tocal memory, and then from Tocal memory to main memory.
The problems here would be that local memory requ1rements would
be excessive, and response time would not be maximized.

(ii) Data can be transferred directly from the disc drive to main
memory without a detour to local memory.‘ This method of data
transfer has certain inherent advantages. Since data is
transferred directly to main memory, no demands will be made
on local memory space, and the data transfer time will be
maximized. There are, however, certain timing problems which
are associated with this type of transfer. When reading, the
current word of data must be processed before the next word
of data is received. The data-clock, for both read and write

“operations, will have a period of approximately 800 nanoseconds
(refer Appendix D). Consequently, a word of data (16-bits) will
be received by the central processdr array from the disc drive
every 16 x 0,8 = 12,8 microseconds. (Note that the HLDC, with
a microinstruction cycle time of 280 nanoseconds, can execute

45 microinstructions in 12,8 microseconds). The HLDC will
therefore have to read a word of data into the CPA, update the
cyclic redundancy check (CRC) word, and output the data word
to main memory via direct memory access in 12,8 microseconds.

The program sequence in Figure 3.6 illustrates how a sector of
data would be transferred from the disc drive to main memory.
This program illustrates that orly seven microinstructions are
required to perform the transfer of one word of data. Timing
problems may occur, however, due to the time required to perform



78

#H DISC TO MAIN MEMORY TRANSFER.
#H# Check if a word of data is ready to be input from the disc drive,
# and set up the DMA output address in the VAR.DOUT latch.

AGAIN * INCT EQ.16 VAR.DOUT
# Input the disc data from the VAR.DIN latch to the accumulator.
ACM(A) * DISC.DIN

#H# Perform the exciusive—or of the accumulator and register R1.
#H# Set up the DMA.IN Tatch to initiate a DMA transfer to main memory.

XNR(R1) * DMA.IN
# Decrement the T register, and clear the EQ.16 latch
SDR(T) * CLR.EQ1A

.## If a word of data is ready to be transferred off disc before the DMA -
# transfer is complete, then the appropriate action must be taken.
MORE * ' JMPT EQ.16 ACTION
H# Test if the T register is zero. Check if the DMA
H# transfer is complete, if not complete, jump to location MORE.
TZR(T) JMPF DMA.FIN MORE
# RO to MAR; RO + 1 to RO. If the T register is non-zero,
# perform the loop again. ’
LMI(RO)+ - JIMPT co ‘ AGAIN

NOTES: (i) The number of words to be transferred is initially
' set'up in the T register;
(iﬁ) the main memory address for the DMA transfer is set
o up in register RQ.
(iii) It will be assumed that the check word will be a simple
exclusive-or (XOR) of all the data words. The check word
being stored in regiéter R1.

~

'Figure 3.6 Disc to Main Memory Transfer
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a DMA data transfer. In the Varian computer, DMA transfers

cannot occur after certain instructions%2

, and the time
required to perform the DMA transfer could therefore be in
excess of the 12,8 microseconds. Consequently, if the HiLDC
transfers data directly from disc to main memory whilst the
Varian is executing a random program sequence, timing problems
may occur. The HLDC must therefore ensure that the word of
data is processed within the specified time period. This can
‘be done by alternatively checking the EQ.16 and DMA.FIN input-
.control signals as illustrated in Figure 3.6. If the EQ.16

- signal becomes TRUE before the DMA.FIN signal, then this means
‘that the next word of data is available for transfer before the
‘transfer of the current word is complete. If this situation

occurs the transfer of the sector may have to be aborted.

A possible method for overcoming this problem is as follows.

The Varian can be forced into a special program loop when data
is to be transferred. This loop could be entered into by an
interrupt from the HLDC. The Varian would continuousiy loop,
executing NOP instructions. When the data transfer is complete,
the HLDC can either interrupt the Varian or set one of the Sense
Tatches to allow the Varian to exit from this loop. The main
disadvantage of this method is that the main processor will be
id1e'whilst data transfers between the HLDC and Varian are in
progress.

The above discussion has indicated the disadvantages associated with
transferring data first to Tocal memory and then to main memory, and

the disadvantages associated with transferring data directly from disc

to main memory. One possible method of transferring data from disc to
main memory is to use a combination of the above two methods as follows.
The HLDC, to perform a data transfer will not interrupt the host computer,
but will transfer data“from disc to main memory directly, until a situation
occurs where a word of data cannot be transferred within 12,8 microseconds.
If this situation occurs, the next word of data received from disc would
then be written to local memory. From here on, the data transfer would -
occur by forming a first-in-first-out queue in local memory of data to
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be transferred to main memory. Data from disc wou)d be added onto one

end of the queue, whilst data to main memory would be removed from the
other end of the queue., A state of equilibriun would again be met when the
queue becomes empty. The maximum queue size would possibly be restricted
to one sector. This method, or & variation of this method, will help
maximize the HLDCs performance. | |

Tkanéfers fkoh:Méin‘Memory»td Disc (Writing)

If data is written directly from main memory to the disc drive, the timing
~associated with DMA transfers could cause timing problems to occur. If

a DMA data transfer is too S1ow, the word of data which was to be written
to disc will not be received in time to perform such writing, If this
situation was to occur, the entire sector of data would have to be rewritten.
There are certain methods which can be employed to overcome this problem.
Possibly the best solution would be to first transfer an entire sector of
.~data from main memory to local memory. This sector could then be written
to disc whilst the next sector of data is being transferred from main
memory to Tocal memory via DMA. '

' 3.13 -The-Cohéo1e

A hecessary development tool for both hardware and software in a prototype
machine is a versatile console facility. A console is also useful in a
production machine as a debugging aid for both hardware and software.

The conventional console design, with al] its switches and dispiays, has
Tost faVour in many modern computer designs, and the conventional console
is being replaced by a virtual conso1e33. In a virtual console system, all
“functions normally carried out by the conventional console, are carried
out by a program in read only memory (ROM). If the virtual conso]e'design
were to be used in the High Level Disc Controller, these functions would

" reside in microprogram memory, and would be accessed from the host computer
via a teletype or a video display unit. This approach is very attractive
for a production machine, as system cost would be greatly reduced. That
is, the rows of switches and displays with their controlling logic is very
expensiVe, and most of this expense can be eliminated by using the virtuai



console design, The virtual consoje design is, however, unsuitable for

a prototypé system.. The conventional console design is therefore used,

The HLDC's console can perform the following functions :

(i) Read from or write to any local memory or micromemory location.
(ii) Step through or run a microprogram frem any micromemory address.

(ii1) Reset the system.
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CHAPTER 4

" MEASURING THE HIGH LEVEL DISC CONTKOLLERS PERFCRMANCE

It has been proposed that the replacement of the low-level disc controller
by the HLDC in certain real-time process-control computer systems will be
beneficial., This benefit, it has been claimed, is due to improved system
reliability and system performance when using the HLDC - the HLDC still
allowing the computer system to meet the changing demands of the real-
time process-control environment. It is necessary to determine to what
extent the HLDC has achieved these goals.

The evaluation of system reliability and performance presents different
problems. In this chapter, measurements relating to system performance
will be obtained, and the HLDC will be evaluated in Chapter 5.

There are various methods of evaluating system performance. These methods
include simulation and mathematical modelling. The danger with using any
of these techniques 1svthaf certain aspects of the system may be over-
1ooked1. The approach adopted is to compare a computer system interfaced
to the HLDC with a similar system interfaced to a low-level disc controller.
The process-control computer system -under review will generally use a
minicomputer, and the filing system functions will generally be performed
by this computer - as opposed to a backing-store processor. Consequently,
the following analysis will be based on a computer interfaced to a low-
level disc contro]]eri¥ the computer performing the filing system
functions; and a combﬁter interfaced to the HLDC - the HLDC performing

the filing system functions. ' '

What is of real interest to the system designer is the improvement that
will be achieved in the computer systems response to the environment it

‘is controlling when the HLDC is used. This is directly related to the
average amount of disc usage a process-control computer will require.
Consequently the improvement in the systems performance from one system

to another will be variable. A possible method of gauging the improvements
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to be expected when the HLDC is used would be to develop a sophisticated
filing system and implement it on the HLDC.- The HLDC cculd then be
interfaced to a number of real-time process-control computer systems.
Measurements of system performance will then be made when the HLDC is

used, and when the low-level disc controller is used. In the latter case,
the host computer performs the fiTing system functions. The two filing
systems -~ the host computers and HLDCs - would have to be comparable for

a justifiable comparison between the two systems. Analysis of each
computer system interfaced to the low-level controller and then the HLDC
would be done over a period of time, and data would be ccllected. The dafa
~would then be used as a basis for evaluating the improvement in performance
when the HLDC is used. This method of analysing the HLDCs performance
would possibly be the best method of analysis, as it would show the
improvement in the computer systems response when different demands are
made on the backing store device. This method is not, however, feasible

in the context of this dissertation. '

The system designer will generally know the backing store usage, and the
effect the backing store is having on the computer systems response to the
environment. Consequently, by knowing the relative improvement in the
backing stores performance wnen the HLDC is used, the improvement in the
systems performance can be calculated. The evaluation of the HLDC's
performance can therefore be made on this basis.

One possible method of evaluation is that particular functions performed.
by the HLDC be compared against the same functions performed by a conven-
tionaﬁ system. For example, the time taken to find a file name in a

file directory using"the HLDC could be compared against the éorresponding
time required in a system interfaced to a low-level disc controiler. This
type of analysis is not meaningfu], as it will not show how different
functions relate. to each other. For example, if the computer responds

too slowly to a low-level controller's request, a full disc revolution

may be wasted. ‘ ‘

Another possible method of evaluation is to first look at how a file
operation or file operations (i.e. read, write, open, close, etc) will



be performed in the multiprogramming environment. These operations could
bé measured in the system interfaced to an HLDC, and in a system inter-
faced to a low-Tlevel controller. The problem here is chcosing a file
operation or group of file operationé which can be considered as being
typical. The type of operations which will generally be required will be
dependant on the-system. For example, certain systems may have a large
turnover in files, and in this instance the file operations "create" and

"delete" will be extensivelv used.

" What is of ‘real interest, however, is how the HLDC will respond to time-

" critical tasks. In the general process control environment, time-critical

tasks associated with disc will generally require information to be read
off disc into main memory. Examples include the transfer from disc into
main memory of parts of the operating system necessary for the execution
of a time-critical task; of data which is required by a time-critical

‘ _fask; or of parts of an applications program associated with a time-
critical task. Appendix A.1 discusses in more detail the types of
information which will generally be foreground (time-critical) informa-
tion. A typical situation would pe that a task is initiated, but the
"information necessary for the execution of this task is on disc. In this
situation, the operating system will create a task to bring the required
information off djsc into main memory. Chapter 2 indicated the type of
functions which would be associated with such a task. For example, this
task would enter the global routines Open, Read and Close to respectively
- open, read and close the appropriate file. These routines, would, in
turn, communicate with the appropriate device drivers to perform file
directory searcheé, data transfers off disc, etc. To make the following
discussion easier, two assumptions will be made.

(i) In Chapter 2 it was mentioned that a special file command
could be used to open a file, read the entire file into
main memory, and then close the file again. It will be
assumed that this is the file operation which will be

- performed to bring the required information off disc.

(ii) Chapter 2 indicated that a number of different tasks will
be associated with the performing of a file operation.
These tasks include queue handling tasks, disc driver tasks,
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etc. It will be assumed that all the functions necessary
to perform the above file operation will bé performed by

- one task only. The only effeci this assumption will have
on the processing time of the task will be the time associated
with the scheduling of the various different tasks (i.e. the
task-swop times). ' '

Consequently there will only be one task which is of interest. This task
will perform all the operations necessary to bring the desired data off
disc. This task will be referred to as the experimental task.

‘Using this expefimenta] task as the basis for analysing the éystem will
have certain advantages. Firstly, this task Wi]] be closely related to a
typical time-critical task in a multiprogramming ervironment, and secondly,
the full range of file system functions will be performed when executing

. this task. Conéequent]y, obtaining measurements about this task will

allow a meaningful comparison between the HLDC and the conventional Tlow-
level disc controller. The experimental task will therefore be used as

~ the basis- for evaluating the HLDC. Two questions immediately arise :

(i) What measurements relating to this task will be required
for the analysis?

(ii) How will the experimental task be implemented.?

4,1 Measurement of the Experimental Task

Chapter 1 specifiéd that two goais are desirable when accessing data on
backing store. '
(i) A minimum amount of useful processing time must be taken
up by the backing store system; and
(ii) The response to a backing store request must be as fast -
as possible. '

These two goals can be restated for the experimental task to indicate what
measurements must be made. This is done by examining the execution of this
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task in more detail.

As mentioned in Chapter 2, any task in the system can be thought of as

having three different states® : ‘

(i) ready to be executed; ‘ .

(ii) blocked whilst waiting for I/0 or some other task to finish; and

(ii1) running (executing).

The experimental task will, at different times, be in each of the above

three task states. Whenever this task initiates an I/0 operation, it

will block itself, and will remain blocked until the I/0 operation is complete.
.The task will then be placed in the queue of ready tasks, and will be
rescheduled according to a schedu]ing‘algorithm.

When the task is executing, it will remain executing until it is complete;
~until it initiates an I/0 operation (it will then block itself); or until
it is suspended (according to the scheduling policy). ‘

The following times associated with the experimental task are of interest :

(i) The run time of the task.
(i1) The task-swop times associated with swopping the processor
. to the experimental task. When a task enters into run mode,
a task swop is required.
(iii) The cycle stealing associated with the experimental task.
Cycle stealing data transfers will generally occur when the
- task is blocked. . '
(iv) The task's blocked times. The task will become blocked when
it initiates an 1/0 operation.

- The task's execution time is the sum of the run, swop and cycle stealing
"times. The task's respbnse time is the length of time that the task is
'alive'. This -includes the run, swop and blocked times of the task. It
is assumed that the cycle stealing associated with this task will occur
whilst the task is blocked (i.e. whilst some other task is in the run
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state). There are, however, a number of elements in the task's response
time which will make the response time variable. Firstly, the task may
be suspended through the initiation of a higher priority task, thus
increasing the response time; secondly, cycle stealing may occur whilst
the task is in the run mode - this will also increase response time; and’
thirdly, there will be a number of queues in the system - the queue

length and average delay-time-in-queue will affect the response time.

The above three factors are variable and difficult to gauge, and these
factors will be ignored for the time being. The effect that these factors-
-will have on the response time will be discussed in Section 4.7 below.
what’is‘of interest, however, is the 'fixed' part of the response time.
These are the elements of the response time which are directly associated
with the task. The response time will therefore be considered as being
the sum of the task's run, swop and blocked times.

The above mentioned goals can now be restated as follows :

(i) The task's execution time must be minimized; and
(i) the task's response time must minimized.

Figure 4.1 illustrates a task which is blocked only once during its life.

The task's blocked time will be the most significant factor in the task's
response time because, in a moving head disc system, seeks and data transfers
will be orders of magnitude greater than the processing‘associated with

the task. It is desirable to isolate the device dependant characteristics

in the analysis, as this will allow estimates to be made of the type of
improvements in response time which could be expected by interfacing the
HLDC to faster devices. This will also indicate the type of improvement

in response time that can be expected with an improved microinstruction
cyc]e'time.

-4,2 Implementation of the Experimental Task

Ideally, response times and task execution times would be measured by
running the experimental task under the control of a real-time operating
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Task execution time = tRUN + tSwOP + tDMA

Task

1l

response time t + t

RUN * tswop * TBLOCKED \

Figure 4.1 The Life of a Task

~

Task Task
initiated terminated
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| | e |
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Swop time Run time Cycle stealing Swop timej Run time
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blocked (1/0 | S | ready (I/0 operation
operation ' completed)
initiated) I l
I"—'—"" YBLOCKED ‘ {
Task blocked time (time required
to execute the I/0 operation)
- tRUN the total run time of the task = tRUNI + tRUNZ
t the total swop time of the task =
suo . P time tsuopt * Tswop2
tBLOCKED = .the total blocked time of the task
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system interfaced first to the HLDC, and then to a low-level controller.
Configuring such an experimental situationtwou1d be difficult, requiring a
large amount of programming. It will be shown below that meaningful
measurements can be obtained by a much simpler method, and consequently

the above method is not used.

A possible method for obtaining measurements on the experimental task is
that an experimehta] environment be developed for this task. The experimen-
tal environment would be closely related to the environment in which a
typical process-control computer's filing system runs. The experimental
task would then be executed in this environment and measurements taken.

The essential components of such an environment would be :

(i) A computer system.
(ii) A Tow-level disc controller.
(1ii) The HLDC.
(iv) A file-system structure. v
(v)' Other necessary data structures such as the filename block.

The advantage of the above configuration (that is, an experimental task
running in an experimental environment), is that measurements can be
easily taken. Consequently this is the method of evaluation that will

be used. The essential components of the experimental environment will
first be chosen, and the processing to be performed by the experimental

~ task will then be discussed. At each stage the experimental file situation
will be compared with the real-world file situation. Where assumptions
 have been made, the possible effects of these assumpticns on the
measurements to be taken wi]] be discussed.

4,2.1 System Components

As mentioned in Chapter 1, the process control environment under review
will generally use a minicomputer to perform the process control functions.:
Consequently the computer used for the experimental environment can be

a Varian 620 minicomputer. ‘

Measurements of the task's performance can therefore be made in the
following two systems :



(1)

(1)

91

A Varian 620 minicomputer interfaced to the HLDC - the
HLDC performing all the filing system functions.

A Varian 620 minicomputer interfaced to a low-level disc
controller such as the Telefile disc controllers. In
this configuration, the Varian will perform the filing

'system functions.

4,2.2 File-System Structure

The file-system structure to be accessed by the experimental task is

based on the file-system structure discussed in Chaﬁter 2. Any assump-

tions which are made about this structure will be mentioned. The structure .

is now discussed {refer Figure 4.2) :

)

(i)

()

" The index block method is used (refer Appendix A.1 for a
discussion on the index block method). The first sector
of the index block will contain the access control informa-
tion and other relevant information about the file. This

' information will occupy the first twenty words of this

" sector. o
The information to be transferred from disc o main memory is
held in a file called EXP (for experimental). EXP is made up

~of four information sectors. This number has been arbitrarily
- chosen.  The average number of sectors requiring transfer will

be dependant on the process control environment. Since transfer
times are device dependant, the transfer times will be isolated
in the analysis. The four sectors and the' index block will

. reside on contiguous locations in one cylinder. This is a

" reasonable assumption, as the filing system will generally
produce this situation (refer Section 2.4.3).
The file directory is to have a two-level hierarchical
structure. In this instance the pointer to EXP will be in
a sub-directory called the Applications File Directory.
The pointer to the Applications File Directory is in the
.master file directory.
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(iv) The entire master file directory (MFD) will be held in fast
memory. Since most computer systems have a small and
frequently accessed MFD, the MFD is genera]ly held in fast
memory. ’

(v) The Application File Directory will have the following
‘structure :

(a) The required sector of the Applications File Directory
(AFD) will be on disc. The probability of the required
sector of a sub-directory being on disc is dependant on
many factors. These include the size of the file.
directory and the amount of fast memory space available
to house the file directory. The general situation is
that one or a number of disc accesses are requ1red to
obtain the des1red sector of the directory.

(b)' The AFD will be stored on contiguous locations on disc,
and one sector of the file directory will be brought
into fast memory at a time to be searched.This will be
the general method of storing and accessing the file
directory. '

(c) Each file name can be a maximum of six characters. It
will be assumed that the characters will not be packed,
and therefore two characters will occupy one word. The
file name will be stored in the file directory with a
pointer to the appropriate index block. Consequently
each entry in the file directory will be four words in
length. The last entry in the file directory will be
a pointer to the(next sector of the file directory.

Since there are 128 words per sector; each sector will

-contain 31 file names plus the pointer to the next sector
of the directory, if required. EXP will be the fiftieth

file name in the AFD, and therefore EXP will be in the
second sector of the AFD.- '

. The above file structure is illustrated in Figure 4.2.
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Index block

EXP

Access
control
information

128
words

14,0,8

14,0,9

14,1,0

128
words

14,1,1

End marker

(i)

(i1)

(iii)

The read/write heads are to be initially positioned at
cylinder 0. Seek distances are unimportant, as seek times
will be iso]ated in the analysis.

- AFD
—]
7, 0, 1
MED_ ,
AFD : 7.,0,0
EXP - 14.0.7
.
NOTES:

Address is given as: cylinder, track, sector.

The end marker is an all 1's bit pattern.

Figure 4.2 The Experimental File-System Structure

A}

128
words

128
words




4,2.3 Other Data Structures

A filename block must initially be set up in mdin memory. In the case

of the filing system functions being performed by the HLDC, the filename
block will be transferred to local memory by means of direct-memory access
(DMA). The following information will generally be stored in the filename

block :

(i)

- of words will be variable and will depend on the file operation

(1'1') 

(iii)
(iv)
(v)
(vi)

(vii)
(viii)

(ix)

Before the execution of the experimental task can begin, the above file-

The total number of words in the filename block. The number

‘to be performed.

An error word. This word is reserved for the filing system.
If the transfer is successful, this word will be set to an.
all 1's bit pattern. If the transfer is unsuccessful, the
word will be set to one.

The file command. In this instance a read command (RD) 1is
required. '

The file directory name. In ‘this instance the file directory
name is the Applications File Directory (AFD).

The file name. In this instance the file name is EXP.

The access control information. Since a read operation is
required, only the read key must be specified. The read key
in this instance is READKY. _

THe main memory address that the data must be transferred

to. This is the start address of the transfer. There may

be a number of such addresses, each address having associated
with it the number of words or sectors to be tfansferred, and
the maximum number of words to be transferred.

The number of words or sectors to be transferred, or whether
the entire file is to be transferred. The entire file is

specified by an all 1's bit pattern. The transfer of a number

of sectors is specified by the most significant bit (bit 15)
being set. , :
The maximum number of words to be transferred. This is used

as a protection facility to prevent the inadvertant overwriting

of main memory.

e e r—— s tats s A S e ey 48 e . e et eevrn. . m o
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system and data structures must be set up. That is, EXP's index block

and EXP's data blocks must be written to the appropriate sectors on disc,
and the filename block must be written into main memory (i.e. the Varian's
memory). When the HLDC is used, the master file directory must be loaded
into the HLDC's local memory. When the Varian is used, the master file
directory must be loaded into main memory.

4.3 Execution of the Experimental Task

It must be ensured that the execution of the experimental task in the

" experimental environment will be similar to the execution in a typical
multiprogramming environment. In the experimental environment, task
swops will not occur, but after initiating an I/0 operation, the program
will loop waiting for an interrupt from either the HLDC or the low-level
controller. In the multiprogramming environment, however, when a task
initiates an I/0 operation, the task will become blocked. When the task
again enters run mode, a task swop is required. Rodd? shows that task
swops can be lengthy. For example, in a system using a microprogrammed
‘ contro]]ér,‘task-swop times of 45 microseconds can be expected Tor tasks
held in main memory5, whilst in a more general system, task-swop times
in the region of 200 microseconds can be expected for tasks residing in
main memory6. It will be assumed that whenever the experimental task
initiates an I1/0 operation, the task will become blocked, and when an
interrupt is received indicating the completion of the I/0 operation, a
task swop of 200 microseconds will be required. ”

The experimental task will be activated from the run switch on the Varians
console, and will be complete when the Varian enters halt mode. The
flowchart associated with the file system routine which performs the
required file operation is illustrated in Figure 4.3. The entry point

of the flowchart will be different for the two configurations. The
appropriate entry will be discussed in Section 4.5 for the HLDC, and
Section 4.6 for the low-level controller.

'

4.4 The Varian Interfaced to the Higtheve1 D1sc-Contro]ler

~Section 3.11.1 discussed various ways of initiating file commands. It will
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be assumed that file commands will be initiated by transferring the filename
block address to the HLDC. This address is. transferred by a single-word
output transfer instruction. Initially the HLDC will be continuously
cycling in an idle loop testing if an I/0 command has been initiated by
‘the Varian. This loop is illustrated in Figure 4.4, When a single-word
output transfer command is received, the HLDC will transfer the filename
block into local memory. In this instance, the file operation specified
by the filename block will be to read data into main memory. When the
data transfer is complete {or if an error has occurred), the HLDC will
‘send an inferrupt to the Varian 1ndicating the completion of the file
operation. The functions to be performed by the HLDC are illustrated

in the flowchart in Figure 4.3. '

The experimental task is initiated by the run switch on the Varian console,
and the task will be complete when the Varian enters halt mode. The
expérimenta] task is illustrated in the flowchart in Figure 4.5 and the
time rgquired to”perforh the taék is discussed in Apﬁendix F.

As mentioned above, two measurements associated with the experimental

task are required : '

(1) The task's execution time. tEXECUTION? the task's execution
time when the HLDC is used, is found to be equal to 2085
~ microseconds (refer Figure F.%). ,
{i1) The task's response time. thSPONSE’ the task's response time
- when the HLDC is used, is found to be equal to 73195 micro-
seconds (refer Figure F.1). The main component of the response
time is the task's blocked time. The blocked time in this
instance is the time required by the HLDC to execute the file
command. The components of the task's blocked time are
“i1lustrated in Figure F.2.

4.5 The Varian Interfaced to a Low¥Levé1 Disc Controller

With the Varian interfaced to a low-level controller, the experimental
task must perform all tho filing system functions. Consequently the
flowchart illustrated in Figure 4.3 is the flowchart for the experimental
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task, The experimental task is again initiated from the run switch on
the Varian's console, and is terminated when the Varian enters halt mode.
- The time required to perform the experimental task is discussed in

Appendix F.
~ Two measurements associated with the experimental task are required :

{2 . . VL n . .

(1) The task s execution time. tgyroyppone the task's execution
time when the low-level disc controller is used, is found to
be equal to 7465 microseconds (refer Figure F.3).. ,

. . , L . ' .

(ii) The task's response time. L RESPONSE? the task's response time
when the Tow-level disc contrcller is used, is found to be equal
to 79935 microseconds (refer Figure F.3). '

4.6 Effects of the Assumptions Made

Certain assumptions have been madz to produce the above experimental file
situation. The effect the alteration of these assumptions will have on
the execution and response times of the experimental task in the two
systems will now be discussed.

