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SUMMARY

is Memorandum describes the design of a processor implementing the

Mil-Std-1750 Airborne Computer Instruction Set Architecture, using Advanced

Micro Devices 2901 bit-slice microprocessor devices. The aspects of the hard-

ware design and microcode specific to Mil-Std-1750 are discussed and reviewed in

the light of the experience gained. A full listing of the AMD 'AMDASM' micro

assembler definition file and microcode source text is included, together with

full hardware documentation.
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I WTRWUCTIOU

1.1 The 14i1-Std-1750 standardisation exercise
4-1

Nil-Std-1750, the current version of which is 14i1-Std-1750A, is an Airborne

Computer Instruction Set Architecture standard published by USAF and intended to be

applicable to all avionics applications with a few exception.. Recognised examples of

such exceptions are those cases where a very specialised architecture is required such

as, for example, in signal processing, and those cases where a single chip microprocessor

can fulfil the computing requirement. The need for computer standardisation is well
established and need not be set out here. /

The approach to standardisation implied by Mil-Std-1750 carries with it several

advantages in that it is an instruction set standard rather than a computer standard.

This makes it technology independent since it may be implemented using currently avail-

able devices to performance specifications defined by the project. The instruction set

itself is not proprietary to any private company, being freely available for general use

and is thus vendor independent.

The approach taken by USAF in publishing 1750 seems to be similarly enlightened in

that the participation of all defence contractors has been actively sought and a mechanism

in the form of a User Group has been established to enable input f rom these companies to

materially effect the development of Mil-Std-1750. Indeed, changes to Mil-Std-1750 put

forward by participants in the User Group and accepted by the group in a democratic

manner have been agreed by the USAF Instruction Set Architecture Control Board and repre-

sent the differences between the original 1750 and 1750A.

RAE together with British Industry have been invited to participate in the User

Group and RAE has also been invited to sit on the USAF Control Board. This participation

is described in an RAE Technical Memorandum 2which discussed the potential impact 1750

could have on domestic standardisation policies. It is also felt that 1750 represents a

useful starting point for standardisation debates in NATO and ASCC..

1.2 R.AEIFS5 implementation programme

The practical work on implementing 1750, described in this Memorandum, has been

* undertaken by RAE in view of the importance of 1750 both as a standard for possible
adoption in the UK and also because of its relevance to British Avionic Companies wishing

to bid into the American defence market. The objectives of RAE's work can be summarised

as follows:
*(1) To gain an appreciation of the features. of 1750 from the point of view of

implementation and thus to establish a base of specific expertise which will make
subsequent implementation by private industry a lover risk enterprise.

(ii) To investigate the areas of computer architecture that remain undefined by[ ~ 1750, such as internal bus structures and input/output mechanisms, and to assess the

relevance of such features in standardisation policy.

L (iii) To investigate airborne computer architecture in general and look towards the

development of advanced system architectures and bus systems for application to more
distant projects.



(iv) To gain general experience in microprograed systems and assess their

applicability within the wider avionic system to fulfil such intelligent functions as,

for example, Mil-Std-1553B data bus control.

This Memorandum describes the development of what is hopefully the first in a range

of Mil-Std-1750 computers and which is referred to as the Mk I processor. This processor

is constructed using AND 2900 series bit-slice devices 3and exists at present in the form

of a development rig constructed around a 'System 29' 4 development system marketed by

Advanced Micro Computers specifically for microprogram development. This is referred to

as the Mk 1A rig.

1.3 Current status

The publication of this Memorandum baa been unavoidably delayed by circumstances

beyond the control of the author who has since left RAE. The continued monitoring of

Mil-Std-1750A has led to the development of a single-card Mk 2 processor with consider-

able enhancement to the Mk 1A design described herein. This work will be reported in

due course by Mr D.K. Marshall. Flight Systems Division 5.

2 SYSTEM DESIGN4 PHILOSOPHY

2.1 Hardware design

The design of an efficient mechanism for implementing an instruction set such as

1750 is almost certain to be an iterative process, starting with the design of a system

based on an 'Educated Guess' as to the necessary hardware facilities. Having defined a

starting point in terms of hardware and microcode field definitions, the exercise would

proceed with the writing of some of the critical areas of microcode, such as the machine

instruction fetch cycle and the more commonly used machine instruction implementation

sequences. This would result in an understanding of where inadequacies are present and

* where the hardware design needed to be modified to enable the performance goals to be

reached.

