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, ABSTRACT 

Since the emergence of the digital computer in the 1~te 1940 1 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 
committed 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 turnes;.f 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 differerit tb 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 timR of the 
co~puter to an external occurrence than he is to sheer 'number-crunching' 
power. 

Despite the trends in process control towards distrihuted computing, e¥en 
the most advanced systems require a relatively large central processor. 
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 essential 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 so~e priority basis. In many cases these rout~nes can be 
large - thus requiring access to uacking ~torage. 

Traditionally 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 consequenc2s. If real-time requirements are to oe 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 avai1ab1e for useful, process--0rientated work. 

With the rapid advancement of digHa1 technology, the time is c1ear1y 
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-control computer system. 
It is proposed that a possible solution lies in the development of an 
intelligent backing-store controller. This essentially combines the 
conventional low-level 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, and 
will evaluate its inherent advantages. 
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otherwise specified. 
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CHAPTER 

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 environment of process control. The demands made 
on the computer in this environment are increasing. Increased demands mean 
that the ~omputer capabilities must increase. The solutions to these 
increased demands are many, and include distributed processing, multi-

• processing and more sophisticated hardware 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 tim~" rather than the computer's own time. 
The system must be able to cope with a large number of different tasks. 
Tasks may be initiated by a rec.·l-time clock, by other tasks currently in 
exec11tion, by a process-operator, or by signals from the process being 
controlled. Many of these tasks ~ill be time-critical, and will have to be 
performed within a certain time period. Multiprogramming is necessary in 
such·a syst~m 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 ~xecuted. It is evident that a management 
system is necessary to control the organization and execution of these 
various tasks. 

· 1.1 Organisation of Tasks in a Process-Control Computer System 

Rodd 1 indicates three essential functions which the process control computer 
must be capable of performing. 

(i) The scheduling of a variety of tas:(s in such a ~'lay as to 
effect overall control of the process. 
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(ii) The initiation of a specified task, indicated by any of the 
following occurrtnces 

{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. 

(iii) The temporary suspension· of a task currently in execution, 
.following the request of a task with higher priority • 

• Requests, as outlined above, arrive at the computer, and their corresponding 
tasks ar~ 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 struc~ure. 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 app1ications 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 cf the 
delays which may be expected, and wtll be the basis ~n deciding whether a 

·particular org~nizational structure will be capable of controlling the process. 

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 desiqner in 
a multiprogramming environment. That is : 

h The average delay, D, of task in a queue is given by D= T=Kfl 

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

This expression 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 av~rage task execution time). The average delay in a que~e 
can therefore be plotted as a function of these demand characteristics. The 

1 
resulting graph (Graph 1.1)v is a family of curves, each curve being formu-
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lated from different average ~equest rates and average execution times. 

When analysing a particular process control environment, one must look at 
the average delay times which arc 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 : 

(i) Requests for tasks will arrive ra11domly at the processor, and 
their_corresponding task execution times will be random. This 
assumption -is reasonab~e in ·most process control environments. 

{ii) The time requi~ed to cause the suspension of a current task and 
.to start the execution of a new task will be instantaneous. In 
practice this is not the case, and this time is most significant . 

. (The process of changing from one task to another is cctlled task-
swopping. The time required to perform a task swap is the 
task-swap time). 

(iii) Tasks will b~ 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 efrect.of task-swapping and task priorities on the above an3lysis 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-swap time can be in the order of milliseconds. 
Every task which comes into execution requires a task swap. The task-swop 
time must therefore be indicated in the average task execution time. In 
the above equation, h will now be given as the ~um of the actual task 
execution ti~e and the task-swop time. 
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Another important factor influencing the above analysis i~ task priorities. 
Tasks are allocated priorities in order to ensure that they are executed 
within specified times. When a task is requested that is of higher 
pri~rity 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 swap. A system having a large 
number of different priority tasks will spend much of its time performing 
task swap activities on tasks which are not fully completed. 

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

Backing 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 swaps woulci then be efficiently accomplished. There 
are, howeve~, 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 
than slower backing store memory (such as disc or drum) 5. 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 
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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 t~sk-swop times for tasks residing on backing store can be expected 
for the following reasons : 

(i) A large amount of processing is required to initiate a backing 
store transfer (this point is discussed in detail in Chapter 2). 

(ii) ln most small computer systems, there is only one main memory 
access path6. 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 s1 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-swapping. This point is expanded later. 

1.2 Organizational Strategies 

When a system designer is evaluating 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, 
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~hen the average task execution time must be less than 0,0045 seconds 

(refer to Graph .1.1). If the average task execution of~ particular 
computer 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 average 

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. Another1approach would be to decrease 
.average task execution time. In the above example, if the task execution 

time could be lowered to be 1 less than 0,0045 seconds, then the process 

receiving 200 tasks per second could be adequately controlled. Consequently, 

two approaches can be made : 

(i) Reduce the average ~equest rate. 

(ii) Reduce the average task execution time. 

1.2.1 Reducing Average R~quest Rate 

One method of reducing the task arrival rate is to distribute the computer 

system. Distributed systems are particularly suited to those industrial 
c6nt~ol 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 wil1 be proportionally lowe1. 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 0f inherent 
problems with this approach7. One of the problems is t~at like the 
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distributed processing system, a large amount of communication between 
tasks may be required (com111Jnication in the mult·iprocessor syster~ 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, thP. improvement in 
system performance by adding an extra proce~sor may be small, and the 
percentage improvement will ~educe· drastically as the number of processors 
increases. The cost of the multiprocessor sy~tem 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 assumptions about software reli~bility 
and hardwa~e failure~ which are not always true. Producing fail safe 
hardware and fault free software is very expensive (if not impossible), and 
bett~r reliability and ~ost 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 : 

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

{ii) The time required to perform the non-productive part of the 
task. This time will be spent performing task swaps. 

These two points will now be discussed in detail. 

(i) First 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 
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machine code. This solution 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 language8 This solution to the problem 
is 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 is 
·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 hand9• 

Task exefution can also be reduced by implementing certain 
commonly 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 swaps. It has been mentioned above that task-swap 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 t~e average task-swap 
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 controls backing store. (This 
definition is narrower than the general definition cf 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 movements between main memory and 



Main 

10 . 

backing store being invisible to hirn1o, 11 In such a systdm, 
the file system is generally defined as the total memory 
management system). 

One method of reducing task-swap 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 . . 

performing useful processing functions. The backing-store 
processor will generally 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. 

Processor ' Main Memory 
" ' 

1' " '" I ' 
- I 

I 
I 

.!- . . 
, .... 

Backing-Store Low-Level " -----;, Disc Processor Disc Controller 
~ - - - -) Drive 

Data 

Control ·------ - -

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 ptocessor 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 vJhere 
the first w9rd 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 ~e the normal swap times between 
tasks in main memory; the time required to execute those 
instructions necessary to initiate the transfer from backing 
store; and the time 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 backing 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 generally true in a 
real-time environment. The random nature of task arrivals; the 
fa~t that certai~ tasks must meet certain deadlines; the fact 

' -
that tasks must be transferred from backing store according to 
task priorities; and the fact that task-swap times from the 
backing-store system to main ·memory may be longer than the 
execution times of cert~in tasks, will require the backing store 
system to be as fast as possible. If the backing store system is 
too 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 transferred from backing store to main memory; 

(b) a task may be in execution, but a queue of higher priority 
tasks may be waiting for transfer from back·ing store into 
main memory; or 
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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 11 bubble 11 memory or fast fixed-head disc or drum. 
In certain systems, even the introdvction of these high-speed 
devices may prove inadequate. A high-speed 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 ~roblems involved in organ1z1ng an industrial-control computer system 
have been di~cussed. 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 swap times of tasks from backing store to main 
memory, and 

(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 



13 

machine code will reduce task size12 , 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 hardv..·0:re 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. 

Certain 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 process~r. Such a system will greatly reduce 
task-swap times 16 . The Scientific Control Corpora~ion (SC~) 6700 

system updates the associative map (used in segmentation) from the 
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 ~ccidental overwriting of -

' 
programs and of introducing faults into the software -by frequent software 

·modification. Committing the 111ore critical functions to more secure 
locations such as firmware or hard\vare will improve system reliability18 . 
There is an inevitable tradeoff between security 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 Nucleus) 19• 

Reducing software complexity by moving certain f~nctions to hardware 
wilJ aid in improving system reliability. 

{iii) System Vpgradability 

1.5 

The life-span of a computer system is largely dependent on it~ ~bility 

to meet changing demands. Many process control systems are subject to 
continuous expansions and modifications. The syste~s 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 emulate 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 exam~le, the 
Burroughs 81700 ·computer system has no machine language,.allowing 
any definable language to be implemented20 The 81700 is a hardware­
orientated structure which is totally microprogrammed; 

Hardware Impl_ementation of the Filing System 

The above discussion of the hard-soft trade has indicat~d 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 i~ 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 adopted by the Scientific Control 
Corporation (SCC) 6700 system. The SCC-6700 uses separate computers to 
control input/output22 . These computers are called 1/0 processors. All 
I/O processors are identical. Each 1/0 processor has its own memory and 
is microprogrammed, and each 1/0 processor has a subset of the instruction 
set of the CPU. I/O 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 1/0 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 units), thus resolving 
most of the disadvantages of the software backing-store processor. These 
systems are designed around large computer systems with large, 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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this environment23 • It must be investigated if the above methods can be 
adapted to such an environment. 

One area which has not been fully investig~ed is the placement of more 
processing power in the low-level 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 elements24. A comparable unit 
which is microprogrammed has been developed by Intel, and only requires 67 
circuit elements25 • 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 

l 
I 
i 
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low-level controller functions. The typical low-level controller will· 
only provide 1 assistancc in ~erforming basic system functions. (In a disc 
drive these functions include "seek" to a prescribed cy1inder on disc, or 

. "read" or "write" a number of contiguous sectors from disc). With the 
advent of microprogrammable controllers, the philosophy of restricting the 
device controller to these 11 low-level 11 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 wi11 still be 
sufficiently fast to manage a high-speed backing store device. It is clear 
that this area requires further examination~ 

This thesis inve~igateswhether it is feasible ·for the low-level controller 
to help in the performing of filing system functions. It will be shown that 
it is possible for the low-l~vel controller to be combined with some (or 

·all) of the filing system fun~tions into one hardware ~nit which is totally 
microprogrammed. This hardware unit can be called a High·Level Controller. 
{The unit ~ould possibly be called an "Intelligent Controller", a ''Hardware 
Filing System", or various'other names). This thesis sets out to show that 
a High Level Controller is particularly feasible in a small real-time process 
control environment. This will be done by building an expericier1tal High.· 
Level Controller and interfacing it to a backing-store device. The backing­
store device is a moving-head disc drive, and the resulting hardware unit 
can therefore be called a High Level Disc Controller (HLDC). Figure 1.3 
illustrate~ a possible HLDC ~onfiguration. 
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1.7 Summary 

This chapter has shown how the analysis of queue characteristics of tasks 
in ~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 all 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 
unacteptable, 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 : 

{i) Minimum swap times of tasks from backing store ~o main memory. 
(ii) Minimum interference of backing store oper~tions on 1 useful 1 

_ pro~essing operations. 

The examination of the hard/soft tr0.de 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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CH/\PTER 2 

REQUIREMENTS OF THE HIGH LEVlL DISC CONTROLLER 

Before formulatinq a oossible hardware structure for the Hiah 
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 
.(Figure 2.1 illustrates the host computer/HLDC interface). 
The functions specified by the host computer are the 
filing system functions. 

(ii) perform the functions specified by the disc drive. 

l 
Host Computer 

,, 'I ' 
I 
I 
I 
I 
I 
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, 
' 

HLDC Disc Drive 
', 

~----· 

Data 

Control -------

Figure 2.1 HLDC/Hust Computer Interface 
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The text which follows 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 b~cking 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 more logical records. If 
the logical record is smaller than the physical record, more than one 
logical record will usually be packed into the physical record to increase 
1/0 transfer rates and storage efficiency. 

The filing system should satisfy the following basic user requirements 2 

(i) The user should be able to access files by symbolic name; 
(ii) The user should be able to create, change and delete files; 

(iii) The user should be provided with file backup in case a file 
is accidentally deleted or corrupted. 

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

(ii) The filing system must maximize the storage efficiency of 
backing store. 

(iii) 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 
'goa 1 s. System re li abi 1 ity wi 11 usually re qui re redundancy. This redunM 
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 requiremen~s can be implemented, 

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

2.2 File System Structure 

An examination of the basic data structures_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 perforrued by the 
host computer. 

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 is, the file directory stores symbolic file nai11es 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 op~rating systems) the user 
will not know on which backing store device his file is stored3' 4• In 
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 th2re is only one 
backing-store device, 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 or number is redundant. The above distinction between 
the two types of file directory functions is important, as it indicates 
what portion of the filing system can be performed by the HLDC. 
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As mentioned in Chapter 1, the system under review is~ small computer 
system controlled by a fast, reiiable operating system. It can be 
assumed that the operating system will require the user to specify the 
backing-store device name or number5. 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 
direc~ory management. 

2.2.2 File Storage 

The filing system must resolve the following two issues : 
·(i) How to keep track of the locations Bnd proper sequencing of 

physical records on the disc; and 
(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 storage. 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 Filing System in the High Level Disc Controller 

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 b~ 

recognized in this system when performing the file syst~m functions. 

(i) Buffering of information transmitted between backing 
store.and main memory. 

(ii) Reserving and allocating of files. 
(iii) Protection of the files dedicated to one user from 

interference by another user. 

(iv) Handling of communication between HLDC and host computer. 

_The following discussion will indicate how these functions can be performed. 

2.3.1 Buffering 

The information on disc will generally be required to be transferred in 
two different ways 

(i) When a task is initiate...i, the information n2cessary 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 swapped 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. 
(ii) 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 
I/O speeds6. I~ 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 ~isc, 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 request will be made to transfer the contents of 
this buffer to disc. 
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One of 'the 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 computer 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 computer 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 swap will have to be performed. 
Alternatively, if the host computer does the buffering, a large amount of 
main memory space may be required to store the buffers, since a riumber 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 Watson7• 

Point (i) 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 maintaining 
file security, flexibility and simplicity. 

2.3.2 Communication 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 called device drivers. The 
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~evice drivers are then interfaced to more general routines which are 
device-independant8. The set of routines which communicate directly 
with the HLDC can be called the HLDC driver. 

There are six basic file commands which any filing system must respond to. 
·. a 

These are the commands "create", "delete", "open", "close", "read" and "write""'. 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. Basically, 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 is a finite time between the issuing of a command, to the HLDC being 
able to receive another command. During this perfod 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 a classical problem. 
The general solution to this problem is to channel all requests through 
global routin~s 10 • There wi11 be six such global routines associated with 
the HLDC. These routines car1 be call~d Open, Cl-0se, Read, Write, Create and 
Delete 11 • The task requesting the file operation will make a call to the 
a~propriate global routine. This routine 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 
literature12 , 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 
necessary information 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 filena~e block to the HLDC, and 
the HLDC will access the information via a direct memory access facility). 
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When the file operation is complete, the HLDC will communicate this 

tompletion to the HLDC d~iver (probably by means of an interrupt). 

Since a number of commands may be active in the HLDC at &ny 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 direct0.·y. When writing tn the file for the 
first time, an index block will be reserved for this file. The address of 

this index block will then be placed 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 directory, 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 

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

At this stage, the task which initiated the file command would become 
blocked. (Tasks can be in one of three states 14: ready to be executed; 
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 block, together 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 linked 
together. If the file can be accessed by many different tasks (e.g. if 
the file is open for re0ci), the file-control block will contain an open 
counter which will be incremented and decremented by open and close 
requests respectively. 
block is relinquisAed. 

When the counter reaches zero, the file-control 
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 task 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 
appro~riate 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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~ommand which would open a file, transfer some, or all, of the file into 
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 data to a file. The major 
difference here is that a file may be open to qnly 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 system 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 significant 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 envfro':1ment, 
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. Denning 15 and 
Teorey16 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 rapidly 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. 

(ii) 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. 
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During writ~ and delete operations, a number of words 
in the free space map will require modification. These 

. . 

words will usually be contiguous or tlose 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 curtently being modified in fast memory and hence 
avoid unnecessary 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 efficiently accomplished. The disadvantage being that 
it is expensive in terms of fast memory usage. 

An alternative method is to keep only 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 brouglt into memory if it is ~ot already 

-- there. If the current sector of the map has been upaated, and a 
new sector of the map is to be brought into memory, the current 
sector must first be written to disc. This method 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 map currently held in memory will be the desired part 
of the map, consequently reducing access times. 

If the Ht-DC is in an envhonment \<1hich has a large amount of 

modifications to disc files, then as much as possible of the free 

space map should be held in fast memorv. If, on the other hrinrl 

'the system has to manage a large but reasonably static data base, 
it would only be n~cessary to hold a small part of the map in 
fast memory. 

When a file is expa~ded, 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 cylinder (the 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 wo~ds in length. This map would aid searches into the 
free space map for free sectors. 

(iii) 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. 

(iv) 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) Both storage and transf~r efficiency can be improved by packing 
character files. The routines to pack and then unpack these 
files would be performed by the HLDC. 

(ii) 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. 

(iii) When files are expanded, part~ of the file will often become scatt­
ered throughout the disc (remember the index block method of 
storing files is being used). This is 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 
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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-line 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 

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 malfunct~on and 
physical damage. There are qarious methods of improvi~g data reliability. 
Software malfunction is reduced by placing the filing system in firmv1are. 
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 11 software 11 

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 
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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 duplicate copy of such a file is available, and 

·can be transferred fast enough to meet its real-time deadline. The file 
may be duplicated by keepi~g a copy of the file on the same disc drive, 
on a different disc drive controlled by the same HI.DC, or even on. a different 
backing store subsystem. 

Data on disc ean only be accessed through the file directory, and therefore 
reliability of the file directory is important. The ~bove discussion on 
time-cri~ical tasks may make it ~ccessary 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 \ilhich requires a large number of file directory modifications, will 
have to perform these modifications on two file directories instead of 
only one, with the resulting increase in disc seeks and data accesses. 

On the plus side, if only part of the file directory is to b2 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 curre~t 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 errors 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 contitiuously active performing 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; 
(ii) the maintenance of a duplicate file directory; and 

(iii) 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 
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 operqtions : 

(i) a disc seek, 
(ii) 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 referen~e 17 . 

One of the functions which is usually performed by the low-level 
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 CONTROLLEP-

·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) 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 i:hese memory accesses 
would by-pass the main ::i~·ocessor (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 stealing) 1. The time associated with the cycle stealing 
would interfere with the main processors 11 useful 11 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. 

(ii) An interface between the HLDC and host computer is necessary. 
This interface must perform the following functions : 

(a) The interface must be able to receive file commands 
from the host computer •. 
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(b) The ihterface 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. 

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

· (iv) The HLDC must have a central processing unit (CPU) which must 
perform the following functions : 

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

(b) The CPU must be capable of performing the file handling 
functions and the disc drive functions. These functions 
were discussed in C~apter 2. 

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

:logical 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 changing demands of the process control 
environment. , 

The central processing unit will now be discussed. 

3.2 ·The Central Processing Unit 

The central processing unit (CPU) 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 criti ca 1 program sequci1ces necessary to handle 
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.. 
th d t t f t f h. h d b k' . d . 2' 3 e a a rans· er ra es o a 19 -spee ac 1ng store ev1ce • In such 
a system, data transfers between backing store ~nd 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 link would convert serial disc data to 
parallel dat~ for the host computer. The data link would also have to 
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 link. 
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. 
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Microprocessor. 
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The host computer would in-it-iate commands by either routing the commands 
into local memory via the data link, or transferring the command directly . . 
to the CPU. The CPU could communicate the completion of a command i!1 a 
similar fashion. 

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

(i) The standard microprocessor instruction set is not fully suited to 
.perform the disc co~troller functions. Initiation 9f disc operations 

(e.g. seek, read and write), will therefore be lengthy; 
(ii) Chapter 2 has indicated that a large amount of processing is 

required to gain maximum efficiency from the disc drive. The 
standard microprocessor, being comparatively slow, would not 
give good response. 