(i) A far greater amount of processing will be associated with the
execution of ‘a file operation in a sophisticated filing system
-_than has been the case with the experimental file situation.
The effect of the extra processing on the two systems will be
~as follows :

(a) The task execution time when using the low-level controller
will increase, whilst the task execution time when using the
HLDC will remain the same (that is, when the HLDC is used,
most of the extra pracessing will be performed by the HLDC).

(b) The relative improvement in task response of the HLDC

— over the low-level controiler should increase. This is
because the measurements obtained show that the HLDC performs
processing much more efficiently than the -host computer.
Therefore, the problems -of wasted disc revolutions (refer to
Ppopendix F) will more than 1ikely increase in the latter

{



98 .

system (i.e. the host computer interfaced to the low-level
controller).

(1) Assuhptions have been made about the way the file directory

and the information files wiil be stored, and on the number

| of sectors requiring transfer. If the master file directory

was on disc and not in fast memory, or if more sectors of the
sub-directory (Applications File Directory) had to be searched,
this would improve the response time of the HLDC relative to
the Tow-Tevel disc controller (refer Appendix F). If, however,
many more data sectors required transfer, this would reduce the '
relative improvement of the HLDC in both response time and task
execution time. The improvement in'response time would be
reduced since the data transfer time wouid become the most
'significant component in the response time; "and the improvement
in execution time would be reduced &s cycle stealing associated
w1th the data transfers would become the most significant factor
in task execution time - the data transfer time and cycle
stealing time be1ng the same for both systems.

The above discussion shows that there are many variables dictating the
degree of improvement in performance to be expected when using the HLDC.
The actual improvement to be expected is dependant on a par-ticu'lar—

. process control environment. )

4,7 Suhmary

This chapter has obtained measurements on task execution and task response
times when the HLDC Fep?aces a low-1evel disc controller. These measurements
were obtained by creating an experimental fiie situation - the components

of this file situation were chosen so that it woirld be closely related to

~a typical time-critical process-control file situation. The measturements
‘obtained will be used.as the basis for evaluating the HLDC's performance.

References
1. Richard W. Wauson, "Timesharing System Des1gn COnCcptS", McGraw-Hi11,

Inc. (1970), pp. 237-239.
2. Ibid., pp. 137-143.
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F1gure 4.5 Flowchart for the Experimental Task when the
HLDC is used.



104
CHAPTER 5

EVALUATION AND -CONCLUSIONS

It must now be determined whether the HLDC will offer anv improvements to
the process-control computer system,

5.1 ‘E9a1ﬁatfon'of'the High Level Disc Controller

v~System Efficiency

The ana]ysfs~in Chapter 4 has provided the following measurements on the.
experimantal task : ‘
(i) The task execution time when the HLDC 1is used, LEXECUTION’ is
. 2085 microseconds. \
. o . . _ s H .
(i1) The task response time when the HLDC is use@, tpESPONSE® 1S
- 73195 microseconds.
(iii) The task execution time when the Tow-level disc controller
is used, tEXECUTION’ is 7465 microseconds.
(1v) _The task response time when the low-Tevel disc contro-ler is

- used, tkESPONSE’ is 79935 microseconds.

The experimental situation discussed in Chapter 4 was developed on the
basis of file operations performed in the general process-control computer
system. Consequently, whilst the above measurements are based on a

~ particular set of c1rcumstaﬁces, it is expected that deductions made

on the basis of these measurements will be valid for the general
process-control computer system.

As mentioned in Chapter 1, the resuvonse to the env1ronment by a computer
system requ1r1ng backing store will be 1mpr0ved by :

(i) improving the response time to backing store requests; and
'_(ii) reducing the percentage of total processing time that the
file system's operations will consume.

The response time of backing store is especialiy important when time-critical
information is involved. It is often necessary to know the maximum

L3

possible response time to 2 request made on a particular backing store
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device. This will indicate whether a faster backing store system is
required or Whether'a particular task must be permanently resident in
. main memory. In terms of tiie experimental task, the following
improvement in response time, calculated as a percentage, has been
~obtained when the low-level disc controller is replaced by the HLDC :

L H o
tResponse - tresponsg X 100 = 8.4%
T
tRESPONSE

A large portion of this improvement results from fact that the host
computer will not respond to certain information coming off disc quickly
enough, thus causing unwanted delays (refer Chapter 4 and Appendix F).

It is uéeful to estimate what improvement will be possible by interfacing
the HLDC to a faster backing store device. Since the device dependant
characteristics have been isolated in the analysis in Chapter 4, measure-
ments relating to a faster backing store device can be easily calculated.
The type of device that the HLDC could be interfaced to is a fixed head
disc with double the data rate of the current disc drive. The measurements
re]ating to such a device are given in brackets in Figures F.1, F.2 and
F.3 in Appendix F. The resulting reSpdnse times being :

tEESPONSE = 34980 microseconds, and

tkESPONSE = 39685 microseconds.

The percentage improvement when the HLDC replaces a low-Tevel disc
,controller in such a system will therefore be :

39685 - 34980 x 100 = 11,9%
39685

‘It would appear, therefore, that the improvement in response time will
become increasingly more significant when a low-level controller is
replaced by a "high-Tevel” controller when a high-speed backing store
device such as fast fixed-head disc or drum is used. This is to be
expected, since when these faster devices are used, processing must be
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even quicker to prevent delays through unwanted disc {drum) revolutions.

One of the ad?antages of the HLDC over a "software" backing-store
'procgssor is in system response. The backing-store processor, whilst
proViding the same reduction in task execution time as the HLDC, will
only have a similar (or even slower) task response time to a backing
store request as the process-control computer.

The other factor that is of interest,is the effect the reduction in the
task's execution time will have on the computers response to the
~environment. Before this can be determined, it is first necassary. to
calculate the percentage reduction in the experimental task's execution
--time when the low-level disc controller is replaced by the HLDC. That is,

L H

Yexecution T texecuriony X 100 = 72%
L | -
t |

EXECUTION

What is of real intérest is not only the improvement in the average task
execution time of filing system tasks, but of the average task execution
time of all tasks in the system.- This is a function of what percentage

of the total processing time is used in performing filing system functions.
If the filing system tasks represent 5% of the total processing time in

a system having a lew-level disc controlier, then the percentage improvement
when this controller is replaced by the HLDC is :

5x72 .= 3,6% ..... assuming a 72% improvement in the filing
: system's average task execution time.

That is, the HLDC will improve the systems response, this improvement
becoming increasingly more significant as the disc usage increases.

 Reliability

The measurement of system reliability is difficult if not impossible.
One element in the system's reliability which can be calculated is that
of component re]iabi]ity1. The reliability figures of modern integrated
circuit elements are high, and the probability of system failure through
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component failure in a computer system is generally small. The measure-
ment of software failure, however, involves the entire experience and
history of the computfng industry. Ope need on]& examine the increasing
- amount of cost going into software maintenance. Software maintenance
costs currently amount to over 40% of the total software cost, with

an expected cost of 60% by the mid 1980'32. (Software costs currently
amount to nearly 70% of the total cost for a computer system3). It was
mentioned in Chapter 1 that one of the major sources of software errors
was the inadvertant overwritihg of memory locations, and failure
introduced into the software by modification. The placement of the

- filing system functions into firmware will prevent the problem of the -

- program being overwritten. On the question of software modification,
one could justifiably argue that firmware is in a sense itself software,
and is therefore subject to program errors through program modification.
A system such as the HLDC will undoubtably be modified to meet the
requirements of different operating systems, and of the general changing
process control environment. When modifications take place in a system
‘such as the HLDC, the reliability can be improved by subjecting the systems
to a large amount of automatic testing in the off-line situation.

It is claimed, on the basis of the above discussion, that the hardware
implementation of the file system will be more reliable than an equivalent

software implemented file system.

Main memory utilization

Chapter 2 mentioned that a sighificant amount of memory space is required

to obtain good response from the backing store system. When the process-
control computer performs the file handling functions, it will require

. main memory space to store parts of fhe file directory and free space

map, and the index blocks of files currently open on the system. Added

to this is the main memory space required to store part, or all, of

“the filing system routines. Contrasting to the main memory requirements when
the process-control computer performs the filing system functions, the

HLDC will only require a minimal amount of main memory space - this

space will be used to house the programs necessary to initiate the
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required file operations. The HLDC will, in effect, provide memory expansion
- by freeing that part of main memory raquired by the filing system. This
point is important when estimating the cost of "the HLDC.

Practical Value of the HLDC

In a real-world application, the microprograms would be permanently in
read-only microprogram memory. If program modification is required, this
could be easily accomp]ished4;. If the microprogram memory has a suitable
structure, new program sequences could be generated by the microprogram
assembler running in the associated host cdmputer.

- Programming the HLDC is not an easy task. The microprogrammér must héve

a deep insight into the structure he is manipulating, and must fully
understand the overall operation of the system. A programming aid, such

as the microprogram assembler for the HLDC, does alleviate the programmer's
task to some extent, as does good system documentation. Programming a
system such as the HLDC will certainly be more difficult and more expensive
than programming a conventional computer system.

A possible soiution to this prob]ém is that the manufacturer preducing a
system such as the HLDC produce software for this system. The manufacturer
could produce a general filing system which would then be tailored to
different users needs. The disadvantage here is that "general" softwzre
will generally not produce the highly efficient programs that are |

: requireds. The manufacturer could, therefore, produce a number of different
hardware based filing systems which are tailored for various probable

app]ications6.

An important aspect in any system is that of cost. When considering a
unit such as the HLDC, the user will weigh Up the cost of the unit against
the benefits that this unit will bring to the computer system. The
difference between the hardware cost of the HLDC and the cost of a Tow-
level controller such as Intel's microprammed "low-level" disc controller
will be in the extra‘memory the HLDC requires. As mentioned above, the

7

HLDC will provide memory expansion by freeing part of main memory. This
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factor will help neutralize the extra hardware cost of the HLDC. The -
major cost factor in the system will most probably result from developmental
costs, which include software development costs. These costs become
less significant in a product as the demand for that product increases.
(That is, the development costs would then be recovered over a large
quantity of items).

The discussion on the HLDC has centered on the process control environment.
It is of interest to examine whether the HLDC could be of value in a more
general computer environment. It was mentioned in Section 2.2.1 that

in certain systems, the HLDC would orly perform a small portion of the
filing system functions. The HLDC would, however, still provide similar
‘advantages to those mentioned above - that is, improved system response and
reliability. One factor that could be improved by the HLDC is that of
information security. Certain information stored on backing store may
require a great degree of security against being either read or modified.
Only a certain group of users would be allowed access to this information
in a particular systeml The sysiem would identify these users by means

of a series of pass-Words. The problem is that.the identification program
could itself be modified if stored in software. By performing the
identifiéétion program in hardware (possibly by the HLDC), security would

be enhanced. - {

5.2 Summary

Chapter 1 shows that the computer system's response to the environment

it is controlling is of major importance in a process-control computer
system. In order to,contro1 an industrial process, many parameters must

be monitored and contfo]Xed, usually under the supervision of a single
computer. The computer system generally requires the use of one or more
backing store devices. A backing store device often degrades the computer's
response to the process being controlled.

The aim of this dissertation has been to produce a method which will help to
improve the response times of those computer systems requiring backing store.
On the basis of the hardware/software approach discussed in Chapter 1, an
organisational strategy for improving the effectiveness of the backing store
system was proposed.
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It was claimed that by incorporating the file system functions and
tow-level controller functions together into one hardware unit, which
is totally microprogrammed, certain system factors could be improved.

In order to demonstfate the validity of these claims, a fully operational
system was designed and built. The hardware requirements of this system
were based on a typical filing system discussed in Chapter 2. In Chapter 3,
possible architectures for the system were analysed, and the design chosen
was discussed iin detail. The system was then built, and was interfaced to

. a moving-head disc drive - the resulting system being called a High Level -
N Disc Controller. An assembler was written for the HLDC to allow software
development to be easily accomplished. In this chapter and the previcus one
‘the HLDC was evaluated, and it has been shown that a system such as the
HLDC will improve the effectiveness of certain industrial-control computer

systems. .
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APPENDIX A
A REVIEW OF FILE HANDLING TECHNIQUES

A.1 File Directories

The file direcfory is the data structure used to map symbolic fi]é

names to physical locations. The file directory is searched according

to file name. Generally the file directory has a hierarchical structure.
For example, if a user accesses the system by means of a user identifica-
tion, then each file the user creates could be entered into the file
directory as a combinatjon of the users identification and the users file
name. When searching for a particular file name, the file directory
would first be searched according to users identification, and then
.according to the users file name. Organizing the file directory on a
~hierarchical basis will have certain advantages :

(i) A comprehensive file name will help prevent name clashes
(i.e. a user wanting to use a file name already in use).

(ii) A hierarchical search will help in fast file accesses.
This point will be expanded later.

A possible file directory structure is illustrated in Figure A.1.
Circles represent sub-directories and squares represent information
files. The file directory will be the set of all the sub-directories.
(Information files are not part of the file directory, but pointers to
these information files will be part of the file directory).

To access an information file, the symbolic file name will be used to
provide the path down the 'tree’ from the root directory (master
directory) to the address of the information file.

Whilst the minimum information contained by the file directory about
each information file is the symbolic file namevplus its physical
addresses, the file directory will usually contain administrative and
access control information as well. The file directory will therefore
contain the following types of information about each file, usually
stored as a table of contiguous computer words1

‘Richard H. Yatson, "Timesharing System Design Concepts", HcGraw~HiH,- Inc.
(1970), pp. 202-203,
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(i) The file name as a character string or a pointer to such
a character string.
(i1) Type of file, i.e. binary, character or other type as defined

. in a particular system. )

(i11) Access protection (possibly a pointer to a list of other users
who have access to the file and the kind of access which they
are allowed such as read-only, write-only, read/write, or
execute-only). _ _ '

(iv) Information indicating directly where the file is stored or a
pointer to further tables containing such information.
(v) Other information such as date of definition, frequency of use,
or additional facts felt to be useful by an installation or
system designer, | -

The file directory will be stored on disc. To aid searches into the file
directory, part or all of the file directory is read into fast memory when
the system is started up. If the entire file directory is in fast memory,
searches through the file directory will be quick. The file directory
will often be very large, however, and may be continuously expanding.

Fast memory requirements in this situation will be extensive and unpred-
ictable. The general method is to keep only a small part of the file '
" directory in fast memory. When a directory search is required, the search
~will begin in fast memory. Parts of the file directory will then be
brought off disc into this memory area until the search for the file
address is complete. |

The directory could be stored as a linear 1ist. This structure may be
adequate if the directory is to be small. If the directory is large,
however, a large number of disc accesses'wou]d then generally be required
before the file's address is obtained. A more general method of storing the
file directory, to allow better access times, is to store it according

to its tree structure. Figure A.2 illustrates how the file directory

could be stored on disc. If, for example, user 1's file ABC is to be
accessed, the following information must be received by the filing system :

(i) That a users file is required. This will direct the filing
o system to the user directory; -
(ii) That the user is user 1. This will direct the filing system
to user 1's directory; and
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(ii1) That the file name is ABC. The file directory will then
search through the 1ist of user 1's files for the file
name ABC.

Pointer to the start of
the master file directory

R User 1's File Directory

ABC > File ABC

- pointer to the next
sector of User 1's files

USER : USER 1 ° :
User 2's File Directory
USER : USEk 2 ° )
!

!

Pointer to the next
sector of the master
file directory, if
required.

Figure A.2
Locating an information files address may sti]llrequire a number of
-disc accesses. That is, although the master file directory will generally
reside constantly in fast memory, the appropriate sub-directory required
will usually be on disc, thus requiring a disc access.

. | ,
One method of storing the file directory which could be used in the real-
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time process control environment is discussed below.

A.1.1 A Method for Storing the File Directory in a Real-Time Process-
Control Computer System '

'Thé process-control computer system will store the following types. of
information on disc :

(i) Operating system routines.
(ii) Compilers, interpreters, text editors, assemblers and
debugging routines. '
(iii1) Application routines.
(iv) User files (both program and data files).
(v) General data files (e.g. information collected about the
process being controlled).

(vi) Service routines.

Access to any of the above information will be through the file directory.

The above six categories of information can be divided up into foreground

and background information. Foreground information is that information

associated with time-critical functions, and in the process control

environment, foreground information will be the information associated
with the control of the process. This information will include :

(i)- Some of the application programs;
(ii) . Those parts of the operating system and those data files
associated with time-critical tasks; and
(iii) possibly language interpreters (e.g. BASIC).

Background information will include :

(i) Users files. UsefsvfiTes will generally be those programs
in the developmental stage. When these programs are complete,
they will usually be entered into the application programs
library. -

(ii) Compilers, text editors, debugging routines and assemblers.
These processors will be used when developing user programs.

(iii1) Certain applications programs. An example of a background

application program would be a program used to prepare
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reports on the systems operations.
Service routines. These routines will generally be run
when the process-control computer is off-line.

Two sub-directory structures could thus be developed. One for foreground

information, and the other. for background information.

A1l file accesses would specify whether a file is foreground or background.

‘The background sub-directory may be large, whilst the foreground directory

~may be much smaller. The foreground directory could thus be kept entirely
AN

in fast memory. The background sub-directory being multiplexed with a

small area of fast memory. Having the entire.foreground file directory

in fast memory would great]yvimbrove transfer speeds of time-critical

information.

A.2 }Storage of Data on Disc

Three possible methods of storing data on disc will now be discussed :

(i)

(i1)

In method one, sectors are chained to each other by pointers

from one sector to the next. In such a system, if a user

reserves a certain number of sectors, say 600, and only 50

of these sectors are currently required, the filing system will
only allocate 50 sectors to the usér. The remaining 550 sectors
being allocated when required. Whilst the method utilizes disc
storage space efficiently, data can only be accessed sequentially,
and hence this method does not take advantage of the random
access characteristics of the disc drive.

Method two uses the same principal as the above method, except
that the data for a file must occupy continuous sectors. Random
access would be achieved by the processor performing some simple
arithmetic. The major problem with this method is file expansion.
If the user reserves 600 sectors of which only 50 are used, the
filing system has two possible choices. Firstly, it can reserve
all 600 sectors of which 550 sectors wiil be unused; or
secondly, it could reserve 50 sectors only, and if file expansion
occurs, the data would have to be written to a contiguous area
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of disc of at least 600 sectors in length. The first method
is wasteful in storage space, and the second method will
_proVide slow data access in a system having a large number

of file modifications (i.e. data will be continuously shunted
around the disc). A further difficulty occurs when a file is .
deleted, as large gaps will be scattered around the disc.

(ii1) The method that is best applicable to the general filing
system is to chain the physical blocks together by means of
-index b]ocksz.’ An index block is nothing more than a table
of contiguous words, the i'th of which has the address of
the i'th physical record in the file sequence. Several index
blocks may be required, and they will be chained together by
using one word of the index block to contain the address of
the next index block in the sequence. The address of the
first index block is maintained in the file directory.

- This concept is illustrated in Figure A.3.

The adVantage of the above method: (f) and (ii) in organizing files is in
the ease of implementation. The disadvantages being that both methods lack
versatility, and do not allow efficient use of the disc. Method (iii), the
index block method, whilst requiring more programming and more housekeeping,
- Wwill help maximize storage efficiency and system response. = A further
adVantage of the index block method is that administrative functions can

be easily accomplished. ‘These functions include, returning blocks no

longer required to free space; Tlocating blocks required for random access
in a large file; adding blocks to or deleting blocks from the middle of

a file; and checking the file for consistency after some malfunction.

21bid., pp. 192-195.
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File Directory " Index Block ~ Information Fil
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Figure A.3 Data Organisation for a File

A.2.1 Free Space Maps

The above discussion has shown how physical records can be chained together
 to form a file. It is necessary to have a method of keeping track of the
~ unused physical records - i.e. free space. Various methods are possible.
One method is to chain free sectors together. This method is simple to
implement, and requires little storage space, but is slow when the access
"of more than one sector is required. Another method is to use a bit mép
(free sbace map)3. Each bit in the map represents one sector. A bit is
set if é sector is currently being used and unset if the sector is free.

" The number of words required for the bit map depends on the number of
_sectors on the disc. For example, in the disc drive to be used, there are
200 cylinders with 10 sectors/track and 10 trécks/cy]inder‘ Hence there
are 20 000 sectors, and consequently 20 000 bits or 1250 sixteen bit

words are necessary to house the entire bit map. The bit map would be
stored on disc and ten sectors of 128 words/sector would be necessary to
store the entire map.

3yatson, pp. 195-196. | '
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A.3 Improvihg Data Re1iabi1it§ on Disc
The HLDC must be concerned :

(i) that the correct data is obtained for read/write operations;
(ii) that the correct data is written; and
(iii) that the correct data is again reread.

By sacrificing a certain amount of storage efficiency and/or system
response, the HLDC can monitor these three functions to see if the

disc drive has performed them correctly. To ascertain whether such a
sacrifice is necessary, each of these three operations will be evaluated
in terms of the following five points :

(i) the significance of the failure of the operation;
(ii) the reliability of the operation; '
(ii1) a method of improving the operations reliability;
(iv) the resulting reliability using this method; and
(v) the overheads in terms of response time and storage
efficiency in using this method.

A.3.1 Sector Check

(i) If the incorrect sector is located for a write operation,
valuable data may be lost. If the incorrect sector is located
for a read operation, the incorrect program seguence may be
performed with catastrophic results. |

(ii) When locating a given secfor, the drive will have to :

(a) perform a seek operation. This involves the physical
movement of the read/write heads from one éy]inder to
another; )

(b) perform a head select; and

(c) send sector pulses to the HLDC, so that the HLDC can
perform a counting operation on these sector pulses
to Tocate the desired sector. |

The mechanical nature of the disc drive makes this operation
highly unreliable, and a method of improving the
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reliability is therefore desirable.

(iii) The conventional method of improving the reliability of
locating a particular sector is as follows. ‘

Before a disc can be used for normal read/write operations, it
must first be initialized (formatted). In the formatting pro-
cedure, header information is written on every sector of the
disc. The header information will contain the current cylinder,
‘head and sector addresses. When a sector is Tocated during a
normal read/write operation, the header information (actual
sector address) is compared against the expected sector address.
If they do not correspond, the HLDb must take the '
appropriate action. To further improve reliability, the header
may be followed by a cyclic redundancy check (CRC) word. When
the HLDC reads the header, it will calculate the CRC for
this header, and then compare it against the CRC stored with
the header. Again, if they disagree, the appropriate action
must be taken. .
(iv) The above method will almost totally eliminate the problem of
reading from or writing to the incorrect sector.
(v) The overheads of this method can only be calculated in terms
- of the format structure still to be developed. A possible
format is illustrated in Figure D.3 in Appendix D. A header
will require in the region of twenty extra words per sector.
Twenty words per sector is about 10% of the disc space. If
the space used to store the header was to be used for data, a
' 15,5% increase in data storage would be possible. A header
is therefore expensive in terms of both storage efficiency and
transfer rates. Since this method has the ddvantage of
eliminating the incorrect sector being chosen, it is generally
used.

A.3.2 Read Check

(i) If the incorrect task is read from disc, then the incorrect
program sequence will be performed with possibly catastrophic
results.



(i1)

(i)

(iv)

(v)

The reliability of the read operation involves more than the
reliability of the read/write heads. Data may become corrupted

“on disc in a variety of different ways. For example, a head

crash may occur, the disc pack may become damaged, etc.

The most commonly used method of checking whether data has

been read correctly is to write a cyclic redundancy check (CRC)
word (or words) with the data when the data is being written.
When the data is read, a CRC is formulated from the read data,
and compared against the written CRC. If these two CRC's
éompare, then it is assumed that the data is correct. If they
do not compare, then the sector is reread. If the CRC's
continuously disagree for a specified number of reads, it is

assumed that the data on that sector is corrupted and hence
irrecoverable. The sector must then be checked to see if it is

permanently corrupted (i.e. by a series of successive read/write
operations). _

A cyc1ic redundancy check character will give the data read a
great degree of reliability.

The overheads in terms of respdnse time and storage space are
negligible, as only one extra word of data has to be written

to or read from disc with each data transfer.

A.3.3 MWrite check

(1)

(i1)

(iii)

(ivf

If data is written to disc incorrectly, then that data will

be lost. When reading the data again, the CRC's will not
compare and the data loss will be discovered.

Data will generally be written incorrectly through some
malfunction in the read/write heads.

To check if data has been written correctly, the data is first
written and then reread. Each word of the read data is checked
against the word of the written data (which will be stored in
memory) to see if there are any discrepancies.

This method eliminates the problem of data being written
incorrectly. '
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(v) Whilst this method does not require any extra storage space,
it is very expensive in terms of response time. Every time
data is written to disc, at least one full disc revolution is
required before the data will have been checked.

The above.method of improving data reliability will only be used in
exceptional cases.



B-1

APPENDIX B

THE MICROPROGRAM ASSEMBLER

B.1 Introduction

Chapter 3 indicated the necessity for an assembler to be written for the
High Level Disc Controller (HLDC). The assembler for the HLDC is written
in FORTRAN IV, and is currently operational on the Varian V77 mini-
computer at the Electrical Engineering Department at the University of

~ Cape Town. Flow charts and program listings for the assembler are
available from the author. '

B.2 Microinstruction Format

Each microinstruction is capable of performing the following 3 functions :
(i) The control of the central processor array;
(ii) the selection of the next microinstruction address; and

(iii) the control of the external logic.

Each microinstruction 1s'made up of seven different fields :

(i) MIXED field bits 0 to 11
(i) OPCODE field bits 12 to 17
50 (1) MUX field bits 18 to 23 )
(iv) MCU field bits 24 to 29
(v) PORT-CONTROL field bits 30,31
(vi) K-CONTROL field bits 32,33
(vii) CI field | bit 34

~.,
~

These seven fields perform the above three functions as follows :

o (i) The MIXED, OPCODE, K-CONTROL and CI fields together perform

| the control of the central processor array;

(i) the MIXED, MUX and MCU fields together perform the se]ect1on
of the next microinstruction address; and

(i) the MIXED and PORT-CONTROL fields together perform the control
of the external logic.
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The MIXED field of the microinstruction is a multiplexed field, and can be
" used in ény one of the three m{croinstruction functions, if réquired. The
K-CONTROL field will determine if thé MIXED field is réquired for the control
of the central processor array; the MCU field will determine if the MIXED
field is required for the selection of the next microinstruction address;
and the PORT-CONTROL field will determine if the MIXED field is required
to control the external logic.