In the case of the implementation described in this document however, it was felt

that the achievement of a successful, although perhaps inefficient, implementation at an

early date was highly desirable in order to provide a facility for the testing of soft-

* ware written for 1750.

In view of this, it was decided to proceed with construction of the hardware and

commissioning of a laboratory rig at an early stage and also develop microcode to a full

1750 implementation. Both of these phases of the project represent considerable effort

although the use of the 'System 29' development system greatly reduced the manpower

investment in the microcode development. For example, at the present time microcode

exists to implement all but the double precision and floating point sections of the

instruction set. The manpower investment to write this code, implementing actually about

60% of the instruction set, was probably little more than two man months.

The rest of this section will discuss the decisions that were made during the0

design of the system. The next section will critically examine the design in the light
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of further experience, particularly after writing microcode, and identify areas of

possible improvement.

At an early stage in the design of the system, decisions were necessary regarding

which of the defined 1750 operations would be implemented mainly in microcode and which

in hardware. In order to reduce the hardware development time it was decided that the

system functions would be implemented mainly by microcode operating in hardware designed

to be as versatile as possible. This was felt to be a wise decision in view of the par-

tially undefined state of 1750 at that time. For example, no dedicated floating point

hardware was designed into the system, a coded approach being preferred in view of the

particular uncertainty of floating point format. For similar reasons, the input/output

(1/O) instructions were all code implemented including the interpretation by the machine

of the I/0 command.

On the other hand, it was decided that it would be impractical for the majority of

instructions to implement the selection of registers by code. Dedicated logic was there-

fore included to unpack the appropriate fields from the instruction register and present

them to the 2901 array to address the registers. Also, for efficiency reasons, it was

decided to include a mapping PROM to decode the basic 8-bit 1750 opcode and generate a

microcode start address. Such an approach combines both versatility and speed.

The handling of opcode extensions (including the 1/0 comand) represented a slight

problem since the mapping PROM would have to have been unacceptably deep to accommodate

them and the uncertainty in the definition of the 1/O command made dedicated logic

undesirable. Eventually, the problem was resolved in a way which resulted in reduced

performance in these areas of the instruction set but maintained versatility. The method

was to use the 'OR' inputs of the 2909 microprogram sequencer to modify a jump address

according to a 4-bit field taken from the same unpack logic that selects registers. It

was therefore possible to select either of the two defined opcode extension fields of

the instruction and also, by shifting and loading of the 1/0 commnand into the instruction

register to select any of its 4-bit fields.

Turning now to the arithmetic facilities of the machine, it was decided to imple-

ment the 16 defined registers in 1750 as the 16 registers internal to the 2901. This

meant that register to register operations could be carried out in one micro-instruction.

It also meant that those instructions involving a derived operand and a register, with

the result to be left in a register, could be accommodated in one cycle provided the

derived operand was available at the 'DI input to the 2901.

* The need for additional registers was recognised early in the design to fulfill

such functions as holding derived operands and providing microcode working space for

complex operations. An array of four 29705 16 x 4 register file devices was therefore

included which provided iaple space for such purposes. These are referred to as external
-tregisters and numbered RO to ERIS. The registers internal to the 2901 chips are

referred to as internal registers and are numibered 1IR0 to 13.15.

The availability now of spare registers prompted the placing of the machine

instruction counter in the external register file as ERG. Also, ERI and ER2 vere
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allocated to holding the first and second words of the current machine instruction, ER3
was allocated as the fault register and ER4 was specified as a 'State' register holding

bits available only to the microcode and indicating various hardware conditions. ER5, 6

and 7 were specified as holding the first, second and third word respectively of a one,

two or three word derived operand. ER8, 9, 10 and 11 were designated as microprogram

work space and ER15 was designated for use as a holding register for the interrupt mask.

The bus structure within the Central Processor came about as a result of the

desirability of being able to take data from a register within the external file, operate

on it within the arithmetic logic unit (ALU) and return it to the same register. This '
function enables an operation between a 1750 register and a derived operand with the

result left in the derived operand, to be carried out in one micro-instruction. Two .
buses were therefore defined: the A-bus and the D-bus. Only the external register file

can drive the A-bus which is used to carry the address when accessing a memory-like

device external to the CPUJ. The D-bus can be driven by a number of devices including

the external register file, the 2901 array and the memory data register and is used to

carry data when accessing a device on the memory bus.