The central processing unit could be designed from the vast range of 
' 

medium- and large-scale ·integrated circuits. The resulting system design 
woul<l be complex, howeve~, 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 compo~ent count. Finally, such a 
system will allow little, 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 length. 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 
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modified to meet the ci1anging requirements of the real-time computer 
environment. Modifications will now be made by reprogramn1ing the system 

as opposed to redesigning and rebuilding the system's hardware. 

The microprogrammed controller will have a definite 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 illustrated 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 overlapped with data transfers, this archi­
tecture will require fewer circuit elements and its implementation will 
be more easil~ 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 tim2 waiting 
for seeks to be complete so that index blocks, and parts of the file 
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directory and free space map can be accessed. The architecture i 11 ustra ted 
in Figure 3.2 is therefore chosen. (The above hypothesis may not be true 
for fi~ed 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 
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interface and the computer interface), and will provide a central point 
for gating data to and frorr. the external logic. The micromemory will 
supply control signals to the central precessing 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 fo the system design. The 
microinstruction must be capable of performing the following three functions 
in the system : 

(i) The microinstruction must provide the control signals to the 
central processing array (CPA). 

(ii) The microinstruction must provide the losic for selecting the 
next microinstruction's address. 

(iii) 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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0 MIXEDO 
MIXED1 

2 MIXED2 
3 MIXED3 
4 MIXED4 
5 MIXED5 
6 MIXED6 
7 MIXED7 
8 MIXEDB 
9 MIXED9 

10 MIXED10 
11 MIXED11 
12 FO 
13 F1 

14 F2 

15 F3 

16 F4 

17 F5 

18. F6 

19 MADDRO 
20 MADDR1 
21 MADDR2 
22 MADDR3 
23 MADDR4 
24· RE 
25 51 
26 SO& 

27 MC 
28 FE 
29 PUP 
30 PORT-CONTROLO 

· 31 . PORT -CONTROL 1 
32 K-CONTROLO 
33 K-CONTROL 1 
34 CI 

45 

Field 

MIXED 

_J- OPCODE 

MUX 

MCU 

]- 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-assembler4. High level micro­
programming languages, which use a principal similar to the meta­
assembler, could also be used as a software design a1d5. 

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. 

{iii) 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 develope.d, it is necessa'ry to 
include microinst~uction 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 array (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 
local 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 handli~g 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 sizes which must be considered in the system. 
One is the processor word size and the other is the local 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 ~emery would be 
required. All 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 pdssibly 
unnecessary. 

The word size is also a function of the disc speed. Data transfers between 
the CPA and 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. 
must formulate the next data word to be written to 
not allow the CPU sufficient time to formulate the 

The CPU, in the meantime, 
disc. Eight bits may 
next data word to be 

transferred to disc. Furthermore, an 8-bit or even a 12-bit processor 
interfacedto an 8-bit memory, will not give sufficient direct local memory 
addressing capabilities. 

The ~hoice 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 specific 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 evaluatio~ 
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of the different bit-slice microprocessor families currently available 
can be found in the literature6' 7' 8• 

The Advanced Micro Devices 2900 series appears to be th~ choice amongst the 
4-bi~/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. 

Th~ CPA field of the microinstruction is made up of four subfields as follows 

OPCODE 

A 7-bit field is required to spec1 fy the microfunctic:1 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 FD to F6 respectively. 

CI 

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 
local memory starting at fixed locations). Since local 
memory is to be 4k (refer Section 3.10), tv.Jelve bit constants 
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are required to directly address this memory. 
(ii) Constants will be required to set up loop 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 
small, 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 constants 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 
O'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 oatterns, and the 
corresponding data to be placed on the K-bus. 

K-CONTROL 1 
(Bit 33) 

0 

1 

1 

0 

K-CONTROL 0 
(Bit 32) 

0 

0 

1 

1 

FUNCTION PERFORMED 

All K-bus inputs zero 
All K-bus inputs one 
All K-bus inputs one 
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 ~1 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 operations is therefore 
between -2 11 = -2048 and 211 -1 = 2047. 

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

3.6 The Next Address Selection Field of the Microinstruction 

Each microinstruction must 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 dependant on certain signals from the external logic, or 
on signals indicating the results of computations performed 
by the central processor array. Examples c~ 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 mic~oinstruction to be executed to micromemory. 
There are certain features which are desirable in an MCU : 

( 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 notable exception is the Intel 3000 series 

MCU, the 3001 9. The advantages of this feature ~re : 

(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 
. . bl 10 rnaccess1 e . 

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~aving to supply the next 

microinstruction address. This requires that the MCU have a 

microprogram· counter whish 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 implement 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 to store in the region of ten 
retu~n addresses. 

,, 
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3.6.1 The Microprogram Control Unit 

It would seem that since the Intel 3000 series c~ntral processing elements 
are used, the logical choice for the microprogram control unit (MCU) would 
be the 3000 series MCU, the 3001. Some of the problems encountered when 
using the 3001 have been discussed above, and these problems are further 
discussed in the. literature 11 , 12 . An evaluation of the diffe~ent micro­
program control units currently available can also be found in the 
literature13 , 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 15 will now be discussed in detail. 

Each 2909 is a 4-bit wide address controller, and the devices are cascadable 
so that two devices allow addressing up to 256 words of microprogram 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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Each 2909 contains a four-input multiplexer that is used to select either 
the address register, direct inputs, microprogram counter, or file as the 
source of the next microinstruction address. Th~ multiplexer is controlled 
by the SO and S1 inputs (refer Tabie 3~3). 

Address Selection. Output Contro! 

OCTAL S1 So SOURCE FOR Y OUTPUTS SYMilOL OR; ZERO OE V; 

0 L L Microprogram Coun!~~ µPC 

1 L H Address rcgi.rer AR 

2 H L Push·Pop stack STKO 

3 H H Direct inptJlS D; 

x x H z 
x L L l 
H .H l H 

L H L Source selected bv So S1 

Synchronous Stack Control 

FE PUP PUSH·PO? STACK C~ANGE -
H x N!> cha,-,;;e 

l H Increment st•ck pointer. then 
push current PC onto ST KO 

L l Pop slack (decrement stack pointer} 

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 propagation 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 
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the microprogram register is loaded with the same microinstruction 
address on the next clock cycle. Thus the same microinstructidn can 
be executed any number of times. The latter configuration is used in 
synchronizing the controller with signals from either the disc Qrive 
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 address 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 bf 
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 loaded from the MIXED field, and the address register will then be 
selected 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 micro­
instruction address, a jump will be made to an odd 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 now be determined. The jump field 

.can be divided into three s~b-fields as follows : 

(i) The input-control signals select field; 
(ii) the microinstruction address field; and 

(iii) 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 dependant on certain input­

control signals. It is necessary to provide a means of monitoring these 
signals and to allow the selection of the next microinstruction to be 
based on these signals. There 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 output of the MCU-control 
fieid, and so cause the appropriate next microinstruction address to be 
selected. Each of the input-control 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 microinstruction. Inputs to the 
mJltiplexer 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. MUXO js tied LOW, and MUX1 
is tied HIGH, the remaining multiplexe~ inputs, MUX2 to MUX31 being tied 
to the appropriate input-control signal. MUXO 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-control 
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 used for unconditional jumps. Con­
sequently the HLDC can accommodate ten more input-control signals with 
. -
only a minimal amount of hardware modification. 

3.6.3 The Microinstruction Address Field 

As mentioned above, the microinstruction must be able to supply a jump 
address to the MCU. .Micromemory is expandable up to 4k, and therefore 
twelve bits are required for the jur1~p address. The ne:.-t m"icroinstruction 
to be executed will generally be the microinstruction in the following 

. micromemory location. In this situation, the t\'1elve b'it ju111p address 
field will 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 microinstruction. 

3.6.4 The MCU-Control F~eld 

Whilst the ability to·perform only two jumps, one conditional and the 
other unconditional,will adequately Scitisfy th2 HLDCs need~ it will not 
allow easy and efficient programming. Consequently, to allow fo~ easy 
and efficient programming, eleven jumps have been formulated. These 
jumps are discussed bel6w. 

Conditional jumps 

The CPU must be able to syncronize itself with the external logic. For 
example, the CPU may have to wait for the fall~ng edge of the index pulse 
before continuing with a particular program. lhe 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 
-multiplexe~ address INDEX (refer Table B.6 in Appendix B). The following 
program sequence would cause the required syncronization : 

·* 
* 

INCT 
INCF 

INDEX # Wait for the index pulse if it has not arrived. 
INDEX # Wait for the faning edge of the index pulse. 

Another two conditional jumps are useful : 

(i) If condition TRUE, select the information in the MIXED field 
as the next mk1·oinstruction 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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JNC - fetch the next microinstruction. 
J~P - jump to the address in the MIXED field. 
JMPD - jump to the address specified by the hcist computer. This 

jump was elaborated in Section 3.6.1 above • 
. JSR jump to subroutine. The subroutine address being specified 

in the MIXED field. 
JSRD - jump to subroutine. The subroutine address being specified by 

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, only 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 performeG. The 
extra logic required for decoding makes this method unattractive. The 
jumps can be performed by using six bits in ~he 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, SO&, S1, and 
RE, and occupy bits 29 to 24 of the microinstruction respectively. 

The signals PUP, FE, S1, and RE are connected directly to the MCU through 
the pipeline 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 
logic is illustrated in Figure 3.3. Table 3.4 shows how the appropriate 
jumps (lre formed by the six microinstruction bits. 

3.1 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 micromemory. These 
signals can be called output-control signals. There are 26 output-control 
signa·is which are required in the current system, and they are St,Jmmarized 
in Table B.7 in Appendix B. Each of the 26 signals could be controlled by 
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MNEMONIC DESCRIPTION PUP FE MC SO& S1 . 

INC Increment µPC. Select µPC 0 0 0 0 
as next µI address 

JMP Load AR and select AR as 0 0 0 1 0 
next µI address 

JMPD Select D-inputs as next 0 0 0 
µI address 

JSR Increment µPC. Increment 1' 0 0 
stack pointer and push µPC 
onto stack (STKO). Load AR 
and select AR as next µI 
address 

JSRD Increment µPC . Increment 1 1 0 1 
stack pointer and push µPC 
onto Stack (STKO). Select 
0-input as next "I address 

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

HLT Select µPC as next µI 0 0 1 0 0 . 
address (Note: Do not incre-
ment µPC) 

INCT If condition TRUE increment 0 0 1 0 0 
µPC. Select µPC as next µI 
address 

INCF If condition FALSE increment 0 0 0 0 0 
µPC. Select µPC as next µI 
address 

JMPT Load AR. If condition TRUE 0 0 0 0 
select AR as next µI address. 
If condition FALSE increment 
µpc and select µPC as. next 
address 

JMPF Load AR. If condition FALSE 0 0 1 0 
select AR as next µI address. 
If condition TRUE increment 
µPC and select µPC as the 
next µI address 

Notes: 1. µPC= microprogram counter, µI = 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. 

Table 3.4 Jumps 

RE MUX 

0 ONE 

ONE 

0 ONE 

1 ONE 

0 .ONE 

0 ONE 

0 ZERO 

0 ADDR 

0 ADDR 

1 ADDR 

1 ADDR 
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a separate microinstr~ction bit. Whilst this has the advantage of 
allowing any of the 26 signals to be active simultaneously, it is expen­
sive in terms of the iogic it requires (i.e. fast microm£~i10ry is expensive), 
and i.s 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.CONTROLO, 
and Bit 31 is called PORT.CONTROL1). 

The port control bits enable the appropriate port by causing one of the 
signals EN.A, EN.Band 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 

0 PORT B EN.B 
1 PORT C EN.C 

Table 3.5 Port Control 
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3.8 Microinstructi~n Cycle T1E!~ 

The microinstruction cycle time directly affects system performance - the 
faster the HLDCs clock, the better the response of the backing store device. 
Consequently, factors a~fecting 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 designed 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 mi crc:-aemory wi 11 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 nanoseconds 16 ). 
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. 

· 3.8.2 Pipelined Architecture 

One method of improving 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) illustrates 
how the pipelined architecture will help improve system performance. In 
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~non-pipelined architecture, the fefching of the next microinstruction 
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 external 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
instruction 

i 

i + 1 

i + 2 

Micro­
instruction 

i. 

i + 1 
, 

i. + 2 
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F E I 

(a) TIME 
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(b) TIME 

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 register R6) is zero or non-zero, two micruinstructions 

·are required as follows 

i TZR(R6) . 

i + 1 NOP JMPT co AGAIN 

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

3.8.3 Calculation of the Microinstruction Cycle Time 

The most commonly used method of calculating cycle ti~es is by increRsing 
the clock rate until the system n0 longer works. Whilst this method may 

. . 

be usefu1 in the production stage of the machine, an nhalysis ~f propagation 
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, give the user 
some indication of the system performance to be expected 
in a real-world.situation. 

(ii) The analysis will highlight bottlenec~s in the system. This 
is essential in a prototype system, since system improvements 
can then be made, :if possible; resulting in better micro­
instruction cycle times, an~ hence better system response. 

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

microinstruction. 
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(i) The next-address seJection fieTd of .the microinstruction 

determines the next mitroinstruction address. Cons~quently the 
information in this field must be used in every microinstruction. 
The delays associated with the next-address selection field deter­
mine the microinstruction fetch propagation delay. A detailed 
analysis of the microinstruction fetch propagation delay is given 
in Appendix C.4. This analysis shows that the maximum fetch 
propagation delay, tFM' is 355 nanoseconds, and the typical fetch 
propagation delay, tFT' is 265 nanoseconds. 

(ii) 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 microinstruct;on execution propagation delay is analysed 
in Appendix C.5. This analysis shows that the maximum execution 
propagation delay, tEM' is 150 nanoseconds, and the typical execution 
propagation delay, tET' is 100 nanoseconds. 

As the HLDC has a pipelined architecture, the microinstruction cycle time is 
the maximum of the microinstruction fetch and the microinstruction execution 
propagation delays. In the present system, this will give a maximum micro­
instruction cycle time of 355 nanoseconds, and a typical microinstruction 
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 
propagation 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 sy~tem, 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 Improvements in Microinstruction Cycle Time 

Having located the maximum propagation delay path in the system, system 
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improvements can be proposed. ·It must be realized that'by improv.ing one 
! 

path of delay in the system, another path may becol)le the most significant 
delay puth, 

The most significant factor in the microinstruction cycle time is the speed 
of microprogram memory. This is to be expected, and improvements to system 
performance will r~ost 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 mi~roinstruction 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 production machine using high-speed read-only memory. 

3.9 System 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 harn:1ful, it is necessary to look at the timing associated 
with the three microinstruction fields • 

. (;) The next address selection field. The data in this field is 
initially clocked into th~ 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. 
Consequently no timing problems will be associated with this field. 

(ii) The central processor array field. Microfunctions are supplied 
to the CPA on one clock €dge, and the data is gated into the 
CPA registers on a different clock edg~. Glitches will not be 
of sufficient duration to cause any timing problems. 

(iii) The external logic control field. The port data and port control 
bits are 1ogical1y AND 1 ed together to form the output-control 
signals. These output-control signals directly control the 
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external logic. That is, these signals will set and clear 
1 atches, wi 11 gate data onto the M-bus and wil 1 provide the 

0rite. ~ignal 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 p~ths 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 re 1 evant sections on the externa'! 1 ogi c. · 

· The remainder of this chapter deals with the external logic. 

3.10 Local Memory 

. As mentioned in Chapter 2, a 1 arge amount of 1 oca l memor~: is required. 

The amount of memory required is d~pendant on the orocess control 
environment, and the type of response required. Basically, the more 
local memory available, the better the system respc~se will be (refer 
Chapter 2). Since a twelve bit cor.stant can be gated i1to 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 local memory is unnecessary. 
The memory elements used can therefore be the lntel 2102A-2 static 
random access memories, with a 250 nanosecond access time 17 • 

An analysis of local 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 2102/\-2 memory elements for the local memory. If 

the microinstruction cycle time was to be i~1proved, local 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. The 
input/output (I/O) facilities provided by the Varian minicomputer allow 
three basic modes of operation 18• The HLDC/Varian interface has been 
provided with these modes of operation, and Appendix D.5 discusses how 
the input-control and output-control signals are 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. 

(i) I/0 Instructions. 1/0 instructions are ~xecuted by the Varian~ 
main processor. Each I/O 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 8 (octal 14). Each 1/0 
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 spGcify 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). 

(b) Program Sensr. 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 lin~s. A sense instruction specifies the 
device address plus the sense line it is testing. The 
HL9C currently supplies three sense lines to the Varian,, 
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but this can easily be expanded to eight if required. 
(c) Single-word input transfer. There are five instructions 

which provide single-word input,transfers19 . The 
single-word input transfer instructions are used to 
input data from the peripheral controller. For 
example, 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 instructions20 . A single-word 
output transfer instruction could be used for transferring 
a main memory address to the HLDC. T,he HLDC could then 
use this address for a OMA 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 (OMA) 
feature. In the Varian, each data word transferred by OMA 
will inhibit the main processor for a total of 3,15 rnicro­
seconds21. This is the time required to transfer a word 
of data directly between main memory and the peripheral 
device. OMA allows data transfer rates of up to 202 000 words 
per second22 . 

(iii) 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. 

3. 11.1 Communi ca ti on between the HLOC and the Vari an 

. 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 HLOC could take 
place using the various I/0 instructions. This methor! 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 OMA23 • Secondly, main processor utilization 
would suffer, as data transfers would be directed through the main processor. 

·Transfers will therefore occur via OMA. OMA transfers occur by trap-in 
~nd trap-out requests 24 • These requests can either be supplied directly. 
from the HLOC or from an I/O option on the Varian called the Buffer Inter­
lace Controller (BIC), The advantage of using the SIC is that the hardware 
interface will be easily accomplished. The disadvantage in using the BIC 
is that the OMA start and erid addre~ses must be set up in the SIC under 
program control. This is unsuitable for the HLOC. In the multiprogramming 
environment, the HLOC will be servicing a large number of different requests. 
Each request will require data transfers to or from different areas in 
main memory. Consequently, setting up the currently desired address in the 
BIC would disrupt the main processor. A better method is therefore to 
initiate the trap-in and tra~-out requests directly from the HLOC. 

File Command Initiation 

There are many ways in which file commands can be transferred to the HLOC 

(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 H~OC, an interrupt structure would 
complicate both hardvrnre and firmware. Interrupts will 
also reduce system reliability25 If interrupts were to be 
used, the interrupts would not be serviced during certain 
operations. For example, if the HLDC is reading data off the 
disc, then the servicing of an interrupt may cause data to 
be lost. The following discussion wi 1 1 show that there are 
other satisfactory methods of initii'l.ting a file command, and 
conse4uently no interrupt mechanism is supplied. 
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(ii) Another method of con~unicating commands is to use the 
'polling' method of comnunication which was used in first 

26 and second generation computer systems . This approach, 
in a somewhat mod{fied form, is again being performed by 
many computer systems. Examples include the Berkeley 
Compu~er Corporations timesharing system27 , and the 
Central Data Corporation (CDC) 6000 and CDC-7600 series 

computers 28 • There are basically two ways in ~hich 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 com~and 
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 spe-cify the file ·operation to 
be performed (amongst other things). The HLDC would 
access· this memory location via OMA to see if a command 
transfer is requested, and would indiclte that it had 
received the command by either setting this 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 smal1 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. ConseqLlcntly, 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, the HLDC must indicate which file operation is complete. 
The methods of indicating the completion of a command can be performed 
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 th~ 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 microme~Jry. 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. 

3r12 Disc Drive Interface 

The disc drive interfaced to the HLDC is the CalComp DC1 disc drive. 
The disc drive specifications, and the flow charts for the various 
disc drive operations are given in the reference29 • 

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 alternate data bits and 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 literature30 , 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 b~ called the write clock. 

Since the read clock and write clock circuitry, together with the circuitry 
necessary to supp"ly 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 1etween 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 
~ 16-bit shift register. During write operations, 16-bit data is 
loaded into the register, and is clocked out to disc using the write 

. clock. During read operations, data is clocked into this register by the 
. read clock, and is then 9ated 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 inp11t- and output-control_signals in Appendix D.4. 