There are many ways in which the HLDC's assembler can be described. Possibly
the best, and quickest way for an expérienced programmer to learn a computer
language is to study a program written in that language, and to reference

a number of notes which help describe the language. This is the method
adopted. The microprogram assembler is given in its Backus-Naur Form (BNF)
in Table B.1. A discussion on how a source program is developed using

BNF is given in Table B.2. Examples of symbolic microprograms are given

~ throughout the text. The remainder of this section should be studied
together with these examples. o

It is necessary that the format ot the symbolic microinstruction be chosen
to make the microprogrammers task as easy as possible. The format of the
microinstruction chosen, given here in BNF, is as follows :

{<1abel>} {<processor>_{€jump> {<mixed>}}} {'#'" <comment>}

The symbolic microinstruction must, of course, completely specify all
seven microinstruction fields. <processor> will determine the OPCODE,
K-CONTROL and CI fields of the microinstruction. <jump> will determine
the MCU and MUX fields of the microinstruction. <mixed> will determine
the value to be placed in the MIXED field. One field must still be
- determined, howeVer, and this is the PORT-CONTROL field. By having all
the port mnemonics as reserved words (refer Table B.7), the port mnemonics
specified by <mixed> will be used to determine the PORT-CONTROL field.

The remainder of this section will be in the form of notes, and will
further describe the symbolic microinstruction.
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B.2.1 <label>

Labels must start in column 1, and the first character of the label must
be either an alphabetic character or a full-stop. Labels may be of any
length, but only the first 12 characters are used. That is, labels must
be unique in the first 12 characters. If a label is duplicated, then the
- duplicated label name is displayed on the system output device. This
occurs during pass 1 of the assembly. Also, a label name must not be the
same as any port name (Table B.7 lists all the port names).

Since no facﬁ1ity has been provided for 1linking external subroutines together,
it has been found necessary to introduce the feature of internal and external
labels. Any label beginning with a full-stop is an external label. The
advantage of having the two types of labels is that : | |

(i) Internal labels are only unique within an external block.
Consequently the same label names can be used in different
external blocks. An external block consists of all the source
statements between two external labels. The first scurce statement
in the program being the beginning of the first external block,
and the last source statement in the program being the end of the
- last external block. v
(i1) An external label can be referenced from anywhere within the
. program.

An example of the use of internal ana external labels is given below :

A *  OMPT  UNSAFE A3
A2 *  JSR - .SUB1.
*  HLT o
A3 Jwp .ERRORO
CGSUBT,  * JMPT . UNSAFE A3
A1 *  RTS
A3 x Mp .ERRORT

.ERRORO * HLT
.ERRORT * HLT

Note that internal label names can be répeated in different external blocks.
External label names may not be repeated.
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B.2.2 <processor>

(i) The default <processors field is a NOP. If the character
* is used in the <processor> field, a NOP will be assumed.
"(i1) The default <register> is the accumulator (A). If no
<registér> field is present, the accumulator will be
assumed. )
(iii) If the character + appears, then the least significant carry-in
bit of the central processor array is set.
(iv) ,The K-CONTROL field of the m1cro1nstruct1on is fu]]y specified
by <opcode>. ' '
(v) Tables B.3 and B.4 list the opcode mnemonics and their
correéponding functions.

B.2.3 <jump>

'(i)> Table B.5 summarizes the different conditional and unconditional
jumps, and Table B.6 summar1zes the different input-control
signals.

(ii) The default jump is INC, and INC is assumed if this field is
blank, or if the character * is used in this field.

B.2.4 <mixeds

(i) The port (output-control) mnemonics are summarized in Table
B.7, and Appendix D discusses the output-control signals
together with the input-control signals.

(ii) There are certain constants which are often used when disc
accesses are required. Mnemonics for these constants are
- supplied by the assembler, and are summarized in Table C.8.
These mnemonics, 1ike the port mnemonics, are reserved words.
(iii) Examples of valid <port> fields :

.- (a) DRIVE1, DRIVE2, DRIVE4
(b) BUS.EN, TAG.EN

(iv) Example of an invalid <port>field :
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DRIVE1, BUS.EN ....... . DRIVE1 and BUS.EN are of
' different port types (refer
Table B.7)

" (v) <digit> must be less than 22 = 4096. If a minus is placed
in front of an octal or decimal number, then the 2's compliment
of that number is formed.

B.3 Operation

The microprogram assembler for the High Level Disc Controller runs on a
Varian V77 Minicomputer, uhder the control of the Vortex 1 operating system.
There is a copy of this assembler at the University of Cape Town. The |
name given to the assembler is MICRAS (Microprogram Assembler). An
understanding of the Vortex 1 operating system is desirable for the
following discussion.

i/O Devices and Logical Units

The Vortex 1 operating system allcws the use of symbolic names for both

1/0 devices and for logical units. The logical units used by MICRAS are the
PI,'BO, LO, SO and SI, and the user must assign these logical units fo the
appropriate 1/0 devices before the execution of MICRAS begins. The logical
units are used as follows : '

PI (processor input) : The source program is input from the PI.

BO (binary output) : The binary output of the assembler.

LO (1isting output) : A1l program listings are directed to the LO.
SI (System input) : A1l operator commands are made from the SI.

SO (System output) : A1l program commands are received on the s0.

I/0 device assignments to the above logical units:

PI - will usually be the disc partitions XA or XB, or magnetic tape
MO or M1, | |

BO - BO will always be papertape PTO00.

LO - will usually be the line printer LP0OO, but may be SO.

SO0 and SI - will always be the backround terminal TYZ20.

B.3.1 Using the Assembler

When ‘the assembler is loaded, it will initially respond with :
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1, 2, E, O, P
on the SO. The user responds by typing in one of these characters.

—

means pass 1
means pass 2
means End

W O m N

means Output Opfions
means Filename '

Source Program

A source program is a set of source statements which ends with an END
card, where :

(i) the 1st character of END begins in column 1.
(ii) There is no other data on the END card.

A source program is defined in its Backus-Naur Form in Table B.1.
B.3.1.1 Pass 1 (1)

When pass 1 is requested, the source program is entered from the PI. . For
example, if the PI is set to XA, and if the filename is set to FORMAT (refer
P option below), then the source program input will be the file FORMAT on
the disc partition XA. Pass 1 builds up the symbol table, and all dupTicate
~ labels are listed on the SO during pass 1. When pass 1 is completed (i.e.
when an END has been received on the PI), the program will again respond
with: ' ~ |

1, 2, E, 0, P

B.3.1.2 Pass 2 (2)

As in pass 1, the source program is entered from the PI for pass 2. Pass 2
does the syntax checking of each source statement and obtains the appropriate
microcode. Outputs are made to the LO and/or BO as requested by the

output options. .

At the end of pass 2, the number of errors found in pass 2 will be
listed on both the LO and SO. The assembler will then respond with:
i, 2, E, 0, P
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. It is useful having pass 1 and pass 2 separated so that pass 2 can be
executéd as many times as desired without pass 1 being re-executed.
For example, the user may first wish to check if his program has any
errors in it. He will therefore execute pass 2 using the error output
option. If no errors are found, he may then execute pass 2 with the
listing option and/or the binary listing option.

B.3.1.3 END (E)
When the user wishes to exit from the processor, an E must be typed.

B.3.1.4 Listing Options (0)

The assembler supp]iés four different types of output. These are :

Symbolic 1isting (L) on the LO;

(1)
(ii) Binary output (B) on the BO;
(iii) Error listing (E) on the LO; and
(iv) Symbol table listing (S) on the LO.

A1l these outputs occur during pass 2 of the assembly, and hence the
1isting options required must be set up before pass 2. The listing
outputs are set up by typing an 0 on the SI in response to a :

1, 2, E, 0, P '

The assembler will then respond with :
% B, D,E, L, N, S |

- where
B (binary listing) - Sets B.  All other options remain unchanged.
D (default listing) - Sets L and resets B, E and S.

(error listing) - Sets E and resets L. B and S unchanged.

L (long 1isting) - Sets L and resets E. B and S unchanged.

N (no listing) - resets B, E, L and S.

S (symbol table listing) - Sets S. A1l other options unchanged.

m

When one of the above characters is typed in c¢cn an SI, thé assembler
again responds with
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* B, D, E, L, N. S

This enables the user to set up all the 1isting options iie requires.
To get out of this mode, the user types a * on the SI.

B.3.1.5 File Name (P)

~ When a.P is typed in response to
1, 2, E, 0, P

the processor will respond with
FILE NAME =

The appropriate filename is then entered on the SI. The default filename
is DATA.

B.3.2 Output Formats

- As mentioned above, the assembler supplies four different types of output :

(i) Symbolic Listing
A symbolic listing is output to the LO as follows :

Record number Symbolic Record Current location Object code
~(decimal) . - - counter value if any
(octal) (octal)

If an error is found in the symbolic code, then the error
number (refer Table B.9) is listed above the erroneous record.

~.

(ii) Binary Listing

If a binary listing is specified, then data is output in
unformatted form to the BO, which will be papertape (PT00).
The papertape serves as the input to the microprogram loader
residing in the Varian (refer Section B.3.5).
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(iii) Error Listing

If an error listing is specified, only the erroneous records
in the program are output. The output has the following form :

Record number Symbolic Record Error number
(decimal) - (refer Table B.9)

(iv) Symbol Table Listing

If a symbol table listing is requested, it will occur after

the symbolic listing or error listing on the LO device. The
symbol table listing is a listing of all the labels used in the
source program together with their corresponding octal location
values. Labels are listed in the order they are received.

B.3.3 Error Handling

If an error is found in a source code statement, objecc code is still
~produced for that statement. The object code being the default
microinstruction : ‘ ‘

NOP(A) INC

A source program containing errors can therefore be assembled and then
loaded into the HLDC. The erroneous locations could then be changed
‘manually via the console.

B.3.4 A Typical Terminal Session

The following is an example of a typical terminal session with the
assembler. A user wishes to assemble a source program held in a file
called FORMAT on the disc partition XA. A symbolic listing and a symbol
table listing are required on the Tine printer, and a binary listing is
required on papertapé.v The user inputs all his commands on the SI, and
receives all outputs on the SO. The underlined commands are those
commands typed by the user.
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JASSIGN PI = XA, BO = PT00, LO = LPOO
/PLOAD, MICRAS

1, 2, E, 0, P

P

FILENAME =

FORMAT .

1, 2, E, 0, P

* O

’ Ba Ds E‘s La N: S

* oo *|n»
- -
w w
- -
o o
- -
m m
- -
— —
- w
= =
- w
w w

» 2, E, 0, P

ERRORS
» 2, E, 0, P

M = O [N = = — | %
hY

MICRAS STOP.

B.3.5 Loading the Microprogram into Micromemory

~ The binary output of MICRAS can now be loaded into the HLDC's micromemory
from the Varian 620 minicomputer by using the load program MICLD
(Microprogram loader). The procedure for lcading the data into micromemory
is as follows : -
(i) Switch the HLDC's MM.EN switch ON.
(i1) Ensure that the HLDC's RUN switch is OFF.
(iii) The start address of MICLD is 0100, hence the program
' - counter (P-register) on the Varian must be set to 0100.
(iv) First press SYSTEM RESET and then RUN on the Varian.
(v) When the program has been read into micromemory, switch
the MM.EN switch OFF.
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The microprograﬁ is now loaded into the HLDC's micromemory. To run the
‘microprogram :

(i) Press SYSTEM RESET on the Varian's or the HLDC's console.
(ii) Switch the HLDC's RUN switch ON.



<source program> ::= {<record> <carriage return>}, 'END' <carriage return>
<record> 4 ::= {<latel>} {<statement>} {'# <comment>} ‘
<label> | ::= <alphabetic> <character>y | '.' <character>y
<alphabetic> coi= 'AY['BY'CY] ..., 'y'|'z!
<character> ::= any printing character
<statement> - ii= <processor> {<jump> f<mixed>}}
<processor> ::= <opcode> {'(' <register> ')'} {'+'}|'*
<opcode> ::= one of the central processor array mnemonics
. - specified in Table B.3 and Table B.4
<register> ::= 'RO'|'RT']..... '"RO'|'A'|'T
<jump> | ::= <unconditional>|<conditional> <mu]tip]exer>]'*'
<unconditional> ::= one of the unconditional jumps specified
in Table B.5 ’
<conditional> ::= one of the conditional jumps specified
| in Table B.5
<multiplexers> ~ ::= one of the multiplexer signals (input-control.

signals) specified in Table B.6
<mixed> - 1= <norta> {','<porta>}y|

<portb> {',"'<portb>17|

<portc> {','<portc>}y|

<porta> ::= one of the port signé]s (output-control signals)
of port type A specified in Table B.7
<portb>- ' ~::= one of the port signals of port type B specified
| ~ in Table B.7
~<portc> " ::= one of the port signals of port type C specified
in Table B.7 _
<digit> ©ti= {'-'} '0' <octal>¥|{'-'} <decimal>}
' e digit = 2%2-1 = 4095 |
<octal> SEE VR L 1'7°
<decimal> pi= 001 ..., |'9"
<comment> ::= <charactersy
.<carriage return> ::= carriage return on the input device

Table B.1 The HLDC's Microprogram Assembler in

Backus-Naur Form




The following .description of Backus-Naur Form is based on discussion by

1 and by Intel Inc. 2 The syntax for a ]anguage is its structure,

Maurer
or the form and order in which its elements may appear. The BNF syntax
description notation is essentially a set of rules, each of which
‘defines how a particular syntactic entity is to be constructed. There
are two different classes of syntactic entities in BNF. One class is
referred to as terminal symbols, and the other as non-terminal symbols.
. Terminal symbols are from symbols which may appear in a program wr1tten

in the language that the BNF describes.

Terminal symbols appear between inverted commas (refer Table B.1).
Non-terminal symbols and symbels which may not appear in a program, and
are used in the BNF to build more complex structures in an understandable
manner. ‘Non-terminal symbols are bracketed by <.>,

Notes:

(i) { } means optional.

(i1) |is used to separate alternatives.
(iii) For ::= the words "is defined as" shou]d be subst1tuted

For examp]e,

<letter> ::= 'A'|'B'['C'|'D' _

"~ would be read as . . y

“"the non-terminal symbol <letter> may be written as any of

the terminal symbols : A or B or C or D"
(iv) To specify that a particular sequence may be repeated a certain
number of times, the notation < >2 is used where i and j are
integers with i £ J ‘
For example
<cbmment>

~ ‘.

<character>y

<character¥ ::= any printing character _
means that <comment> can be replaced by any number of printing

~ characters, including no characters.

Table B.2 Backus-Naur Form Description Notation

14.D. Maurcr, "An Introduction to BNF®, BYTE, Vol. 4, No. 1 (Jan 1979),
pp. 116-125.

2‘Inte] Series 3000 Microprogramming Manual, Intel f‘orpo:atwn. Santa
CTara CaVifornia {1976). appendix Ay pp. 1-4,



Similarly, the sequence

<digit> <number>%

<number> ::= '4'|'5'|'6"

then «digit> can be replaced by one of the following :
4, 5, 6, 44, 45, 46, 54, 55, 56, 64, 65 or 66.

- Table B.2 Backus-Naur Form Description Notation (continued)
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ROUP R-GHOUP MICRO-FUNCTION MNEMONIC
b Rn 4 (AC AK) +Cl - |y, AC _ . KO1
0 I M+ {AC AK)+Cl = AT ‘ K02
1] ATL A “L A P:) RO Ll ,“[l . K“) I8 /\THl - b A'” K03

IATL A “L N KL” v “\T“ V(IH A KH” ”ATL
- cmmmd mmes b e e b e————
! K VvV R, - MAR Ra+ K+Cl - Ry K11
1 i " KVM-MAR M+ K+ Cl - AT K12
1T (AT V K) + (AT AK) + Cl - AT ' ‘ K13
l (AC A K) -1 +Cl > R, . K21
2 1] (AC A K) -1+ Cl = AT (see Note 1) - K22
Hi - (1 AK)-14Cl> AT K23
| n+ (AC AK) +Ci> R, K31
3 H M+ (AC AK) + Cl = AT K32
" CAT+(l AK)+Cl = AT K33
[ Cl v(R, A ACAK)=CO Rn A {AC AK) =R K41
4 " Clv(MAAC ~K)=CO M A (AC AK) =~ AT K42
‘ i CIV(AT AL AK)-CO AT A {1 A K) = AT K43
o Cl v (R, AK)~CO K AR, ~ Rp K51
5 I Cl V {31 AK)»CO KAM- AT K52
i CI vV (AT A K) ~ CO K AAT AT K53
t Cl v (AC AK)~CO Rn v (AC A XJ -+ R, K61
6 " Clv (AC ~AK)-CO MV (AC ~ K)— AT K62
m Clv{l ~K)=LO AT vl 1K)~ AT K63
M Cl v{R, ~ AC 1K}~ CO n T{AC 7 K} f, K71
7 " Clv (M~ AC AK)~C M T {AC # K} -- &7 K72
" S CIV (AT 2~ 1~ K) = CO AT E (1KY AT . K73
2 s cmplureent ar tnunenic adds 111 ., 11 to perform subsiraction of 007 .. 01,

3}

S.a .,_'c‘ ar !h"ne e carry om')u' vas ‘P_, ar

VBN

ME A’\.H\.u

e e T and AC & source and dzstin3tion registers in R-group 1 m

.cre funci.ons.

s

g"'i-"a ed m F-greup 0, 1,2 P":‘ 3 ‘ms'r‘n(_'u .

~

M Data or the 1, K, and 11 busses, respectively
L Date orn the carry input and left input, respectively
, hQ Data cn the carry output and right output, respecrively
Rn . Contenis of register n including T and AC (R-Group a)
\C Content. of the accumulator
T ’ Contenis of AC or T, az specified -
AR Conients of the memory address register
, H ’ A< subscripts, designate low and high order bit, respectively
+ 2°s congaien ent addition ‘
- 2's congalie ot subding tan
" Logical AND
v Logic: CR
¢ Eviir o MO
ad l)l,"' Totnte
Table B.3 Central Processor Array Mnemonics - Unspecified K-bus Microfunctions.
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,

F-GROUP R-G:HOUP ¢ gus = 00 MICRO-FUNCTION * MNEMONIC  K-BUS =11 MICRO-FUNCTION

MHNELONIC
1 R, +CI= R, AC IR AC R, 4 CI= Ro, AG ALR
0 ] ‘MG AT ACM M4 AC+Cl-+ AT AMA
A . AT RO ATy AT, L= ATy SRA -
I . Ry~ MAR R, *CI-R, gt 11+ MAR Ry~ 14Cl- R, o
i .
1 : " M- MAR M« Clee AT LM 11~ MAR M- 1+Cl—AT" Lisv
' i AT+ CI> AT ' CIA AT-1+C1~ AT ' DCA
. 1 Cl-1-R, CSR AC-14Cl—R, SDH
.o . See Note | Sce Nota 1
2 . " 1= 1~ AT csa . AC—14Cl~AT spa,
1§ " {See CSA above) - T 1-14C1- AT Lol
l Rn +CI= R, INR AC+R, +Cl- R, ADR
3 o1 (See ACM abovel —  (Sce AMA above) -
i AT + CI -+ AT INA 1+ AT+ Cl - AT AlA
', Ci~CO  0-R, cLR CIV (RAAACI~CO R, A AC-R, ANR
4 i, ci»cO  0-AT A CLA CIV(MAACICO  MAAC—AT ANM
' Tm {See CLA sbove) C. CIVIATA 1) CO AT A1 AT ARL
b (See CLR above) - Clv Ry~ CO Ry~ A, TZR
LI " " (Sce CLA above) _ - CivM~CO M- AT LTM
' " (See CLA above) . - Clv AT-+CO AT~ AT TZA
' Ci~co R, R, NOP . ClvAC»CO . R, AC- R, CAR
6 . CI-»CO "~ M—AT ) LMF Clv AC~CO MV AC~AT onm
' 1 (See NOP above) - civi~»co 1v AT~ AT ont
! C1+CO0  W,-R, ~cwn Civ (8, AACI»CO R, AC- R, XNR
7 W'l a-co - AT Lem CIv (ML AT » 20 M3 AN AT XPibs
MW csco AT-ar CMA CIV(ATAN)=CO . ISAT=AT P
NOTES:

1. 2's complernant arithmatic adds 111, . 11 to parfarm subtractinn 0i 63). .. 01,
2. R,inciudes T and AC . source and d2stication registers in R-g.oup 1 micro-funziions,
. Stand:ced arithmetic €3, ; Oou*~ut valud; 372 yenerated in Fgroup 0, 1, 2 and 3 instructions.,

~SYMBOL MEANING -
LK.M Data on the 1, K, and B busses, reepectively
Ci, L Data on the carry input and left input, respectively
€O, RO Data on the carry cutput and right ouiput, respectively
Ra Coritents of register n including T and AC (R-Group }) - T .
AC Contents ol the accumulater : :
AT Contents of AC or T, a5 sperstied
MAR Contents of the memory address register
LR As subsctipts, designate Tow and high order bit, respectively
.+ 2's complement addition
- 2°s complument subtrarton
A Logicat AND
v wogical OR -
] Excluse-MOR
-

Deposit into

Table B.4 Central Processor Array Mnemonics - All-Zero and Al11-One K-bus

Microfunctions.




~ Unconditional jumps

Jump mnemonic

CINC
JMP

JMPD

- JSR

JSRD

RTS

HLT

Conditional jumps
Jump mnemonic

INCT

INCF

JMPT

JMPF
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Action taken

Fetch the next microinstruction from
micromemory.
Jump to.the address in the MIXED field

~of the microinstruction.

Jump to the address specified by the
EXC-address latch. The external control
commands and the associated jump

"addresses are summarized in

Table B.5(a).

- Jump to the address in the MIXED

field of the microinstruction. Store
the return address on the stack.

Jump to the address specified by the
EXC-address latch (refer JMPD above).

Store the return address on the stack.

Return from subroutine. That is,
jump to the address at the top of -
the stack.

Continuously execute the current

microinstruction.

Action taken

Continuoustly execute the current
microinstruction whilst condition
FALSE. When condition goes TRUE,
then INC.

Continuously execute the current

" microinstruction whilst condition

TRUE. When condition goes FALSE,
then INC.

If condition TRUE then JMP (i.e. jump
to the address in the MIXED field).
If condition FALSE then INC.

If condition TRUE then INC. If
condition FALSE then JMP,

Table B.5 Jumps
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External Control

Instruction’

CEXC
EXC
EXC
EXC
EXC
EXC
EXC
EXC
EXCE
EXCE
EXCE
EXCE
EXCE

EXCE
EXCE
EXCE

0014
0114
0214
0314

0414’

0514

0614

0714

0014
0114
0214
0314
0414
0514
0614
0714

Micromemory address accessed by JMPD or JSRD

- O N U W —

15
17
19
21
23

29
31

Table B.5(a) External Control Instructions and

their associated Micromemory Addresses



G emmRa et e e o  ereeate bda e —

Mﬁ]tip]exer
input line

10

11
12
13

14

15
16
17
18
19
20

Mnemonics

ZERO

ONE

EXC
DTOX
DTIX

DMA.FIN

spare

- COMMAND

~ FORMAT

SIGNBIT

spare
spare
SYNC

EQ.16

spare
spare
SEEKRDY
INDEX
SECTOR
SEEKERR

Description

Reserved for the assembler (used for
unconditional jumps). |
Reserved for the assembler (used for
unconditonal jumps).

CO is the most significant carry-out
of the CPA.

EXC, DTOX or DTIX will go TRUE if an
external control, single-word output-
transfer or single-word input transfer
instruction is respectively executed by
the Varian. ' '
DMA.FIN is set on the completion of a
DMA transfer or interrupt.

COMMAND is the logical OR of EXC, DTOX

and DTIX, 4 o

FORMAT is TRUE when the consoles format
switch is ON.

SIGNBIT 1is the most significant bit of

the CPA's accumulator.

SYNC is used to indicate that the data
from disc is syncronized.
EQ.16 will go TRUE when a word of data

“is ready to be transferred from the drive,

or when the drive is ready to receive a
word of data. |

SEEKRDY, INDEX, SECTOR, SEEKERR, ONLINE,
UNSAFE, WRITE.CUR, UNTSEL and ATTEN
signals come directly from the disc
drive.

Table B.6 Input-Control Signals



Multiplexer

input Tine

21
22
23
24
25

26

27

28
29
- 30
31

Mnemonics

spare
ONLINE
UNSAFE
spare
spare
WRITE.CUR

" SGLDEN

UNTSEL
ATTEN
spare

spare

B-20

Descrigtion

SGLDEN will be TRUE if the drive is a
single density drive and will be FALSE
if the drive is double density.

Table B.6 Input-Control Signals (Continued)




Microinstruction

Bit Set

(o) BN & B S N

~J

W N -0 v

Mnemonic

CB-21

Port Type

~ READ.LM

WRITE.LM
VAR.DIN

DISC.DIN
DRIVE1
DRIVE?2
DRIVE4

DRIVE.CLR
SECTOR.NO

spare
spare

INTERRUPT -

DMA.OUT
DMA.IN
VAR.DOUT

READY
EOF

" ERR

CLR.COMMAND "

spare
READ.DATA

READ.CLK

CLR.EQ16
DISC.DOUT

WRITE

> > > >

>

(o= 2 -~ I~ - B o - B - - B N

lve)

Description

LM address from MAR; LM

data onto M-bus.

LM address from MAR; LM

data from AC.

Data from Varian onto

M-bus.

Data from disc onto M-bus.
DRIVE1, DRIVEZ2 and DRIVE4 are

~used in selecting 1 of 8 possible

drives. Drives are numbered
0 to 7. |
Clear the above 3 latches.
Selects drive 0.

Sector number onto M-bus.

Enable the INTERRUPT latch.
Enable the DMA.OUT latch.
Enable the DMA.IN Tlatch.
Gate data from the MAR into
the VAR.DOUT latch.

READY, EOF or ERR sets the
corresponding Sense latch.
This latch can be tested by a
Sense (SEN) command from the
Varian.

Clear the command latches.

Enable/disable the READ.DATA
latch.

Enable/disable the READ.CLK
latch.

Clear the EQ.16 latch.