This brings us to a discussion of the memory/IO bus itself which was specified as

a standard interface between the 1750 processor and the rest of the computer system. It

was recognised that the 1750 processor should be a ve rsatile device for inclusion within

I' a larger processing system, involving perhaps, other processors, memory systems and

intelligent I/0 controllers, It was felt, however that it would be inappropriate to

choose a multiplex, multi-source, multi-sink paralli bus as the basic interface to the

1750 processor. It was felt that such an approach would make the processor both compli-

cated and inflexible.

Rather, a bus was specified with separate address and data lines, with a simple

handshake proto'col intended for the exclusive use of the processor. Such a bus, it was

felt, would act as a standard interface allowing processor development to go ahead in the

absence of any definite multiplex bus policy, whilst leaving the way clear for the pro-

cessor to be coupled to a multiplex bus via a specialised linker unit.

The memory for the processor was defined with multiple access ports, each conform-

ing to the specification of the processor bus and prioritised by hardware within the

memory. This gave another mechanism by which multiple processors could be linked, via

commnon memory block.

When considering the implementation of the status register defined within 1750, it

was felt that the AND 2904, while not ideal for the job, did handle the shift linkage

of the ALU neatly and offered the usual benefits of large-scale integration (LSI). Both

the 4-bit micro-status register and the 4-bit machine status register are loadable from

the D-bus, each other and the 2901 status outputs. Some logic was included on the 2901

outputs to provide the carry, negative, positive and zero status bits defined within

1750. Additional micro-status bits (iz most sig byte - 0, least sig byte - 0, overflow

and carry) are held within an auuilliary micro-status register. The carry-in multiplexer
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within the 2904 is used to select the carry input to the 2901 array. The signals logic 0,

logic 1, aux, carry, machine carry and micro carry are available for selection.

The outputs of the auxiliary status register and the output of the test condition

multiplexer within the 2904 are available as test conditions f or the microprogram

sequencer.

The rest of the bits of the status register defined in 1750 are implemented by

three AM 2918 devices which are loadable from and may drive onto the D-bus.

Other devices which may drive the D-bus are the fault flag register, the data

insertion driver which allows constants from microcode to be inserted as data, the status

registers within the machine and micro-interrupt units and the mask registers within the

same units.

The interrupt system is arranged on two levels, the micro-interrupt system and the

machine interrupt system. When a micro-interrupt is generated, a test condition available

to the microprogram sequencer is taken low. This can be tested at a suitable point within

the microcode and a conditional jump to a service sequence executed. The micro-interrupts

produce a vector that is used as the next microprogram address in a juimp vector operation.

A vector jump is thus used in the microprogram to go to the appropriate microprogram

sequence for each micro-interrupt. At present, micro-interrupts are allocated as

follows:

rLevel 0 Spare

Level IMachine Interrupt Request (lowest priority group)

Level 2 Machine Interrupt Request (highest priority group)

Level 3 Fault Flag Interrupt

Level 4 Spare

Level 5 CPU Control Panel Service Request

Level 6 Spare

Level 7 Spare.

It can thus be seen that the machine interrupts are divided into two groups each

of which provide a micro-interrupt. The 16 machine interrupts are implemented by two

2914 devices, each handling a group of 8. The vectors from these units are available to

drive onto the D-bus so that-the different actions for each are implemented by firmware

rather than hardware. This decision was made because the action for each of the machine

interrupts is the same, with the exception of the address at which the present status is

stored and the address from which the new status is fetched. It would thus have been

extravagant in code to have hardware vectoring to a different sequence in each case.

An additional hardware vectoring mechanism is provided to differentiate between

CPU control panel service requests from the 12 push buttons.

The fault interrupt is the OR of all the bits in the fault flag register and

enables a code routine to set the appropriate bit in the fault register (ER3) and

generate a machine interrupt at the level defined for machine error. Because the fault

register is firmware maintained, faults can be set by the microcode which do not involve
the fault micro-interrupt.
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To generate machine interrupts internally, there is a facility for the data on the

D-bus to drive the machine interrupt inputs via an open collector 'Machine Interrupt Bus'.