3.12.1 Disc format _ 

The necessity for initi&1izing (formatting) the disc was previously 

-mentioned in Section 2.7. All discs to be used by the HLDC must first 
be formatted by the HLDC. The HLDC 1 s format routine would perform various 
functions 

(i) A possible 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 Fi g u re D • 3 . 

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

unusable. 
(iii) 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 
fre~ space map will then be written t0 an area of disc. 

·• 



76 

(iv) A sector on 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 initially 
started up. A possible solution to this problem is to store the first 
sector of the MFD at a specified sector on disc. The address of this 

sector is stored in micromemory. If the specified sector is corrupted, 
the HLDC could then store the data at the first unco~rupted 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 cf the MFD could be cc~pared 
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 ~s 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 t0o 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 example, 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 could 
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be transferred from disc to local memory one sector at a time, 
and then this sector could be transferred immediately from 
local memory to main memory. The problem of this type of 
transfer is one of response time. That is, whilst the HLDC 
is transferring 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 local memory, and then from local memory to main memory. 
The problems here would be that local memory requirements would 
be excessive, and response time wou1d 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 ~e 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 processor 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 only 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 
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# DISC TO MAIN MEMORY TRANSFER. 
# Check if a word of data is ready to 
# and set up the OMA output address in 

be input from the disc drive, 
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 
# Perform the exclusive-or of the accumulator and register R1. 
# Set up the OMA.IN latch to initiate a OMA transfer to main memory. 

XNR(R1) * OMA. IN 
# Decrement the T register, and clear the EQ.16 latch 

SDR(T) * CULEQ16 . 
# If a word of data is ready to be transferred off disc before the OMA 
# transfer is complete, then the appropriate action must be taken. 
MORE * JMPT EQ.16 ACTION 
# Test if the T register is zero. Check if the OMA 
# transfer is complete, if not complete, jump to location MORE. 

TZR(T) JMPF OMA.FIN MORE 
# RO to MAR; RO + 1 to RO. If the T register is non-zero, 
# perform the loop again. 

NOTES: 

LMI(RO)+ JMPT co AGAIN 

(i) The number of words to be transferred is initially 
set up in the T register; 

(ii) the main memory address for the OMA transfer is set 
up in register RO. 

(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 register R1. 

Figure 3.6 Disc to Main Memory Transfer 
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a OMA data transfer. In the Varian computer, OMA transfers 
cannot occur after certain instructions 32 , and the time 
required to perform the OMA transfer· could therefore be in 
excess of the 12,8 microseconds. Consequently, if the HLDC 
transfers data directly from disc to main memory whilst the 
Varian is executing a random program sequence, timing problems 
may occur. The HLOC 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 OMA.FIN input­
.control signals as illustrated in Figure 3.6. If the EQ.16 
signal becomes TRUE before the OMA.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 HLOC. The Varian would continuousiy loop, 
executing NOP instructions. When the data transfer is complete, 
the HLOC can either interrupt the Varian or set one of the Sense 
latches to allow the Varian to exit from this loop. The main 
disadvantage of this method is that the main processor will be 
idle whilst data transfers between the HLOC and Varian are in 
progress. 

The above discussion has indicated the disadvantages associated with 
transferring data first to local 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 ma in memory. Data from di.sc would be added onto one 
end of .the queue, whi.lst data to main memory would be removed from the 
other end of .the queue. A state of equilibrium would o.gain be met when the 
queue becomes empty. The maximum queue size would possibly be restricted 
to one sector. This .method, or a variation of this method, will help 
maximize the HLDCs performance. 

Transfers from Main Memory to Disc. (Writing) 

If .data is· written directly from main memory to the disc drive, the tirning 
associated with OMA transfers could cause timing problems to occur. If 
a OMA data transfer is too slow, 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 bei.ng transferred from main 
memory to local memory via OMA. 

3.13 The Console 

A necessary 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 all its switches and displays, has 
lost 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 console 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 virtual 
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console design. The virtual console design is, however, unsuitable for 
a· prototype system.. The convent iona1 conso'le design is therefore used. 

The HLDC's console can perform the fo11owing functions : 

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

(iii) Reset the system. 
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CHAPTER 4 

. MEASURING THE HIGH LEVEL DISC CONTROLLERS PERFORMANCE 

It has been proposed that the replacement of the low-level disc controller 
by the HLDC 
beneficial. 
reliability 

in certain real-time process-control computer systems will be 
This benefit, it has been claimed, is due to improved system 

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 ~etermine 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 is that certa111 aspects of the sy~tem may be over­
looked1. 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 controller - the computer performing the filing system 

I· 

functions; and a computer 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 
Consequently the improvement 
to another will be variable. 

a process-control computer will require. 
in the systems performance from one system 
A possible method of gauging the improvements 
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to be expected whe11 the HLDC is used would be to develop a sophisticated 
filing system and implement it on the HLDC. The HLDC could 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 filing system fun ct i ans. 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 collected. The data 
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 metbod 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 havin2 on the. computer systems response to the 
environment. Consequently, by knowing the relative improvement in the 
backing stores performance when the HLDC is used, the improvement in the 
systems performance can be calculated. The evaluation of the HLDC's 
p~rformance 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
tional system. For example, the time taken to find a file name in a 
file directory usingthe HLDC could be compared against the corresponding 
time required in a system interfaced to a low-level disc controller. This 
type of analysis is not meaningful, 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 
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be performed in the multiprogramming environment. These operations could 
be measured in the system interfaced to an HLDC, and in a system inter­
faced to a low-level controll~r. The probl~m here is choosing a file 
operation or group of file operations 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 11 and 
11 delete 11 will be extensively used. 

What is of ·real interest, ho~ever, 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; o·f data v1hich is required by a time-critical 
task; 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 be 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 disc into ma·in memory. Chapter 2 indicated the t.vpe of 
functions which would be associated with such a task. For example, this 
t~sk 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 searches, data transfers off disc, etc. T0 make the following 
discussion easier, two assumptions will be made. 

(i) In Chapter 2 it was mentioned that a special f-lle 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 t~sks, disc driver tasks, 
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etc. It will be assumed that all the functions necessary 
to perform the above fi 1 e opera ti on wi 11 be pe;·formed by 
one task only. The only effect 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 netessary to bri~g the desired data off 
disc. This task will be referred to as the experimental task. 

Using this experimental task as the basis for analysing the system will 
have certai~ advantages. Firstly, this task will be closely related to a 
typical time-critical task in a multiprogramming er.vironment, and secondly, 
the full range of file system functions will be performed when executing 

. this task. Consequen~ly, obtaining measurements about this task will 
allow a meaningful comparison b8tween the HLDC and the conventional low­
level disc controller. The experi1i1ental task will tl:erefore be used as 
the basis-for evaluating the HLDC: Two questions immediately arise 

{ . ' 1 I 

{ii) 

Wh~t measurements relating to this task will be required 
for the analysis? 
How will the experimental task be implemented.? 

4.1 Measurement of th~ Experimental Task 

Chapter 1 specified that two goals 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 respons·e to a back"ing 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 e-xecution 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 states2 

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

(iii) 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 scheduling algorithm. 

When the t~sk is executing, it will remain executing until it is complete; 
·until it initiates an I/O 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. 
(ii) The task-swap times associated with swapping the processor 

to the experimental task. When a task enters into run mode, 
a task swap 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, swap and cycle stealing 
times. The task's response time is the length of time that the task is 
'alive•. This includes the run, swap 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, swap and blocked times. 

The above mentioned goals can now be restated as follows 

(i) The task's execution time must be minimized; and 
(ii) 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 sig~ificant 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 
cycle 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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system interfaced first to the HLDC, and then to a low-level controller. 
Configuring such an experimental situation would 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 experimental environment be developed for this task. The experimen­
tal environment would be closely related to the environment in which a 
typical pr9cess-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) 

(ii) 
(iii) 
(iv) 
(v) 

A computer system. 
A low-level disc controller. 
The HLDC. 
A file-system structure. 
Other necessary data structures such as the filename block. 

The advantage of the above config~ration (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 assumptions on the 
measurements to be taken will 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 : 
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(i) A Varian 620 minicomputer interfaced to the HLDC - the 
HLDC performing all the filing system functions. 

(ii) A Varian 620 minicomputer interfaced to a low-level disc 
controller such as the Telefile disc controller3• 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 Chapter 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 ~.1 for a 
discussion on the index block method). The first sector 
of the inde~ block will contain the access control informa­
tion and other relevant information about thi; file. Th·is 
information will occupy the first twenty word~ of this 

.- ....... 

, sector. 
(ii) The information to be transferred from disc to 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 wi 11 
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 1 index block wi 11 
reside on contiguous locations in one cylinder. This is a 
reasonable assumption, as the filing system will generally 
produce this situation (refer S~ction 2.4.3). 

(iii) 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. Si nee m0st computer systems have a small and 
frequently accessed MFD, the MFD is generally 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 required to 
obtain the desired 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 \~ith 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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NOTES: 

(i) The read/write heads are to be initially positioned at 
cylinder 0. Seek distances are unimportant, as seek times 
will be isolated in the analysis. 

(ii) Address is given as: cylinder, track, sector. 

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

Figure 4.2 The Experimental File-System Structure 
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4.2.3 Other Data Structures 

A filename block must initially be set up in main 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 
(OMA). The following information will generally be stored in the filename 
block : 

(i) The total number of words in the filename block. The number 

·· ~f words will be variable and will depend o~ the file operation 
to be performed. 

(ii) An error word. This word is reserved for the filing system. 
If the transfer is successful, this ~ord will be set to an 
all 11 s bit pattern. If the transfer is unsuccessful, the 
word will be set to one. 

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

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

(v) The file name. In this instance the file name is EXP. 
(vi) 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. 

(vii) 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 transferred, and 
the maximum number of words to be transferred. 

(viii) 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 significan~ bit (bit 15) 
being set. 

(ix) The maximum number of words to be transferred. This is used 
as a protection facility to prevent the inadvertant overwriting 
of main memory. 

Before the execution of the experimental task can begin, the above file-
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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 
swaps 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/O operation, the task will become blocked. When the task 
again enters run mode, a task swap is required. Rodd4 shows that task 
swops can be lengthy. For example, in a system using a microprogrammed 
controller, task-swap times of 45 microseconds can be expected for 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 I/O operation, the task will become blocked, and when an 
interrupt is received indicating the completion of the I/O operation, a 
task swap 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 Vari an Interfaced to the High Level Disc Controller 

Section 3.11.1 discussed various ways of initiating file commands. It wi11 
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pe 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/O 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 specif1ed 
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 interrupt to the Varian indicating the completion of the file 
operation. The functions to be performed by the HLDC are illustrated 
in the flowch~rt in Figure 4.3. 

The experimental task is initiated by the run switch on the Varian console, 
and the task will be ~omplete when the Varian enters halt mode. The 
experimental task is illustrated in the flowchart in Figure 4.5 and the 

time r~quired to perfor.m the task is discussed in Ao~endix F. 
I . 

As mentioned above, two measurements associated with the experimental 
task are-~equired : 

(i) The task's execution time. t~XECUTION' the task's execution 
·time when the HLDC is used, is found to be equ~l to 2085 
microseconds (refer Figure F.i). 

(ii) The task's response time. t~ESPONSE' 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 
inst~nce is the time required by the HLDC to execute the file 

I 

command. The components of the task's blocked time are 
·illustrated in Figure F.2. 

4.5 The Varian Interfaced to a Low-Level Disc Controller 

With the Varian interfaced to a low-level controller, the experimental 
task must perform all the filing system functiu~s. 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 Var·ian1's conso·le, 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 : 

(i) The task's execution time. t~XECUTION' the task's execution 
time when the low-level disc controller is used, is found to 
be equal to 7465 micros~cbndi (refer Figure F.3). 

(ii) The task's response time. t~ESPONSE' the task 1 s response time 
when the low-level disc controller is used, is found to be equal 
to 79935 microseconds (refer Figure F.3). 

4.6 Effects of the Assumptions Made 

Certain assumptio~s have been mad2 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 
~lill increase, whilst the task execution time when using the 
HLDC will remain the same (that is, when the HLD~ is used, 
most of the extra processing will be performed by the HLDC). 

(b) The relative improvement in task response of the HLDC 
over the low-level controller 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 wasteu disc revolutions (refer to 
/l.ppendix F) will more than likely increase in the latter 
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system (Le. the host computer interfaced to the 1 ow-1 evel 

contro11 er). 

(ii) Assumptions have been made about the way the file directory 
and the information files will be stored, a~d 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 (App1ications File Directory) had to be searched, 

this would improve the response time of the HLDC relative to 
the low-level 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 compo~ent in the response time; and the improvement 
in execution time would be reduced as cycle stealing associated 
with the data transfers would become the most significant factor 
in task execution t~me - the data transfer time and cycle 
stealing time ~eing the sa~e for both systems. 

The abovi-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 particular 
process control environment. 

4.7 Summary 

This chapter has obtained measurements on task execution and task response 
·times when the HLDC replaces a low-level disc controller. These measurements 
were obtained by creating an experimental file sHuation - the components 
of this file situation were chosen so that it would be closely related to 
a typical time-critical process-control file situation. The measurements 
obtained will be used.as the basis for evaluating the HLDC's performance. 
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CH/.\PTER 5 ·-----

EVALUATION AND CONCLUSIONS 

It must now be determined whether the HLDC wil1 offer anv imorovements to 
the p~ocess-control computer system. 

5.1 Evaluation of the High Level Disc Controller 

··System Efficiency 

The analysi's in Chapter 4 has provided the following measurements on the 
experim2ntal task ~ 

(i) .H The task execution time when the llLDC is used, tEXECUTION' is 
2085 microseconds. 

(ii) The task response time when the HtDC is used, t~ESPONSE' is 
· 73195 microseconds. 

(iii) The task execution time when the low-level disc controller 

is used, t~XECUTION' is 7~65 microseconds. 
{iv) The task response time when the lmv-·level disc controiler is 

-- L 
. · used, tRESPONSE' is 79935 microseconds. 

The experimental situation discussed in Chapter 4 was developed on the 
basis of file operations performed in the genera1 process-control computer 
system. Consequently, whilst the above measurements are based on a 
particular set of circumstances, it is expected that deductions made 
on the basis of these measurements will be valid for the general 
process-control compµter system. 

As mentioned in Chapter 1, the resDonse to the environment by a computer 
system requiring backing store will be improved by ~ 

(i) 
(. ") • 1 l 

improving the response time to backing store requests; and 
reducing the percentage of total processing time that the 
f{le system 1 s operations will consume. 

Yhe response time of backing store is especially important when time-critical 
information is involved. It is often necessary to know the maximum 
possible response time to ~ reque~t 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 particu1ar task must be permanently resident in 
main memory. In terms of ti1e experimenta1 task, the following 
improvement in response time, calcu1ated as a percentage, has been 
obtained when the low-level disc controller is replaced by the HLDC ; 

t~ESPONSE ~ t~ESPONSE x 100 = 8,4% 
L 

tRESPONSE 

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

It is useful 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 
relating to such a device are given in brackets in Figures F.1, F.2 and 
F.3 in Appendix F. The resulting response times being : 

H tRESPONSE = 34980 microseconds, and 
L tRESPONSE = 39685 microseconds. 

The percentage improvement when the HLDC replaces a low-level 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 11 high-level 11 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) revo1utions. 

One of the advantages of the HLDC over a "software" backing-store 
processor 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 computer~·response to the 
environment. 
calculate the 

· ·time when the 

Before this can be determined, it is first necessary. to 
percentage reduction i~ the experimental task's execution 
low-level disc controller is replaced by the HLDC. That is, 

L H 
tEXECUTION - tEXECUTICN x 10D = 72% 

L 
tEXECUTION 

What is of real interest is not only ~he improvement 1n the average task 
execution time of filing system tasks, but of the average task execution 
time of ~11 tasks in the system.· This is a function of what percentage 
of the t0tal _processing .ti111e is used in per-forming filing system functions. 
If the filing system tasks represent 5% of the total processing time in 
a system having a low-level disc controller, then the percentage improvement 
when this controller is replaced by the HLDC is : 

5 x 72 
TOO 

3,6% ••.•• assuming a 72% improvement in the filing 
system's average task execution time. 

That is, the HLDC v!i 11 improve the system's rP.sponse, this improvement 
becoming increasingly more significant as the disc usage increases. 

Rel iabi 1 i ty 

The measurement of system reliability is difficult if not impossible. 
One element in the system's reliability which can be calculated i~ that 
of component reliability1• The reliability figures of modern integrated 
circuit elements ar~ 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 computing industry, One need only 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 1 s2. (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 overwriting 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 significant 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 the 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 functioIB, 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 required by the filing system. This 
point is important when estimating the cost of 'the HLDC. 

Practical Value of the HLDC 

In a real-world a~plications the microprograms would be permanently in 
read-only microprogram memory. If program modification is required, this 
could be easily accomplished4.·. If the microprogram memory has a suitable 
structure, new program sequences could be generated by the microprogram 
assembler running in the associated host computer. 

·Programming the HLDC is not an easy task. The microprogrammer must have 
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 c~rtainly be more difficult and more expe~sive 
than programming a conventional computer system. 

A possible solution to this problem is that the manufacturer producing 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 11 general 11 softw&re 
will generally not produce the highly efficient programs that are 
required5. The manufacturer could, therefore, produce a number of 'different 
hardware based filing systems which are tailored for various probable 
applications6• 

An important aspect in any system is that of cost. When considRring 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 th·e hardware cost of the HLDC and the cost of a low­
level controller such as Intel1s microprammed 11 low-level 11 disc controller7 

will be in the extra' memory the HLDC requires. As mentioned above, the 
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 ~ast 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 the_n 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 only 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 b~ing either read or modified. 
Only a certain group of users would be allowed access to this information 
in a particular system. The sys·~em would identify these users by means 
of a series of pass-words. The problem is that the identification program 
could its~lf be modified if stored in software. By performing the 
identification 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 control an industrial process, many parameters must 
be monitored and controlled, usually ~nder 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 
low-level controller functions togeth~r into one hardwarA unit, which 
is totally micrdprogrammed, certain system factors could be improved. 

In order ~o demonstrate the validity of these claims, a fully operational 
system was desig·ned and built. The hardware requirements of this system 
were based on a typical filing system discussed in Chapter 2. In Chapter 3, 

I 

possible architectures for the system were analysed, and the design chosen 
was discussed in detail. The system was then built, and was interfaced to 
a moving-head disc drive - the resulting system being called a High Level -
Disc Controller. An assembler was written for the HLDC to allow software 
development to be easily accomplished. In this chapter and the orevious 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.t File Directories 

The file directory is the data structure used to map symbolic file 
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 u·ser 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 combination 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 alr~ady 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 uied 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 ~ymbolic file name plus 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 words 1 : 

1Richard W. Watson, "Timesharing System Design Concepts", McGraw-Hill, Inc. 
(1910), pp. 202-203. 
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(i) The file name as a character string or a pointer to such 
a character string. 

(ii) Type of file, i.e. binary, character or other type as defined 
in a particular system. 

(iii) 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-on 1 y) . 

(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 al_l 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. 
will begin in fast memory. 
brought- off disc into this 
address is complete. 

When a directory search is required, the search 
Parts of the file directory will then be 

memory area until the search for the file 

The directory could be stored as a linear list. This structure may be 
adequate if the directory is to be small. If the directory is large, 
however, a large number of disc accesses would then generally be required 
before the file's address is obtained. A more general method of storinq the 
file directory, to allow better access times, is to store it according 
to its tree structure. Figure A.2 illustrates hm\I the file directory 
could be stored on disc. If, for example, user 11 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 
system to the user directory; 

(ii) That the user is user 1. This will direct the filing system 
to user 11 s directory; and 
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(iii) That the file name is ABC. The file directory will then 
search through the list of user 1's f,iles for the file 
name ABC. 

Pointer to the start of 
the master file directory 

'• 

USER · USER 1 

USER · USEt< 2 -

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

User 1's File Directory 

ABC. ---------~-~ File ABC 

ti 

pointer to the next 
sector of User 1's files 

User 2's File Directory 

Figure A.2 

Locating an information files address may still require 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. 