Gate the data from the MAR
into the DISC.DOUT latch.
Enable/disable the WRITE latch.

Table B.7 Output-Control Sigrals
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Microinstruction
Bit Set Mnemonic Port Type Description
5 SYNC.EN C Enable the SYNC latch.
6 SYNC.CLR C Clear the SYNC latch.
7 spare C
8 BUS.EN C Allow Bus latches to be

, enabled/disabled from AC.
.9 TAG.EN C Allow Tag latches to be
' ' - enabled/disabled from AC.

>Notesf LM

= Local memory
MAR = memory address register
AC = accumulator

Table B.7 Output-control Signals (Continued)
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Constant Name Constant Value Microinstruction Bit Set
BUSO - 128 7
BUS1 | 64 6
BUS2 .32 5
BUS3 _ 16 4
BUS4 - 8 3
‘BUSS ' 2
BUS6 1

. BUS7 : 0.
CONTROL 256 8
CYL 512 9
HEAD | . 1024 10

11

DIFF 2048

Table B.8 Special Constants
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Error Number . ) o Cause of Error

5 ' g A Tabel found in Pass 2 which is not in
' the symbol table. Causes of error:
(i) Pass 1 has not been done; or
(ii) an external label references a
label which is not in the program.

10 o Invalid opcode mnemonic. Refer Table
' B.3 and Table B.4 for valid opcode
mnemonics. , '

20 ' Construction of CPA field incorrect.
30 | ' Invalid register name.
50 - Invalid jump name.
60 | ( . A conditional jump is specified, but

. ' there is no MUX field.
70 . A conditional jump is specified, but the

MUX field is invalid. Table B.6 for valid
. . MUX mnemonics. '
8 _ Unrecognisable MIXED field. Causes of

‘ error: (i) If a jump address, the label
does not occur in the current external
block. This error will only occur with
internal lables - refer Error 5 above; or
(ii) if an output-control signal is
required, the signal name is invalid. Refer
Table B.7 for valid output-control signal

mnenomics.
86 - 2 There is an illegal character after the
| _ MIXED field. Comments must begin with
Ca, _ , '
90 The constant value in the MIXED field

contains illegal characters. If the first
digit is a 0, then the number must be
octal (i.e. cannot contain the digits

8 or 9). Note that all labels must

start with an alphabetic character or

a fullstop.

Table B.9 Pass 2 Errors
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Error Number Cause of Error

95 A label has the same name as an

' output-control signal. This is
illegal. Table B.7 summarizes the

output-control signal mnemonics.

100 ‘ A The number in the MIXED field is not
in the range 0 < Number < 212
| 4096. -

110 o I11egal syntax for the output-control

, signal mnemonics.
130 ’ ' - The MIXED field contains two output-
control signal mnemonics which are
of different port types.
Only output-control signals of the same
port type can be used together.

Table B.9 Pass 2 Errors (Continued)




APPENDIX C : HARDWARE

C.1 Comparison between the Intel 3000 and Advanced Micro Devices®
2900 Central Processing Elements

The 2900 series central processing element is the 29011, and the

3000 series central processing element is the 30022.

" Both procéssors have similar operating speeds (in the region of 100 nano-
seconds). The main difference in the processors offered is the number of
" bits/slice. " The 3002's 2 bit/slice allows the processor to have more I/0
port facilities than its 4 bit/slice counterpart, the 2901. The 3002 has
3 input ports (K, I and M ports) and 2 output'ﬁorts (A and D ports).

The 3002 has the following advantages over the 2901.

(i) The large number of I/0 ports provided by the 3002 allows the
external logic to be easily interfaced to the prbcessor thus
making the hardware design simpler than would be the case with
the 2901 with its single input port and single output port.

(i1) Data manipulation in the 3002 is therefore much easier than in
the 2901.

The 2901 has the following advantages over the 3002;

(i) If the 2901 is used as opposed to the 3002, only half the number
"~ of CPE's will be required for a particular application.
(i1) The 2901 has more registers than the 3002 - 17 vs. 13.
~ (ii1)  Although the 3002 has a richer instruction set than the 2901,
many basic instructions are missing. For example, in the 3001,
subtraction can only be done by complimenting and adding, and
register to register transfers require two microinstructions.

In summary, the 3002 is bétter in data manipulation than the 2901, but the
2901 is better in number ckunching. As the HLDC will require a large amount
of data manipulation (including the gating of constants into the central
processor array from micromemory), the Intel 3002 is chosen. |

1M2900 Bipolar (TTL) Processor Family, Motoro]a Semiconductor Products, Inc.
11976), pp. 18-26.

' d3002 Central Processing Element, Intel Corporation, Santa Clara,
C_Txfbnna (79737, pp- =160
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C.2 The Central Processor Array - Functional Description

The central processing array (CPA) is a 16 bit processor made up of
The
functional organization of a central processing element (CPE) is
illustrated in Fiéure C.1. _Typica1 CPE configurations to form CPA's
are illustrated in Figure C.2 and Figure c.3.

eight -2-bit slice Intel 3002 central processing elements.
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Figure C.1 . 3002 Block Diagram

The arithmetic and logfc section (ALS) of the CPA is capable of a variety
of simple arithmetic and logic operations including logical shifting. In
order to effect these cperations, certain input/output lines are provided
for communicating carries and shifts between CPE's. Arithmetic operations
are implemented by using the status on the carry-in (CI) and carry-out (CO)
lines. Shifting is implemented by the provision of left-in (LI) and

right-out (RO) lines. Shift operaticns are enabled by connecting the

right-out lines of the CPE to the left-in lines of the next CPE as illustrated
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e 1
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Figure C.2

Mmonv ADDRESS BUS
(2N LINES)

DATA BUS TO MEMORY
(2N LINES)

DATA BUS FROM
MEMORY
{20 LINES)

EXTERNAL DATA BUS
(2N LINES}

Ripple-Carry Configuration (N 3002 CPE's),.

[T;

L
EC, +8 Tl
3003 Cn Q—1
Xg Ye ,, X1Yy Ci+1 XoYy
- Y T Y
Xy XY
. co Ci <+
ﬁARRY 3002 3002 2002 3002 1
ROM -+ILt RO > —7 > >
3001 ’
CARRY
TO <
13001

Figure C.3

Carry Look-Ahead Configuratién (16 Bit Array).
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in Figure C.2. Carries can be performed in one of two ways :

(i) The carry-out (CO) of one CPE can be connectec to the carry-in
of the next CPE to provide for the normal ripple carry propo-
.gation. Figure C.2 illustrates this configuration.

(ii) The look-ahead carry outputs X and Y of each CPE, and the carry-
out Tine of each CPE can be fed into a ripple carry generator
(Intel 3003) to produce the appropriate carry-ins for the CPE's
as illustrated in Figure C.3. ' |

The typical propogation delay time between carry-in and carry-out for a

CPE is 14 nanoseconds, whilst the maximum propogation delay time is 25
nanoseconds.. The ripple carry configuration will consequently produce a
typical delay time of 112 nanoseconds for the 16 bit CPA, whilst the
maximum delay time for the array will be 200 nanoseconds. This necessitates
the use of the high-speed look-ahead carry generator (Intel 3003) which

will give a typical propogation delay of 13 nanoseconds from carry-in to

the outputs, with the maximum delay being 40 nanoseconds. It is desirable
to have the least significant carry-in of the CPA under program control to
allow for incrementing in the CPA.

There are Seven microfunction bus (F-bus) inputs to each CPE, designated FO
to F6. Encoded microfunctions are applied to the CPE on this F-bus, the
microfunctions being decoded internally in the CPE by a microfunction _
decoder. The decoder selects the arithmetic logic function to be performed,
generates the scratch-pad register address, and controls the multiplexers.
The result of the operation is deposited into the appropriate registers.
There are 13 registers which are made up of 11 scratch-pad registers

(RO to R9 and T), the accumulator (AC) and the memory address register (MAR).
The CPA is capable of performing a large number of functions. These functions
are summarized fn Table C.1. The microfunction to be performed is determined
- from the function group (F-group) and register group (R-group) selected by
data on the F-bus. The F-group is specified by the F-bus bits F4, F5

and F6, and the R-group is specified by the F-bus bits FO, F1, F2 and F3.

The F-group and.R—grOUp formats are summarized in Table C.2.
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F.GROUP R-GROUP MICRO-FUNCTION MNEMONIC

! Rn + {AC A K) + CI -+ R, AC K01
0 . " M+ {AC AK)+Cl AT , -~ Koz
" ATUA(ILAKO RO U v Ll & Ky) A ATl -+ ATy K03
AT A (I A KO VAT vl A Kyl) = AT,
i K V R, = MAR Rn+ K+Cl —Rq ' K11
1 " K VM- MAR M+ K+Cl— AT : - K12
mo (AT v K) + (AT AK) + Cl > AT ‘ K13
, | : {AC AK)-1+Ci—> R, K21
2 B on (AC A K) =1+ Cl—>AT {see Note 1) : . K22
m (1 AK)-1+CI—>AT K23
1 Ry +(AC AK)+CI >R, | ‘ T K3
'3 v I M+ (AC AK)+Cl > AT o K32
m AT +-(1 AK) +Cl = AT - ' K33
_ t Cl viR, A AC AK)>CO Rn A {AC AK) =R, ' K44
4 . u Cl V(M A AC AK)—>CO M A (AC AK) > AT K42
T ClVv (AT A 1A K)->CO AT A (I A K) = AT ‘ K43
. "~ ClVv{R, AK)=>CO K AR,—~R, A K51
5 o Cl V(M AK)~>CO" KAM-AT _ v K52
m CI vV (AT AK) > CO K AAT » AT SR ' K53 -
! "~ ClIV(AC AK)—>CO Ra v (AC A K) >R, K61
6 " Clv (AC AK} > CO MV (AC A K) = AT - K62
] Ctv{l AK)—0LO AT v(l AK)--AT K63
l ClV(RyAAC AKI=CO Ry £(AC 4K~ R, K71
7 I CiV (M~ AC AK) > CO M I (AC ~ K) -+ AT K72
S CIV (AT A1 A K)=CO AT T (1 4 K) -~ AT K73
Na—.‘—::»g»— ——— e @ ————— e ——— . ———— v —————
1 2's complernent arithmetic adds 111 .., 11 to perform subtraction of 020 ...01.

2. Ry inctudes T and AC as source and dzstination registers in R-group 1 micro-functions.

3. Standard arithmetic carry output vaiuzs ace generated in F-group 0, 1, 2 and 3 instructions.

SYNBOL MEANING
LK.M Data on the I, K, and M busses, respectively
Ci, LI Data on the carry input and left input, respectively .
CO, RO Data on the carry output and right output, respectively
Rn Contents of register n including T and AC (R-Group 1)
AC Contents of the accumulator
AT Contents of AC or T, as specified
MAR Contents of the memory address register
L, H As subscripts, designate low and high order bit, respectively
4 2’s complement addition
- 2's complement subiraction
A Logical AND
v Logical OR
T Exclusive-NOR
- Deposit into

Table C.1 Microfunctions



FUNCTION
GROUP Fg 5 4
0 0 0 0
1 0 Y 1
2 0 1 o
-3 0 1 1
a4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1
. REGISTER ,
Ro 0 0 0 0
Ry 0 0 0 1
R, 0 0 1 0
"R3 0. 0 1 1
R4 . 0 1 0 o}
! Rs 0 1 0 1
Re 0 . 1 1 0
Ry 0 g 1 1
Rg 1 0 0 0
Ro 1 0 0 Vo,
T 1 1 0 0
AC 1 . 1 0 1
T 1 0 1 0
" AC 1 0 1 1
T 1 1 1 -0
m AC 1 1 1 1




~
E-GhOoup R-G:HOU? g ys = 00 MICRO-FUNCTION © MNEMONIC  K-BUS =11 MICRO-FUNCTION MMELIONIC
_ 1 R, + Cl~ R, AC © LR AC R, 4 Gl Ry, AG ALR
) ] ‘MGl AT ACM M+ AG +Cl-+ AT AVA
" AT~ RO ATy - AT LI ATy SRA oo - S : -
' Ra »MAR R, ¢ Cl= Ry LMl 11 MAR R, -1+ Cl- R, DY
1 n fM - MAR M+ Cl-~ AT LM 11-» MAR M-14Cl> AT LisM
" AT +ClI > AT T CIA AT - 14+Cl=AT DCA
I Cl—1=R, CSR AC—1+Cl=R, SOR
- s Sece Note 1 ) See Note 1 '
-2 ] SI=1-AT : csA AC--14Cl—AT -~ SDA
1] {Sca CSA above) I 1-14Cl=> AT 101
! R, + Cl - R, INR AC+R,+Cl»R, AOR
.3 " {See ACM above) {See AMA above) -
. " AT +Cl = AT 1+AT+Cl>AT AlA
' Cl=Co 0-+R, CIV (Ry A AC}~CO R, A AC~ R, ANR
4 u _C1=Co 0 AT Clv (MAACI=>CO  MAAC—AT ANM
T {See CLA above) Clv (AT A I}~ CO AT 41— AT AN
. (See CLR above) CIv R, > CO R - Ry . TZR
s n "(Sce CLA above) _ - ClvM-CO M- AT LTM
M (See CLA above) . - ClvAT>CO AT - AT - TZA
L ci—=Co Rq~ R, NOP Clv AC-CO R, AC~ R, ORR
6 " Cl»CO0 ~M=AT . ' LMF Clv AC-CO MV AC—AT ORM
i {See NOP above) - cviaco 1V AT = AT " oul
! " C1-Co Ra = Ry cmi Clv (RAAACI-CO R, AC- R, XNR
7 W'l c-co HoAr LeM CIv (Nt AT} 20 MSAT~AT X
.M c-sco AT-ar ' CMA Clv (ATA 1 CO 15ATAT X
NOTES:

1. 23 compleraznt arithmetic asids 111 ... 11 10 p2rform subzractian 0f £3 ... 01,
2. Ry inclrdes T and AC . source and d2suration registers in R-giuug 1 micro-funcilons.
J. Standzed arithmetc €a. 4 ou~ut volues ar2 ysnerated in F-group 0, 1, 2 and 3 iastructions,

SYIBOL MEANING .
1, K, M Cata on the 1, K, and B buss2s, roepectively

CI, Ut Daia on the carry input and left input, respectively
CO, RO Data o~ the carry output and right output, resoectively

Ay Corten*s of register n including T and AC {R-Group 1)

AC Contents of the accumulainr

AT Conients of AC or T, as specified

MAR . Cantents o! the memory address register

L H As subscripts, designate tow and high order bit, respectively

+ 2’'s comulement addition

- 23 compiemeart subtrastion
A Logicat AMD

v Logical OR

@ Excluss-NOR

Ind Deposit into

| Tab]e €C.3 All-Zero and Al1-One Microfunctions B _.




The K-bus is an integral part of each microfunction and the ability of
the K-bus to mask inputs to the ALS increases the versitility of the CPA.
For example, the K-bus can be used during arithmetic operations to mask
portions of the field being operated upon. The main function of the
K-bus is that of supplying constants to the CPA from the microprogram.

In this instance, the K-bus will contain the constant values to be gated
- into the CPA. The microfunctions most commonly used, however, are those
- microfunctions where the K-bus is all zeroes or all ones. These micro-
functions are summarized in Table C.3.

C.3 The MIXED field

Certain data supplied by the microinstruction is multiplexed together to
form one microinstruction field. This field is called the MIXED field.
The advantage of this organization is that it reduces the number of memory
elements required (fast memory is expensive), and it allows simple
implementation. The number of extra bits required by not multiplexing
this field can be easily calculated. The MIXED field supplies the follow-
- ing three types of data :

- (i) Constants to the CPA;
(ii) Micromemory addresses to the MCU; and
(iii) Data to the 3 output ports.

The current microinstruction format uses 16 bits for the MIXED field, and
for the control of data on the MIXED field. A comparative system which

does not multiplex the above data will require 12 bits for constants to

the CPA, 12 bits for addresses to the MCU, and 36 bits for the output-
control signals. Consequently, this system would require a microinstruction
which is 44 bits wider. Such a system will require an extra 44 memory
elements per 1k of micromemory (i.e. the Intel 2102A-1 memory elements are
used). Extra components will also be required for the pipeline register.

The speed advantage of the non-multiplexed system over the multiplexed

system would be negligible. An analysis was made on a program used to format
the disc. This program occupies about 1k of micromemory, and makes exten-
sive use of the MIXED field (i.e. the format routine musf perform the full

' range of disc drive operations). The analysis showed no more than 5
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microinstructions would be saved if a non-multiplexed microinstruction
format was used.

C.4 Microinstruction Fetch Propogation Delay

Data necessary in the microinstruction fetch operation is initially clocked
into either the pipeline register or the microprogram control unit on one
of the clock edges. The microinstruction fetch propogation delay is

" obtained by asking the following question : What is the minimum time which
must be allowed before the data is again stable at the inputs of the
"pipeline register and microprogram control unit? This period of time is
the microinstruction fetch propogation delay time, since after this period
of time, data can again be clocked into the pipeline register and micro-
program control unit.

The -path where propogation delays are significant in the fetch cycle is
illustrated in Figure C.4 (the path being illustrated by the use of bréad
lines). Using this path, the microinstruction fetch propogation delay can
be calculated. The microinstruction fetch propogation delay, tFETCH’ will
be the sum of the propogation delays of the individual components in the
path. (The propogation delay associated with the conductors between the
components is minimal, and can be ignored3).

tFETCH = sum of the propogation delay times of the components:
74128, 2102A-1, 74S04, 74504, 74150, 74S00, 74S86, 74504,
745175, 74508, 2909, 74L.S368.

Each of these components will have associated with it a typical and maximum
propogation delay time. These times are dependent on the environment that
the components are operated in. The most significant factors affecting
these propogation delays being temperature and power supply fluctuations.
Two propogation delay times can therefore be associated with tFETCH' They
are tey (the maximum fetch propogation delay time) and ter (the typical
fetch propogation delay time). Table C.5 gives the maximum and typical
propogation delays for the components. The most significant component -
propogation delay is the delay associated with the micromemory elements.
The Intel 2102A-1 memory elements are used for the micromemory. These
memory elements are 1k by 1 bit with a guaranteed cycle time of 200

3Garry Fielland, "Series 3000 System Timing Considerations", pp. 31-38,
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“nanoseconds over the specified temperature rangeq. As this is a guaranteed
figure, the average component will perform considerably better, especially
in a.non-hostile enVironment, and a typical access time in the region of
130 to 150 naqoseconds can be -expected. |

The maximum and fypica1Apropogation delay times can now be calculated.

tey =9 +200 +5+5+3545+10,5+5+17+7,5+45+ 18
= 357 nanoseconds. : ' : _
ter =6+ 150 + 3+ 3+ 23 +3+7+3+11,56+5+ 40+ 12

FT
: 266,5 nanoseconds.

C.5 Microinstruction Execution Propogation Delay

The only delay which must be considered in ca]éu]ating the microinstructioh
execution propogation delay, is the delay associated with the CPA field of
the microinstruction. The CPA is interfaced to a look-ahead carry generator
(Intel 3003) to minimize propogation delays from carry-in to carry-out.

 The maximum propégation dé]ay path from carry-in to carryéout when using

the look-ahead carry gercrator is found to be 150 nanoseconds. The typical
propcyation delay being 100 nanoseconds. This is the most significant
propogation delay associated with the CPA field.

C.6 Port Timing
The output-control signals can be classified into three different groups :

- (i) The output-control signal for writing to local memory (WRITE.LM);

(ii) The output-control signals for gating data ontc the M-bus (VAR.DIN,
o DISC.DIN,.READ.LM and SECTOR.NO); ‘

(iii) The remaining output-control signals either load or clear latcnes.

Propogation delays in the system can cause glitches to occur. Consider
the following program sequence :

j : K1(A) o
j+1r oo *  SYNC.EN

The timing diagrams for this program sequence is illustrated in Figure C.5.

5  4M.C. Sole, "An Optimal Real Time Language Processor", unpublished M.Sc.
Thesis, Dept. of Electrical Engineering, University of Cape Town (1978),

p. 58.
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time period —¥— time period —
: . J ah j+1
MAST.CLK
> N

I
1

Microinstruction bit 0 KI1(A) * 1 :
I

EN.C | %% SYNC.EN
H '
Iy

_READ,DATA output-control signal 1

PORT.CLK ' l

Figure C.5 GJitch Causing Unwanted Output-Control Signal

The SYNC.EN output-conti'ol signal will cause EN.C to go HIGH. EN.C logically
AND'ed with bit 0 of the microinstruction is the READ.DATA signal. This
unwanted signal (glitch) would be no more than 10 nanoseconds. This is
sufficient, however, to set or clear most of the latches in the system.

To prevent this situation occurring, the output-control signals are clocked
using a clock, called PORT.CLK, which is out of phase with the systems

master clock (MAST.CLK). Only those output-control signals which set or
clear latches are clocked.

Data gated onto the M-bus is only gated into the CPA on the rising edge of
| a MAST.CLK pulse, and hence those output-control signals which gate data
onto the M-bus (i.e. VAR.DIN, DISC.DIN, READ.LM and SECTOR.NO) must not
be gated with PORT.CLK.

- The output-control signal WRITE.LM presents a special problem. The WRITE.LM
signal must have a duration of at least 180 nanoseconds. Since WRITE.LM
AND'ed with PORT.CLK will on]y'have a duration of 70 nanoseconds, a different
method must be used. The WRITE.LM signal must be protected, as a glitch may
cause the corruption of data in memory. The solution is as follows, The
signal WRITE.LM is logically AND'ed with PORT.CLK to provide the required
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protection. The protected WRITE.LM signal then triggers a 200 nanosecond

monostable to provide a write pulse of adequate duration.

diagram in Figure C.6 illustrates this situation.

The timing

e tC —
MAST.CLK
-1'tCHﬁ—~

_PORT.CLK
) WRITE.LM output-control signal

WRITE.LM & PORT.CLK

Local memory v

write pulse I

‘ D

280 nanoseconds
= 70 nanoseconds

Clock Period (tC)
Clock HIGH (tCH)

-th = 200 nanoseconds

Figure C.6 Local Memory Write Timing

. C.7 Local Memory Timing

The local memory read and write propogation delay times are analysed

separately below.




C.7.1 Hriting to Local Memory

An analysis of local memory write timing is'neéessary for the following
 reasons : ‘

(i) When writing to a memory element, the address of the location to
be written to must be set up before the write signal can be applied
to that element. If the write pulse occurs before the appropriate
address is stable, corruption of a memory location may occur. |
Consequently, it must be investigated whether any program sequence
may inadvertently cause the corruption of a memory location.

(i1) When writing to a memory element, the memory device used will
require that the data, address and write signal all be present
for a certain amount of time. If this situation does not occur,
the required data may not be written to the memory location. It
is therefore necessary to ensure that the program sequence for
writing data to local memory will in fact write this data.

When writing to local memory, the memory address register (MAR) nust be set
up with the memory address, and the accumulator (AC) must be set up with

the data to be written to this address. Data is then written to memory by
the WRITE.LM output-control signal. The WRITE.LM signal is logically AND'ed
with PORT.CLK, the resulting signal triggers a 200 nanosecond monostable, as
illustrated in Figure C.6. '

- C.7.1.1 Corruption of Data

It must be ascertained how many microinstructions the MAR must be set up
before the memory write signal, WRITE.LM is given. WRITE.LM cannot occur
during the same microinstruction which sets up the MAR (since the write pulse
will be triggered by PORT.CLK before the address is gated into the MAR by
MAST.CLK). - '

The first case to be considered is therefore as follows. The MAR is set
up by the current microinstruction, and the following microinstruction

supplies the write signal (WRITE.LM) from an output port. An exdmp]e of
such a program sequence would be: :
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j : KI11(RO) * 60  #60 to MAR
j+1 ¥ *  WRITE.LM <+ Write data in AC to LM address 60

To see whether or not this program isequence will cause corruption, an
“analysis of the delays in the system affecting the write operation must
be made. This ana]ysis’must find whether or not the address will be set
up in the memory address register before the write operation begins.

~ Physically, the address will only be gated into the CPA's memory address
register on the rising edge of the clock during time period j. The timing

- diagram in Figure C.7 illustrates this situation. The write signal, on the

other hand, will be triggered on the rising edge of PORT.CLK. The rising
edge of PORT.CLK occurring 140 nanoseconds after the risihg edge of MAST.CLK.

The above program sequence will therefore only be valid -f tAR (the memory
address propogation delay from the rising edge of the clock to the address
being stable at the address inputs of the memory element) is less than

140 nanoseconds.

e—time period —eé—time period—>

J j+ -
MAST. CLK N
: |
i
!
Address available-at . : f—tAﬁ—a
the memory element i
I
. I
PORT.CLK & WRITE.LM !
' I
N |
' |
local memory i
write pulse : !
k— t —A
CW
il ) X
| |
Clock period = 280 nanoseconds ; tARMAX = 100 nanoseconds
Clock HIGH =~ 70 nanoseconds { taptyp = 72 nanoseconds
.tAR = tDL + t74368 + t74124 + tAw ' tCw = 140 nanoseconds

Figure C.7 Local Memory Write Timing - Setting up the
Lecal Memory Address
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The memo;y address; on its.way from the CPA to the memory eﬁémgﬁf;_wiﬁluni
be subject to certain delays. These delays are due to the components in
its path (i.e. a 74368 and a 74124); the propogation delay associated
with the component the address has originated from (i.e. the 3002 CPE);
and the component the address terminates in (i.e. the 2102A-2 memory
element). The path the address takes is illustrated in_Figufe C.8.
Consequently, ' -

=t

tar = toL * Y7a368 * t74124 * tau

tDL and tAw are defined in Table C.4, and the propogation delays for
tDL’ t74368’ t74124 and tAw are given in Table C.4. Therefore,
tARMAX (the maximum propogation delay time for tAR) =

50 + 18 + 12 + 20 = 100 nanoseconds, and
-tARTYP'(the typical propogation delay time for tAR)
32 + 12 + 8 + 20 = 72 nanoseconds.

Both tARTYP and tARMAX are less than 140 nanoseconds. The write pulse
therefore only becomes active after the address inputs to the 2102A-2 are
stable, and the above program sequence will not cause the corruption of

" data in memory. ‘ . .

C.7.1.2 Checking if Data Written Correctly

To ascertain whether or not the data will be written correctly, two things
must be determined.