2.2 Microcode word definition

The microcode word length was chosen as 64 bits which was the longest that could be

accoummodated using the writable control store that was available. The fields within the

word are described in detail in Appendix B and it can be seen that there.is considerable

sharing of bits between fields. In Appendix B there is a qualifying condition specified

for each field interpretation for a group of bits. The qualifying condition must be true

before the field contents will have the effects described, thus enabling the bit posi-

tions to be shared. For example, the data insertion field is shared with the branch

address field and thus a jump to the branch address cannot be carried out at the same

time as an arithmetic operation involving the use of a constant from microcode (unless

the constant happens to be the same as the branch address, which is very unlikely).

The decisions as to which fields share bits are perhaps some of the most important

that have to be made, since the speed of the code is very dependent on which operations

can be done in parallel. In the processor described here, no iterations in design were

performed in this respect. In other words, experience in writing sections of code was

not used to redesign the formatting of the microcode word. As a result, there are a

number of fairly glaring deficiencies which give rise to longer code than might perhaps

be obtainable with reformatting. It is perhaps doubtful however, if much improvement can

be obtained without redesigning parts of the hardware to make control fields shorter or

increasing the length of the microcode word. This will be discussed more fully in

section 3.

2.3 Firmware design

The aims-in writing the firmware (used in this Memorandum to mean microcode) were

both to achieve minimum depth (total number of micro-instructions) and minimum number of

micro-instructions per machine instruction. The second of these criteria is clearly the

most important as far as performance is concerned and the first is important to reduce

chip count. In addition, it was thought to be important to make the firmware as struc-

tured as possible, in order to make it readily understandable and easily changeable. It

should be realised however, that along with these requirements came the constraints

imposed by limited progranner resources and the desire for early operation of the system.

Once the hardware has been designed, the microprogrammer is working within con-

straints. Any deficiencies in the design may cause gross inefficiency in the final

complete product in spite of the efforts of the microprogrammer. In the hardware

described here there turned out to be a number of defects, but programmuing technique was

still important to achieve the best possible performance within the hardware constraints.

One technique that the microprogrammer has at his disposal is the use of sub-

routines. These are instrumental, as in machine code, in reducing depth of code and

programmer time. The 2909 microprogram sequencer does not allow nesting to greater than

four deep which is a definite constraint on the use of subroutines. Also, the subroutine

kJ _________________
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call may involve an additional micro-instruction if the call cannot be paralleled with

another essential operation. In a sequence involving a small number of micro-

instructions the extra one has a significant effect on performance.

Each case must therefore be considered on its merits, taking into account such

factors as how much code can be saved, the time penalty involved by the call in the

particular instruction and the weighting of that instruction in the mix used to calculate

performance. In no way, for example, would one consider putting a subroutine call in an

instruction fetch sequence if that call resulted in an additional micrc-instruction.

In the 1750 processor the whole of the instruction implementation routines formed

a single subroutine. This had the advantage that conditional return statements could be

used extensively which did not require the use of the branch address field in the micro-

instruction, thus freeing it for use by other fields. Also, the implementation subroutine

(execute, as it is called) could be called either from the running state of the machine,

or from the halted state via the control panel initiated 'Single Step' function.

The other area in which subroutines were used extensively is the operand fetch

sections of the code. Here there was a very distinct advantage since these operations

are common to so many instruction implementation sequences.

Turning to structuring, it may be said that to some extent the microcode has

intrinsic structure since the route will always be from instruction fetch to one of ther instruction execute routines, then back to fetch with perhaps a branch to an interrupt

service sequence. The code for the 1750 14k 1A processor divides naturally into two parts,

the instruction implementation sequences and the machine service functions. The machine

service functions comprise those functions concerned with the basic machine cycle such as

instruction fetch, interrupt service, control panel service, stop, start, single step,

etc. The implementation sequences, on the other hand comprise those areas of code that

are specific to the implementation of each instruction. A third group perhaps may be

defined as the operand fetch routines, although these are called only from the implement-

ation sequences.

3 DESIGN REVIEW

3.1 Instruction decode features

On the whole it is felt that the method of decoding machine level instructions

chosen, has worked fairly well and has resulted in a reasonably quick instruction decode.