·, I 
One method of storing the file directo~y 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 

The 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. 
(iii) 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. Foreg~0und 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. Users files will gene~ally 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. 

(iii) Certain applications programs. An example of a background 
application program would be a program used to prepare 



A-6 

reports on the systems operations. 
(iv) 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. 

All 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 co~ld thus be kept entirely 
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 greatly improve 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) 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 user. 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. 

(ii) Method two uses the same principal as the above method, except 
that the data for a fJle 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 on~y 50 are used, the 
filing system has two possible choices. Firstly, it can reserve 
all 600 sectors of which 550 sectors will 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. 

(iii) The method that is best applicable to the general filing 
system is to chain the physical blocks together by means of 

.index blocks2. 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 metho~: (i) 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, 
will 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; locating 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. 

2Ibid., pp. 192-195. 
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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 map 
(free s~ace map) 3• Each bit in the map represents one sector. A bit is 
set if a 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 tracks/cylinder. 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 neces-Sary to 
store the entire map. 

3watson, pp. 195-196. 
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A.3 Improving Data R~liability 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; 

(iii) 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 sequence may be 
performed with catastrophic results. 

(ii) When locating a given sector, the drive will have to 

(a) perform a seek operation. This involves the physical 
movement of the read/write heads from one cylinder 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 locate 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 infdrmation is written on every sector of the 

disc. The header information will contain the current cylinder, 
·head and sector addresses. When a sector is located 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 HLo'c 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 
fonnat 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 advantage 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. 
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(ii) 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. 

(iii) 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 
compare, 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). 

(iv) A cyclic redundancy check character will give the data read a 
great degree of reliability. 

' (v) The overheads in terms ~f response 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 Write check 

(i) 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. 

(ii) Data will generally be written incorrectly through some 
malfunction in the read/write heads. 

(iii) 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. 

(iv) This method eliminates the problem of data being written 
incorrectly. 

i 

I· 
i 
1 
I 
J 
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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: 
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APPENDIX B 

THE MICROPROGRAM ASSEMBLER 

B. 1 Introduction 

Chapter 3 indicated the necessity for ~n assembler to be written for the 
High Level Disc Controller (HLDC). The assembler for the ~LDC 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 is made up of seven different fields 

(i) MIXED field bits 0 to· 11 
'. 

(ii) .. OPCODE fie 1 d bits 12 to 17 
,::: (iii) 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 : 

(i) The MIXED, OPCODE, K-CONTROL and CI fields together perform 
the control of the central processor array; 

(ii) the MIXED, MUX and MCU fields together perform the selection 
of the next microinstruction address; and 

(iii) the MIXED and PORT-CONTROL fields together perform the control 
of the external logic. 



B.-2 

The MIXED fi~ld of .the microi.nstruction is a ·multiplexed field, und can be 
used in any one of .the three microi.nstr_ucti.on fu,ncti:ons, if .required. The 
K-CONTROL field will determine if the MIXED field is required 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 1 s assembler can be described. Possibly 
the best; and quickest way for an experienced programmer to learn a computer 
language is to study a program written in that language, and to reference . 
a number of notes which he1p 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. 

It is necessary that the format of 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>}}} {1# 1 <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 
. duplitated label ~ame 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 facility has been provided for linking 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 : 

An 

(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 scvrce 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. 

(ii) An external label can be referenced from anywhere within the 
program. 

example of the use of internal and external labels is given below 

A1 * JMPT UNSAFE A3 
A2 * JSR . SUB1. 

* HLT 
". 

. A3 * JMP .ERRORO 
· ·~SUB1. * JMPT UNSAFE A3 
A1 * RTS 
A3 * JMP .ERROR1 
.ERRORO * HLT 
.ERROR1 * HLT 

Note that internal label names can be repeated in different external blocks. 
External label names may not be repeated. 
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B.2.2 <processor> 

(i) The default <processor> field is a NOP. If the character 
* is used in the <processor> field, a NOP will be assumed. 

·.(ii) The default <register> is the accumulator (A). If no 
<regi~ter> 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 microinstruction is fully specified 
by <opcode>. 

(v) Tables B.3 and B.4 list the opcode mnemonics and their 
corresponding functions. 

B . 2. 3 <jump > 

(i) Table B.5 summarizes the different conditional and unconditional 
jumps, and Table B.6 summarizes 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 <mixed> 

(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, like 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 212 = 4096. If a minus is placed · 
in front of an octal or decimal number, then the 21 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, under 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/0 Devices and Logical Units 

The Vortex 1 operating system allCNS the use of symbolic names for both 
- - ·. 

I/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 to the 
appropriate I/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 (listing output) All program listings are directed to the LO. 
SI (System input) All operator commands are made from the SI. 
so (System output) All program commands are received on the SO. 
I/O 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 PTOO. 
LO - will usually be the line printer LPOO, but may be SO. 
SO and SI - will always be the backround terminal TY20. 

B.3.1 Using the Assembler 

When ·the assembler is loaded,· it will initially respond with 
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1, 2, E, 0, P 

on the SO. The user responds by typing in one of these characters • 

. 1 means pass 
2 means pass 2 
E means End 
0 means Output Options 
p 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) The~e 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 duplicate 
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: 

1, 2, E, 0, P 



B-7 

It is useful having pass 1 and pass 2 separated so that pass 2 can be 
executed 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 supplies four different types of output. These are 

( i) Symbolic listing (L) on the LO; 
(ii) Binary output (B) on the BO; 

(iii) Error listing (E) on the LO; and 
(iv) Symbol table listing (S) on the LO. 

All these outputs occur during pass 2 of the assembly, and hence the 
listing 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. 
E (error listing) - Sets E and resets L. B and S unchanged. 
L (long listing) - Sets Land resets E. Band S unchanged. 
N (no listing) - resets B, E, Land S. 
S (symbol table listing) - Sets S. All other options unchanged. 

When one of the above characters is typed in en an SI, the assembler 
again responds with 
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*, B, D, E, L, N~ S 

This enables the user to set up all the listing options :ie requires. 
To get out of this mode, the user types a *on the SI. 

B.3.1 .. 5 File Name (P) 

When a.Pis 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 (PTOO). 
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 line printer, and a binary listing is 
required on papertape. 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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/ASSIGN PI = XA, BO - PTOO, LO = LPOO 
/PLOAD, MICRAS 
1, 2, E, 0, p 

p 

FILENAME = 

FORMAT 

1 ' 2, E, 0, p 

0 

* B, D, E., L, N, s ' 
s 
* B, D, E, L, N, s ' 
B 

* B, D, E, L, N, S· ' 
* 
1 ' 2, E, 0, p 

1 ' 2, E, 0, p 

2 
/ 
/ 

0 ERRORS 
1, 2, E, 0, p 

E 
MICRAS STOP. 

B.3.5 Loading the Microprogram into Micromemory 

The binary output of MICRAS can now be loaded into the HLDC 1 s micromemory 
from the Varian 620 minicomputer by using the load program MICLD 
(Microprogram .loaier). The procedure for loading the data into micromemory 
is as follows : 

(i) Switch the HLDC 1 s MM.EN switch ON. 
(ii) Ensure that the HLDC 1 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 microprogram is now loaded into the HLDC 1 s micromemory. To run the 
'microprogram : 

(i) Press SYSTEM RESET on the Varian's or the HLDC 1 s console. 
(ii) Switch the HLDC's RUN switch ON. 
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<source program> 
<record> 
<label> 
<alphabetic> 
<character> 
<statement> 
<processor> 
<opcode> 

<register> 
<jump> 
<unconditional> 

<conditional> 

<multiplexer> 

<porta> 

<portb;> 

<portc> 

<digit> 

<octal> 
<decimal> 
<comment> 
<carriage return> 
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{<record> <carriage return>}~ 1 END 1 <carriage 
{<label>} {<statement>} {'#:' <comment>} 
<alphabetic> <character>; I 1 

.' <character>; 

'A'i 1 B1 i'C'I ••... ·v·1·z· 
any printing character 
<processor> {<jump> {<mixed>}} 
<opcode> { 1

(
1 <register> ')'} { 1 +1 }i '*' 

one of the central processor array mnemonics 
specified in Table B.3 and Table B.4 

return> 

'R0 1 i 1R1'1····· 1 R9'i 1
A

1 i 1
T

1 

<unconditional>l<conditional> <multiplexer> I 1 * 1 

one of the unconditional jumps specified 
in Table B.5 
one of the conditional jumps specified 
in Table B.5 
one of the multiplexer signals (input-control. 
signals) specified in Table B.6 
<rJrta> {1 ,'<porta>};I 
<portb> { 1

,
1 <portb>};I 

<portc> {1 
,

1 <portc>};I 
- one of the port signals (output-control signals) 

of port type A specifi~d in Table B.7 
::=one of the port signals of port type B specified 

in Table B.7 
.. -.. -

.. -.. -

.. -.. -

.. -
-

one of the port signals of port type C specified 
in Table B.7 
{'-'} '0' <octal>il{'-'} <decimal>i 

••.•. digit~ 212 -1 = 4095 
·0·1·1·1 _ ....• 1'7' 
I 0 I 1·1 • I ..... I '9' 
<character>~ 

carriage return on the input device 

Table B.1 The HLDC 1 s Microprogram Assembler in 
Backus-Naur Form 
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The following .description of Backus-Naur Form i~ based on discussion by 
Maurer 1 and by Intel Inc. 2 The syntax for a language is its structure, 
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 parti.cular 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 written 
in the language that the BNF describes. 

Terminal symbols appear between inverted commas (refer Table B.1). 
Non-terminal symbols and symbols 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. 
(ii) lis used to separate alternatives. 

(iii) For ::= the words 11 is defined as 11 should be substituted. 
For example, 
<letter>::= 'A'l'B'l'C'l'D' 
would be read as 
"the non-terminal symbol <letter> may be written as any of 
the terminal symbols : A or 8 or C or 011 

.(fv) To specify that a particular sequence may be repeated a certain 
number of times, the notation < >~ is used where i and j are 

1 
integers with i ~ j 

For example 
<comment> <character>; 

<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 

1w.o. Maur~r. "An Introduction to BNF", BYTE, Vol. 4, No. (Jan 1979), 
pp. 116-125. 
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Similarly, the sequence 

<digit> - <number>~ 

<number> - 1 41 I '5 1 I '6 1 

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) 

/ 



FIOUP 

0 II 

111 

B-15 
MtCllO·fUNC::TION 

Bn -1 (AC 11. Kl +Cl ·fin. AC 

M +{AC 11. Kl+ Cl-~ AT 

ATL A (IL 1\ KL)-·• HO LI v [(IH .-.. Kid'' l\T1d ·• ATit 
(Ah/\ (IL A KLl) V IAT11 v (IHI'. K1tll ...... Ah 

MNEMONIC 

K01 
K02 

K03 

------------------·-- ·--1 ----· -· ·- ··---··-- . -

1 

2 

3 

4 

5 

II 

Ill 

II 

Ill . 

II 

111 

II 

111 

II 

111 

K v Rn-+ MAR 

K vM -+MAR M + K +Cl -•AT 

(AT v Kl+ (AT A Kl +Cl .... AT 

(AC/\ Kl -1 +.Cl-+ Rn l 
(AC" K~ -1 + Cl-+AT 

(I A Kl -1 +Cl ...... AT 

Rn + (AC 1\ K) + Cl -+ Rn 

M + (AC A Kl + Cl -+ AT 

AT+·(I AKl+Cl--+AT 

Cl v(R 0 " AC" Kl ...... CO 

Cl v (M /\ AC " Kl -+ CO 

Cl v (AT 1\ I 11. Kl-•CO 

Clv(R 0 AKl--+CO 

Cl v (:.1. "K) ...... CO 

Cl v (AT A Kl --+ CO 

(see Note 1 l 

Rn A (AC /\ Kl -+ Rn 

M A (AC /\ Kl ..... AT 

AT/\ (I/\ Kl--+ AT 

KAM-+ AT 

K AAT--+AT 

K11 
K12 
K13 

K21 

K22 

K23 

K31 
K32 
K33 

K41 
K42 

K43 

K51 

K52 
K53 

-·---------------------------------------------------------- -

II 

111 

Cl v (AC "· Kl -+ CO 

Cl v (AC t. Kl-• CO 

Cl v (I f, Kl ·-'- LO 
------·-·-- ·----- -----------

' 7 II 

111 

Cl v (Rn'" AC 1, Kl - CO 

Cl v (M 1-. AC r, K) ... CO 

Cl v (AT 1. I ,• Kl - CO 

M v (AC:, K) - AT 

AT v (11· Kl-~ AT 

Rn :;-. (AC '· Kl··· F,, 

M ~- (AC .-· K ! -· t..-; 

AT .7. (I ·. t:) · · f,T 

:;: '.- c-:.·~;>l.,p··:M a• "'·""?''' a:~ds 111 ... 11 to p~rform su!J:ra;:r;on of 0'.)C.• .. 01. 

f; , •flC :1e; T an:t ~r: ih sou'C~ and d~sti-r.1t:-:>n reiJiSti.!rs in R-growp 1 -:-:.~~c !l.)n:t.ons. 

Stit'··.;;rc! ar·thmet;i: Ca'"\ Ou'ou• \.'2:;..1-?i a"-: ~~:i~!'a:t!d in F -grcup 0, 1. 2 r.r.~ 3 ins!r~1c.t10:1:>. . ··-- .. -· -·--------··----------·--------- ------········ ·-· ---··-· 
'/8C1L MEANING 

:. ~-~ D<•tii or; tll': I, K, anci r...:i busses, respectively 

. LI D.ita on tile carry inru:: ;:ind left input, resp<>cti-.'ely 
. l:C.• Data 0:-1 the carry output end right output, re~pec'.ively 
1Rn CN1Tt•n:s of rcgiqer n including T cind /\C (R-Group ;) 

!\C Contl··1:·. o! th" acr;.::nul:itar 
'I 
\ ' Co11t;·nh of AC 01 T. a; srecificc! 

AB Content~ of the mer.101 y address rca:stcr 
• H A< sub>tr•rits. clesig11a11: low and high ortier bit, r,·~pectively 

+ :?"s l"•>,,,~.:~·n ·:nt ~ldc!1t:n·""; 

:?'5 (.(lri·pii·•.:·. ~ ~r:b:r;: '''''! 
lc.•gir.,! /, 1\JL"• 
l.os:i<.·' CP 
l '' i.. · ·• · !·. ~ 'H 
l),, · ·. : 1111 .. 

/ 

K61 
K62 
K63 

K71 

K72 

K73 

Table B.3 Centra 1 f_roces_sor Array Mnemonics - UnsE~~if i ed_J~-bus Mi crofunct i ens. 

I 

I 
I 

11 

I 
I 

I 
I 
l 

I 
I 

I 



---·- ......... ·-· ~-~ 

B·· 16 

.. 

f·GIWUP R·G~:mw K·BUS ~ 00 MICHO-FUNCTIOill MNEMONIC K·llUS = 11 MICno.rUNCrtON 

0 

1 

II 

Ill 

II 

Ill 

. R,. • Cl - R11 , /IC 
1

r.HCI •AT 

ATL-no J\Tt1·•ATL Ll·•AT11 

' Rn ... l~AR f1 11 • Cl-• A,, 
! 
M·•MAll M·Cl·•.'\T 

AT+ Cl ·•AT 

ILR 

ACM 

SAA 

· LMI 

J\C • R11 + Cl -• Rn. Ac; 

M + AC + Cl -· AT 

11-MAR 

LMM 11-MAR 

CIA AT-1+Cl .... AT 

---~------------ --~-------~ 

Rn -1 '+Cl·• R11 

M-1-1-'Cl->AT" 

Cl - I-+ Rn i 
See Note 1 

·c1-1-+AT 

CSR AC - 1 + Cl~ Rn f 
Sec No:~ 1 

2 II 

Ill 

CSA AC - 1 +Cl-+ AT 

.3 

4 

6 

6 

I 

II 

Ill 

II 
• Ill 

II 

Ill 

II 

Ill 
-~---------· 

7 

,.otcs~ 

II 

Ill 

· (See CSA above I 

Rn+ Cl""; Rn 

(See ACM above) 

AT•Cl-+AT 

Cl-+CO 

Cl-+ CO 

0-+ Rn 

0-+ AT 

(See CLA •Jovel 

(See CLR above} 

(See CLA above} 

(Sec CLA abovel 

Cl-+CO 

Cl ... CO 

(See NOP above I 

Cl ... CO 

Cl -+CO 

Cl-+CO 

Rn .... Rn 

M-•AT 
AT-+ AT 

t. 2·1 COn".,ld'="<!'nt ari1hmt?tic adds 111 ••. 11 to pNform 1u~traict;l')n oi 0:1') .•. 01. 

2. Rn incl·.: ju T •nd AC;.. ... sourct a:"Jd d~st1r.Hi'ln r~~istcr1 in R.g • ..1uc. 1 :-r.:;ro-fun:;:ons. 

INR 

INA 

CLR 

Cl.A 

NOP 

LMF 

CMn 

LCM 

CMA 

3. Stari:S.:rd arichmetic c~. I ov';"ut va 1 u~i a·~ !:l~Mo!f.l~'!d in r-grou;> o. 1, 2 ~n~ 3 int?r~':io:i~. 

SYMBOL MEANING 

l,K,M 
Cl, LI 

CO. RO 
Rn 

· AC 
AT 

MAR 
l. H 

+ 

A 

v 
ti 

--~- -----------------------· 
Data on the I, K. and M busses. rt!Pecti\'ely 
Oa:a on the carry input ond left ir.put. rcsoecti\'ely 
Data on the carry CtHPl•t and riglu ou:put. rc~;'.)~cdvelv 
Cor.ten:s of register n inclu<.ling T and J\C (R·Group II 
Contents of the acc;.1mu:a:"r 
Contents of AC or T, a; srer.tficd 
Content\ of the n1cmor.,· .Jd::.lre;~ reoistt!r 
As subscripts. designate low a~d high order bit, rcspectiv,fy 
2"s comt,.ilcmcnt .Jdd1tion 
2"s compt~tn"1~t subtr.:w!•on 
logical AND 
l.ogical Ofl 
£ >clu;:._, •. ~:on 
(>.e,lO:iit int..l 

1-1+Cl-+AT 

AC+ R,. + Cl-+ Rn 

(See AMA above) 

l+AT+Cl-+AT 

Clv IA;. A ACI - CO 

Cl v (M /\ AC} -+ CO 

Cl v (AT 11 II ... CO 

Cl v Rn-+ CO 

CIV M ... CO 

CIVAT·•CO 

Clv AC••CO 

Cl v AC-CO 

Clv l ... CO 

Cl 'I IRnA f,C) -+ CO 

Cl ,. (i\; ,~ A::: > .::v 
CIV (ATI\ 1) ... CO 

Rn 11 AC-• Rn 

M 11 AC-+ AT 

AT11l-+AT 

Rn-> Rn 

M->AT 

AT-+AT 

Rn·; /1.C ... Rn 

MvAC-•AT 

Iv AT-+ AT 

Rn~ AC-"' R" 

M ~At:· .. .; T 

l:P AT-AT 

Table B.4 Central Processor Array Mnemonics - All-Zero and All-One K-bus 
ffiCrofunct ions. 

Al.A 

N.IA 

O".:-. .; 

. Li~.\'. 

OCA 

SOR 

SDI\ 

LIJI 

AD a 

AIA 

ANR 

ANM 

A.NI 

. TZR 

LTM 

TZ/, 

ORR 

ORM 

Oil I 

XMI 



Unconditional jumps 
Jump mnemonic 

INC 

JMP 

JMPD 

JSR 

.JSRD 

RTS 

HLT 

Conditional jumps 
Jump mnemonic 

INCT 

INCF 

JMPT 

JMPF 

B-17 . 

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 subr0utine. That is, 
jump to the address at the top of · 
the stack. 
Continuously execute the current 
microinstruction. 