(i) It must be determined at what stage the address and data will
be at when a write pulse is given. The above analysis has
.shown that the microinstruction must be set up in the MAR
at least one microinstruction before the WRITE.LM output-control
signal is given. This ensures that the address will always be
available at the memory element before the write begins.

It must be determined if the data to be written to the memofy
element will be stable at the memory element before the write
begins. The WRITE.LM signal cannct occur in the same microinstruc-
tion that sets up the.accumulator. It will be shown that if the
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data to be written td Tocal memory is set up in the current
microinstruction (that is, by modifying the accumulator),

and the write command is given in the following microinstruction;
then the data will be valid at the memory element before the write
begins. An example of such a program sequence is :

Jj - ¢ ILR(RO)
g+1 ¢ * * ¢ WRITE.LM

Let tDR be the propogation delay from the rising edge of the clock-
to the data being stable at the data inputs of the memory element
(refer Figure C.9). S ' : |
Referring to Figure C.8, it is found that
YR = tor * tr4368

' tDL is defined in Table C.4, and the propogation delays for tDL and-
t74368.is given in Table C.4. Therefore,

tDRMAX (the maximum propogation delay for tDR)
50 + 22 = 72 nanoseconds, and
toRTYP (the typical propogation delay for tDR)
.32 + 10 = 42 nanoseconds.

. &———time period—s<«—time peried—>

J j+ 1
{

MAST.CLK

f

]

|

—tHR
Data available at .
the memory element . i
PORT.CLK & WRITE.LM :

I

|

i
Local Memory Write Pulse I

|

I‘_tcw—-ﬁ r

) | |
Clock HIGH = 70 nanoseconds E tDRMAX = 72 nanoseconds
tor = oL * t74368 , % torTyp = 42 nanoseconds
| |

tew o 140 nanoseconds

r
i '

Figure C. 9 Local Memory Write Timing - Setting up the Local Memorv Data
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Since'tDPMAX is less than 140 nanoseconds, the data will be .
ready before the write begins. The timing diagram in Figure C.9 -
illustrates this situation..

In summary, both data and address will always be ready before
a write begins. _

(ii) It must now be seen if the write pulse given by only one
* * WRITE.LM , ,

" microinstruction will be long enough to cause the data to be
correctly written, This is a function of the memory element’s
access time. Since the 2102A-2 memory elements are used, the
write pulse must be available for at least 180 nanoseconds after
both address and data are stab]es._ Since the write pulse
will be available for 200 nanoseconds after both address and
data are available, data will be written correctly.

Note that no modification should occur to either the accumulator
-or memory address register during a WRITE.LM microinstruction.
This will allow the write pulse sufficient time to settle. The
memory address register or accumulator can safely be modified

on the following microinstruction.

| C.7.2 Reading from local memory

When reading data from local memory, it must be ensured that the correct
data is gated into the CPA. Again, this is done by analysing the system's
timing for read operations. In a read'operation, the. address of the data
be read is set up in the MAR, and the data is gated from the memory element
onto the M-bus, and then into the CPA. The path the address has to travel
from the CPA to the memory element, and data has to travel from that
element to the CPA is illustrated in Figure C.8. The output~control signal
' READ.LM is used to gate data from the memory element onto the M-bus.

During the same microinstruction, data will be gated into the CPA by the
appropriate CPA microfunction. The output-control signal READ.LM cannot

5Ir\tel Data Book, Intel Corporation, Santa Clara, California (1976), pp. 46-49,
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be performed by the same microinstruction that sets up the MAR. The
program sequence which must therefore be investigated is as follows.
The MAR is set up during the current microinstruction and the data is
gated into the CPA during the next microinstruction. An example of
such a program sequence would be :

j : K11(RO)  * 60 460 to MAR
' j+ 1 = ACM(A) * READ.LM = Contents of address 60 to AC.

Let tD be the propogation delay from the riéing edge of the clock to the
time data is ready for use at the CPA. tD can be broken up into three
propogation delays (refer Figure C.8) :

(i) The propogation delay from the rising edge of the clock to
the address being stable at the address inputs of the memory
element. This is the definition of tar (refer Figure C.7), and
it was found that tapmax = 100 nanoseconds and tarTYp = 72 '
nanoseconds . i

(i1) The propogation delay from the address inputs of the memory
element to the data being stable at the output of that element.
This is the memory elements propogation delay. The memory
element is the 2102A-2, and it has a 250 nanosecond access |,
time.

(iii) The propogation delay from the data being stable at the outputs
' of the memory element until it is available for use by the CPA.
Referring to Figure C.8, it is seen that this is equal to

toa368 * tos- tDS'is defined in Table C.4.
Consequently tD = tAR + t2102A-2 + t74368 + tDS’ Therefore tDMAX (the
maximum propogation delay for tD) = : '

100 + 250 + 17 + 50 = 417 nanoseconds, and tyryp (the typical
propogation delay for tD)'=
72 + 250 + 11,5 + 30 = 363,5 nanoseconds.

Data will only be ready at the inputs of the CPA during time period j + 2.
The timing diagram in Figure C.10 illustrates this situation.
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Figure C.10 Local Memory Read Timing - Setting up to the
' Local Memory Data

The microinstruction executed during time period j + 1 is

ACM(A) * READ.LM :

Data will therefore be gated into the CPA on the rising edge of the clock
during this time period. The maximum time which is therefore allowed for
‘data to become stable is one clock period which is 2€% nanoseconds. Since
tDTYP is greater than 280 nanoseconds, this program sequence will not work.

It must be determined how many microinstructions after the address has
been set up in the MAR, the data can be gated into the CPA. tomax is

~ 417 nanoseconds. This is less than twice the clock period which is 560
nanoseconds. Consequently, the microinstruction which gates data into

~ the CPA must occur two or more microinstructions after the address has

- been set up in the MAR. The minimum program sequence would therefore be :

j . K11(R0) * 60
i+t ¢ * A “
j+2 : ACM(A) * READ.LM

-C.7.3 Summary
" The results of the above analysis are summarized below :

(i) When writing to local memory, the write pulse may'on1y



(i)

(ii1)
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occur one or more microinstructions after the memory address
has been set up in the memory address register (MAR).
The minimum program sequence being of the form :

K11(RO) * 60 # Modify MAR.
* : *  WRITE.LM# Write to Local memory.

When writing to local memory, the write pulse may only occur

one or more microinstructions after the data has been set up

in- the accumulator. The minimum program sequence being of

the form :
ILR(RO) - ## Modify the accumulator.
* v * WRITE.LM# Write to local memory.

When reading from local memory, the microinstruction which gates
data into the CPA may'only occur two microinstructions

after the address has been set up in the MAR. The minimum
program sequence being of the form :

K11(RO) * 60 +# Modify the accumulator.

* + "Wait 1 mfcroinstruction.

ACM(A) * READ.LM = Gate data into the CPA.
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Propogation delay

times (nanoseconds) TYPICAL MAXIMUM

74500 3 5
74502 3,5 . 5,5
74504 3 " 5
74508 5 7,5
7415367 0 22
7415368 12 18
74586 7 10,5
74128 6 | 9
74150 23 35

" 745175 11,5 17
2909 | 40
2102A-1 200
2102A-2 _ 250
toL 32 50
tos ) 30 50
tay ‘ | 20

Definition of Terms

ty  C

. specified by the Intel 3002 CPE",

AW

DS

63002 Central Processing Eiement, pp. 9-10.

~ Progation delay in the CPA from the rising edge of the clock

to the A-bus and D-bus outputs.6 This propogation delay 1is

The address to write set up time. That is, the write signal
must only be present at the local memory tAw nanoseconds after
the address is stable. This propogation delay is specified by
the Intel 2102A-2 memory7. * : '
The data set-up time required from the inputs of the CPA to
the rising edge of the clock. This propogation délay is
specified by the Intel 3002 CPES,

Table C.4 Propogation Delay Times

H
i

7Intel Data Book, pp. 46-49.

83002 Central Processing Element, pp. 9-10,
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~ APPENDIX D

INPUT-CONTROL AND OUTPUT-CONTROL SIGNALS

The CPU communicates with the external logic by means of input-control
and output-control signals. Input-control signals are input to the 32
to 1 multiplexer, and output-control signals are the outputs from the

three output ports. ’

Input-control signals are received from :

(i) the central processor array;

(ii) the disc drive interface;

(ii1) the host computer (Varian) interface; and
(iv) the console.

Output-control signals are transmitted to :

-
-
-

(i) local memory;
(ii) the disc drive interface; and
(i1i) the host computer interface.

When a conditional jump is performed, it is the input-control signals which
- determine the next address to be selected. Output-control signals perform
the actual control of the external logic.

It is desirable to discuss the operation of the HLDC in terms of these
input-control and output-control signals. Such a discussion is essential
for the microprogrammer, as the microprogrammer will need to know how each
input and output signal is used, and how it will affect the system. The
input and output signals are dependant on each other, and consequently
these signals must be discussed together. These signals will therefore

" be discussed in terms of the following five elements in the system :

(i) the central processor array;
(ii) the disc drive interface;
(iii) the host computer interface;
(iv) local memory; and

(v) the console.
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D.1 The Central Processor Array Control Signals

. There are two signals asgbciated with this central processor array. Theée
aré the two input-control signals CO and SIGNBIT. Signals generated by
the central processor array must be handled in a special fashion because
the HLDC has a pipelined architecture. That is, whilst the current

.microinstruction is being executed, the next microinstruction is being
fetched. Consequently, an input-control signal generated by the central
processor array during the current microinstruction, cannot be used in
-the fetching of the next microinstruction. This situation is illustrated
in Example D.1. In this'example, the information in the CPA field of
the microinstruction, TZR(R3), sets up the input-control signal CO, which
is only tested in the following microinstruction:

* JMPT co LOOP

It is only when a central processor array input-control signal is being
tested that this consideration is necessary. All other input-control
"signais in the system being asyncronous.

Co

CO (carry-out) is used when testing whether or not a particular register is
_zero. For example, assuming a loop has to be executed 100 times. A
register (say R3) would be used as a loop-counter. At the end of every

. cycle of the loop, R3 would have to be decremented and tested to see if

it is equal to zero. A possible microprogram sequence to perform this

’is illustrated in Example D.1. '

CLR(R3) - |

K11(R3) * 99 = Set loop-counter -equal to 99
LOOP . |

DSM(R3) - # Decrement loop-counter

TZR(R3) H# and test if zero

* JMPT CO LOOP  # if non-zero, loop

Example D.1
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The central processor array command TZR{R3) will perform the logical OR
éf all the bits in R3. The result of this operation being indicated by
the most significant carry-out of the CPA. This carry-out signal is the
CO input-control signal. Consequently, CO will be FALSE (LOW) only if
R3 is zero. '

SIGNBIT

The most significant bit of the accumulator (bit 15) is input to the
multiplexer, and is the input-control signal SIGNBIT. This signal is
useful for testing if a number is positive or negative. Consider the
following microinstruction :

* JMPT SIGNBIT NEGATIVE
If the most significant bit of the accumulator is set, SIGNBIT will be
TRUE, and a jump is made to location NEGATIVE. If SIGNBIT is FALSE, the
next microinstruction is fetched for execution.

D.2 The Console Control Signals

There is only one signal associated with the console. This is the input-
control signal FORMAT. The FORMAT input-control signal is TRUE when the
consoles format switch is ON, and the FORMAT signal is FALSE when the
format switch is OFF., The FORMAT input-control signal has two uses :

(i) The FORMAT signal can be used as a data protection facility
for the disc. For example, it can be used to avoid the
corruption of a disc pack through inadvertant formatting.
To prevent this situation from occuring, it can be ensured
that formatting will only begin if the format switch is ON.

(ii) .The FORMAT signal can be used as a breakpoint in a microprogram.
This facility is useful when debugging a particular microprogram.
Breakpoints can be set up throughout the program, and a break-
point would occur by using the format switch with the following
microinstructions : '

A * INCT . FORMAT

B : * INCF  FORMAT
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When the format switch is OFF, the program will proceed as far as

~ microinstruction A. By switching the format switch ON, the program

will proceed to microinstruction B.

D.3 Local Memory Control SignaTs

There are two signals associated with local memory. These are the output-
control signals READ.LM and WRITE.LM. There are certain timing problems

-associated with reading from and writing to Tocal memory. These timing

problems are discussed in Appendix C.7.

READ.LM

The READ.LM output-control signal will cause data from local memory to be
gated onto the M-bus. The appropriate local memory address being supplied
by the CPA's memory address register. As mentioned in Appendix C.7, the
microinstruction which gates data into the CPA can only occur two or more
microinstructions after the address has been set up in the memory address
register. An example of a program sequence to read data from lccal memory
address 60 into the accumulator (AC) is as follows :

K11(RO)  * 60 4 60 to MAR

*

ACM(A) * READ.LM  # contents of address 60 to AC

- WRITE.LM

The WRITE.LM output-control signal will write data to local memory. The
data to be written to local memory is set up in the accumulator, and the
Tocal memory address is set up in the memory address register. The
following example illustrates how the contents of the accumulator can

be written to local memory address 60 :

KI1(RO) * 60 4 60 to MAR
* ok WRITE.LM + AC to local memory address 60
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D.4 HLDC/Disc Drive Interface Control Signals

The disc drive interfaced to the HLDC is the CalComp CD1 disc drive.
Communication between the HLDC and the disc drive takes place by means
of the following input-control and output-control signals.

Input-control Signals: SYNC, EQ.16, INDEX, SECTOR, ONLINE, UNSAFE,
WRITE CUR, SEEKRDY, SEEKERR, SGLDEN UNTSEL, ATTEN.

| 0utput-contro1 Signals: DRIVE'1, DRIVE2, DRIVE4, DRIVE.CLR, DISC.DIN,
DISC.DOUT, SECTOR.NO, READ.DATA, READ.CLK, CLR.EQ16, WRITE, SYNC.EN,
SYNC.CLR, BUS.EN, TAG.EN.

There is also a group of constants which is set up by the assembler and
which is used in the interface.

Constants: BUSO, BUS1, .... BUS7, CONTROL, CYL, HEAD and DIFF.
‘The following discussion should be read in conjunction with Figure D.1
which illustrates, in block diagram form, that part of the disc drive

interface which interfaces to the central processing unit.

Drive Select SignaTs

The four output-control signals DRIVE1, DRIVEZ2, DRIVE4 and DRIVE.CLR are
used for selecting 1 of 8 possible disc drives which could be connected
to the HLDC. The HLDC currently has connections for only two disc drives.
“These two drives are called drive 0 and drive 1. Associated with the
output-control signals DRIVE1, DRIVE2, and DRIVE4 are three latches (refer
Figure D.1). These three 1atchés are cleared when a DRIVE.CLR output-
control signal is given. Since all three latches are cleared by a
DRIVE.CLR signal, this signal selects drive 0. To select a drive other
than drive 0, a DRIVE.CLR signal must first be given, followed by the
appropriate combination of the output-control signals DRIVE1, DRIVEZ and
DRIVE4. That is, drives 1 to 7 are selected by using one of the

following microinstructions :
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* * DRIVE1 Select drive
* % DRIVE2
*  *+  DRIVE2, DRIVET
* % DRIVE4 D
“* % DRIVE4, DRIVE1
* % DRIVE4, DRIVE2

i} * DRIVE4, DRIVEZ2, DRIVE1

Select drive
Select driVe
Select drive
Select drive
Select drive

¥R FE ¥ FFE
~NEOY O AW NN e

Se]ect drive

BUS.EN and TAG.EN Output-control Signals

BUS.EN and TAG.EN are used in outputting bus signals and tag signals to
the disc drive. Associated with the bus and tag signals are two sets of
latches called the bus latches and tag latches respectively (refer

Figure D.1). There are 8 bus latches and they are called BUSO, BUS1, ....
BUS7. When a bus latch is enabled, the corresponding bus signal to the
disc drive goes HIGH. Similarly, there are 4 tag latches, and they are
called CONTROL,CYL, HEAD and DIFF. The bus latches are enabled or
disabled by the contents of the accumulator logically AND'ed with the
BUS.EN output-control signa]. Simi]ér]y, the four tay latches are enabled/
disabled by the contents of the accumulator logically AND'ed with the |
TAG.EN output-control signal. The accumulator is set up to the desired
value by using the special constants which have the same names as their
corresponding latches.

~ The following program sequence illustrates how the latches BUS1, BUS4
and CONTROL are first enabled and then disabled. '

4 Enable BUS1, BUSA and CONTROL

CLR(A) _
K11(A) * BUS1, BUS4, CONTROL
* * BUS.EN, TAG.EN

# Disable BUS4

~ CLR(A)

K11(A) * BUS4
* * ~ BUS.EN

4 Disable BUS1 and CONTROL
CLR(A) |
K11(A) *  BUS1, CONTROL

* ' * o BUS.EN, TAG.EN



© UNTSEL

" When the HLDC selects a disc drive, the UNTSEL fnput—contro] signal for
that drive will go HIGH. This input-control signal is useful when more
than one drive is being used. When the HLDC selects a different drive
from the currently selected drive, the HLDC must check if the UNTSEL
signal 1is HIGH. '

ATTEN
The input-control signal ATTEN, 1ike UNTSEL, is useful when more than one
disc drive is attached to the HLDC. When the Ee]ected_drive requires the
attention of the HLDC, the ATTEN line will go HIGH. For example, the
ATTEN Tine will go HIGH aftgr the completion of a disc seek-operation
(whether successful or unsuccessful).

ONLINE

When 5 disc drive goes on]ine; the ONLINE input-control signal will go
HIGH. The appropriate drive is selected by the drive select signals
mentioned above, and only one drive will be online at any one time. The
online signal will go LOW if an UNSAFE input-control signal is received
from the disc drive. :

UNSAFE

When an unsafe condition occurs, the UNSAFE input-control signal will go
.HIGH, and the select lock indicator on the disc drive will light up. The
drive power must then first be turned off and then on again. The UNSAFE
signal should be examined at those places where a disc drive unsafe |
condition may occur. '

WRITE.CUR
The WRITE.CUR input-control signal will go HIGH when writing, and will go

LOW again when writing ceases. There is a delay between instructing the
~drive to stop writing and the falling edge of WRITE.CUR. This delay makes



it necessary for the HLDC to be able to examine the WRITE.CUR signal.

SEEKRDY and SEEKERR

When a seek is in progress, the signal SEEKRDY will go LOW. When the seek
is completed, SEEKRDY wiil go HIGH. If an error is encountered during a
seek, the signal SEEKERR will go HIGH.

- INDEX, SECTOR AND SECTOR.NO

The CalComp CD1 disc drive sends out 20 sector pulses per track. The
HLDC requires only 10 sectors per track, and hence hardware is used to
select every second sector pulse.

The timing of the input-confro] signals INDEX and SECTOR is i]]uétrated
in Figure D;21. '

—>  &— 75.80
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; INDEX PULSE
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|
b
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126

|

B

+

Figure D.2?

1Ca]ConjﬁField Engineering Servicé Handbnok, CB1 Disc Drive, California
Computer Products, Inc., Anaheim, CaJifornia (197%), p. 23,
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" The HLDC should wait for the falling edge of the sector.pulse before
beginning to write or read. This is done by using two microinstructions
as follows : ’ ‘

* . INCT  SECTOR
* INCF SECTOR

This will ensure that read and write operations begin at the same place
each time. There are a number of methods which could be used in
accessing ‘the desired sector :

(i) The HLDC can wait for the index pulse, and can then count
the sector pulses until the desired sector is under the
read/write heads. The problem with this method is that an
unnecessary disc revolution may be required. For example,
if the reéd/write heads are currently at sector 2, and
sector 6 is required, the HLDC, not knowing the current
sector position, would first wait for the index pulse,
and then count off 6 sector pulses. '

(ii) One method of overcoming this problem is to perform a
software count on the sectors. This method is used by
Intels microprogrammed 'low-level' disc contro]]erz.
The problem in using this method in the HLDC is that it
would be necessary to continuously check if a sector
pulse has been received.
(ii1) The method used is to have a decade counter. This counter
is cleared by the index pulses. The counter increments on
each falling edge of the sector pulse. When the tenth
sector pulse is received, the counter, being a decade counter,
resets itself to zero. Figure D.2 illustrates the sector
numbers associated with the counter (sectors being numbered
0 to 9). '
The value of the decade counter is inspected by means of the SECTOR.NO
output-control signal. This signal gates the value of the counter onto
the M-bus. The following example illustrates how the decade counter could
be used. ‘

2Inte] Data Book, Intel Corporation, Santa Clara, California (f976),
pp. 750-758,
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Assume that it is hecessary tc access a particular sector, say the sector
whose sector number stored in register RO. This could be done by the

following program sequence :

, #ﬁ”SyncroniZe with the beginning of the sector.

AGAIN * INCT SECTOR
o INCF .SECTOR
.# Check if the wanted sector minus the current sector equals zero.
ILR(RO) '
ACM(A) * | ~ SECTOR.NO
TIR(A) |
.#If zero, then the required sector.
- * JMPT - CO 0.K.
H# If non-zero, then try"the next sector.
* JMP AGAIN

0.K. # the required sector has been found.

It can be rightly argued that a possible method for the HLDC to obtain
the current sector address, would be to read tne current sectors header.
The main use of the header is to improve the reliability of data on
disc by ensuring that the incorrect sector is not accessed. This was
discussed in Appendix A.3. Using the header to obtain the sector
address would not, however, reduce the discs reliability to any appre-
ciable extent. This is because, firstly, the reading of the header is
~a reasonably reliable operation (tompared with the disc seek to obtain
the header in the first place), and, secondly, the header is followed by
~ a header cyc1ic redundancy check word. ‘

The advantage of using the decade counter over this latter method is that
the sector address can be obtained at any stage. If the latter method is
used, the sector address can only be obtained at the beginning of a sector.
In the HLDC, it may be desirable to know the current sector address
immediately, so that it can be ascertained what operation to perform next.

. SGLDEN

The rate at which data is transferred to/from the disc drive is dependent
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on the discs rotational speed and recording density. The disc drive

interfaced to the system is the CalComp CD1 disc drive. A bit of data
can be written to this drive every 400 nanosecohds3. The clock used
for writing data to disc or reading data from disc comes from one of

two different sources :

(1) A fixed c]ock when writing. The system uses a 5 megahertz

clock which is divided down to get the correct frequency for
. the disc drives. A bit must be written to the CalComp CD1

disc drive every 400 nanoseconds, and hence the write clock
operates at a frequency of 2,5 megahertz when writing to
this drive. :

(ii) A variable frequency oscillator (VFO) when reading. The
-VFO is continuously updated by the clock bits from disc,
and. is then used to predict the next clock or data bit from

s

disc.

A disc drive can be set up as single density or double density. Bit
transfer speeds for single density drives will be at 400 nanoseconds/bit
(800 nanoseconds for clock bit plus data bit). Bit transfer speeds for
double density drives are at 200 nanoseconds/bit (400 nanoseconds for
data plus clock). Drives are set up és single density or double density

" - by connecting the appropriate jumpers on Board 6 as illustrated by the

circuit diagram of Board 6 in Appendix E.

By inspecting the SGLDEN input-control signal, the HLDC can ascertain
whether the selected drive is single density or double density. If SGLDEN
is TRUE, then the drive is single density. If SGLDEN is FALSE, the drive
is double density. Currently only single density drives can be supported
by the system. ~ |

WRITE . , o A

The WRITE output-control signa1 is used to enable/disable the WRITE
“latch. Initially this latch is cleared (disabled) by a system reset.

The WRITE latch is then successively enabled or disabled by means of

the WRITE output-control signal. The use of this latch will be discussed
later.



D.4.1 Reading and Writing Data

The following discussion on reading and writing data should be read in
conjunction with Figure D.1. Data transfers between the CPA and the disc
drive interface are in parallel form. Data is transferred from the drive
“interface to the CPA on the M-bus when reading, and from the CPA to the

drive interface on the D-bus when writing. Transfers between the disc

drive interface and the disc drive are in serial form. The 16 bit shift
register (Figure D.1) is used to convert data from serié]-to-para]]e]

form, and vice versa. This shift register is clocked by the data-clock.

The data-clock being a variable fregquency oscillator (VFO) when reading

.and fixed 5 megahertz oscillator when writing. Data syncronization is
achieved by a modulo-16 (MOD16) counter (i.e. the counter counts from 0

to 15 and back to 0 again). During write operations (the WRITE latch
enabled), when the modu10-16 counter reaches 15, the 16 bit shift register
will automatically be loaded from the accumulator. During read operations
(the WRITE latch disabled), the 16 bit DISC.DIN latch will automatically

be loaded from the shift-register when the modulo-16 counter reaches 15.

The modulo-16 counter also enables the EQ.16 latch when it equals 15 (for

both read and write operations). The output of this latch is the input-control
signal EQ.16. The HLDC uses this signal during both read and write operations
to syncronize itself with the disc data.

Reading

When reading, the HLDC will monitor the EQ.16 input-control signal. When
this-.signal goes TRUE, the HLDC will gate the data from the DISC.DIN latch
into the CPA by using the output-control signal DISC.DIN. This signal
gates the data from the DISC.DIN latch onto the M-bus. The HLDC must

then CLR.E016.latch with the CLR.EQ16 output-control sianal. The
following brogram sequence will read data off disc, and store the data

in consecutive locations in local memory. The number of words to be read
- off disc is initially set up in the T register, and the start address of
Toca1~memory is initia]]y'set up in register RO. ' |

AGAIN — * INT  EQ.16
ACM(A)  * DISC.DIN
SDR(T)  * WRITE.LM
TZR(T)  * - CLR.EQ16

ILR(RO) JMPT co AGAIN
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Writing

When writing, the HLDC will again monitor the EQ.16 input-control signal.
When EQ.16 goes TRUE, the HLDC will store the next data word to be written
to disc in the accumulator, and will clear the EQ.16 latch with the
CLR.EQ16. output-control signal.