Of course, the method used to accommodate opcode extensions results in an extra two micro-

V instructions which reduces the speed of these machine instructions. It is mainly base

relative indexed and immaediate operand instructions that fall into this group and if

higher performance for these were required, additional hardware would need to be added

to accomplish the decode in a more efficient manner.

operation cousands, where each 4-bit field in the 16-bit command has to be handled

separately. Clearly some additional thought is needed to tidy up this situation now

that the I/0 comands are standardised.
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Other parts of the instruction that require handling are the register select fields,

the bit select fields, the shift place number fields and the relative branch addresses.

These will now be discussed.

On the whole, the register select method was successful although it would have been

useful to be able to address all of the registers directly from microcode rather than just

the bottom three. In particular it was often required that the stack pointer (R15) be

addressed directly from microcode and it was necessary to load the appropriate bit pattern

iito the instruction register each time this was required. Often it was then necessary

to reload the instruction, the whole procedure requiring two extra micro-instructions.

The decoding of the bit position indicator field for single bit operations was

particularly inefficient since it required the generation of a bit mask from the 4-bit

field. This was done by loading the field into a register, then shifting a mask and

decrementing the value of the field until zero was reached. An obvious improvement would

be to add a hardware 4 to 16 decoder which would enable this operation to be performed in

Line micro-k.nstruction.

In order to accomplish multiple shifts using the 4-bit shift place number field, it

was necessary to load the field into a register and carry out a shift and decrement

sequence, each operation taking two micro-instructions. If the architecture had allowed

the loading of the counter in the micro-sequence section from the D-bus, the shift and

decrement operation could have been accomplished in one micro-instruction. A further
improvement might be to include a multiple shifter programmable from a 4-bit field.

Some difficulty was experienced in sign extending the 8-bit relative address in

branch instructions and this turned out to be rather inefficient; some further hardware

might make an improvement.

3.2 Arithmetic operations

The single precision Add and Subtract functions were quite straightforward to

implement but Multipl.y involved two micro-instructions for each shift and Add operation.

This was because an extra micro-instruction was required to test the least significant

bit (LSB). The amount of logic required to carry out the conditional shift Ur shift and

add dependent on the value of the LSB would be quite small, requiring simply an ALU func-

tion defined in the appropriate field of the microcode word that would cause the 2901

function control to be dependent on the LSB in the correct way. Similarly logic could

be included to reduce the number of micro-instructions required on each cycle of the

divide routine.

The AM 2903 presents an attractive way of achieving these aims while also intro-

ducing some further useful features such as dual input ports. This latter feature would

enable the internal bus system to be configured somewhat differently to enable operations

to be performed between two external registers directly. This, in effect gives the
external registers the same status as those internal to the bit-slice chip. This would Co

save such time consuming adjustments as placing words from scratch registers temporarily

in internal registers in order to use the ALU shifter.



The setting of the status bits and the determination of overflow status required

extra micro-instructions in the case of double length operations. Again some micro-

programmable hardware to determine how the lines from the ALU generate the status bits

would possibly solve the problem.

Although at the present time, the double precision and floating point operations in

1750 have not been implemented, it is apparent that the code to carry them out will be

long. This is because of the need to handle the two halves of the operands separately.

In the case of the floating point operands, the exponent will need to be masked off and

treated separately. The extended precision floating point will require the mantissa to

be split into three, and each section, plus the exponent, handled separately. Clearly

to make these operations fast, dedicated floating point hardware is required although

some improvement would be apparent if the ALU were extended to 32-bits.

3.3 Microcode word formatting

As stated, the choice of a microcode word length of 64 bits was dictated initially

by the width of the writable control store available, and it was soon discovered that

considerable sharing of bit fields within the word would have to take place in order to

accommodate all the control fields required. The problems that subsequently arose were

mainly because of the necessity to share various status register control fields (required

by the 2904) with the condition select field and the branch address field. This resulted

in extra micro-instructions in many places throughout the code. The problem was further

compounded by the necessity to share the same field with the data insertion field. This

meant that one could not do arithmetic operations with a constant from code at the same

time as a branch instruction involving a pipeline address. Neither was it possible to

control the status register and shift linkage when the data insertion field was used.