Action taken 

Continuously 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 · 

EXC 0014 
EXC 0114 
EXC 0214 
EXC 0314 
EXC 0414' 
EXC 0514 
EXC 0614 

Micromemory address accessed by JMPD or JSRD 

1 

3 

5 

7 
9 

11 

13 
EXC 0714 15 
EXCE 0014 17· 
EXCE 0114 19 
EXCE 0214 21 
EXCE 0314 23 
EXCE 0414 25 
EXCE 0514 27 
EXCE 0614 29 
EXCE 0714 31 

Table B.5(a) External Control Instructions and 
their associated Micromemory Addresses 
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Multiplexer 
input line 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 

18 

19 

20 

Mnemonics 

ZERO 

ONE 

co 

EXC 
DTOX 
DTIX 

OMA. FIN 

spare 
COMMAND 

FORMAT 

SIGNBIT 

spare 
spare 
SYNC 

EQ. 16 

spare 

spare 
SEEKRDY 
INDEX 
SECTOR 
SEE KERR 

B-19 

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 
instr;.uction is respectively executed by 
the Varian. 
OMA.FIN is set on the completion of a 
DMA transfer or interrupt. 

~OMMAND is the logic~l OR of EXC, DTOX 
and DTIX. 
FORMAT is TRUE when the consoles format 
switch is ON. 
SIGNBIT is the most significant bit of 
the CPA 1 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 
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Multiplexer 
input line Mnemonics Description 

21 spare 
22 ONLINE 
23 UNSAFE 
24 spare 
25 spare 
26 WRITE.CUR 
27 SGLDEN SGLDEN will be TRUE if the drive is a 

single density drive and will be FALSE 
if the drive is double density. 

28 UNTSEL 
29 ATTEN 
30 spare 
31 spare 

Table B.6 Input-Control Signals (Continued) 

/ 



Microinstruction 
Bit Set 

0 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

. s 
9 

0 . 

1 

2 

3 

4 

Mnemonic 

READ.LM 

WRITE.LM 

VAR.DIN 

DISC.DIN 
DRIVE1 
DRIVE2 
DRIVE4 

DRIVE.CLR 

SECTOR.NO 
spare 
spare 
INTERRUPT 
OMA.OUT 
OMA. IN 
VAR.DOUT 

READY 
EOF 
ERR 

CLR.COMMAND . 

spare 
READ.DATA 

READ.CLK 

CLR.EQt6 
DISC.DOUT 

WRITE 

B-21 

Port Type 

A 

A 

A 

A. 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

c 

c 

c 
c 

c 

Des~ription 

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, DRIVE2 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 OMA.OUT latch. 
Enable the OMA.IN latch. 
Gate data from the MAR into 
the VAR.DOUT latch. 
READY, EDF 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-Contro_!_?igr.als 
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Microinstruction 
Bit Set Mnemonic Port Type ----

5 SYNC.EN c 
6 SYNC.CLR c 
7 spare c 
8 BUS.EN c 

9 TAG.EN c 

Notes: LM = Local memory 
MAR = memory address register 
AC = accumulator 

Description 

Enable the SYNC latch. 
Clear the SYNC latch. 

Allow Bus latches to be 
enabled/disabled from AC. 
Allow Tag latches to be 
enabled/disabled from AC. 

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 
BUS5 4 2 
BUS6 2 1 
BUS7 1 0 

CONTROL 256 8 
CYL 512 9 

HEAD 1024 10 
DIFF 2048 11 

Table B.8 Special Constants 



Error Number 

5 

10 

20 
30 
50 
60 

70 

80 

B-24-

Cause of Error 

A label 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. 
Invalid opcode mnemonic. Refer Table 
B.3 and Table B.4 for valid opcode 

mnemonics. 
Construction.of CPA field incorrect. 
Invalid register name. 
Invalid jump name. 
A conditional jump is specified, but 
there is no MUX field. 
A conditional jump is specified, but the 
MUX field is invalid. Table B.6 for valid 
MUX mnemonics. 
Unrecognisable MIXED field. Causes of 
error: (i) If a jump address, the label 
does not occur in the current externai 
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. 

85 There is an illegal character after the 
MIXED field. Comments must begin with 

~ 

a#. 
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 



~rror Number 

95 

100 

110 

130 

B-25 

Cause of Error 

A label has the same name as an 
output-control signal. This is 
illegal. Table B.7 summarizes the 
output-control signal mnemonics. 
The number in the MIXED field is not 
in the range 0 ~ Number s 212 

-4096. 

Illegal syntax for the output-control 
signal mnemonics. 
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) 
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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 2901 1, and the 
3000 series central processing element is the 3002 2. 

Both processors 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 1 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 ports (A and D ports). 

The 3002 has the following ~dvantages 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 processor, thus 
making the hardware destgn simpler than would be the case with 
the 2901 with its single input port and single output port. 

(ii) 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. 

(ii) The 2901 has more registers than the 3002 - 17 vs. 13. 
(iii) 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 better in data manipulation than the 2901, but the 
2901 is better in number crunching. 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, Motorola Semiconductor Products, Inc. 
"[f9'/6J, pp. 18-26. 

23002 Central Processing Elem~nt, Intel Corporation, Santa Clara, 
raiTrorn1a(T00)--;-fi-r:-'-r-1·c:-· 
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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 
eight·2-bit slice Intel 3002 central processing elements. The 
functional organization of a central processing element (CPE) is 
illustrated in Figure C.1. Typical CPE co~figurations to form CPA's 
.are illustrated in Figure C.2 and Figure C.3. 

uni" u -o-----­
CLK-j . 

Vc:c-, 
Cl<D _J 

·~-n 
'• --:--1 MICRO. 

MICRO.FUNCTIO~ ''-~] Fur;~,,c~ 
IUS I DECODER 

. .. 
. .. 

'• 

MUlTIP~.EXE~ 

A 

.......,..............,_ ro. f:t;::-O':' :.;-r 

I j: I 
! I I. 
i 1 Ii 

"'JL>IPIE~ER I 1i!1 
l 

' - "I 
l L!:: + • 1+-• • t_J, • i I ~·!·1•·! 

--L. - r--r _ __; ' : j 
i::nJ\TC~PA!> . . I l l 
..-R9. r I RlGIOTtF.S • • I 111 

'----+--1-----+---J i I 
i 

. __ ::_]. 
----- T-Tr--..J 

' I . 
L--

a.•t~.'O~Y 

DAT~m 

1, lo IC, "o. 

IXT l.•AStC 
OEVICE If.I I .. 

Figure C.1 3002 Block Diagram 

The arithmetic and logic section (ALS) of the CPA is capable of a variety 
of simpie arithmetic and logic operations including logical shifting. In 
order to effect these operations, 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 operations 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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· =-> MEMOR~ ADDllE'.>S IJUS 
. · . (2N LINES! 

-··---v 

-----'CO Cl ....,_ __ --1 

CARRY FROM 
3002 

3001 __ .,._. ___ ..., LI RO 
3002 

' ' 

. 

. 3002 

DATA BUS TO MEMOllY 
(2N UNE!i) 

- ...._ - '----' '----l~~,__,,,__ __ _,+' -!;-
Fo-F3 1....__+-i----..;o-- _

1 
ii-. -------lf-1 _ ____.. 

• ----.+1-41---1~--4--' 

CARRY TO 3001 I j 
MICROPROGRAM c·-----10-- _jL_ 
CO:-JSTANTIMASK · ~ 
INPUT BIJS ·. "'

1
(" 1----==----

C2N l.INES) -----1- 1--------ff-l"~---I r--

~==-l·~==t:.. + • 

DATA BUS FROM 
MEMORY 

-----H-------' (2N LINES) 

t= EXTERNAL DATA BUS. 
I · (2N LINES) 

l!::::============c:-;:::-;:::-~-~~-~~~~ . ~~~~~~~ . . 

Figure C.2 Ripple-Carry Configuration (N 3002 CPE's). 
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FROM 
3001 
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TO 
3001 
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3002 3002 

LI RO -

3003 c., 1-
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x y 

- +- .._ 
3002 3002 

-I ,_ 1----+ - -

Figure C.3 Carry Look-Ahead Configuration (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 connected to the carry-in 
of the next CPE to provide for the normal ripple carry propa­
gation. Figure C.2 illustrates this configuration. 

(ii) The look-ahead carry outputs X apd Y of each CPE, and the carry­
out line 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 propagation delay time between carry-in and carry-out for a 
CPE is 14 nanoseconds, whilst the maximum propagation 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 propagation 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 carr1-in of the CPA und~r program control to 
allow for incrementing in the CPA. 

There are seven microfunction bus (F-bus) inp~ts 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 in 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, FS 
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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H~FWUP MICRO-FUNCTION 'MNEMONIC . . 
--------------------·-----------------------------------~·--------------· ---·---------·-----··-·· 

0 

1 

2 

3 

4 

5 

6 

II 

111 

II 

111 

II 

Ill 

II 
I 

111 

II 

111 

. II 

111 

II 

111 

Rn + (AC 1, Kl + Cl -·Rn. AC 

M +(AC /\Kl+ Cl-+ AT 
-~-

AT L /\ (I L /\ K L l ··• R 0 LI v !(I H ,-._ K 1-il /\ AT H J · • AT H 

(ATL /\(IL/\ KL)] V [ATH v (111 /\ .KHl) ... Ah 

K v Rn-+ MAR 

K v M-+ MAR 

Rn + K + C.1 -· Rn 

M + K +Cl-. AT 

(AT v Kl + (AT /\ Kl +Cl -+AT 

(AC /\ Kl -1 +Cl -+ Rn l 
(AC/\ K~ -1 +Cl-+ AT 

(l/\Kl-l+Cl-+AT 

Rn + (AC 1\ Kl +Cl -+ Rn 

M + (AC /\ Kl + Cl -+ AT 

AT+·(I AK)+Cl-AT 

Cl v(Rn /\AC/\ Kl-+ CO 

Cl v (M ,.._ AC /\ Kl -+ CO 

Cl v (AT A I /\ Kl -> CO 

Cl v (Rn /\ K)-+ CO 

Cl v (M /\Kl-+ CO 

Cl V. (AT/\ Kl -+CO 

Cl v (AC /\ Kl -+ CO 

Cl v (AC /\ Kl -+ CO 

Cl v (I /\ Kl - l_;Q 

(see Note 1) 

Rn /\ (AC /\ K) -+ Rn 

M /\ (AC /\ Kl -+ AT 

AT/\ (I/\ Kl-+AT 

KAM-+ AT 

KAAT-+AT 

Rn v (AC 1, Kl -+ Rn 

M v (AC /\ Kl-+ AT 

AT v (I /\ KI -· AT 

K01 
K02 
K03 

K11 
K12 
K13 

K21 

K22 
K23 

K31 
. · K32 

K33 

K41 
K42 
K43 

K51 
K52 
K53 

K61 
K62 
K63 

--------··- ---· - - --·--· . --- ··- -· 

7 

-- -- ·-·-·-----
N0-:::5 

II 

111 

Cl V(RnAACAKl-+CO 

Cl v (M 1-. AC /\ Kl -+ CO 

Cl v (AT/\ I t'. K) - CO 

Rn .T, (AC 1 .. Kl - Rn 

M .-; (AC ''Kl·· AT 

AT ·T· (I-'· Kl ··AT 

1 2·s con"plt:nit:nt arithmetic adds 111 ... 11 to perform subtraction of 000 ... 01. 

2. Rn inc':.des T and AC as source and d~stir.3tion registers in A-group 1 micro-functions. 

·3_ Stan:J~rd arithmetic c.;rry output va:ues a•e g~nerated in F-group 0, 1. 2 anc 3 instr:.ic:tion>. 

Sn.':BOL MEANING 

K71 

K72 

K73 

----- -------·-··--- - -- --·- -----··· 

I, t<. M 
Cl, LI 

CO, F-:O 
Rn 
AC 
A1 

MAR 
L, H 

• 

" 
v 

bata on the I, K, und M l.Jusses, respectively 
Data on the carry input and left input, respectively 
Data on the carry output and right output, respectively 
Contents of register n including T and AC (A-Group I) 
Cont.E:nts of the acc<imulator 
Contt-nts of AC or T. a:; specified 
Contents of the memory address renister 
As subscripts, designate low and high order bit, rt!spectively 
2's complement addition 
2's e,0mplemcr.t subirilt'l1011 

Logicill AND 
Logical OR 
Exclu:;:~:··l':OR 

Oepo:.it into 

Table C.1 Microfunctions 



c .. G I 
( 
I 
I 

l 
( 

I 
FUNCTION 

GROUP F5 5 . 4 

.. 0 0 0 0 
1 0 0 1 
2 0 1 0 

·3 0 1 1 
4 1 0 0 
5 1 0 1 
6 1 1 0 
7 1 1 1 

REGISTER 
GROUP REGISTER F3 ~ 1 0 

Ro 0 0 0 0 
R, 0 0 0 1 
R2 0 0 1 0 

. R3 o . 0 1 1 
R4 0 1 0 0 
Rs 0 1 0 1 
Rs 0 1 1 0 
R7 0 1 1 1. 

c_ Rs ' 1 0 0 0 
Rg , 

1 0 0 1 
T 1 1 0 0 
AC 1 1 0 1 

II 
T 1 0 1 . 0 
AC 1 0 1 1 

Ill 
T 1 .. 1 1 0 
AC 1 1 1 1 

' . 

Table C.2 Function and Register Group Formats. 
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f·GHOUP H·G,:011? K·ClU$ "00 l\.11CHO·FUNCTION MNEMONIC K·BUS = 11 MICHO·l'UNC rlON MNU1iOrJIC 
- ...... ---- - ... -·-··· ----.-·-----------·---- --------·-·--------------------- --·--·---··------- ----· 

2 

.3 

4 

6 

1 

II 

Ill 

II 

Ill 

II 

Ill 

II 

Ill 

II 

- Ill 

II 

Ill 

II 

Ill 

II 

Ill 

. R,, ·• Cl ·• II,,, /IC 

; Iv!+ Cl •/IT 

111._~no /,TH·•ATL L1-•/\T11 

----------------
Rn -> rAAR R,, 1 Cl -· Rn 

M -·MAB M 1 Cl-• !\T 

AT t Cl-• AT 

ILR 

ACM 

SRA 

LMI 

LMM 

CIA 

AC• R,, • c1 -• R,,, AG 
M+/l.CtCl-•/l.T 

11 -· r,111.n 

11 »MAH 

/l.T-l+Cl->AT 

Rn -- 1 '+ Cl -• Rn 

M-l+Cl-•/\T' 

/\LR 

/\MA 

DCA 
----------------------~----·------·-

Cl - I~ fin f 
See Note 1 c1-i :...AT 

(See CSA above) 

Rn+ Cl-+ R., 

ISee ACM ;ibovc! 

11.·r •Cl .... AT 

CSR 

CSA 

INR 

AC - 1 + Cl ~ R., l 
Sec Not~ 1 

AC -- 1 +Cl-+ AT 

1-1 +Cl-> AT 

SOR 

SDI\ 

lDI 
------------~------

AC + R11 ~ Cl -+ Rn 

(S2e AMA nbove) 

l+AT+Cl-+/l.T 

ADR 

AfA 
-----------~-----~----------------------

Cl-+CO 

Cl->CO 

0 .... An 

0-+AT 

(See CL/\ ;,:.,o,1c) 

(See CLR nbove) 

(See CLA above) 

(See CLA above) 

CLR 

Cl.A 

Cl\1 (R;," AC)- CO 

Cl '' (M I\ AC) ... CO 

Cl v (AT A 11-· co 

Cl v Rn·+ CO 

Clv M-+CO 

Clv AT-+CO 

Rn-'' AC--> Rn 

M "AC-+ :,T /\NM 

AT,, I-AT Am 
-------

Rn-> Rn TZR 

1,1-+ AT GM 

AT-+AT TZA 

----~-----·-----------~---------~---------- ·-----
Cl-+CO 

Cl-+CO 

Rn-+ Rn. 

- M->AT 

(See NOP above! 

Cl-+CO 

Cl-+CO 

Cl-+CO 

Rn-+ Rn 

t.f-• AT 

AT->AT 

NOP 

LMF 

cw.n 
LCM 

CM/\ 

Clv AC-•CO 

CIV AC->CO 

Clv 1-+CO 

Clv (/\Tl\ 1)-+CO 

R., ,_. ~.C -• fin ORR 

M VAC-AT ORM 

IV AT-+ AT Ofll 

Rn;;. AC-• R., x~:n 

f,,1;1 Af':_·--.;..T X~-~~ .. ! 

l':i f,T-•t.T XMI 

1. '2"s COn"';>fi:'f.1 -?tU arithmC!tic adds 111 ... 11 to p;:-rform su!:>tractL')n o; Q.:')') ••• 01. 

2. Rn inc:·.du T and AC:.. sOYrce a:"ld d~st1r.-lt;'Jn te-~ister\ in A·S•.JOj; t :r:::ro-fun:;:ons. 

:J. Stan:j.:rd arithme!1c ca. / o.._1·.-ut v.:i 1u~; a~~ '!l'=~tra:11d in F-grou;:> 0, 1, 2 anJ 3 i:'H!t<JC.tiOt1\. 

svr.rno:.. 

I, K,M 
Cl, LI 

CO, HO 
Rn 
AC 
AT 

1.1/1.R 
L, H 

+ 

I\ 

v 
ii) 

MEANING 

:•ata on the I, K. and M buss-?~. rr.~pecti\'ely 

Data on the CiJtrV input and left input, rc~pecti\·~ly 
Data o~ !he carry output 11nC.: ri9ht output. rco:.;:>ecdvely 
Coraen'.> of register n including T and AC (R·Group I) 
Content~ of the acc:..rmu:a~1Jr 
Contt.-nts of f,C or T, Ji sp~dficd 

Content4" ol the memory addrC'SS rel)istt?r 
As subsc11pts, designate low ar-:d high order bit, ccspi:ctively 
2's con••Al'rucnt Jddirion 
2's comp1~rn"Pt sul.JtrJc?•on 
Lo9ic~I ,'\ND 
lo9i<"ar OR 
Exclu;:v·~1(lR 

o~po;it fnhl 

Table C.3 All-Zero and All-One Microfunctions 
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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 a)lows 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 must 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 Propagation 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 propagation 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 propagation 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 propagation delays are significant in the fetch cycle is 
' 

illustrated in Figure C.4 (the path being illustrated by the use of broad 
lines). Using this path, the microinstruction fetch propagation delay can 

be calculated. The microinstruction fetch propagation delay, tFETCH' will 
be the sum of the propagation delays of the individual components in the 
path. (The propagation delay associated with the conductors between the 
components is minimal, and can be ignored3). 

tFETCH = sum of the propagation delay times of the components: 
74128, 2102A-1, 74S04, 74S04, 74150, 74SOO, 74S86, 74S04, 
745175, 74508, 2909, 74LS368. 

Each of these components will have associated with it a typical and maximum 
propagation delay time. These times are dependent on the environment that 
the components are operated in. The most significant factors affecting 
these propagation delays being temperature and power supply fluctuations. 
Two propagation delay times can therefore be associated with tFETCH" They 
are tFM (the maximum fetch propagation delay time) and tFT (the typical 
fetch propagation delay time). Table C.5 gives the maximum and typical 
propagation delays for the components. The most significant component 
propagation 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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Figure C.4 Microinstruction Fetch Circuitry - Broad Lines Indicate the 
Path of Maximum Delay. 
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nanoseconds over the specified temperature range4. As this is a guaranteed 
figure, the average component will perform considerably better, Gspecially 
in a non-hostile environme~t, and a typical access time in the region of 
130 to 150 nanoseconds can be expected. 

The maximum and typical propagation delay times can now be calculated. 

.tFM = 9 + 200 + 5 + 5 + 35 + 5 + 10,5 + 5 + 17 + 7,5 + 4G + 18 

= 357 nanoseconds. 

tFT = 6 + 150 + 3 + 3 + 23 + 3 + 7·+ 3 + 11,5 + 5 + 40 + 12 

= 266,5 nanoseconds. 

C.5 Microinstruction Execution Propagation Delay 

The only delay which must be considered in calculating the microinstruction 
execution propagation 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 propagation delays from carry-in to carry-out. 