D.4.2 Disc Format

A disc format, based on the Telefile low-level disc centrollers disc

' format3, is illustrated in Figure D.3. The different fields which

make up the format for each sector will now be discussed. ' This discussion
should be read in conjunction with Figures D.1 and D.3. |

(i) Data Preamble

The data preamble consists of an all zeroes bit pattern, and should be
between 20 and 25 words in length. The data preamble is used in con-

- junction with the two output-control signals READ.DATA and READ.CLK to

select the variable frequency oscialltor (VFO) as the data-clock (DATA.CLK)
during read operations. These two output-control signals are used to ‘
enable/disable the READ.DATA and READ.CLK latches respectively (refer
Figure D.1). Initially these two latches are disabled by a system reset.
The latches are then first enabled and then disabled by the successive
application of the appropriate one of the two output-control signals. The
enabled READ.DATA latch will select the appropriate phase of the VFO, and
this latch should be enabled at about word 5 of the data preamble. The
enabled READ.CLK latch will select the VFO as the data-clock, and this

. latch must be enabled no sooner than 12 words after the READ.DATA latch

has been enabled. That is, at about word 17 of the data preamble.

If the write clock is to be selected as the data clock, both the READ.DATA
and READ.CLK latches must be disabled.

(ii) Syncronizing Word

A syncronizing word is necessary to syncronize the modulo-16 counter with
data from disc. Syncronization will only occur when the SYNC latch has

| 3Products Specification, DC-16 Disc Drive Controller, Telefile Computer
Products, Irvine, California (June 4, 1971), p. 4.
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SECTOR ’

R

L

DATA PREAMBLE|SYNC |HEADER [HEADER|PGST-HEADER| SYNC |DATA|DATA| DATA

JMBER OF WORDS:I

Notes:

(i)

(11)

(ii1)

(iv)

(v)

rOfS. WORD | CRC GAP 0'S |WORD CRC | TRAILER
25 1 3 1 J 15 1128 1 l =20
A B

The total number of words possible at the specified environmental
conditions can be calculated as follows. One bit of information
can be written to disc every 400 nanoseconds. Consequently,

one bit of data plus one bit of clock is written to disc every
800 nanoseconds. As illustrated in Figure D.2, it takes 2,5
milliseconds for the read/write heads to pass over one sector.

Hence, at the correct suprly conditions :

3

2,5 x 10 seconds/sector _ 3125 bits/sector

800 x 10”0 seconds/bit
= 195 words/sector ........... 16 bits/word.

The total number of words used is 175. This allows for a
10% leeway in disc speeds.

The syncronization word (SYNC word) is 2.

The HEADER contains the cylinder, track and sector addresses.
The header can either be stored as three separate words or as

one word.

A11 data in part A of the sector will be written during the
format routine, and this data will remain unchanged. The data
in part B of the sector will be changed with each new write

operation.

Figure D.3 Sector Format
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been enabled by the output-control signal SYNC.EN. When the SYNC latch
is enabled, a non-zero data bit will cause the modulo-16 counter to be
cleared, and the SYNC.REC latch to be enabled. The output of the
SYNC.REC Tatch is the input-control signal SYNC. The HLDC inspects the
SYNClinput—contro1 signal during data syncronize operations, and when
this signal goes TRUE, the HLDC will receive data when the EQ.16 input-
control signal next goes TRUE. The HLDC must clear the SYNC and
SYNC.REC Tatches with a SYNC.CLR output-control signal after the SYNC
input-control goes TRUE.

(iii) Header and Header CRC

Before read or write operations take place, the HLDC inspects the header
to see if the correct cylinder, track and sector have been chosen.

(iv) Post-header

When data is to be written to a formatted disc, the HLDC must first
perform a read operation to inspect the header information. Having found
that the correct sector has been selected, the write operatibﬁ can commence.
Changing from the VFO (read) clock to the fixed 5 megahertz (write) clock
will take a certain amount of time, and will upset the modulo-16 counters
timing. It is therefore necessary to write.about 10 to 15 words of zeroes
followed by a syncronizing word dufing write operations. When reading,'
the HLDC will start searching for the zero words between the fifth and
tenth words after the header CRC. After locating the zero words, the HLDC
will enable the SYNC latch, and the modulo-16 counters timing will
subsequently be syncronized with the data.

(v) Data and Data CRC
With the above format, data should be no more than 140 words to allow for
_variations in disc speeds. The data is followed by a CRC which is calcu-

lated by the HLDC.

(vi) Post-data Gap

When writing, enough space must be allowed for the data and data CRC to
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accommodate the maximum disc speeds possible. Consequently, there should
always be a post-data gap after the data CRC word.

'D.5 The HLDC/Varian Interface

As mentioned in Chapter 3.11, the HLDC/Varian interface allows three basic
modes of I/0 communication between the Varian and HLDC.

(i) The interface allows communication to occur by means of
"~ the full range of the Varians 1/0 instructions.
(i1) The interface allows data to be transferred between the
Varian and HLDC via direct memory agcess (DMA).
(iii) The interface allows the HLDC to interrupt the Varian.

Associated with the above three modes of communication are the following
input~- and output-control signals. '

Input-control Signals : EXC, DTOX, DTIX, COMMAND and DMA.FIN.
Output-control Signals : READY, EOF, ERR, VAR.DIN, VAR.DOUT, CLR.COMMAND,
DMA.IN, DMA.OUT and INTERRUPT.

/

The above three modes of communication, together with their associated
control signals, will now be discussed. This discussion should be read
in conjunction with certain of the circuit dﬁagrams and block diagrams
illustrated in Appendix E. The diagrams which should be referenced are :

(i) Block diagram of the Computer Interface F'This‘diagram
“is reproduced in this Appendix as Figure D.4.
(ii) DMA and Interrupt Control - Board 5 Page 2.
(iii) Varian Interface (Sense) - Board 5 Page 3.

D.5.1 1/0 Instructions

As mentioned in Chapter 3.11 there are basically four types of I/0
instructions which can be executed by the Varian :

(i) Program Sense
(i1) External Control
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(iii) Single-word output transfer
(iv) Single-word input transfer

Associated with these four types of I/0 instructions are a number of input-
and output-control signals.

Input-control Signals : EXC, DTOX, DTIX, and COMMAND.
Qutput-control Signals : READY, EOF, ERR, VAR.DIN, VAR.DOUT and CLR.COMMAND.

The above four types of I/0 instructions and their associated control
signals will now be discussed.

(i) Program Sense (READY, EOF and ERR)

The HLDC indicates its current status to the Varian by means of three Sense .
latches. These latches are called the READY, EOF and ERR latches, and are
set up by the input-control signals READY, EOF and ERR respectively (refer
Appendix E, Board 5 Page 3). The Varian can examine any one of these

three latches by means of a Sense command. ‘

SEN 0014 examines the READY latch,
SEN 0114 examines the EOF latch, and
SEN 0214 examines the ERR latch.

(ii) External Control (EXC)

When an external control instruction is executed by the Varian, a 4-bit
.address is gated from the E-bus into a latch called the EXC-address latch.
The output of this latch being an input to the microprogram control unit
(refer Figure D.4). The external control instruction will also set a
latch called the EXC latch. The output of this latch being the input-
control signal EXC. The HLDC will periodically inspect the EXC signal,
and if the signal is TRUE, the HLDC will take the appropriate action.

This will generally be a jump to a microprogram routine specified by the
contents of the EXC-address latch. The jump would be made using the
JMPD or JSRD jump commands (refer Appendix B).
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i

(iii) Single-word Output Transfer (DTOX and VAR.DIN)

When a single-word output transfer instruction is executed by the Varian,
-data will be gated from the E-bus into a latch called the VAR.DIN latch.
A latch, called the DTOX latch, will also be set. The output of the DTOX
latch is the DTOX input-control signal. The HLDC will periodica11y
~inspect the DTOX signal to see if a data transfer has occurred. On
finding the signal TRUE, the HLDC will gate data from the VAR.DIN latch
onto the M-bus by means of the VAR.DIN output-control signal (refer
Figure D.4). , ‘ -

(iv) Single-word Input Transfer (DTIX and VAR.DOUT)

Before a single-word input transfer instruction can be executed by the

Varian, the appropriate word of data must first be set up in a latch called

the VAR.DOUT latch. Data is gated from the CPA's memory address register

“into the VAR.DOUT latch by means of the VAR.DOUT output-control signal
(refer Figure D.4). ‘

HLDC/Varian Communication

The following discussion will show how the above input- and output-control
signals are used to perform the required HLDC/Varian communication.

To check if the Varian has initiated an I/0 command (i.e. external control,
~single-word output transfer and single-word input transfer), the HLDC must
periodiéa]]y examine the EXC, DTOX and DTIX input-control sigha]s. Since
the operation of examining whether or not a command has been initiated will
be frequently performed, it is desirable to test this occurance by means

. of only one microinstruction. This is done by means of the input-control

signal COMMAND. COMMAND is the logical OR of the input-control signals
EXC, DTOX and DTIX. The HLDC will periodically check the status of the
COMMAND input-control signal. If this signal is TRUE, the HLDC will then
check the DTOX, DTIX and EXC input-control signals to ascertain which
Varian I/0 instruction has been executed. '

The HLDC can only receive one command at a time. That is, the amouqt of
time from the COMMAND signal going TRUE to the HLDC inspecting the COMMAND
signal will be variable, and will be dependent on the microprogram routine



D-21

the HLDC is currently performing. For example, if the HLDC s currently
transferring a sector of data to or from disc, it will probably only
inspect the COMMAND signal after the sector of data has been fully
transferred. During this period of time, the Varian must not initiate
another I1/0 command, as this may cause an I/0 command to be lost. For

. example, if the Varian executes a second single-word output transfer
instruction before the first single-word output instruction has been
processed by the HLDC, the data in the VAR.DIN latch will be overwritten,
causing the first command to be lost.

The following method of communication between the HLDC and Varian will
ensure that the above situation will not occur.

The Varian must initially check if the HLDC is ready to receive a command.
It would do this by checking whether or not the READY latch is set by
means of aﬁSEN 01431/0 instruction. If the HLDC is ready, the Varian

will execute the appropriate I/0 instruction (i.e. external control,
single-word output transfer or single-word input transfer). This instruc-
tion will set up the appropriate latches. In the case of an external
control instruction, the EXC and EXC-address latches will be set up; in
the case of a single~word output transfer instruction, the DTOX and
VAR.DIN Tatches will be set up; and in the case of a single-word input
transfer instruction, the DTIX Tatch will be set up. The I/0 instruction
will, at the same time, clear (reset) all the Sense latches. Clearing
‘the Sense latches will ensure that the HLDC is no longer ready.

The HLDC, when it next inspects the COMMAND input-control signal, will see
than an I/0 command has been initiated. If the EXC latch is set, the

HLDC will perform a jump to the address specified by the EXC-address
Jatch. If the DTIX latch is set, the HLDC will know that the Varian has
received the data word that was set up in the VAR.DOUT latch. If the
DTOX latch is set, the HLDC will gate the data from the VAR.DIN latch
“into the CPA. |

Once the command has been processed (for example, when the data in the
VAR.DIN latch has been gated into the CPA), then the three command latches
(i.e. EXC, DTOX and DTIX latches) will be cleared using the CLR.COMMAND
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odtput—contro] signal. The appropriate Sense latch (e;g. the READY
latch) can then be set by the HLDC to indicate to the Varian that the
HLDC is ready to receive another command. .

Example D.2 illustrates how this communication will work for a single-
~ word output transfer command.

D.5.2' Direct Memory Access

- Direct memory access (DMA) transfers between the HLDC and the Varian use
the following input- and output-control signals (refer Appendix E, Board
5, Page 2). :

Input-control Signals : DMA.FIN :
Output-control Signals : VAR.DOUT, VAR.DIN, DMA.OUT and DMA.IN

DMA Transfers from Varian to HLDC

-

When transferring a word of data from the Varian to the HLDC via DMA, the
appropriate address must first be set up in the CPA's memory address
register, and then output to the VAR.DOUT latch by means of the VAR.DOUT
output-control signal. The output-control signal DMA.OUT is then given.
This signal sets the DMA.OUT latch which requests a DMA transfer from

the Varian to the HLDC. - This signal also causes the DMA.FIN input-control

- . signal to go FALSE. When the DMA transfer is complete, the DMA.OUT latch

~ will be reset, and the DMA.FIN signal will go TRUE. This signal indicates
the completion of the DMA transfer. On completion of the transfer, the
DMA data, which is automatically gated into the VAR.DIN latch, can be
'gated onto the M-bus by a VAR.DIN output-control signal. The following
example illustrates how one word, stored in main memory address 100, can
be transferred into the CPA's accumulator (AC) via DMA.

CLR(A) ' o

K11(A) * 100
## Set up the VAR.DOUT latch with 100.
* * VAR.DOUT

## Request a DMA transfer from Varian to HLDC.
* * DMA. OUT
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# Wait for the transfer to compiete.

* INCT DMA.FIN
“# Input the DMA data into the accumulator.
ACM(A) * VAR.DIN

DMA Transfer from HLDC to Varian

When transferring a word of data from the HLDC to the Varian via DMA,
the appropriate main memory address must first be set up in the CPA's
memory address register, and output to the VAR.DOUT latch by means of

a VAR.DOUT output-control signal. The data to be output to this latch
is then set up in the memory address register,'and a DMA.IN output-
control signal is given. This signal sets up the DMA.IN latch which
requests a DMA transfer from the HLDC to the Varian. This signal also
causes the DMA.FIN input-control signal to go FALSE. When the DMA transfer
is complete, the DMA.IN latch will be reset, and the DMA.FIN signal will
go TRUE. This signal indicates the completion of the DMA transfer. The
following example illustrates how a word of data stored in register RO
can ba transferred to the main memory address 200 using DMA.

£ ¥

CLR(A) o _
K11(A) * 200
H# Set up the VAR.DOUT latch with 200
* _ *x VAR.DOUT .
Transfer the contents of Register RO to the memory address register
and request a DMA transfer’ from HLDC to Varian
LMI(RO) * DMA.IN
# Wait for the transfer to complete

* INCT DMA.FIN

D.5.3 Interrupts

The HLDC initiates an interrupt by means of the following input- and
output-control signals (Refer Appendix E, Board 5, Page 2).

Input-control Signals : DMA.FIN
Qutput-control Signals : VAR.DOUT and INTERRUPT
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To initiate an interrupt, the interrupt address must first be set up

in the CPA's memory address register, and then output to the VAR.DOUT
latch by means of a VAR.DOUT output-control siéna]. The output-control
signal INTERRUPT is then given. This signal sets the INTERRUPT latch
which requests an interrupt. When the interrupt has been acknowledged
by the Varian, the INTERRUPT latch will be reset. This will cause the
DMA.FIN input-control signal to go TRUE.

The following example illustrates how an 1nterrupt to main memofy address
100 is given by the HLDC. .

CLR(A)

Ki1(a) = 100
H# Set up the VAR.DOUT Tlatch with 100 _

* * VAR.DOUT
# Request an interrupt |

* * INTERRUPT

+# Wait for interrupt to be accepted (if necessary)
* INCT DMA.FIN )



D-25

Varian program:' Output the data in the accumulator to the HLDC by means
of a single-word output transfer I/0 instruction.

AGAIN SEN 014, READY
NOP
JMP AGAIN

READY OAR 014

- HLDC program: The following microprogram sequence illustrates the part
of the microprogram associated with receiving a word of data from the

Varian.

.LOOP, * INCT COMMAND
* JMPT ©DTOX  .DTOX.
* : JMPT DTIX : - DTIX.
* JMPT EXC .EXC. .
* HLT . # Hardwvare error

.DTOX. +# Gate data from the VAR.DIN latch into the CPA
LMM(A)  * _ : " VAR.DIN

## Clear the DTOX latch

_ * * : * CLR.COMMAND
+# Indicate to the Varian that the HLDC is again ready

* * READY

perform processing associated with DTOX

* amp ~ | " .LOOP.

Example D.2
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APPENDIX E

- THE HIGH LEVEL DISC CONTROLLERS .CIRCUIT -DIAGRAMS

The HLDC consists of 11 boards. Four boards are housed in a chassis
called card cage A, six boards are housed in a chassis called card
cage B, and the rémaining board resides in the Varian chassis. The.
boards are numbered 1 to 11, and the functions performed by each of
these boards is as follows :

Card Cage A

Board 1 Cohso]e, Local Memory and Microprogram Memory Interfaces
Board 2 Microprogram Memory '

Board 3 Central Processing Unit

Board 4

Computer and Disc Drive Interfaces

Varian Chassis

Board 5 : Varian 620/L Minicomputer Interface

Card Cage B

Board 6 CalComp CD1 Disc Drive Interface .
Board 7 VFO Single Density

Board 8 Read/Write/Clock

Board 9 : Drive Multiplex Transmitter/Receiver

Board 10 : Drive Multiplex Transmitter/Receiver

Board 11 : Drive Simplex Transmitter/Receiver -

It was mentioned in Chapter 3.{2 that certain of the Telefile disc
controller circuits have been used in the HLDC. These circuits are
~boards 7 to 11. The circuit diagrams for these boards are not given

in the text, but are available from the reference1, The wiring

diagrams for these boards are, however, given in this Appendix, as are
the circuit diagrams for boards 1 to 6 together with the board layouts
and wiring diagrams. Block diagrams are given at certain places in this
“Appendix to make the circuit diagrams easier to follow. ’
1Operation and Maintenance Manual, DC-16 Disc Drive Controller, Telefile
Computer Products, Irvine, California (September 1970).

1
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BOARD NAME

: CONSOLE,

E-10

LOCAL

'MEMORY AND MICRO-

CARD CAGE:A SLOT:1 BOARD:]

|

!

MEMORY INTERFACES
CONNECTOR JI ' CONNECTOR J2
PI SIGNAL PIN SIGNAL PIN SIGNAL PIN| SIGNAL
1 |{MM.DINZ1 MM.DINO 1 | EN.A 2 | EN.B
3 |MM.DINZ2Z MM.DINI 3 | EN.C -4 {LOAD.STRT. ADDY,
5 |MM.DINZ3 VM. DINZ 5 | RESET 6 |MCUADDR.EN
7 |MMIDINZE W, DING 7 |SYS.CLEAR | 8 | WM.WRITE
9 |Polarising | 10 | Polarising|}{ 9 | EXCl 10 | EXC2
~ |Pin , Pin . -
11 |MM.DINZS 12 | MM.DINA 11 | EXC3 12 | EXC4
13 |MM.DINZ6 14 | MM.DINS 13 | EXC 14 | DTOX
15 |MM.DINZ7 16 | MM.DIN6 15 | DTIX 16 | MM.EN
17 |MM.DINZ8 18 | MM.DIN7 17 | DMA.FIN 18 | Spare
19 |FM.DINZ9 |20 | MM.DINS 19 | COMMAND 20 | SYNC
21 |MM.DIN3O 22 | MM.DIN9 21 | EQ.16 22 | SGLDEN
23. |MM.DIN31 24 | MM.DINIO ||23 | UNTSEL 24 | ATTEN
25 |MM.DIN32Z 26 | MM.DINI1 |25 | FORMAT 26 | PORT.CLK
27 |MM.DIN33 28 | MM.DIN12 27 | Spare .28 | Spare
29 |MM.DIN34 |30 | MM.DINI3 ||29 |Spare 30 | Spare
31 {Spare 32 | MM.DINI4 |21 | Spare 32 | PORT.CLK
33 |Spare 34 | MM.DINIS ||33 | Spare 34 | Spare
35 |Spare 36- | MM.DINIG 35 | Polarising | 36 | Polarising
' , Pin . Pin
37 |Spare 38 | MM.DIN17 37 | Spare 38 | Spare
39 |Spare 40 | MM.DINIS ||39 | Spare 46 | Spare
41 |spare 42 | ML.DINIS |{41 | Spare. 42 | Spare
43 |Spare 44 | MM.DINZO 43 | Spare 44 | Spare
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BOARD NAME : CONSOLE, LOCAL

"MEMORY AND MICRO-MEMORY INTER-

CARD CAGE:A SLOT:1 BOARD:1]

FACES :
CONNECTOR J3
PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 | GND 2 | MM.DOUTO 63 | DBUS6 64 | DBUSS
3 | MM.DOUT1 4. | MM.DOUT?2 65 | DBUS4 66 { DBUS3
5 | MM.DOUT3 6 | MM.DOUT4 67 | DBUSZ 68 | DBUS1
"7 | MM.DOUTS 8 | MM.DOUT®6 69 | DBUSO 70 | MM.ADDO
9 | MM.DOUT7Y 10 | MM.DOUTS 71 | MM.ADD1 72 | MM.ADD2
11 | MM.DOUT9 | 11 | MM.DOUT10 73 | MM.ADD3 74 | MM.ADD4
13 | MM.DOUT11 14 | MM.DOUT12 75 | MM.ADDS 76 | MM.ADD6
15 | MM.DOUT13 16 | MM.DOUT14 77 | MM.ADD7 78 | MM.ADDS
17 | MM.DOUT15 18 | MM.DOUT16 79 | MM.ADD9 80 | MM.ADD10
19 | MM.DOUT17 | 20 |MM.DOUT18 || 81 | MM.ADDil . | 82 |MM.WRITE
21| MM.DOUT19 | 22 | MM.DOUT20 {| 83 | MAST.CLK 84 | MBUSTS
23 | MM.DOUT21 24 | MM.DOUT22 )| 85| MBUS14 . 86 | MBUS13
25 | MM.DOUT23 26 | MM.DOUT24 87 | MBUSIZ 88 | MBUSIT
27 | MM.DOUT25 28 | MM.DOUT26 89 | MBUS10 90 | MBUSY
29 | MM.DOUT27 | 30 |MM.DOUT28 || 91 | MEUSS 92| MBUS7
31 | MM.DOUT29 32 { MM.DOUT30 93 | MBUS6 94 | MBUSS
33 | MM.DOUT31, 34 | MM.DOUT32 95 | MBUS4 - 96 | MBUS3
35 1 MM.DOUT33 36 | MM.DOUT34 97 | MBUS2 98 | MBUS1
37 | Spare 38 | Spare 99 | MBUSO 100 | GND
39 | ABUSIT 40 | ABUSTO 101 | KBUS11 102 | KBUS10
41 | ABUS9 = 42 | ABUSS 103 | KBUSY 104 | KBUSS8
43 | ABUS7Y 44 | ABUSH 105 | KBUS7 106 | KBUS6
45 | ABUSS . 46 |ABUS% 107 | KBUSS 108 | KBUS4
47 | ABUS3 48 | GND 109 | KBUS3 110 | KBUS2
49 | ABUSZ 50 |ABUSI 111 | KBUS1 112 | KBUSO
51 | ABUSO 52 |DBUSIS 113 | ABUS1S 114 | ABUS14
53 | DBUSIA 54 |DBUSI3 115 | ABUS13 116 | ABUS12Z
55 | DBUS12 56 |DBUSII 117 | Spare 118 | +5VOLTS
57 | DBUSIO 58 |DBUSY 119 | Spare 120 | +5VOLTS
59 | DBUSS 60 |DBUS? 121 | +5VOLTS | 122 | GND
61 | UNUSED 62 |UNUSED




TETINGT 133 15633

GIASTING Tawvog

VW my

L

; ¥ [N
. RIS LR
123
_ gy
. 5 3 L& ”. Aer TR
FWVET IR NG TN -
<n
TR * [T oV ovaq T
< VINK R
FXa") Sy IR
,
I 130
(9 V)
—
! NIVBTFHTA RS
s
WA X1
<
Ty PYGIICIRES
: w7 L5
- ™ '
ML WIIINITITS [y 4
< :
. FAGV RIS AT PR
T T TR L2
[3] '
Wk oy ¥
) g '
FHInET . ¥ ]ﬂ._
- &= 1573 ﬂ_ ofF TS ™
. P . -
3 T pC) T LR L%}

U



Clao P 39, T OOy
° I — STIL
. T
o €37 v [Tl . — 14
Q b
L A S I TS WY ol 5 mwwﬂ
S
. o yw2e wet |9 WPT
T i Ok Fr &Y ~h wres I¢ —
; ﬁvwm.am
CTTRTTT oA\ Y Sy w hcin -~
TR L) 1 [ ._1 7 v ST - Ty Teqd
m b oV YISy 7 .I".\QIM
sl gy HL 3 {¥acy T
N R R M G R 1 ose yE— 1 o 3540V A
mlw_»yﬂﬁ.w.:o:z. $AAVIRT iz »wm-iu i 7 TYEaY et
TR SRR T LR \g . A B by ooy o
- e b w\ R - -
€ TIOG W o S & 8%rL [7 ey )
TR TR S ML L = w il 2L AN )
TR FoS VTR AT c.m_ I I €30V M.u)wA
SREART GRS ¢ 3af e S ‘.VW_AIIJ % 5 TEIEY J.wﬂ.«h
Ll!...lq THowWT [ SUA N O] vanya 3myY V'S T d.— YTy d?ﬂ_«&
pa * £
TR ST O TV e VoSs  pr——— ‘ v v P TYaV <y
TR O __SY % . _ﬁ
. 5
o) ’ Tl
-— gt
-
Ll
Ay I5 m,wMME)
ATV VT
IR}, SEEN ¢ TVES
]V(J.‘ml..ml._r faag: W7 L] < q ! 1i ] & ohiek
N T FHVE TR i) i d PGl ferev To R
* SRl AL 7 > 7 P P12V )
’ SIF T e B Oy d b-r ToNy TS
’ L 18 & . Py £ 44 | o g
. GGV T mf m g .\q® %9 g vaslg.(l r:
T YTRT Vg T T 3 % 1555 b7 Ay AR
' ST T 313 ¢ Lok ey —d b — F TS
. SV N 73 % a ~ Per FEE
. TSN A gl 9 s 7 Py T E
T TIRYAT 518 X b . z o oYeLr -
" o —
. 16N "hy LT} ]} 1] d < —el
— - Y b, : € 4 C 15
> RV T 2 g _
& Vo . si
kY 7T

WY FIoNT



E-14

._ , _ | T )
. o wivg
®r 3¢ L- 0 vig ‘ . : ) 5
BT A7 =vian 1900y MYE
v
: = : g¥oxiifo - e
Ci0 ¢ =3vg T ANy, . co ~ g . 1
R 1kh
. .
. . Wi
3l [T G .
16 RS TS Yuoro ﬂo(ﬂoga 4
ST TR o.—og -
N T g {3
(S ekl TIATT AN
AT IS
SV Y OTETTRS R
Py Loy SR R : . K
~ i
_ o
) .
P e ) p— p— p— p— . P 57 TN
. b L b— b— L [ TV AEE
i ) \ { I
v LI S @ L S | 9 Ll M.,
pt Vive
1 o 1 1 ! 1 1 J_;
s . N Vv /
P o - T T T : ay Lrary L 2 K22
Pt P e P o d o+ Pt nly
v €3 L] q ey 4 9 ™o
bl - - - |t -+ L o
0 ] ] el ] il
L. 4 . ' :
=y
° g - ps - : ol e v g
p P-4 by Do = b— = 5 © wa TE%]
pt— b = pte p4- bt b4 T-veoir RS
, L Q@ 1 € LD sa L w L < © | oo
| Vi .
‘ L ] . ! ] ]
)
. bt - bt~ P+ T -1 = T e 57 TR
’ ' {-yroIT
bt g Ppee Dt forpe ol . Pt sy T TIUTX LTRTS:
oL w8 1 L wg L vz H- wd L vo [l | . <
L. . . . . VI viwa K ot 6 9+ O <ii¢ sSryoav
. : ; _,—
‘ . B L - G . 7[ Toa v CAETEA
ISR TR
BT :.c:.w:.
. n AN A M..vv.wu
. . . G ¢.(loh
T o h.lollu‘ns
K a) X2
<
© MmO EYy Y )



E-15

- ’ 3 avel At 3 ’ .
SO yivg
PEAENESEEAE R . smm:ﬂ_
YT
1T rSFy S om0
I o¥im
e guovifor M
Cimoo 1 vy A e
- W
SR : pone | CVTOIT s
CIEE AN YE | O+, L
SR - : A 3%
AT AME]
e TR s
= \.i% T“ - oYY
e _ . - ___
T IR RS 1 i ] ] : — — o] J ] KR
. i i)
i "
p— b p——r p— p— b— P 53 Tl
2y ol - -
pome b— O r— by— e Al «anJ ’
" 15 LCH R T S Fn a o 19 W
~ - 1 MVIve
| o C r i i e .
i
frmme 4 — pr o D+ b 2 - ' F%) T
Tvren? = *
. P D~ Fri— taadd o ol 01 frre . (a4
v 2 . T QqQ Y Ty 9 TH o
i1 T T T o T T » viva
L [ L ) . L] L [
e
_wl hi- T P+ PT a il | EEF] IET e
T. Lt L L1 L1 LL 1|} sveore s
&l g L 2 sa Ll e L o b 2 | gl
i _ o .
L L L L L — L |
1 ] 1 ] ] | 1 7l
' | viv !
. - P FT as v T P Pt N " Al Ry
. ' g | : .
- Do ge Jl frdee. e b . el TI 7.’.\m PRIy m:.y.:j
.T( . e T M b 1 wa T b3 T ks 1 "9 (1 .afa(\... o' & @+ O Y inyosv
. It
S " — — — e _ L maon
. A
. ! Fgpttaey
. . . ) AR
' . ~eTes
RS
M)
o mCTAY



e e

AU Iy,

SV POy 4 VaNg

Gi 3Q ¢ 39vd

o
-—
i
[ES]

L
2

AVSE Ayomwin

AIVISY NGYE WG

tCyvig
5
wE SL By
eprer T
ST R B
(\W«\v >
ISR 7q B
ETEr e i
Rz ST 5] o
< ERS [2DEAS] s) []
ez w@ P .
COLFTeE % ST 7
EETE o W _ T T
DS il T
TR E b <l
-
IR I3 9
g and s W
IE SR 2 I
u.ﬂ A. ] <
7 y'N3 73
SO F LT m@
=
(AL TS 39 b STmen i
YR Tar ) 4 TN .ﬁg 5 ANOqT Y
IR W X o 5 TR
e T T - Y W3 H = CAPCRNGTE
TV Gar oy TH dﬂo sohl 1 W O8 K
CiLTOC NY FRE] o it ol 1rad
TEERT TSt £ ) — T
RSB W) EXAL qm s ey & IRLTRA SEe
IR e ISh r&c us 4 ERRy I TRER =7 ow&m
G IVET At 01 V4 A [ TTIVEY Faroat W [YONT
FIVEGAT [ % 9 sotiL i 'Y £ 1wt e CYONT
. TSR Tio 5o T IV W aood W Y oRT
PuERIpC) T 79 3 (A ThG A TETONT
TR RIS 59 [ T T IS o
ToVa0 W TR s 3 T TGS T
Siea® AN 79 "0 I 37 Ty e




J
KECHTWSTUNT onv .

AFGHI W9y oL TNy
A0y Moyd sSHyaoy

Ol d0 G.aavy TR

E-17

«._ An £ FAEARRIS] L
uy
os vard .
XRTT TR T1° el OTF . TTE I IS
MR F AT TR Mk B - . TR SIECEP T Al el
M EEER TR il 8 . R pSo Tl g
L . ’ % TO . : .
CYEE M) THOY ] ILMF avew VIST ) i ¥SGyasy
‘ sl h :~
?_\
Tl 8
, Yo FTF 2R
IR F AR ET) TV 1 tibL 97 TR —5%T5c0v
TRy TRV 51 057 — T SRCTI Y s
TRV STV T o7 . . T TYEIYs
tQ .
T R e L8 :
PRI YUY 3 A b R w333 960V
s @\ ._M
o_~ ,
ul . ' .
. [owvs  pvris ) . :
T IRV )OIV L ® sl S - BT — YO
< " :
EE-MNIES] AL 51°. - o N nQry ¥IEIyeav
FEgEavY Y: 5Ty TP 7 : - T SETIAEY
P4 . i é
G #T SV ALY T4 e Y ) T T
’ S J« i : . : ' o
& A L vl
. . 1\ A A S

[y " - S AL k4] ")




E-18

Seryady  ARRSRCY AW

| ST IS L Towg d.au.fw

Z 4
N ooV -l (X
< G
~ = movm
PRy
2 S
ITE
v < m——r—yed
FTRR 9
el
S I
—
wLS D
> RES
. ) .ﬂh-m.h\
V T~ kS ]\
ra < ON. m\ﬂ:\
. N4
A5G s537507
AFCHIF P 7990700 0W
mV/.* w@’% oy T PE .u.L \.9«\1 D7 mﬁ wﬂ%h k4 uyoay L Z.A.
N Mo T ) Pe ; A # Siyady 7S
ooV T ] 79 P 79 g STE] AR
¢ $I0V R 7T b A by T IS Lol AR R
. 9 P 4 i Thac g
n W ¢y 7 Yoy F)
. . H3 be; T . #l TYELY LREA)
P No.vh, W. - ma 89%4L e SH3aY it
N ME o K rhadv T ETe
. o p- 9 G DSE ST
. ¥V oY p'ae Po ¥ 57 TYaTY TV
‘ 1oV il s G0 o T a 1] Tyay TEY
N - Ve
&H..dﬂﬂw a3yl ST T .__a. e e ¢ il LTI ]
- ! \
& 11 S o
o T RE
=] v 0 3} ) . ﬂ@ SV
. . 1

WHY SIEO NG [Ezh



E-19

ISR L TIRgG

ANGy = woyd vivd

Ol 40 € yovy, Toyvag,

KX 7 RS Ry I

L (FTevew W) JZ R or =
Jél.ﬁ AT__ S

.

7K

< [y7224
) (NLE%A W Wy [ " G 9 GRS M
i FOAEINAIY =19 7 ST O Bl N
ToseiL TE N ru af T N o0 yhl ~>
e TR 19 ™ 9] TS 7] OTIT
~ [ FL Y of BT [+ o ] oy NGy el sl TS
) e lE SR [Ae L T IS0 KA VA
€ 1% graie Wl 9 h Te TS AP .
H STL NG R r\ou bl RS (S5 .
° Y ERd zmh_mk ) (] SIZINER) s N
=z ) g I RRE] iz
o N ‘
) AP 1) o I FeNide S R .
e <) T VTS TS .
< il —
< < AL < h YENIG D RO -
) L ratLSEn 79 9 [FRRE) FRAE] .
T TR 5 T TR TS ,
T ANty :M £y a GRS BE .
) O VE 1) SR kY AT G - BCH N
3Tar (e 7 Tiias HI
e "= - *
R r 9 " F Wy TS
M " I RALY [ 3 SING Y PIERT “
) T3P I GTHRY am ] PR ) sTTS
w CYREN PO T &N bY] N TR .
T rd T 7 —_——
D e mg [37 7R S o LR .
) e is < T e Rds) N v
NG 9 ¥ TN W :
S Oy 9 ; pAETS TR *
” o¢ix vo 4] [ TN *
:A SiE :u d& 144 TG LM .
T o % R L g °
< i BT b .
) AL S 4 & NIg0 O N
TR % WG W ¢
) g L LTV [ARL ¢
7 TE 59 CI e *
Ml (KRS TR 1\ Tvo o RN ¢
T L IRG T i ONU D TUTH 1
b
~
TTw Lcas



£-20

Y ST

IVEY oL

VAN

Q29 p o Fovd L ORveyY

FE] ...{@ INOHA

O ZERAT

. L o
ST HEIZA' 1] ) j T T T T Ty Y
STV ¥ W b Gi HITT
- $FE NG W I - o GR3T
\wwa;rJ TING W < i ANy
< TR ARG v ARz ¥ TV
. K] orpig Tt s 9 SINCS
SR Tria W [ 9 AR
SrTRA BFaTA Gl v LT r.rz\
N [ T 3] IR TN
LTIV G g W1 [+ 5 pon Ll 5 d
A....w..u 4% SR W c 1L T LT
NCTE L CT ] I3 9 R
RN A T WG AT L 9 Y3
A‘lmnﬂm.( [T R xY ¥l
v T W @ TS
e PR T ¢ m T crad
u.ﬁ .ﬁ
: 4 RS “EEe
AVIdRG  LFOnERN
FNYIoq oL vyiva
L STFR I "5 g " 3 - TE
[/- . oIS v .
. NG CAED! d 5 T
N SR AN 9. 1T FETE
EEArT R S 4 L Sk
[ ] M — “AV.}F . L‘\
. s WA EZET)) ¢ | R
ot For R g5 — S P o5
’ TERTRY RyC —9 3 $57ex’
r T R 4 3 S VR P
. LW RY by A n - mq..mshk
* G T 1) ~ ﬂ\. 3] (v .m.h\
’ . TTEWATNT we iy 9 SO¥L ; 1M\.,ﬂWA
. TR HA iris q T S
. L 5 R
. TG AT q T 13'es
’ o TWIG WY 3T < I g5ext
— {/.. o OFA W CIGED] s n<_ .oJ.mhA
A




27195 Q %rg wasps ol

RO EHIF I e y3 VAVA

070 1 39v¢ TQYRG

E-21

AvIgsia AINIA

o¥NW oL VIVG |

V7]

voss

. ddfw
A

TR T ITTRW sl
TR ELFUCAaTIA Tl
h B anag e e
= T FWETTRR st
—— 3T TR PP
¢ T FESHR T TN
. I TN WW ISR
. ; TR FOIRT TR LI
N IO eI TN i yat
y WoH TN WA TS
: 1 ELGE T RW [R5
. ST AW ezt
. Bl iheg b'A RS
¢ Bl anad"HK qn.nHA
. AL MRS Firees
c IR I WA :.,\k
', T TR gl
- FTTOTTWY TV
‘4 T TVSICRR 3 S
* ban YTIn6a T AW e
* t ARSI WH i el
L BT TRETTHW FiEs
¢ T Iy WA s
y TICTRR TR e
- AP EPT A S i
- TTVSE R TEL
i T WA TTE
* FIneg R GIE
=+ HE TG WA 9<° =
UL O AW Siix
U— TEIAOS WA L G
TURGUTHRA S
VoIS R ST el
VISR T
LPLS o e 1 o
WVTHI
(o




E-22

—Lu

WII ISV

PIA® S L9V

\ W f— o
NOY ¢.3_|3 Il.l..%  Ema———
5 5 ?h ocni. B “ ,.H
E w o1 ¥t 4
S g
g ] )
i ol 4h ai OhhL
. 3 3
) -
! LA 12 az..on «
VAR 2 ) X)) wlishll v
¢9159L 2L
7= = °a 4 =
9s v §z |
ovamd
Vo7 WY N . AXHY bznsodt
cnm o._ )l
& , . _l_L
. \ U] 5o
. irss
p
PRI
stk ’
sL L] s LI
w39) axzy Lawy . L - <
3 w - ;S?Q #nvT P PRI e
TSI L v
vssus Aoiu 53 bavﬁ:dw L
veN! AR
TR
eSS s
5

\3\,



£E-23

BOARD NAME : MICROPROGRAM MEMORY CARD CAGE : A SLOT : 2 BOARD 2

CONNECTOR J1

~ CONNECTOR J2

PIN

'PIN | SIGNAL | PIN | SIGNAL ‘|| PIN'| = SIGNAL SIGNAL
1 2 1 MM.DINZT 2 MM.DINO
3 4 3 MM.DINZ2Z 4 | MM.DINT
.5 6 5 MM.DIN23 6 MM.DIN2
7 8 7 MM.DINZ4 8 MM.DIN3
9 10 9 MM.DINZS | 10 MM.DINZ
11 12 11 MM.DINZ6 | 12 MM.DINS
13 14 13 MM.DINZ7 | 14 MM.DING
15 16 15 MM.DIN28 | 16 MM.DIN7
17 18 17 MM.DINZO | 18 MM.DINS
19 20 19 MM.DIN30 | 20 MM.DIND
21 22 21 MM.DIN3T | 22 | MM.DINTO
23 3 24 m 23 MM.DIN3Z | 24 MM.DINTT
25 < 26 = 25 | MMTDIN33 | 26 | MM.DINTZ
27" » 28 » 27 | VM.DIN34 | 28 | MM.DINI3
29 30 29 | 30 | MM.DINT4
31 32 31 32 MM.DINTS
33 34 33 34 | MM.DINTG
35 36 35 36 MM.DINT7
37 38 37 38 MM.DINT8
39 40 39 40 MM.DINTO
41 42 41 42 MM.DINZO
43 44 43 44
45 46 45 46
47 48 . 47 48
49 50 49 50
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BOARD. NAME : MICROPROGRAM MEMORY CARD CAGE : A SLOT : 2 BOARD : 2
X CONNECTOR o Y CONNECTOR

PIN| "SIGNAL | PIN SIGNAL || PIN | SIGNAL | PIN SIGNAL
32 |{MM.DOUT1 32 | MM.DOUTO 32 32| MM.ADD6
31 |MM.DOUT3 31 | MM.DOUT?2 31  31|MM.ADD7
30 |MM.DOUTS 30 | MM.DOUT4 30 /30| MM.ADD3
29 [MM.DOUT7? 29| MM.DOUT®6 29 29 {MM.ADD2Z
28 | MM.DOUT9 28 | MM.DOUTS 28 28 | MM. ADDS
27 |MM.DOUT11 27 | MM.DOUT10 27 27 |¥MM. ADDS
26 |N/C ' 26 | GND 26 26 | M. ADDO
25 |N/C 25 | GND 25 25 |MM. ADD4
24 |MM.DOUT13 24 | MM.DOUT12 24 24 |MM.ADD9
23 |MM.DOUT15 23 | MM.DOUT14 23 23| MM. ADDL
22 |MM.DOUT17 22 | MM.DOUT16 22 22 |MM. ADDI0
21 |MM.DOUT19 21 | MM.DOUT18 21 21 |MM.ADDIT
20 | MM.DOUT21 20 | MM.DOUT20 20 20 |MM.WRITE
19 |{MM.DOUT23 19. | MM.DOUT22 19 19

18 |N/C 18 | GND 18 18

17 |N/C 17 | GND 17 17

16 |MM.DOUT2S 16 | MM.DOUT24 16 16

15 | MM.DOUT27 15 | MM.DOUT26 15 15

14 | MM.DOUT29 14 | MM.DOUT28 14 . 14

13 | MM.DOUT31 13 | MM.DOUT30 13 13|

12 |MM.DOUT33 | 12 |MM.DOUT32 12 12

11 | Spare 11 |MM.DOUT34 11 11
10 |N/C 10 | GND 10 10

9 |N/C 9 | GND 9 9

8 8 8 8

7 7 7 7

6 6 6 6

5 5 5 5

4 4 4 4

3 3 3 3

2 2 2 2

1 1 1 1
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BOARD NAME :

- s i o e

L

E-27

T T T

C.P.U. CARD CAGE : A SLOT : 3 . BOARD : 3
CONNECTOR . J1 CONNECTOR J2
PIN| SIGNAL | PIN| SIGNAL | | PIN| SIGNAL | PIN]  SIGNAL
1 |SEEKRDY 2 1 |[EN.A 2 | EN.B
3 |SEEKERR 4 3 |EN.C 4{@m1mwnmmR
5 |SECTOR 6 5 |RESET 6 MCUADDREN
7 |INDEX 8 7 |SYS.CLEAR 8 | MM.WRITE
9 |Polarising 10 |Polarising 9 |EXC1 10 | EXC2
Pin Pin 11 |EXC3 12 | EXC4
11 |ONLINE 12 13 |EXC 14 | DTOX
13 |UNSAFE 14 “s lprix e
1> |Spare 16 17 |DMA.FIN 18 | Spare
17 1WRITE.CUR | 18 19 | COMMAND 20 | SYNC
19 |CARIZS 20 21 |EQ.16 22 | SGLDEN
21 1CARGA 22 23 | UNTSEL 24 | ATTEN
23 |CARSZ 24 25 | FORMAT 26 | PORT.CLK
25 Efﬁf 26 27 |Spare 28 | Spare
27 EﬁEE 38 29 | Spare 30 | Spare
29 |CARE 30 31 | Spare 32 | PORT.CLK
31 EﬁEE 32 33 | Spare 34 | Sparc |
33 |CARL 34 35 | Polarising 36 | Polarising
35 36 Pin Pin
37 38 37 | Spare 38 | Spare
39 40 39 | Spare 40 | Spare
41 | Spare 42 | Spare
43 | Spare 44 1 Spare
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CARD CAGE:A SLOT:3 BOARD:3

BOARD NAME : CPU
. CONNECTOR J3
PIN SIGNAL | PIN SIGNAL PIN SIGNAL PIN SIGNAL
"1 | GND 2 | MM.DOUTO 63 | DBUS6 64 | DBUSS
3 | MM.DOUT1 4. | MM.DOUT2 65 | DBUS4 66 | DBUS3
5 | MM.DOUT3 6 | MM.DOUT4 67 | DBUS2 68 | DBUS1
7 | MM.DOUTS 8 | MM.DOUT6 69 | DBUSO 70 | MM.ADDO
9 | MM.DOUT7 10 | MM.DOUT8 71 | MM.ADDI 72 | MM.ADDZ
11 | MM.DOUT9 11 | MM.DOUT10 73 | MM.ADD3 74 | MM.ADD4
13 | MM.DOUTI11 14 | MM.DOUT12 75 | MM.ADDS 76 | MM.ADD6
15 | MM.DOUT13 16 | MM.DOUT14 77 | MM.ADD7 78 | MM.ADDS
17 | MM.DOUT15S 18 | MM.DOUT16 79 | MM.ADD9 80 | MM.ADD10
19 | MM.DOUT17 20 | MM.DOUT18 81 | MM.ADD11 82 | MM.WRITE
21 | MM.DOUT19 22 | MM.DOUT20 83 | MAST.CLK 84 | MBUS1S
23 | MM.DOUT21 24 | MM.DOUT22 || 85 | MBUSI4 86 | MBUS13
25 | MM.DOUT23 26 | MM.DOUT24 87 | MBUS12Z 88 | MBUS11
27 | MM.DOUT25 28 | MM.DOUT26 89 | MBUS10 90 | MBUS9
29 | MM.DOUT27 30 | MM.DOUT28 91 | MBUSS 92 | MBUS7
31 | MM.DOUT29 32 { MM.DOUT30 93 | MBUS6 94 | MBUSS
33 | MM.DOUT31 | 34 |MM.DOUT32 || 95 | MBUSA 96 | MBUS3
35 | MM.DOUT33 36 | MM.DOUT34 97 | MBUS2 - 98 | MBUS1
37 | Spare 38 | Spare 99 | MBUSO 100 | GND
39 | ABUSIT 40 | ABUSIO 101 | KBUS11 102 | KBUS10
41 | ABUSY 42 | ABUSS 103 | KBUSY 104 | KBUSS
43 | ABUS7 44 | RBUSG 105 | KBUS7 106 | KBUS6
45 | ABUSS 46 |ABUSY 107 | KBUSS 108 | KBUS4
47 | ABUS3 48 | GND 109 .| KBUS3 110 | KBUS2
49 | ABUS?2 50 |ABUST 111 | KBUS1 112 | KBUSO
51 .| ABUSO 52 {DBUSIS 113 | ABUS1S 114 | ABUS14
53 | DBUS1S 54 .| DBUSI3 115 | ABUS13 116 | ABUS12
55 | DBUSIZ 56 |DBUSIL 117 | Spare 118 | +5VOLTS
57 | DBUS10 58 |DBUSY { 119 | Spare 120 |-+5VOLTS
59 | DBUSS 60 |DBUSY 121 | +5VOLTS 122 | GND
61 | UNUSED 62 |UNUSED
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E-36

CARD CAGE:A SLOT:4 BOARD:4

BOARD NAME : COMPUTER AND DISC
DRIVE INTERFACES
CONNECTOR J1 CONNECTOR J2Z
PIN SIGNAL PIN SIGNAL PI SIGNAL PIN SIGNAL
1 |MM.DINZ2I 2 | MM.DINO 1 |EN.A 2 | EN.B
3 |MM.DINZ2 4 | MM.DINI 3 | EN.C 4 |LOAD.STRT. AIDR,
5 |[MM.DIN23 6 | MM.DINZ 5 | RESET 6 |MCUADDR.EN
7 |MM.DINZ4 8 | MM.DIN3 7 | SYS.CLEAR 8 | MM.WRITE
- 9 {Polarising { 10 Polarising(| 9 EXC1 10 EXC2
Pin ' Pin
11 |MM.DIN2S 12 | MM.DIN4 11 EXC3 12 EXC4
13 [MM.DINZ6 14 | MM.DINS 13 EXC 14 DTOX
15 |MM.DINZ7 16 | MM.DIN6 15 | DTIX 16 | MM.EN
17 |MM.DINZS® 18 | MM.DIN7 17 | DMA.FIN 18 | Spare
19 [MM.DIN29 20 MM.DINS 19 COMMAND 20 SYNC
21 |MM.DIN30 22 MM.DINS 21 EQ.16 22 SGLDEN
23 |MM.DIN31 24 MM.DINIO 23 UNTSEL 24 ATTEN
25 |MM.DIN32 26 MM.DINII1 25 FORMAT 26 PORT.CLK
27 |MM.DIN33 28 | MM.DINIZ 27 | Spare 28 | Spare
29 |MM.DIN34 30 | MM.DINI3 29 | Spare 30 | Spare
31 |Spare 32 | MM.DIN1A 21 | Spare 32 | PORT.CLK
1 33 |Spare 34 | MM.DINIS . | |33 | Spare 34 | Spare
35 |Spare 36 | MM.DIN16 35 | Polarising | 36 | Polarising
- Pin Pin
37 |Spare 38 | MM.DINI7 37 | Spare 38 | Spare
39 |Spare 40 | MM.DIN18 39 | Spare 40 | Spare
41 |Spare 42 | MM.DINIO 41 | Spare 42 | Spare
43 |Spare 44 | MM.DINZ0 43 | Spare 44 | Spare




£-37

BOARD NAME : COMPUTER AND DISC CARD CAGE:A SLOT:4 BOARD:4
DRIVE INTERFACES
CONNECTOR J3
PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
"1 | GND 2 | MM.DOUTO 63 | DBUS6 64 | DBUSS
3 | MM.DOUT1 4. | MM.DOUT2 65 | DBUS4 66 | DBUS3
5 | MM.DOUT3 6 | MM.DOUT4 67 | DBUSZ 68 | DBUS1
7 | MM.DOUTS 8 | MM.DOUT®6 69 | DBUSO 70 | MM.ADDO
9 | MM.DOUT7? 10 | MM.DOUTS8 71 | MM.ADD1 72 | MM.ADD2
11 | MM.DOUT9 11 | MM.DOUT10 73 | MM.ADD3 74 | MM.ADD4
13 | MM.DOUT11 14 | MM.DOUT12 75 | MM.ADDS 76 | MM.ADD6
15 | MM.DOUT13 16 | MM.DOUT14 77 | MM.ADD7 78 | MM.ADD8
17 | MM.DOUT15 18 | MM.DOUT16 79 | MM.ADD9 80 | MM.ADD10
19 | MM.DOUT17 20 | MM.DOUT18 81 | MM.ADD11 82 | MM.WRITE
21 | MM.DOUT19 22 | MM.DOUT20 83 | MAST.CLK 84 | MBUS1S
23 | MM.DOUT21 24 | MM.DOUT22 85 | MBUS14 86 | MBUS13
25 | MM.DOUT23 26 | MM.DOUT24 87 | MBUS12 88 | MBUS1L
27 | MM.DOUT25 28 | MM.DOUT26 89 | MBUS10 90 | MBUS9
29 | MM.DOUT27 30 | MM.DOUT28 91 | MBUS8 92 | MBUS7
31 | MM.DOUT29 32 | MM.DOUT30 93 | MBUS6 94 | MBUSS
33 | MM.DOUT31 34 | MM.DOUT32 95 | MBUS4 96 | MBUS3
35 | MM.DOUT33 36 | MM.DOUT34 97 | MBUS2 98 | MBUS1
37 | Spare 38 | Spare 99 | MBUSO 100 | GND
39 | ABUSII 40 | ABUSI0 101 | KBUS11 102 | KBUS10
41 | ABUSO 42 | ABUSS 103 | KBUS9 104 | KBUSS
43 | ABUSY 44 | ABUSE 105 | KBUS7 106 | KBUS6
45 | ABUSS 46 |ABUS4 107 | KBUSS 108 | KBUS4
47 | ABUS3 48 | GND 109 | KBUS3 110 | KBUS2
49 | ABUS2Z 50 |ABUSI 111 | XBUS1 112 | KBUSO
51 | ABUSO 52 |DBUSIS 113 | ABUS15 114 | ABUS14
53 | DBUSI1Z 54 |DBUSIS 115 | ABUS13 116 | ABUS12
55 . | DBUS12 56 |{DBUS11 117 | Spare 118 | +5VOLTS
57 | DBUSIO 58 |DBUS9 119 | Spare 120 | +5VOLTS
59 | DBUSS 60 |DBUS7 121 | +5VOLTS 122 | GND
61 | UNUSED 62 |UNUSED




BOARD NAME :

’

E-38

COMPUTER AND DISC CARD CAGE:A SLOT:4

BOARD: 4

DRIVE INTERFACES

CONNECTOR J4

" CONNECTOR J5

32

PIN| SIGNAL | PIN 'SIGNAL | | PIN| SIGNAL | PIN | SIGNAL
1 |EBUSO 1 1 | BUSO 1
2 |EBUSL 2 2 | BUSIL 2
3 |EBUSZ 3 3 | BUS2 3
4 |EBUS3 4 4 | BUS3 4
5 |EBUSA 5 5 | BUS4 5
6 |EBUSS 6 6 | BUSS 6
7 |EBUSG 7 7 | BUSG6 7
8 |EBUS7 8 8 | BUSY 8
9 |EBUSS 9 9 | CONTROL 9

10 |EBUSO 10 10 | SETCYL 10

11 |EBUSIO 11 11 | SETHEAD 11

12 |EBUSII 12 12 | SETDIFF 12

13 |EBUS1Z 13 13 |SEL.DRIVE1 | 13

14 |EBUSI3 14 14 |SEL.DRIVEZ | 14

15 |EBUS1A 15 o 15 |SEL.CXIVES | 15

16 |EBUSIS 16 % 16 | SGLDEN 16

17 |EXCO 17 | 17 |GND 17

18 |EXCI 18 18 | GWRDATA 18

19 |EXCZ 19 19 | ENRDDA 19

20 |EXC3 20 20 | ENRDCK 20 .