· The maximum propagation delay path from carry-in to carry-out when using 
the look-ahead carry ger.~rator is found to be 150 nanoseconds. The typical 
propogation delay being 100 nanoseconds. This is the most significant 

propagation del?Y associated with the CPA field. 

C.6 Port Timing 

The output-control signals can be classified into three djfferent groups : 

(i) The output-control signal for writing to local memory (WRITE.LM); 
(ii) The output-control signals for gating data onto the M-bus (VAR.DIN, 

DISC.DIN, READ.LM arid SECTOR.NO); 

(iii) The remaining output-control signals either load or clear latches. 

Propagation delays in the system can cause glitches to occur. Consider 
the following program sequence : 

j K11(A) 
j + 1 . . . * * 

1 

SYNC.EN 

The timing diagrams for this program sequence is illustrated in Figure C.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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-rt time_period~ ti~e period 

-
----------- J , , J + 1 ( MAST.CLK _ 

I 

l_ 
I 
I 

_M_,i_c.._r ..... o_,i n ..... s_t_r..;..u ..... c t ..... 1 ..... · o_n_b_i t_O _____ __.I K11( A) * ii~-------------~ I I 
I I 

_E_N_._c ___________________ ___.J: * * SYNC.EN 

1, 
I I 

_....RE_A~D~·~D~AT~A..._,,o~u~t~Du~t~-~c~o~n~tr~o~l:.....::s~i~qn~a~1..._ _________ _,n~....;_---------~~~~ 

PORT.CLK 

Figure C.5 Glitch Causing Unw~nted Output-Control Signal 

The SYNC.EN output-control 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 only 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 ~emory. The solution is as follows. The 
signal WRITE.LM is logically AND'ed with PORT.CLK to provide the required 

l 
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protection. The protected WRITE.LM signal then triggers a 200 nanosecond 
monostable to provide a write pulse of adequate duration. The timing 
diagram in Figure C.6 illustrates this situation. 

I 
I( 

tc ~ 

I 
/ n n MAST.CLK 

4 tCHr 

eo1n .~LK n n 
WRITE.LM output-control signal 

n_ 

/ 

_W_R_I_TE_._L_M_&_P_O_R_T_.C_L_K ____________ ~ll~--------------------~----~~ 

Local memory 
write pulse 

Clock· Period (tc) = 280 nanoseconds 
Clock HIGH (tCH) = 70 nanoseconds 
tWP = 200 nanoseconds 

Figure C.6 Local Memory Write Timing 

C.7 Local Memory Timing 

The local memory read and write propagation delay times are analysed 
separately below. 
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C.7.1 Writing to Local Memory 

An analysis of local memory write timing is.necessary 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 b~fore 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: 

(ii) 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) rnust 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 example of 
such a program sequence would be: 
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j K11(RO) * 60 # 60 to MAR 
j + 1 * * WRfTE.LM #Write data in AC to LM address 60 

To see whether or not this program \sequence will cause corruption, an 
analysis of the delays in the system affecting the write operation must 
be made. This analysis 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 iri 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 rising edge of MAST.CLK. 

The above program sequence will therefore only be valid -if tAR (the memory 
address propagation 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. 

MAST.CLK 

Address available at 
the memory element 

PORT.CLK & WRITE.LM 

1 oca l memory 
write pulse 

/ , 

Clock period 
Clock HIGH 

= 280 nanoseconds 
70 nanoseconds 

. tAR = tDL 

~time period - .... ><--time period~ 

'--~~j~---Jfl.__~-j-+~1__,f'l __ ~-------~ 

I: 

. .____I -

= 100 nanoseconds tARMAX 
tARTYP = 
tcw = 

72 nanoseconds 
140 nanoseconds 

Figure C.7 Local Memory Write Timing - Setting up the 
Local Memory Address 
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The merr:ory address, on its way from the CPA to the memory element, will 
be subject to certain delays. These delays ar~ due to the components in 
its path (i.e. a 74368 and a 74124); the propagation 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 Figure C.8. 
Consequently, 

tAR = tDL + t74368 + t74124 + tAW 

t 0L and tAW are defined in Table C.4, and the propagation delays for 
tDL' t 74368 , t 74124 and tAW are given in Table C.4. Therefore, 
tARMAX (the maximum propagation delay time for tAR) = 

50 + 18 + 12 + 20 = 100 nanoseconds, and 

tARTYP (the typical propagation 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 corruf:,tion 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 memory 
element will be stable at the memory element before the write 
begins. The WRITE.LM signal cann~occur in the same microinstruc­
tion that sets up the accumulator. It will be shown that if the 
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Figure C.8 Local Memory Circuitry Indicating Read/Write Propagation Delay 
Paths. 
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data to be written to local 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 wil 1 be va 1 id at the memory e 1 ement before the write 
begins. An example of such a program sequence is : 

j .. . I LR( RO) 
j + 1 * * 'WRITE.LM 

.Let t 0R be the propagation 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). 
Referring to Figure C.8, it is found that 

tDR = . tDL + · t74368 

t 0L is defined in Table C.4, and the propagation delays for t
0
L and 

t 74368 is given in Table C.4. Therefore, 

tDRMAX (the maximum propagation delay for t 0R) = 
50 + 22 = · 72 nanoseconds, and 

tDRTYP (the typical propagation delay for t 0R) 
32 + 10 = 42 nanoseconds. 

= 

~time peri~~time peri~ 

j j+1 n-
_____ 11 I . .______ _ 

I 
I 

Data available at rt~ 
the memory element 

PORT.CLK & WRITE.LM 

Local Memory Write Pulse 

Clock HIGH = 70 nanoseconds 

tDR = tDL + t74368 

I 
I 

Figure C. 9 Local Memory Write T,,·m1"nq - Sett1"ng up th" Lo 1 M o _ ·= ca .1emory ata 
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Since tDRMAX 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 stabl~ 5 . 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 s8ttle. 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 

51ntel Data Book, Intel Corporation, Santa Clara, California (1976), pp. 46-49. 



C-20 

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 * 60 # 60 to MAR 
j + 1 

K11(RO) 
ACM(A) * READ.LM #Contents of address 60 to AC. 

Let t 0 be the propagation delay from the rising edge of the clock to the 
time data is ready for use at the CPA. t 0 can be broken up into three 
propagation delays (refer Figure C.8) : 

(i) The propagation 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 tARMAX = 100 nanoseconds and tARTYP = 72 . 
nanoseconds. 

(ii) The propagation delay from the address inputs of the w.emory 
element to the data being stable at the output of that element. 
This is the memory elements propagation delay. The memory 
element is the 2102A-2, and it has a 250 nanosecond access 
time. 

(iii) The propagation 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 
t 74368 + t 05 . t 05 is defined in Table C.4. 

Consequently t 0 = tAR + t2102A~2 + t 74368 + t 05 . Therefore toMAX (the 
maximum propagation delay for t 0) = 

100 + 250 + 17 + 50 = 417 nanoseconds, and tDTYP (the typical 
propagation delay for t 0) ·= 
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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( . time perio~d~~>.r--time period-7~tin:ie peri00--7 
j j+1n J+2n 

_M_AsT_.c_LK ____ I ..._I __ _...I . I L 
I 
I 

Data available at the· CPA 
from local memory 

to = tAR + t2102A-2 + t74368 + tDS 
tDMAX = 417 nanoseconds 
tDTYP = 363,5 nanoseconds 

I 

k. 

/ 

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 288 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. tDMAX 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 

j + 1 

j + 2 

K11(RO) 

* 
ACM(A) 

· C • 7 • 3 Summary 

* 60 

* READ.LM 

The results of the above analysis are summarized below : 

(i) When writing to local memory, the write pulse may only 
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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. 

(ii) 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. 

* * WRITE. LM # · Write to local memory. 

(iii) 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) * 
* 
ACM(A) * 

60 # · Modify the accumulator. 
# Wait 1 microinstruction. 

READ.LM # Gate data into the CPA. 

'· 
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Propogation delay 
times (nanoseconds) TYPICAL MAXIMUM 

74SOO 
74S02 
74S04 
74S08 
74LS367 
74LS368 
74S86 
74128 
74150 
74S175 
2909 
2102A-1 
2102A-2 

tDL 
tos 
tAW 

3 

3,5 

3 

5 

10 
12 
7 

6 

23 

11 '5 

32 
30 

5 

5,5 

5 
7,5 

22 

18 

10,5 

9 

35 
17 
40 

200 
250 
50 
50 
20 

Definition of Terms 

= 

= 

Progation delay in the CPA from the rising edge of the clock 
to the A-bus and D-bus outputs. This propogation delay is 
specified by the Intel 3002 CPE 6. 
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 memory 7. 
The data set-up time required from the inputs of the CPA to 
the rising edge of the clock. This propagation delay is 
specified by the Intel 3002 CPE 8• 

Table C.4 Propagation Delay Times 

63002 Central Processing Element, pp. 9-10. 

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-cont~ol signals are received from 

(i) the central processor array; 
(ii) 

(iii) 

(iv) 

the disc drive interface; 
the host computer (Varian) interface; 
the console. 

Output-control signals are transmitted to 

( i) 

(; i) 

(iii) 

local memory; 
the disc drive interface; and 
the host computer interface. 

and 

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, an? consequently 
these signals must be discussed together. These signals will therefore 
be discussed in terms of the following five elements in the system : 

( i) 

(ii) 
(iii) 
(iv) 

, ( v) 

the central. processor array; 
the disc drive interface; 
the host computer interface; 
local memory; and 
the console. 
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D.1 The Central Processor Array Control Signals 

\ 

There are two signals associated with this central processor array. These 
are 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 0.1. 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 
signals in the system be~ng asyncronous. 

co 

CO (carry-out) is used when testing whether qr 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) 

LOOP . 

DSM(R3) 
TZR(R3) 

* 

* 

JMPT CO 

99 

LOOP 

# Set loop-counter. ·equa 1 to 99 

# Decrement loop-counter 
# and test if zero 
# if non-zero, loop 

Example D.1 
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The central processor array cornrna.nd TZR(R3) will perform the logical OR 
of 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 * 

B * 

INCT 

. . . . 
INCF 

FORMAT 

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 Signals 

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 local 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 local memory 
address 60 into the accumulator (AC) is as follows 

K11(RO) * 60 # 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 
local. 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 

K11(RO) * 
* * 

60 

WRITE. LM 
# 60 to MAR 
#AC to 1oca1 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. 

Output-control Signals: DRIVE1, DRIVE2, DRIVE4, DRIVE.CLR, DISC.DIN, 
DISC.DOUT, SECTOR.NO, READ.DATA, READ.CLK, CL&.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, •••. BUS?, 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 Signals 

The four output-control signals DRIVE1, DRIVE2, 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 latches 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, DRIVE2 and 
DRIVE4. That is, drives 1 to 7 are selected by using one of the 
following microinstructions 
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* * DRIVE1 # Select drive 

* * DR1VE2 # Select drive 2 

* * ORIVE2, DRIVE1 # Select drive 3 

* * ORIVE4 ' # Select drive 4 

* * ORIVE4, DRIVE1 # Select drive 5 

* * DRIVE4, DRIVE2 # Select drive 6 

* * DRIVE4, DRIVE2, DRIVE1 # Select drive 7 

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 signal. Si~ilarly, the four tag 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. 

# Enab 1 e BUS 1 , BUS4 and CONTROL 
CLR(A) 
K11(A) 

* 
# Disable BUS4 

CLR(A) 
K11 (A) 

* 

* 
* 

* 
* 

BUS1, ~US4, CONTROL 
BUS.EN, TAG.EN 

BUS4 
BUS.EN 

# Disable BUS 1 and CONTROL 
CLR(A) 
K11(A) * BUS1, CONTROL 

* * BUS.EN, TAG.EN 
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UNTSEL 

When the HLDC selects a disc drive, the UNTSEL input-control 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 is HIGH. 

ATTEN 

The input-control signal ATTEN, like UNTSEL, is useful when more than one 
disc drive is attached to the HLDC. When the selected drive requires the 
attention of the HLDC, the ATTEN line will go HIGH. For example, the 
ATTEN line will go HIGH after the completion of a disc seek-operation 
(whether successful or unsuccessful). 

ONLINE 

. , 

When & disc drive goes online, 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 wh~n writing ceases. There is a delay between instructing the 

. drive to stop writing and the falling edge of WRITE.CUR. This delay makes 
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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 will 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-control signals INDEX and SECTOR is illustrated 
. F. D ·2 1 rn 1 gure . • 

~ 1~ 75-80µS 

-----------------SE_Cn~OR ~ULSE 10 _ - SECTOR PULSE 
SECTOR _ _ n________ L __ _ 

I I I I 
I I I I 

----.-----,~l(irc--- SECTOR 0 ---· ... i<-- SECTOR 1 ---~) ---""SECTOR 9 
I 

I 

INDEX PULSE 1 

-...i..u..i.:.i.w~~~~~~~~~-.-~-+---'·n.•~~~~~~~:1~.~~~~~~~~~~~~~~ INPEX . _ . 
I 

~ 
I 
I I 

"'"""_, __ 2.5 ms 
~e~: 
I • I 

Figure D.2 

\~1Coni_p_£ield Engineering ~-~~i:--~i~~Han'1?00J~.' CD1 Disc Drive, Cal iforniu. 
Computer Products, Inc., Anal1e·~m. alT1fornia (1971), p. 23, 



D-10 

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 
INCF 

SECTOR 
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, 
i{ the read/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 1 disc controller2• 
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. 

(iii) 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. 

2Intel Data Book, Intel Corporation, Santa Clara, California (1976), 
pp. 750-758. 
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Assume that it is necessary to access a particular sector, say the sector 
whose sector number stored in register RO. This could be done by the 
following program sequence : 

. #. Syncronize with the beginning of the sector. 
AGAIN * INCT SECTOR 

* INCF .SECTOR 
. # Check if the wanted sector mi nus the current sector equals zero. 

ILR(RO) 
ACM(A) 
TZR(A) 

* 

· ... #. If zero, then the required sector. 

SECTOR.NO 

'* JMPT CO O.K. 
=14=· If non-zero, then try the next sector. 

* JMP AGAIN 
0. K. :ff: 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 the curre~t sectors header. 
The main use of the header is to i~prove 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 (compared with the disc seek to obtain 
the header in the first place), and, secondly, the header is followed by 
a header cyclic 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 
interfac~d to the system is the CalComp CD1 disc drive. A bit of data 
can be written to this drive every 400 nanoseco'nds3. The clock used 
for writing data to disc or reading data from disc comes from one of 
two diff~rent sources ~ 

(i) A fixed clock 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 ~ritten 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 
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 nanosc.\;onds/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 as single density or double density 
by connecting the appropriate jumpers on Board 6 as illustrated by th~ 

circuit diagram of Board 6 in Append~x 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 

The WRITE output-control signal 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. 

\ 
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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 serial-to-parallel 
form, and.vice versa. This shift register is clocked by the data-clock. 
The data-clock being a variable frequencyosc~lator (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 modulo-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 wh~n 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.EQ16_latch with the CLR.EQ16 output-control sianal. Tbe 
following program 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 
local memory is initially set up in register RO. 

AGAIN * INCT 
ACM(A) * 
SDR(T) * 
TZR(T) * 
ILR(RO) JMPT 

EQ.16 

co 

DISC.DIN 
WRITE.LM 
CLR.EQl6 
AGAIN 
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Writing 

When writing, the HLDC wil1 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-contro 1 s i gna 1. 

D.4.2 Disc Format 

A disc format, based on the Telefile low-level disc controllers disc 
· format3, {s 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 OL1tput-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 w·ill 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 
PrOCfucts, Irvrne;-CalTfornia (June 4, 1971), p. 4. 
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SYNC HEADER HEADER 
WORD CRC 

POST -HEADER SYNC DATA DATA DATA 
GAP 0 1 S WORD CRC TRAILE 

JMBER OF WORDS: I 
.__~~~~~~~~-

25 3 15 128 ;:20 

A B 

Notes: 

(i) The tota1 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 dist 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 surrly conditions : 

2 5 10-3 
' x seconds/sector 3125 bits/sector 

800 x 10-9 seconds/bit 

= 195 words/sector .........•. 16 bits/word. 

(ii) The total number of words used is 175. This allows for a 
10% leeway in disc speeds. 

(iii) The syncronization word (SYNC word) is 2. 

(iv) The HEADER contains the cylinder, track and sector addresses. 
The header can either be stored as three separate words or as 

one word. 

(v) All 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 latch is the input-control signal SYNC. The HLDC inspects the 
SYNC input-control 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 latches 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 inspe:t the header information •. ~aving found 
that the correct sector has been selected, the write operation can commence. 
Changini 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 during 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/O communication between the Varian and HLDC. 

(i) The interface allows communication to occur by means of 
.the full range of the Varians I/0 instructions. 

(ii) The interface allows data to be transferred between the 
Varian and HLDC via direct memory aGcess (OMA). 

(iii) The interface allows the HLDC to interrupt the Varian. 

Associated with the above tbree modes of communication are the following 
input- and output-control signals .. 

Input-control Signals : EXC, DTOX, DTIX, COMMAND and OMA.FIN. 
Output-control Signals : READY, EOF, ERR, VAR.DIN, VAR.DOUT, CLR.COMMAND, 
DMA.lN, OMA.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 diagrams and block diagrams 
illustrated in Appendix E. The diagrams which should be referenced are 

(i) Block diagram of the Computer Interface - This diagram 
is reproduced in this Appendix as Figure D.4. 

(ii) OMA and Interrupt Control - Board 5 Page 2. 
(iii) Varian Interface (Sense) - Board 5 Page 3. 

D.5.1 I/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 
(ii) External Control 
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(iii) Single-word output transfer 
(iv) Single-word input transfer 

Associated with these four types of I/O instructions are a number of input­
and output-control signals. 

Input-control Signals : EXC, DTOX, DTIX, and COMMAND. 
Output-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, EDF and ERR latches, and are 
set up by the input-control signals READY, EDF 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 
SEN 0114 
SEN 0214 

examines the READY latch, 
examines the EDF latch, and 
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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(iii) Single-word Output Transfer (DTOX and VAR.DIN) 

When a single-word output transfer instruction is execut~d 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 periodically 
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 
periodically examine the EXC, DTOX and DTIX input-control signals. 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 amount 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 
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the HLDC is currently performing. For example, if the HLDC is 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 I/0 command, as this may cause an I/O 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 

I ~ 

means of a'SEN 014'I/O instruction. If the HLDC is ready, the Varian 
will execute the appropriate I/O 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 latches will be set up; and in the case of a single-word input 
transfer instruction, the DTIX latch will be set up. The I/O 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/O command has been initiated. If the EXC latch is set, the 
HLDC will perform a jump to the address specified by the EXC-address 
latch. 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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output-control 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. 

0.5.2 Direct Memory Access 

· Direct memory access (OMA) 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 : OMA.FIN 
Output-control Signals : VAR.DOUT, VAR.DIN, OMA.OUT and OMA.IN 

OMA Transfers from Varian to HLDC 

When transferring a word of data from the Varian to the HLDC via OMA, 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 OMA.OUT is then given. 
This signal sets the OMA.OUT latch which requests a OMA transfer from 
the Varian to the HLDC. This signal also causes the OMA.FIN input-control 
signal to go FALSE. When the OMA transfer is complete, the OMA.OUT latch 
will be reset, and the OMA.FIN signal will go TRUE. This signal indicates 
the completion of the OMA transfer. On completion of the transfer, the 
OMA 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 OMA. 

CLR(A) 
K11 (A) * 100 

# Set up the VAR.DOUT latch with 100. 

* * VAR.DOUT 
# Request a OMA transfer from Varian to HLDC. 

* * OMA.OUT 
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:#:. Wait for the transfer to complete. 
* INCT OMA.FIN 

· :#: Input the OMA data into the accumulator. 
ACM(A) * VAR. DIN 

OMA Transfer from HLDC to Varian 

When transferring a word of data from the HLDC to the Varian via OMA, 
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.OOUT output-control signal. The data to be output to this latch 
is then set up in the memory address register, and a OMA.IN output-
control signal is given. This signal sets up the OMA.IN latch which 
requests a OMA transfer from .the HLOC to the Varian. This signal also 
causes the OMA.FIN input-control signal to go FALSE. When the OMA transfer 
is complete, the OMA.IN latch will be reset, and the OMA.FIN signal will 
go TRUE. This signal indicates the completion of the OMA transfer. The 
following example illustrates how a word of data stored in register RO 
can b~ transferred to the main memory address 200 using OMA. 