21 |VAR-CONTO | 21 21 | UNTSEL 21

22 | VAR=CONTTL | 22 22 | ATTEN 22

23 | VAR-CONTZ | 23 23 | GND 23

24 |CONTSVAR | 24 24 |DATA.FROM. | 24

| DISC |

25 25 25 | GND

26 26 | DATA.CLK 26

27 | CONT-VARO | 27 27 27

28 | CONT-VARL | 28 28 28

29 | CONT-VAR2 | 29 29 29

30 | INTERRUPT | 30 30 30

31 31 31 31

32 32 32
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BOARD NAME : VARIAN INTERFACE CARD CAGE:VARIAN 620/L SLOT:
' BOARD: 5
'CONNECTOR' J1 ' CONNECTOR J2

PIN SIGNAL | PIN SIGNAL | | PIN SIGNAL PIN SIGNAL
‘1 |EBUSO 2 1 |VAR-CONTL 2

3 |EBUS1 4 3 |VAR-CONT2Z 4

5 |EBUS2 6 5 |CONTVAR 6

7 |EBUS3 8 7 8

9 |Polari- 10 |Polari- 9 |Polari- 10 |Polari-

sing Pin sing Pin sing Pin sing Pin

11 |EBUSH 12 11 | 12

13 |EBUSS 14 13 | CONT-VARO 14

15 |EBUS6 16 15 |CONT-VAR1 | 16

17 |EBUS7 18 17 |CONT-VARZ | 18

19 [EBUSS 20 19 | INTERRUPT 20 _
21 |EBUSS 22 2 21 22 Z.
23 {EBUS10 24 § 23 24 %
25 [EBUSIL 26 o 25 26

27 [EBUS1Z 28 27 28
29 |EBUS13 30 29 30

31 [EBUS1A4 32 31 32

33 |[EBUSIS 34 33 34

35 [EXCO 36 35 36

37 [EXC1 38 37 38

39 [EXC2 40 39 40

11 [Exc3 42 41 42

43 [VAR-CONTO | 44 43 40




"~ BOARD NAME :

E-50

VARIAN INTERFACE CARD CAGE:VARIAN 620/L SLOT :
BOARD: §
 CONNECTOR J3
PIN SIGNAL | PIN SIGNAL PIN SIGNAL | PIN SIGNAL
1 |GND 2 EBUSO 63 64
3 |GND 4 EBUS1 65 66
5 |GND 6 EBUS?Z 67 68
7 |GND 8 EBUS3 69 70
9 |GND 10 | EBUSH 71 72
11 |EBUSS 12 | EBUS6 73 74
13 |EBUS7Y 14 EBUSS 75 76
15 |EBUSY9 16 EBUSI0 77 78
17 |[EBUS11 1 EBUS12 79 80
19 [EBUSI3 20 EBUSTA 81 82
21 |EBUSIS 22 | GND 83 84
23 24 GND 85 86
25 26 GND 87 88
27 |[FRYX 28 GND 89 90
29 |DRYX 30 GND 91 92
31 [SERX 32 GND 93 94
33 |TPIX 34 GND 95 96
35 |TPOX 36 GND 97 98
37 |PRMX 38 GND 99 100 | GND
39 40 GND 101 102
41 42 103 104
43 [SXRT 44 TUAX 105 106
45 |TUCX 46 TORX 107 108
47 |IUOX 48 109 110
49 50 111 112
51. 52 113 114
53 54 115 116
55 56 117 118
57 58 119 120
59 60 121 [+5V 122 | GND
61 62 ‘ |
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BOARD NAME : DISC DRIVE INTERFACE CARD CAGE:B SLOT:1 BOARD:6

PIN SIGNAL PIN SIGNAL®
1 +5V' 2 +5V
3 | BUSO 4 BUST
S | BUS2 6 BUS3
7 | BUS4 8 BUSS
9 | BUS6 10 BUS7
11 | CONTROL 12 SETCYL
13 | SETHEAD . 14  SETDIFF
15 | SEL.DRIVET 16 SEL.DRIVEZ
17 | SEL.DRIVES 18 SELDEN
19 | GND - 20 ' WRDATA
21 | ENRDDA 22 ENRDCK
23 | UNTSEL 24 ATTEN
25 | GND 26 DATA.FROM.DISC
27 | GND 28 DATA.CLK
29 | 30
31 32
33 |SGLDEN 34 ~ DBLDEN
35 |{GRDF 36 GMCLK
37 |ENRDDA 38
39 ‘ 40
41 | : 42
43 | 44
45 | 46
47 | 48
49 | SELDRIVEO 50 SELDRIVE1
51 | 52
53 | ATTENO ‘ 54 - ATTEN1
55 56 )
57 | UNTSELO 58 UNTSEL1
59 - 60
61 | GND 62 . GND
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PCB NAME : DRIVE MULTIPLEX XMTR/RCVR CARD CAGE : B SLOT : 2
PIN SIGNAL | PIN SIGNAL PIN SIGNAL PIN | SIGNAL
1 +5V 2 +5V XA N/C X1 | SEEKRDY
3 +3V 4 +3y XB GND X2 | GND |
5 -3V 6 -3V XC CYL X3 | SEEKERR
7 | 8 | XD GND X4 | SECTOR
9 10 SEEKRDY XE HEAD X5 | GND
11 CYL 12 XF GND X6 | INDEX
13 " HEAD 14 SEEKERR XH DIFF X7 | ONLINE
15 DIFF 16 XJ ~ GND X8 ‘| GND
17 18 SECTOR XK N/C X9 | UNSAFE
19 20 XL GND X10
21 22 TNDEX XM N/C X11 | GND o
23 CONTROL | 24 XN GND X12 | WRITE.CUR
25 26 ONLINE XP N/C X13 | GND
27 28 XR GND X14 | N/C
29 30 UNSAFE XS CONTROL | X15 | GND
31 32
33 34
35 36
37 38 | WRITE.CGUR
39 40
41 42
43 44
45 46
47 48
49 50
51 52
53 54
55 56
57 58
59 60
61 | GND 62 GND




E-60

PCB NAME : DRIVE MULTIPLEX XMTR/RCVR - CARD CAGE : B SLOT : 3
PIN| SIGNAL | PIN SIGNAL PIN SIGNAL PIN SIGNAL
1 [+5V 2 +5V XA BUSO X1 | CARI28
3 |+3V 4 +3V XB GND X2 | GND
5 |-3V 6 -3V XC BUST X3 | CARG4
7 8 ' XD GND . X4 | CAR3Z
9 |BUSO 10 CAR1Z8 XE BUS2 X5 . | GND
11 |BUS1 12 XF GND X6 | CARI6
13 |BUS2 14 | CARG4 XH BUS3 X7 | CARS
15 |BUS3 16 XJ GND X8 | GND
17 |BUS4 18 | TAR3Z XK 503 X9 | CARA
19 |BUSS 20 XL GND X10 | TAR2
21 |BUS6 22 CARIG XM BUSS X11 | GND
23 |BUS7 24 XN | GND X12 | CART
25 26 | CARS XP BUSG X13 | GND
27 28 XR GND X14 | N/C
29 30 | CAR4 XS BUS7 X15 { GND
31 32
33 34 CAR2
35 36
37 38 CARI
39 40
41 42
43 44
45 46
47 48
49 50
51 52
53 54
55 56
57 58
59 60
61 |{GND' 62 GND N
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DRIVE SIMPLEX

CARD CAGE :

ST

PCB NAME : B SLOT : 4
PIN| SIGNAL | PIN 'SIGNAL] | PIN | SIGNAL | PIN| SIGNAL
1 +5V 2 +5V XA | ONTSELO X1 | SELDRIVEO
3 +3V 4 +3V XB - X2
5 -3V 6 -3y XC | UONTSELT X3 | SELDRIVEIL
7 8 XD X4
9 |UNTSELO 10 XE | ATTENO X5

11 |UNTSEL1 12 XF | GND X6

13 |ATTENO 14 XH | ATTENT X7

15 |ATTEN1 16 XJ | GND X8 | WRITEO
17 18 XK. | X9

19 20 XL X10 | WRITE1
21 22 XM X11

23 24 XN | READO X12

25 26 XP | GND X13

27 28 " XR | GND X14

29 30 XS | READ1 X15

3] 32

33 34

35 36

37 38

39 40

41 42

43 44 .

45 46 ENRDDA

47 48 GOWRITE

49 50 | SELDRIVEO

51 52 | SELDRIVEL

53 54 | READI

55 |READO 56 )

57 58

59 60

61 |GND 62 GND




PCB NAME : VFO

E-62

.CARD CAGE :.B

SLOT :

5

PIN SIGNAL PIN SIGNAL
1 +5V 2 +5V
3 +3V 4 +3V
5 -3V 6 -3V
7 ~15V 8 -15V
9 +15V 10 #15V

11 ) 12

13 .14

15 ) 16

17 |ORDATA 18

19 20 .

21 22

23 24

25 |VFOCLK - 26

27 28

29 30

31 |DELDAT 32

33 | SGLDEN 34

35 36

37 |{DBLDEN 38

39 40

41 42

43 44

45 46

47 48

49 50

51 52

53 54

55 56 -

57 58

59 60 .

61 | GND. 62 GND
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PCB NAME : READ/WRITE/CLOCK CARD CAGE : B SLOT : 6
PIN SIGNAL | PIN | SIGNAL
1 45V 2 +5V

3 4 |
5 6
7 READO 8 ORDATA
9 READ1 10 ‘
11 12
13 14
15 16
17 18
19 20
21 | ENRDCK 22
23 24 RDF
25 26
27 28
29 30 MCLK
31 32 |
22 | DBLDEN 34 GOWRITE
35 | SGLDEN 36
37 38 WRDATA
39 40 DELDAT
41 42
43 | VFOCLK 44
45 | ENRDDA 46
47 48
49 50
51 52
53 54
55 56
57 58
59 60
61 GND 62 GND




APPENDIX F

'MEASUREMENT OF THE EXPERIMENTAL TASK

In Figures F.1, F.2 and F.3, the times are given in the order in which
they occur. . For example, consider Figure F.1. The task associated with
this figure begins with a task swop (tSNOP)' The task will then enter
run mode, and will remain running until it becomes blocked (tRUN1)' The
task will become blocked when an I/0 operation is initiated, and will
remain blocked until the I/0 operation is complete (tBLOCKED)' During
the task's blocked time, a DMA transfer will occur (tDMA)‘ On completion
of the I/0 operation, an interrupt will 'reawaken' the task. A task
swop will then occur (tSNOP)’ and the task will run until its completion
(tpunz) -

Figure F.1 gives the 'life' of the task when the HLDC is used. The
different components of the task s 1life are described in Table F.1.

Figure F.2 gives the task's blocked time when the HLDC is used (during
this period of time, the HLDC will perform the file operation) the different
components of the blocked time are described in Table F.2.

Figure F.3 gives the task's 1ife when the low-level controller is used.
<_The d1fferent components of the task s l1ife are described in Table F.3.



Task 1life
(refer ;Table F.1
for definitions)

towop
thunt

~ tomasteLockeD
towop

- Trunz

NOTES:

F-2

Execution time
tH
EXECUTION

200
18

1654
200

=z 2085

‘Response time
tH
RESPONSE

200
18

72765 (34550)
200 |
1

= 73195 (34980)

(i) The time in brackets is for a fixed head disc drive

with a 2,5 million bits per second transfer rate.

- (ij) A1l times are in microseconds.

Figure F.1

The Life of the Experimental Task when the
HLDC 1is used.
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Task blocked time (refer Table Device independant Devicg.dependant
F.2 for definitions). : times : times
too L 133 (112) |
RUN1 |
30000 (13625)
tuAIT
t 172 (117)
RUN2 |
2330 (2385)
YuarT2 g |
t 116 (79) .
RUN3 |
30000 (13625)
tyaIT3 - o
t 39 (26)
RUN4 |
| 2460 (1225)
YA1T4 | b
t 26 (18)
RUNS - |
t 2475 " (1230)
WAIT5 o
t - 26 (18)
RUN5 . | |
2475 (1230)
YAITS
t 26 (18)
RUNS
2475 (1230)
tuarTs | _
tRuNe o 14 (10)
552 (398) - 72215 (34550)
YBLOCKED = 552 + 72215 (398 + 34550)
= 72765 (34950)
NOTES:

(i) The microinstruction cycle time is 280 nanoseconds.  The _
' device independant times in brackets is the expected execution
time with a 190 nanosecond microinstruction cycle time.
~ (i1) The device dependant times are for the CalComp CD1 moving head
' disc drive. The times in brackets are for a fixed head disc

~drive with a 2,5millionbits per second transfer rate.
(iii) A1l times are in microseconds.

Figure F.2 The Task's Blocked Time when the HLDC is'used
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© Task life - o Execution Time Response Time
(refer Table F.3 . +k tL
for definitions) EXECUTION ~ RESPONSE
towop © 200 « 200
tRuN ' - 268 | 268
tDMA1/tBLOCKED1 403 ' 30000 (13625)
touop 200 200
tRUNZ 1753 : 1753
tDMA1/tBLOCKEDZ 403 3245 (1995)
: tSWOP 200 4 200 '
toun3 - 1129, 1129 |
tDMA1/tBLOCKED3 403 _ 30000 (13625)
towop 200 200 |
touNa o o a5 | 457
tomaz, tBLOCKEDA 1613 12045  (5795)
tSWOP 200 200
tRuns R : | 38"
= 7465 = 79935 (39685)
NOTES:

(i) The times in brackets is for a fixed head disc drive with
a 2,5 million bits per second transfer rate.
(ii) A1l times are in microseconds.

Figure F.3 The Life of the Experimental Task when a Low-Level
Disc Controller is used.



Notes
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to Tables F.1, F.2 and F.3

(1)

(1)
(i)

(v

A1l times associated with the disc drive are for "normal" supply
conditions. At the normal supply conditions, the disc speed

is 2400 revolutions per minute1.

Half a disc revolution takes 12500 microsecondsz. _
When a sector is read from disc to main memory, only the first
175 words of data is accessed. The remaining 20 words of data
being used to provide for variations in disc speeds, and for |
computations to occur (refer Figure D.3 in Appendix D). Since

a bit of data and a bit of clock is read off disc every 0,8

‘microseconds at the normal supply conditions (refer Appendix D.4),

175 words (16 bits/word) will be read off disc in 175 x 16 x 0,8

-z 2250 microseconds; and 20 words will be read off disc in

20 x 16 x 0,8 = 250 microseconds.
Each word of data transferred to main memory via DMA inhibits

the Varians main processor by 3,15 microseconds3.

Consequently :

(a) the transfer of one sector (128 words) to main memory via
- DMA will inhibit the main processor by 128 x 3,15 = 403
microseconds; and
(b) the transfer of four sectors will inhibit the main processor
by 4 x 128 x 3,15 = 1613 microseconds. '

1Ca‘IComE;Fie‘ld Engineering Service Handbook, CD1 Disc Drive, California
Computer Products, Inc., Anaheim, California (1971), p. 23.

21bid.

e

3Varian 620/L Computer HandBook, Varian Data Machines, Irvine, California
11971), chapter 8, p. 10. '




SWOP

RUN1 :

teLocKkeD *

trun2

DMA -

F-6

When a task enters run mode, a task swop is required.

The task-swop time is 200 microseconds (refer Section 4.3).

The time from the task being initiated to the Varian
initiating the file command. tauny 1S found to be
18 microseconds. ' '

The time from the initiation of the file command to an
interrupt being received from the HLDC indicating the
completion of the file command. tBLOCKED = 72765 micro-
seconds.

The time from the interrupt being received from the HLDC
to the task being complete (i.e. the Varian entering

halt mode). tRUN2 =’11 microseconds. '

The time taken up bv cycle stea]ing when performing the
direct memory access transfers. The HLDC will receive

13 words of the filename block from main memory, and will
transfer four sectors of data to main memory. Consequently
the DMA transfer time will be 1654 microseconds (refer

Note (iv) above).

Table F.1



tRUN1

tAIT
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The time from the initiation of the file command (i.e. when
the HLDC receives a single-word output transfer command from
“the Varian), to the initiation of the seek for the appropriate
sector of the Applications File Directory (AFD). This time
includes : .

(i) The transfer time of the filename block from the
Varian to the HLDC via DMA, ﬁ

(ii) The time required to search through the MFD ‘for the
file directory name.

t. = 133 microseconds,
RUNT
The time required to transfer the first sector of the
AFD into local memory. This time includes :

(i) The time to perform the disc seek from cylinder 0 to
cylinder 7. This takes 15250 microseconds,
(ii) The time from the completion of the disc seek to the
-~ required sector of the AFD being under the read/write
heads. This is a function of which sector will be
under the heads when the seek is complete. On average,
- half a disc revolution will be required before the
required sector is under the heads. Half a disc
revolution takes 12500 microseconds {refer Note (i1)
above), and it will be assumed that this is the time
: required before the required sector is under the heads.
(iii) The time from the required sector being under the heads,
to this sector being fully transferred into local memory.
This is equal to the reading of 175 words of data off
disc, which takes 2250 microseconds (refer Note (iii)
above). | |

15250 + 12500 + 2250 | .

tAITY =
- = 30000 microseconds

--Table F.2



trun2

YAIT2

tpun3

Ytz

~ trung
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The time from the transfer of the first sector of the AFD
being complete to the initiation of the transfer of the
second sector of the AFD. This includes the time required
to search through the entire sector of the AFD for the
file name. (Note that the file name will not be in the
first sector of the AFD). tpunz = 172 microseconds.

The time required to transfer the next sector of the AFD
from disc to local memory. As mentioned in Section 4.3.2,

"~ the AFD will be stored in contiguous locations on disc,

Consequently, if tRUN2 is too long, a full disc revolution
will be required before the appropriate sector of the AFD

is obtained. To prevent an unwanted disc revolution,

tpune Must be Tess than 250 microseconds (refer note (iii)
above).. Since tRUN2 is equal to 172 microseconds, an unwanted
disc revolution will not occur. tWAITZ = 2330 microseconds.

| The time from the transfer of the second sector of the AFD

into local memory being complete, to the initiation of the
disc'seek required to obtain the index block. This includes
the time required to search through the second sector of

the AFD - the file name being in this sector. touns =

116 microseconds.

This is the same as twAIT1 above, except that the search
is from cylinder 7 to cylinder 14 - the seek distance still
being 7 cylinders. twAIT3 = 30000 microseconds.

The time from the transfer of the index block into local
- memory being complete, to the initiation of the transfer of
the first sector of EXP to main memory. This time includes

the time required to check the access control information.

'tRUN4 = 39 microseconds.

-~Tab1e-F.2f(continued)



tyaITS

~ Lruns
tya1ts

truNs

-1
!
w

This time is similar to tWAITZ above. Again, the HLDC
must respond quickly enough to ensure that an unnecessary
disc revolution does not occur. Since tRUN4 is equal to

39 microseconds, which is less than 250 microseconds (refer

tUALT? above), the HLDC wi11 respond quickly enough to
prevent an unwanted disc revolution. tualTs = 2460
microseconds.

The time from the transfer of a sector to main memory being
complete, to the initiation of the transfer of the next
sector of data, if required. tp,.. =26 microseconds.

This time is similar to twAITZ above. Since tauns is only
26 microseconds, an unnecessary disc revolution will not
occur, tWAIT = 2475 microseconds.

The time from the last sector being fully transferred to
main memory, to the HLDC issuing an interrupt indicating

‘the end of the file operation. tRUN6 = 14 micronseconds.

- Table F.2 (continued)
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. tSWOP ' When a task enters run mode, a task swop is required.
The task-swop time is 200 microseconds (refer Section
4.3)..
tRUN1 The time from the experimental task being initiated, to

the task instructing the low-level controller to bring
the first sector of the AFD off disc into main memory.
tRUN1 = 268 microseconds.

tBLOCKED{ - The time from the Varian instructing the low-level controller
to bring the first sector of the AFD off disc into main
memory, to an interrupt being received from the Tow-Tevel
controller indicating the completion of this operation.
- This time includes :

(i) The time to perform a disc seek from cylinder 0 to
» cylinder 7. This takes 15250 microseconds.

(ii) The time from the completion of the disc seek to the
required sectc: of the AFD being under the read/write
heads. This is a function of which sector will be
under the heads when the seek is complete. On average,
half a disc revolution will be required before the
required sector is under the heads. - Half a disc "
revolution takes 12500 microseconds (refer Note (ii)
above), and it will be assumed that this is the time

‘ required before the required sector is under the heads.
(iii) The time from the required sector being under the heads,
to this sector being fully transferred into local

memory. This is equal to the reading of 175 words of
data off disc, which takes 2250 microseconds (refer
Note (iii) above).

= 15250 + 12500 + 2250

teLocKED1
. = 30000 microseconds.

~Tab1e F.3



t

-t

RUN2

BLOCKED2

The time from an interrupt being received from the Tow-Tevel
controller indicating the end of the transfer of the first
sector of the AFD, to the initiation of the transfer of
second sector of the AFD. This time includes the time
required to search through the entire sector of the AFD

for the file name. (Note that the file name will not be

in the first sector of the AFD). taunz = 1753 microseconds.

The time required to transfer the next sector of the AFD
from disc to main memory. As mentioned in Section 4.3.2,
the AFD will be stored in contiguous locations on disc.
Consequently, if tRUN1 is too long, a full disc revolution
will be required before the appropriate sector of the AFD
is obtained. To prevent this unwanted disc revolution,
tpuny Must be less than 250 microseconds (refer Note (iii)
above). Since tRUN2 is equal to 1753 microseconds, a disc
revolution will occur before the required sector is of the
AFD is obtained. There are, however, two methods which
could be used in avoiding a full disc revolution :

(i) A double buffering technique of storing data could be
used. Initially the first buffer would be filled with
the first sector of the AFD, and then, whilst the second
sector of the AFD is being transferred into the second
buffer, the first buffer would be searched for the
file name. Since the search through a buffer will be
complete before a sector is fully transferred from disc,
the first buffer area can be used for the following
sector of the AFD. This procedure would continue until

the file name is found. The disadvantage of this method
is that one more sector of the AFD will be transferred
to main memory than is required. This will increase
the task execution timé by the cycle stealing associated
with the transfer of one sector (i.e. 403 microseconds).
(ii) Another method would be to store the AFD on alternate
sectors on disc as opposed to contiguous sectors. A
sector of data would be read into main memory, and the
search through this sector would be complete before the
- next sector of the AFD is under the read/write heads.

Table F.3 (continued)



- truns

- YBLocKED3

RUN4

tBLOCKEDS .

F-12

This method, whilst increasing the task's response
time, will not increase the task execution time.

Since the increase in the task's execution time when usirg
method (i) is relatively large, whilst the increase in the
task's response time when using method (ii) is relatively
small, it is assumed that method (ii) would be used.

When using methodl(ii); tpLockepe = 3245 microseconds.

The time from an interrupt being received from the controller
to the initiation of the transfer of the index block. This
time includes the time required. to search through the second
sector of the AFD - the file name being in this sector,

touns = 1129 microseconds.

The time required to transfer the index block from disc to
main memory. This I/0 operation is similar to tBLdCKED1’
except that the search is from cylinder 7 to cylinder 14.
The seek distance, however, is still seven cylinders.
tBLOCKED3 = 30000 microseconds.
The time from an interrupt being received from the controller,
to the initiation of the transfer of EXP from disc to main -
memory. This time includes : '

(i) The check of the access control information.

(ii) The calculation of how many sectors can be transferred
by one 1/0 operations. Since the four sectors making
up EXP are in contiguous locations on disc, only'one
I1/0 operation is required. tRUN4 = 457 microseconds.

The time required to transfer four sectors of information

from disc to main memory. A similar problem occurs with
teiockeps that occurred with tg; oopppo above. That is,

Tabje F.3 {continued)
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since tRUN4 is greater than 250.microseconds, a full
disc revolution will be required before the first sector
of EXP is obtained. A possible solution to this problem

is to still store EXP in contiguous sectors, but to leave

a sector between the index block and the first sector

of the file. The processing associated with the index
block could then be performed whilst this sector basses
under the read/write heads. The disadvantage of this
method is that this sector will probably remain unused.
That is, associated with each index block there may be an
funusab1ef sector. Wheh using this method, tBLOCKED4‘=
12245 microseconds. '

The time from an interrupt being received by the Varian
indicating the end of the data transfer, to the Varian

entering halt mode. tRUN5'= 38 microseconds.

The time required to transfer one sector of data rfrom disc
to main memory via DMA. This is equal to 403 microseconds.
(refer Note (iv) above).

The time required to transfer four sectors of data from

disc to main memory via DMA. This is equal to 1613
microseconds (refer Note (iv) above).

. Table F.3 (continued).