CLR(A) 
K11(A) * 

:#: Set up the VAR.OOUT latch with 200 

* * 

200 

VAR.OOUT 
:#: Transfer the contents of Register RO to the memory address register 
:#: and request a OMA transfer.from HLDC to Varian 

LMI(RO) * OMA.IN 
# Wait for the transfer to complete 

* INCT OMA.FIN 

D.5.3 Interrupts 

The HLOC initiates an interrupt by means of the following input- and 
output-control signals (Refer Appendix E, Board 5, Page 2). 

Input-control Signals : OMA.FIN 
Output-control Signals : VAR.OOUT and INTERRUPT 

I 
I 

f 
i 
i 
! 
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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 signal. 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 
OMA.FIN input-control signal to go TRUE. 

The following example illustrates how an interrupt to main memory address 
100 is given by the HLDC. 

CLR(A) 
K11 (A) * 100 

# Set up the VAR.DOUT latch with 100 

* * VAR.DOUT 
# Request an interrupt 

* * INTERRUPT 
# Wait for interrupt to be accepted (if necessary) 

* INCT DMA. FIN 
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Varian program: Output the data in the accumulator to the HLDC by means 
of a single-word output transfer I/0 instruction. 

AGAIN 

READY 

SEN 

NOP 
JMP 
OAR 

014, READY 

AGAIN 
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 # Hard~··are 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 

* JMP .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 r~maining 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 
Board 2 
Board 3 
Board 4 

Console, Local Memory and Microprogram Memory Interfaces 
Microprogram Memory 
Central Processing Unit 
Computer and Disc Drive Interfaces 

Varian Chassis 

Board 5 

Card Cage 

Board 6 
Board 7 

Board 8 

Board 9 

Board 10 
Board 11 

B 

Varian 620/L Minicomputer Interface 

CalComp CD1 Disc Drive Interface 
VFO Single Density 
Read/Write/Clock 
Drive Multiplex Transmitter/Receiver 
Drive Multiplex Transmitter/Receiver 
Drive Simplex Transmitter/Receiver 

.,_ 

It was mentioned in Chapter 3.12 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 fro~ 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, lrvine:-talTfo_rnia (September 1970). 
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Index to the Circuit Diagrams 

Page No. 

Block Diagrams of the HLDC . . . . . . . . . . . . . . . . E-3 
Console, Local Memory and Microprogram Memory Interfaces . E-8 

Clock • • . • . • • • • • • • • . E-22 
. . . .. . . . Microprogram Memory .• 

Central Processing Unit 
Disc Drive Interface 
Computer Interface 

. . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 
Varian 620/L Minicomput~r Interface 
CalComp C01 Disc Drive Interface 
Wiring Diagrams for the Telefile Boards 

. . . . . . 
. . . . . . . 

. . . . . . . . . 

E-23 
E-26 
E-35 
E-42 
E-48 
E-56 
E-59 
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BOARD NAME : CONSQLE, LOCAL 
'MEMORY AND MICRO­
MEMORY INTERFACES 

CONNECTORJ_l ___ _ 

PIN SIGNAL I PIN SIGNAL 

1 :MM. DIN21 2 ~\1.DINO 

3 MM.DIN22 4 MM--:-DINl 

5 MM.DIN23 
I 

6 I lVIM. DIN2 
7 Mrv1. DIN24 8 MM.DIN3 
9 Polarising \ 10 Polarising 

Pin I Pin 
11 MM.DINZS 12 MM.DIN4 
13 MM.DIN26 14 MM.DINS 
15 MM.DIN27 16 MM.DIN6 
17 MM.DIN28 18 MM.DIN7 
19 rvIM. DIN29 20 MM.DINS 
21 f'.Jv1.DIN30 22 MM.DIN9 
23. MM.DIN31 24 MM.DINlO 
25 MM.DIN32 26 MM.DINll . 
27 MM.DIN33 28 MM.DIN12 
29 M.M. DIN34 30 MM.DIN13 

-· 
31 Spare 32 MM.DIN14 
33 Spare 34 MM.DINIS 
3S Spare 36 MM.DIN16 

37 Spare 3S MM.DIN17 
39 Spare 40 MM.DINIS 
41 Spare · 42 MM.DIN19 
43 Spare 44 MM.DIN20 

I 

CARD CAGE: A SLOT: 1 BOARD: 1 

CONNECTOR JZ 

~~_SIGNAL_j_PIN I SIGNAL ; 

: I EN.A 2 I EN.B l 
3 I EN.C 4 iLOAD.STR1~ADDi( 

s I =-RE=""'S~Ee-=T 6 MCU ADD R. EN 

7 SYS.CLEAR 8 MM.WRITE 
9 EXCl 10 EXC2 

11 
13 
rs 
17 
19 
21 
23 
2S 
27 
29 

21 
33 
35 

37 
39 
41 
43 

EXC3 12 

EXC 14 
DTIX 16 
DMA.FIN 18 
COMMAND 20 
EQ.16 22 

UNTSEL 24 
FORMAT 26 
Spare 28 
Spare 30 
Spare 32 
Spare 34 
Polarising 36 
Pin 
Spare 38 
Spare 40 
Spare. 42 
Spare 44 

,. 

EXC4 

DTOX 
MM.EN 
Spare 
SYNC 
SGLDJ3N 
ATTEN 

PORT.CLK 
Spare 
Spare 
PORT.CLK 
Spare 
Polarising 
Pin 
Spare 
Spare 
Spare 
Spare 
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BOARD NA1'vIE : CONSOLE, LOCAL 
·""MEMORY AND Ml CRO-MEMORY . ..,.,.I~NT"'"'E'""R,.....-

FACES 

CARD CAGE:A SLOT: 1 BOARD:l 

CONNECTOR J3 

PIX\ SIGNAL I PIN 
·1 I GND 2 

3 MM.DOUTl 4 
5 M~L DOUT3 6 

7 MM.DOUTS 8 

9 MM.DOUT7 10 

11 NM.DOUT9 11 
13 MM.DOUTll 14 

j 15 MM.DOUT13 16 

17 MM.DOUT15 18 
19 MM.DOUT17 20 
21 MM.DOUT19 22 
23 MM.DOUT21 24 
25 

I 
MM.DOUT23 26 

. 27 MM.DOUT25 28 
29 MM.DOUT27 30 
31 I :MM.DOUT29 32 I 

I 
I 

33 I ~DI. DOUT31 34 
35 

.1 

~IM. DOUT33 36 ! 

37 Spare 38 
39 ABUSll 40 
41 ABUS9 42 
43 ABUS7 44 
45 ABUS5 46 
47 ABUS3 48 
49 ABUS2 50 
51 I ABUSO 52 

53 I DBUS14 54 
55 DBUS12 56 
57 DBUSlO 58 
59 DB USS 60 
61 UNUSED 62 

i SIGNAL l 

I MM. DOUTO 
I MM. DOUT2 

MM.DOUT4 
MM.DOUT6 

I MM.DOUT8 
MM.DOUTlO 
MM.DOUT12 
MM.DOUT14 
MM.DOUT16 
MM.DOUT18 
MM.DOUTZO 
MM.DOUT22 
MM.DOUT24 
MM.DOUT26 
MM .. DOUT28 
MM.DOUT30 
MM~DOUT32 

MM.DOUT34 
Spare 
ABUSlO 
ABU SS 
ABUS6 
ABUS4 
GND 
ABUSl 
DBUSlS 
DBUS13 
DBUSll 
DBUS9 
DBUS7 
UNUSED 

PIN SIG NAL 

63 DBUS6 
65 DBUS4 
67 DBUS2 
69 DBUSO 

71 MM.AD 
73 MM.AD 
75 MM.AD 
77 MM.AD 
79 M.t\1. AD 
81 MM.AD 
83 MAST. 
85 MBUSl 
8 7 :MBUSl 
89 MBUSl 
91 ~moss 

93 MBUS6 
95 MBUS4 
97 MBUS2 
99 MBUSO 

101 KBUSl 
103 KBUS9 
105 KBUS7 
107 KBUSS 
109 KBUS3 
111 KBUSl 
113 ABUSl 
115 ABUSl 
117 Spare 
119 Spare 
121 +SVOL 

Dl 
D3 
DS 
D7 
D9 
Dll 
CLK 
4 
2 
0 

1 

5 
3 

TS 

PIN SIGNAL 

64 DD USS 

66 DBUS3 
68 DBUSl 
70 Mivl. ADDO 

72 MM.ADD2 

74 MM.ADD4 
76 MM.ADD6 

78 M.t\1. ADDS 

80 MM.ADDlO 
82 MM.WRITE 
84 MBUSlS 
86 MBUS13 
88 MBUSll 

90 MBUS9 
92 MBUS7 
94 MBUS5 
96 MBUS3 
98 MBUSl 

100 GND 
102 KBUSlO 
104 KB USS 
106 KBUS6 
108 KBUS4 
110 KBUS2 
112 KB USO 
114 ABUS14 
116 ABUS12 
118 +5VOLTS 
120 +5VOLTS 
122 GND 
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BOARD NAME :. MICROPROGRAM. MEMORY CARD CAGE :. A SLOT :. 2 BOARD 2 

CONNECTOR Jl CONNECTOR J2 

'PIN SIGNAL PIN SIGNAL .. PIN SIGNAL PIN SIGNAL 

1 2 1 MM. DIN21 2 MM.DINO I 
3 4 

s 6 

3 MM.DIN22 4 MM.DIN1 I s MM.DIN23 6 MM.DIN2 

7 8 7 MM.DIN24 8 MM.DIN3 

9 10 9 MM.DIN2S 1 0 MM.DIN4 I 
I 

11 1 2 11 MM.DIN26 1 2 MM.DINS 

13 14 13 MM.DIN27 14 MM.DIN6 

1 s 16 
1 7 18 

19 20 

1 s MM.DIN28 16 MM.DIN7 I . ! 
1 7 MM.DIN29 1 8 MM.DINS I 
19 MM.DIN30 20 MM.DIN9 

21 22 21 MM.DIN31 22 MM.DIN10 

23 ~ 24 ~ 23 MM.DIN32 24 MM.DIN11 
~ ~· 

2S ~ 26 ·~. 
p., µ.. 2S Mf-1.DIN33 26 MM.DIN12 

2 7' en 28 
'/) 

27 MM.DIN34 28 MM.DIN13 

29 30 29 30 MM.DIN14 

31 32 31 32 MM.DIN15 

33 34 33 34 MM.DIN16 

3S . 36 3S 36 MM.DIN17 

37 38 37 38 MM.DIN18 . 
39 40 39 40 MM.DIN19 

41 42 41 42 MM.DIN20 

43 44 43 44 

4S 46 4S 46 

47 48 
' 

47 48 

49 so 49 so 
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BOARD. NAME :· MI CROPROGRA.t\1. MEMORY CARD CAGE A SLOT : 2 BOARD 

X CONNECTOR Y CONNECTOR -

PIN 'SIGNAL PIN SIGNAL PIN SIG~;AL PIN SIGNAL 

32 MM.DOUTl 32 MM.DOUTO 32 32 MM.ADD6 
31 MM.DOUT3 31 MM.DOUT2 31 31 MM.ADD7 
30 MM.DOUTS 30 MM.DOUT4 30 30 MM.ADD3 
29 MM.DOUT7 29 MM.DOUT6 29 29 MM.ADD2 
28 MM.DOUT9 28 MM.DOUTS 28 28 :MM.ADDS 
27 MM.DOUTll 27 MM.DOUTlO 
26 N/C 26 GND 

27 27 MM.ADDS I 26 26 MM.ADDO 
25 N/C 25 GND 25 25 MM.ADD4 
24 MM.DOUT13 24 MM.DOUT12 24 24 MM.ADD9 
23 MM.DOUTlS 23 MM.DOUT14 23 23 MM.ADDI 
22 MM.DOUT17 22 MM.DOUT16 22 22 MM.ADDlO 
21 MM.DOUT19 21 MM.DOUT18 21 21 MM.ADDll 
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.DOUT25 16 MM.DOUT24 16 16 
15 MM.DOUT27 I 15 MM.DOUT26 
14 MM.DOUT29 14 MM.DOUT28 

15 15 
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 
7 7 

8 8 
I 7 7 

6 6 ' 6 6 I 
s 5 5 s I 
4 4 4 4 

I 

3 3 3 3 
2 2 2 I 2 
1 1 1 1 
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BOARD NAME : C.P.U. CARD CAGE A SLOT : 3 BOARD 3 -------
CONNECTOR.JI CONNECTOR J2 

·-
PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN1 SIGNAL I 

1 SEEKRDY 2 

3 SEE KERR 4 

1 EN.A 

3 EN.C 

2 EN .B I 
4 LOAU STRT. ADDR-1 

I , 

5 SECTOR 6 5 RESET 6 MCU.ADDR.EN I 
I 

7 INDEX 8 7 SYS.CLEAR 8 MM.WRITE I 
9 Polarising 10 Polarising 9 EX Cl 10 EXC2 I 

Pin Pin 11 EXC3 12 EXC4 
11 ONLINE 12 13 EXC 14 DTOX 
13 UNSAFE 14 15 DTIX 16 MM.EN 
15 Spare 16 17 DMA.FIN 18 Spare 
17 WRITE.CUR 18 19 COMMAND '20 SYNC 
19 CAR128 20 21 EQ.16 22 SGLDEN 
21 CAR64 22 23 UNTSEL 24 ATTEN 
23 CAR32 24 25 FORMAT 26 PORT.CLK 
25 CAR16 26 27 Spare 28 Spare 
27 CARS 28 

' 29 Spare 30 Spare 
29 CAR4 30 31 Spare 32 PORT.CLK 
31 CAR2 32 33 Spare 34 Spare 
33 CARl 34 35 Polaris in g 36 Polarising 
35 36 Pin Pin 
37 38 37 Spare 38 Spare 

39 40 39 Spare 40 Spare 

41 Spare 
43 Spare 

42 I Spare 
44 I Spare 
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BOARD NAME CPU CARD CAGE:A SLOT:3 BOARD:3 

---·-----~---

CONNECTOR J3 

PIN SIGNAL I PIN I SIGNAL I 
I PIN SIGNAL PIN SIGNAL 

1 GND 2 MM.DOUTO 63 DBUS6 64 DJ~USS 

3 MM.DOUTl 4 MM.DOUT2 65 DBUS4 66 DBUS3 

s MM.DOUT3 6 MM.DOUT4 6T DBUS2 68 DBUSl 

7 MM.DOUTS 8 MM.DOUT6 69 DB USO 70 MM.ADDO 

9 MM.DOUT7 10 MM.DOUT8 71 MM.ADDI 72 MM.ADD2 

11 MM.DOUT9 11 MM.DOUTlO 73 MM.ADD3 74 MM.ADD4 

13 MM.DOUTll 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.ADDlO 

19 MM. DOUTl 7· 20 MM.DOUT18 81 MM.ADDll 82 MM.WRITE 

21 MM~DOUT19 22 MM.DOUT20 83 MAST.CLK 84 MBUSlS 
23 MM.DOUT21 24 MM.DOUT22 85 MBUS14 86 MBUS13 
25 MM.DOUT23 26 MM.DOUT24 87 :MBUS12 88 MBUSll 
27 MM·.DOUT25 28 MM.DOUT26 89 MBUSlO 90 MBUS9 
29 MM.DOUT27 30 MM.DOUT28 
31 MM.DOUT29 32 MM.DOUT30 

91 MBUS8 
.l 

92 MBUS7 I 

93 MBUS6 
' 

94 1'1BUS5 
--33 MM.DOUT31. 34 MM.DOUT32 95 MBUS4 96 MBUS3 

35 MM.DOUT33 36 : M.M.DOUT34 97 MBUS2 ·98 MBUSl 

37 Spare 38 I Spare 99 --- 100 MB USO GND 

39 ABUSll 40 ABUSlO 101 KBUSll 102 KBUSlO 

41 ABUS9 42 ABUS8 103 KBUS9 104 KBUS8 

43 ABUS7 44 ABUS6 105 KBUS7 106 KBUS6. 

45 AB USS . 46 ABUS4 107 KB USS 108 KBUS4 

47 ABUS3 48 GND 109. KBUS3 110 KBUS2 

49 ABUS2 so ABUSl 111 KBUSl 112 KB USO 

51 ABU SO 52 ·DBUSlS 113 ABUS15 114 ABUS14 

53 DBUS14 54 . DBUS13 115 ABUS13 116 ABUS12 

55 DBUS12 56 DBUSll 117 Spare 118 +5VOLTS 

57 DBUSlO 58 DBUS9 119 Spare 120 ·+5VOLTS 

59 DBUS8 60 DBUS7 121 +5VOLTS 122 GND 

61 UNUSED 62 UNUSED 
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BOARD NAME : COMPUTER AND DISC 
DRIVE INTERFACES 

CONNECTOR Jl 

PIN SIGNAL PIN SIGNAL 

1 MM.DIN21 2 MM.DINO 
3 MM.Dl.N22 4 MM.DINI 
s MM.DIN23 6 MM.DIN2 
7 MM.DIN24 8 MM.DIN3 
9 Polarising 10 Polarising 

Pin Pin 
11 MM.DIN2S 12 . MM. DIN4 
13 MM.DIN26 14 MM.DINS 
lS MM.DIN27 16 MM.DIN6 
17 MM.DIN28 18 MM.DIN7 
19 MM.DIN29 20 MM.DINS 
21 MM.DIN30 22 MM.DIN9 
23 MM.DIN31 24 MM.DINlO 
2S MM.DIN32 26 MM.DINll 
27 MM.DIN33 28 MM.DIN12 
29 MM.DIN34 30 MM.DIN13 
31 Spare 32 MM.DIN14 
33 Spare 34 MM.DINIS 
3S Spare 36 MM.DIN16 

37 Spare 38 MM.DIN17 
39 Spare 40 MM.DIN18 
41 Spare 42 MM.DIN19 
43 Spare 44 MM.DIN20 

' 

CARD CAGE:A SLOT:4 BOARD:4 

COt-!NECTOR J 2 
I 

PIN SIGNAL PIN SIGNAL I 
1 EN.A 2 EN.B i 
3 EN.C 4 LOAD.STRT. Ai.riDR1 

I 
s RESET 6 MCU .ADDR. EN ! 

I 

~ 7 SYS.CLEAR 8 MM.WRITE 
I 9 EX Cl 10 EXC2 

I 11 EXC3 12 EXC4 
13 EXC 14 DTOX 
lS DTIX 16 MM.EN 

I 17 DMA.FIN 18 Spare 

I 19 COMMAND 20 SYNC 
21 EQ.16 22 SGLDEN I 

l 

23 UNTSEL 24 ATTEN 
j 

! 25 FORMAT 26 PORT.CLK I 

l 
27 Spene 28 Spare I 

I 29 Spare 30 Spare I 
21 Spare 32 PORT.CLK I 

I 
33 Spare 34 Spare I 

I 
35 Polarising 36 Polarising I 

! 
Pin Pin I 

37 Spare 38 Spare l 
I 

39 Spare 40 Spare 
I 41 Spare 42 Spare 
I 
I 

43 Spare 44 Spare ! 
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BOARD NAME COMPUTER AND DISC CARD CAGE:A SLOT:4 BOARD:4 
DRIVE INTERFACES 

CONNECTOR .J3 

PIN SIGNAL PIN SIGNAL 

1 GND 2 MM.DOUTO 

3 MM.DOUTl 4 MM.DOUT2 

~ SIGNAL PIN SIGNAL 

64 DBUSS 63 DBUS6 

6S DBUS4 66 DBUS3 

5 MM.DOUT3 6 MM.DOUT4 67 DBUS2 68 DBUSl 

7 MM.DOUTS 8 MM.DOUT6 69 DB USO 70 MM.ADDO 

9 MM.DOUT7 10 MM.DOUT8 71 MM.ADDI 72 MM.ADD2 

11 MM.DOUT9 11 MM.DOUTlO 73 MM.ADD3 74 MM.ADD4 

13 MM.DOUTll 14 MM.DOUT12 7S :MM.ADDS 76 MM.ADD6 

15 MM.DOUT13 16 MM.DOUT14 77 MM.ADD7 78 MM.ADDS 

17 MM.DOUTlS 18 MM.DOUT16 79 MM.ADD9 80 MM.ADDlO 

19 MM.DOUT17 20 MM.DOUT18 81 MM.ADDll 82 MM.WRITE 

21 MM.DOUT19 22 MM.DOUT20 83 MAST.CLK 84 MBUSlS 

23 MM.DOUT21 24 MM.DOUT22 SS MBUS14 86 MBUS13 

25 MM.DOUT23 26 MM.DOUT24 87 MBUS12 88 MBUSll 

27 MM.DOUT2S 28 MM.DOUT26 89 MBUSlO 90 MBUS9 
---29 MM.DOUT27 30 MM.DOUT28 91 MBUS8 92 MBUS7 

31 MM.DOUT29 32 I MM.DOUT30 
33 MM.DOUT31 34 MM.DOUT32 

3S MM.DOUT33 36 I MM. DOUT34 

93 MBUS6 94 MB USS 

9S MBUS4 96 MBUS3 

97 MBUS2 98 MBUSl 

37 Spare 38 I Spare ---99 MB USO 100 GND 

39 ABUSll 40 ABUSlO 101 KBUSll 102 KBUSlO 

41 ABUS9 42 ABUS8 103 KBUS9 104 KBUS8 

43 ABUS7 44 ABUS6 105 KBUS7 106 KBUS6 

45 AB USS 46 ABUS4 107 KB USS 108 ,KBUS4 

47 ABUS3 48 GND 109 KBUS3 110 KBUS2 

49 ABUS2 so ABUSl 111 KBUSl 112 KB USO 

51 ABU SO 52 DBUSlS 113 ABUSlS 114 ABUS14 

53 DBUS14 S4 DBUS13 llS ABUS13 116 ABUS12 

SS . DBUS12 S6 DBUSll 117 Spare 118 +SVOLTS 

57 DBUSlO 58 DBUS9 119 Spare 120 +SVOLTS 

59 DBUS8 60 DBUS7 121 +SVOLTS 122 GND 

61 UNUSED 62 UNUSED 
l ._ 

I 
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BOARD NAME : COMPUTER AND DISC CARD CAGE:A SLOT:4 BOARD:4 
DRIVE INTERFACES 

CONNECTOR J4 CONNECTOR JS 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 

1 EB USO 1 1 BUSO 1 

.2 EBUSl 2 2 BUSl 2 

3 EBUS2 3 3 BUS2 3 

4 EBUS3 4 4 BUS3 4 

s EBUS4 s 5 BUS4 s 
6 EB USS 6 6 BUSS 6 

7 EBUS6 7 7 BUS6 7 

8 EBUS7 8 8 BUS7 8 

9 EBUS8 9 9 CONTROL 9 

10 EBUS9 10 10 SETCYL 10 

11 EBUSlO 11 11 SETHEAD 11 

12 EBUSll 12 12 SETDIFF 12 

13 EBUS12 13 13 SEL.DRIVE1 13 

14 EBUS13 14 14 SEL.DRIVE2 14 

lS EBUS14 15 n 15 SEL .DitIVE4 15 
~ ,._ ,_, 

i6 EBUS15 16 0 
P:: 16 SGLDEN 16 
(_'.) 

17 EXCO 17 17 GND ' 17 

18 EX Cl 18 18 GWRDATA 18 

19 EXC2 19 19 ENRDDA 19 

20 EXC3 20 20 ENRDCK 20 . 

21 VAR- CQ''1TO 21 21 UNTSEL 21 

22 VAR-CONTI 22 22 ATTEN 22 

23 VAR-CONT2 23 23 GND 23 

24 CONT~VAR 24 24 DATA.FROM. 24 
DISC 

25 25 25 GND 

26 26 DATA.CLK 26 

27 -CONT- \iARO 27 27 27 

28 CONT.;_ VARI 28 28 28 

29 CONT-VAR2 29 29 29 

30 INTERRUPT 30 30 30 

31 31 31 31 

32 32 

~ 
32 32 
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BOARD NAME : VARIAN INTERFACE CARD CAGE:VARIAN 620/L SLOT: 
BOARD:S 

CONNECTOR Jl CONNECTOR J2 

PIN SIGNAL PIN SIGNAL PINI 
. 

SIGNAL PIN SIGNAL 

.. 

1 EB USO 2 1 VAR-CONTl 2 
3 EBUSl 4 3 VAR-CONT2 4 
5 EBUS2 6 5 CONT-tVAR 6 
7 EBUS3 8 7 8 
9 Polari- 10 Polari- 9 Polari- 10 Polari-

sing Pin sing Pin sing Pin sing Pin 

11 EBUS4 12 11 12 

13 EBUS5 14 13 CONT-VARO 14 

15 EBUS6 16 15 CONT-VAR1 16 

17 EBUS7 18 17 CONT-VAR2 18 

19 EBUS8 20 19 INTERRUPT 20 
~ 

21 EBUS9 22 ~ 
z 21 22 Z. 

::::> . 

23 EBUSlO 24 ::::> 
0 23 24 0 

~ 
~ t:) 

25 EBUSll 26 t:) 25 26 

27 EBUS12 28 27 28 

29 EBUS13 30 29 30 

31 EBUS14 32 31 32 

33 EBUS15 34 33 34 
.. 

35 EXCO 36 35 36 
' 

37 EXGl 38 37 38 

39 EXC2 40 39 40 

41 EXC3 42 41 42 

43 VAR-CONTO 44 43 40 

I, , r 
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BOARD NAME VARIAN INTERPACE CARD CAGE:VARIAN 620/L SLOT 
BOARD:S 

CONNECTOR J3 

PIN SIGNAL PIN SIGNAL PIN SIGNAL . PIN 

1 GND 2 EB USO 63 64 
3 GND 4 EBUSl 65 66 
5 GND 6 EBUS2 67 68 
7 GND 8 EBUS3 69 70 
9 GND 10 EBUS4 71 72 

11 EBUSS 12 EBUS6 73 74 

13 EBUS7 14 EB USS 75 76 

15 EBUS9 16 EBUSlO 7i 78 

17 EBUSll 18 EBUS12 79 80 

19 EBUS13 20 EBUS14 81 82 

21 EBUSlS 22 GND 83 84 

23 24 GND 85 86 

25 26 GND 87 88 

27 FRYX 28 GND 

29 DRYX 30 GND I 
89 90 

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 1UAX 105 106 

45 IUCX · 46 IUIDC 107 108 

47 IUJX 48 109 110 

49 so 111 112 

51. 52 '· 113 114 

53 54 
I 

115 116 

55 56 117 118 

57 58 119 120 

59 60 121 +SV 122 GND 

61 62 

SIGNAL 

' 

, 
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BOARD NAME DISC DRIVE INTERFACE CARD CAGE:B SLOT:l BOARD:6 

-· 
PIN SIGNAL PIN SIGNAL· 

1 +SV 2 +SV 
3 BUSO 4 BUS1 
5 BUS2 6 BUS3 
7 BUS4 8 BUSS 
9 BUS6 10 BUS7 

11 CONTROL 12 ' SETCYL 
13 SETHEAD. 14 SETDIFF 
15 SEL. DRIVE 1 16 SEL.DRIVE2 
17 SEL.DRIVE4 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 SELDRIVEl 
51 52 
53 ATTENO 54 -- ATTENl 
55 56 
57 UNTSELO 58 UNTSELl 
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 l ·- I 

1 +SV 2 +SV XA. N/C Xl SEEKRDY I 
3 +3V 4 +3V XB GND X2 GND 
5 -3V 6 -3V xc CYL X3 SEE KERR 
7 8 XD GND X4 SECTOR 
9 10 SEEKRDY XE HEAD XS GND 

11 CYL 12 XF GND X6 INDEX 
13 . HEAD 14 SEE KERR XH DIFF X7 ONLINE 
lS DIFF 16 XJ GND XS GND 
17 18 SECTOR XK N/C X9 UNSAFE 

19 20 
21 22 INDEX 

XL GND XlO I XM N/C Xll GND 

23 CONTROL 24 XN GND Xl2 WRITE.CUR 

25 26 ONLINE XP N/C Xl3 GND 

27 28 XR GND Xl4 N/C 

29 30 UNSAFE XS CONTROL XlS GND l 
31 32 

... _, 

33 34 
3S 36 
37 38 WRITE.CUR 
39 40 
41 42 

.43 44 
4S 46 
47 48 
49 so 
Sl S2 
S3. S4 '· 

SS S6 
S7 SS 
S9 60 
61 GND 62 GND 

• .. 
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PCB NAME DRIVE MULTIPLEX XMTR/RCVR CARD CAGE B SLOT 3 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 

1 +SV 2 +SV XA BUSO Xl CAR128 

3 +3V 4 +3V XB GND X2 GND 

s -3V 6 -3V xc BUSl X3 CAR64 

7 8 XD GND .. X4 CAR32 

9 BUSO 10 CAR128 XE BUS2 XS. GND 

11 BUSl 12 XF GND X6 CAR16 

13 BUS2 14 CAR64 XH BUS3 X7 CARS 

lS BUS3 16 XJ GND XS GND 

17 BUS4 18 CAR32 XK BUS4 X9 CAR4 

19 BUSS 20 XL GND XlO CAR2 

21 BUS6 22 CAR16 XM BUSS Xll GND 

23 BUS7 24 XN GND X12 CARl 

2.S 26 CARS XP BUS6 Xl3 GND 

27 28 XR GND X14 N/C 

29 30 CAR4 XS BUS7 XlS GND 

31 32 

33 34 CAR2 

3S 36 

37 38 CARl 

39 40 

41 42 

43 44 

4S 46 
47 48 
49 so 
Sl S2 

S3 S4 
' 

SS S6 
S7 S8 

S9 60 

61 GND 62 GND 



' E-61 

PCB NAME DRIVE SIMPLEX 

PIN SIGNAL PIN SIGNAL. 

1 +SV 2 +SV 
3 +3V 4 +3V 
s -3V 6 -3V 
7 8 
9 UNTSELO 10 

11 UNTSELl 12 
13 ATTENO 14 
lS ATTENl 16 
17 18 
19 20 
21 22 

23 24 

2S 26 

27 28 

29 30 

31 32 
33 34 
3S 36 

37 38 
39 40 
41 42 
43 44 . 

4S 46 ENRDDA 
47 48 GOWRITE 
49 so SELDRIVEO 

Sl S2 SELDRIVEl 
S3 S4 READl 

' 

SS READO S6 
S7 S8 
59 60 
61 GND 62 GND 

CARD CAGE B 

PIN SIGNAL 
XA UNTSEUJ 
XB 
xc UNTSELl 
XD 
XE ATTENO 
XF GND 
XH ATTENl 

XJ GND 
XK 
XL 
XM 
XN READO 
XP GND 
XR GND 
XS READl 

SLOT 4 

PIN SIGNAL 
Xl SELDRIVEO 
X2 
X3 SELDRIVEl 
X4 
XS 
X6 
X7 
X8 WR I TEO 
X9 

XlO WRITEl 
Xll 
X12 
X13 
X14 
XlS 

1 
l 
I 
i 
i 
l 

i 
\ 
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PCB NAME VFO .CARD CAGE : B SLOT S 

PIN SIGNAL PIN SIGNAL 

1 +SV 2 +SV 

3 +3V 4 +3V 

s -3V 6 -3V 

7 -·1sv 8 -lSV 
.. 9 +lSV 10 +lSV 

' 

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 I 
I 

35 36 

37 DBLDEN 38 

39 40 

41 42 

43 44 

4S 46 

47 48 

49 so 
51 52 

S3 S4 

SS 56' 
S7 58 

S9 60 . 

61 GND 62 GND 
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PCB NAME READ/WRITE/CLOCK CARD CAGE B SLOT 6 

PIN SIGNAL PIN SIGNAL 

'· 1 +5V 2 +5V 

3 4 
5 6 

7 READO 8 ORDATA 

9 READl 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 
-: '7 DBLDEN 34 GOWRITE ., -' 

35 SGLDEN 36 

37 38 WRDATA 

39 40 DELDAT 

41 42 

43 VFOCLK 44 ,, 

45 ENRDDA 46 

47 48 

49 so 
51 52 

53 54 
' 

55 56 

57 58 

59 60 

61 GND 62 GND 
L 
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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 swap (tSWOP). The task will then enter 
run mode, and will remain running until it becomes blocked (tRUN 1). The 
task will become blocked when an 1/0 operation is initiated, and will 
remain.blocked until the I/O operation is complete (tBLOCKED). During 
the task's blocked time, a OMA transfer will occur (tDMA). On completion 
of the I/O operation, an interrupt will •reawaken• the task. A task 
swop will then occur (tSWOP), and the task will run until its completion 

(tRUN2). 

Figure F.1 gives the 'life' of the task when the HLDC is used. The 
different components of the task's life are described in Table F.1. 

Figure F.2 gives the task's block~~ 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 1 s life when the low-level controller is used. 
·The different components of the task 1 s life are described in Table F.3. 

•\ 



Task 1 ife 
(refer ,Tab 1 e F. 1 
for definitions) 

tSWOP 

tRUN1 

tDMA/tBLOCKED 

tSWOP 

tRUN2 

NOTES: 

F-2 

Execution time 
H 

tEXECUTION 

200 

18 

1654 

200 

11 

:t 2085 

Response time 
H 

tRESPONSE 

200 

18 

72765 (34550) 

200 

11 

~ 73195 (34980) 

(i) The time in brackets is for a fixed head disc drive 
with a 2,5 million bits per second transfer rate. 

(ii) All times are in microseconds. 

Figure F.1 The Life of the Experimental Task when the 
HLDC is used. 



F-3 

Task blocked time (refer Table 
F.2 for definitions). 

Device independant 
times 

Device dependant 
times 

tRUN1 
133 (112) 

tWAIT1 
30000 (13625) 

tRUN2 
172 ( 117) 

tWAIT2 
2330 (2385) 

tRUN3 
116 (79) 

tWAIT3 
30000 (13625) 

tRUN4 
39 (26) 

tWAIT4 
2460 (1225) 

tRUN5 
26 ( 18) 

tWAIT5 
2475 (1230) 

tRUN5 
26 ( 18) 

tWAIT5 
2475 (1230) 

tRUN5 
26 ( 18) 

tWAIT5 
2475 (1230) 

tRUN6 14 (10) 

552 (398) 72215 (34550) 

tBLOCKED = 552 + 72215 (398 + 34550) 

NOTES: 

(i) 

(ii) 

(iii) 

- 72765 "(34950) . 

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. 
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 2,5million bits per second transfer rate. 
All times are in microseconds. 

figure F.2 The Task's Blocked Time when the HLDC is used 
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Task life Execution Time Response Time 
(refer Table F.3 L L 
for definitions) tEXECUTION tRESPONSE 

tSWOP 200 200 

tRUN1 268 268 

tDMA1 I tBLOCKED1 403 30000 (13625) 

. tSWOP 200 200 

tRUN2 1753 1753 

tDMA1/tBLOCKED2 403 3245 (1995) 

ts wop 200 200 

tRUN3 1129 1129 

tDMA1/tBLOCKED3 403( 30000 (13625) 

tswoP 200 200 

tRUN4 457 . 457 

tDMA2/tBLOCKED4 1613 12045 (5795) 

ts wop 200 200 

tRUN5 38 38' 
---
~ 7465 ~ 79935 (39685) 

NOTES: 

(i) The times in brackets is for a fixed head disc drive with 
a 2,5 million bits per sec~nd transfer rat~. 

(ii) All times are in microseconds. 

Figure F.3 The Life of the Experimental Task when a Low-Level 
Disc Controller is used. 
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Notes to Tables F.1~ F~2 and F.3 

(i) All times associated with the disc drive are for 11 normal 11 supply 
conditions. At the normal supply conditions, the disc speed 
is 2400 revolutions per minute1• 

(ii) Half a dis~ revolution takes 12500 microseconds 2• 
(iii) When a sector is read from disc to main memory, only the first 

I 

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 

· ~ 2250 microseconds; and 20 words will be read off disc in 
20 x 16 x 0,8 ~ 250 microseconds. 

(iv) 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 
OMA 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. 

1Ca1Comp Fie1d Engineering Service Han~book, CD1 Disc Drive, California 
Computer Products, Inc., Anaheim, California {1971), p. 23. 

3varian 620/L Com~uter Handbook, Varian Data Machines, Irvine, California 
(1971), chctpter , p. 10. . 
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When a task enters run mode, a task swap is required. 
The task-swap time is 200 microseconds (refer Section 4.3). 

The time from the task being initiated to the Varian 
initiating the file command. tRUN 1 is 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. tBLOCKEO = 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 by cycle stealing 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 OMA transfer time will be 1654 microseconds (refer 
Note {iv) above). 

Table F .1 
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tRUN 1 The time from the initiation of the file command (i.e. when 
the HLDC receives a single-word output transfer command f_rom 

·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 OMA. 

(ii) The time required to search through the MFD for the 
file directory name. 

t ~ 133 microseconds. 
RUN1 

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 ~ime 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 (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 b~ing 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). 

tWAIT 1 = 15250 + 12500 + 2250 
= · 30000 microseconds 

·Table F.2 
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The time from the transfer of .the first sector of .tbe AFD 
being complete to the initiation of _the tr~nsfer 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). tRUN 2 = 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, 
tRUN2 must be less than 250 microseconds (refer note (iii) 
above). Since tRUN2 is equal to 172 microseconds, an unwanted 
disc revolution will not occur. tWAIT2 = 2330· microseconds. 

tRUN3 The time from the transfer of the second sector of the AFD 
into local memory be;ng 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. tRUN3 = 
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 inde~ 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. 

· Table F.2 (continued) 
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This time is similar to tWAIT2 above. Again, the HLDC 
must respond quickly enough to ~nsure that an unnecessary 
disc revolution does not occur. Since tRUN4 is equal to 

· 39 microseconds, which is less than 250 microseconds {refer 
tWAIT2 above), the HLDC will respond quickly enough to 
prevent an unwanted disc revolution. tWAIT4 = 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. tRUN5 = 26 microseconds.· 

This time is similar to tWAIT2 above. Since tRUN5 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 microseconds. 

· Table F.2 (continued) 
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When a task enters run mode, a task swap is required. 
The task-swap time is 200 microseconds (refer Section 
4. 3) •. 

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. 

tRUN 1 = 268 microseconds. 

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 low-level 
controller indicating the completion of this operation. 
This time includes : 

{i) The time to perform a disc seek from cylinder O to 
cylinder 7. This takes 15250 m1croseconds. 

(ii) The time from the completion of t~e disc seek to the 
required sect~;· 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 iector 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). 

tBLOCKED1 = ·15250 + 12500 + 2250 
= 30000 microseconds. 

Table F.3 
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The time from an interrupt being received from the low-level 
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). tRUN 2 = 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, 

tRUN2 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 time 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. 
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tBLOCKED3 

tBLOCKED4. 

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 using 
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 method (ii), tBLOCKED2 = 3245 microse~onds. 

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. 

tRUN 3 = 1129 microseconds. 

The time required to transfer the index block from disc to 

main memory. This IJO operation is similar to tBLOCKED1' 
except that the search is from cylinder 7 to cylinder 14. 
The seek 0istance, 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 IJO operations. Since the four sectors making 
up EXP are in contiguous locations on disc, only one 
I/O operation is required. tRUN4 = 457 microseconds. 

The time required to transfer four sectors of info~mation 
from disc to main memory. A similar problem occurs with 

tBLOCKED4 that occurred with tBLOCKED2 above. That is, 
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since tRUN 4 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 passes 
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 

•unusable' sector. When using this method, tBLOCKEa4-= 
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. tRUNS = 38 microseconds. 

The time required to transfer one sector of data rrom 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). 

'· 
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