The sharing of the branch address with the 2904 control field also meant that the

condition multiplexer within the 2904 could not be used to select the condition for a

conditional branch involving a pipeline address. Conditional return and conditional test

end-of-loop operations, defined by the 29811 could, however, be carried out. This state

of affairs led to the use of the auxiliary status register bits to determine many

conditional branches.

This problem can only really be overcome either by simplifying the status register

control, perhaps not using the 2904, or by increasing the width of the microcode word.

Perhaps the 2904 is not very suitable for the implementation of the 1750 status register.

3.4 Interrupt system

The machine interrupt system, being implemented using 2914 has several shortcomings

that have arisen as a result of changes to the 1750 standard due to User Group activity.

The first is the need to be able to load and read the pending interrupt register.

COriginally, the interrupt lines were connected directly to the 2914 interrupt inputs.

However when the requirement to load from code arose, an open collector bus was added at

these inputs which could be driven either from devices requesting interrupts or from the

D-bua via open collector buffers which would be enabled when a particular bit in the

auxiliary clock field was set.
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There is no clear way of reading the pending interrupt register from software and

this currently remains unimplemented.

Another problem arose because of the requirement not to be able to disable the

power down interrupt. 2914 provides interrupt disable facilities but these could not be

used since they disable all interrupts. Instead, a duammy interrupt mask was loaded which

masked all but power down, the real interrupt mask being stored in one of the 29705 regis-

ters. It was necessary therefore, in all instructions referencing the interrupt mask, and

in the servicing of interrupts, to test whether the machine was in the enabled or disabled

state before carrying out changes to the interrupt mask.

The interrupt system thus became more complicated both in terms of hardware and

microcode and the use of the 2914 in the circuit should, perhaps now be questioned.

4 CONCLUDING REMARKS

On the whole it is felt that the work described here has achieved what was planned,

that is, to arrive at a working 1750 processor and gain experience on the way. The

comments made in section 3 indicate how the use of the various bit slice devices and

support chips in the 2900 series has led to a greater understanding of their capabilities

and most suitable areas of application.

Of course, bit slice technology is a developing field and new devices are con-

f stantly appearing in manufacturers' literature. It is felt that great benefit would

accrue from undertaking a complete redesign of the system in the light of experience and

making use of the latest developments.

For example, the comments regarding AM 2903, made in the previous section make this

a likely contender for inclusion in the design. Also the use of PLA devices to implement

some of the MSI logic should be considered along with the use of higher density PRO~s for

the storage of microcode.

Clearly this represents a major piece of development, a simpler task is the re-

partitioning of the present hardware onto perhaps 5U circuit boards to form a self-

contained unit, independent of the System 29 Development Rig. It is hoped that this will

be carried out in the near future.

41J
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Appendix A

CENTRAL PROCESSOR HARDWARE DESCRIPTION

A.] General description

The Mil-Std-1750 Mk 1A processor occupies two System 29 prototyping boards which

slot into the 'User Prototype' area of the System 29 development system.

The two prototype boards are designated CPU board I and CPU board 2. CPU board I

contains the arithmetic unit and general registers, the memory and I/O control logic, the

interrupt system and the CPU control box push button implementation logic.

CPU board 2 contains the computer control unit that is responsible for providing

during each micro-cycle, the microcode word whose individual bits control all the other

sections of the processor. The computer control unit incorporates a microcode sequencer

that provides, on each micro-instruction a 12-bit address which is applied to the micro-

code PROM to derive the 64-bit wide micro-instruction. On CPU board 2 is accommodated

2K words of RAM, 64-bits wide, but the micro-address is available at a connector on this

board so that additional PROM or WCS may be connected and control the machine. This

facility may be used either to extend the facilities of the machine by writing additional

code or during development of the basic 1750 implementation code.

The 14k 1A rig actually uses an AMD writable control store for this purpose, the

microcode word passing through an additional board, the pipeline board, before driving

onto the micro-instruction bus.

In addition to the micro-sequencer and PROM, CPU board 2 also contains some driver

and latches which interface with the CPU control box.

A.2 Central processor board I

A.2.1 Arithmetic section

A.2.1.1 Bus structure

The arithmetic section is built around a two bus architecture, one being used as

the address bus in memory operations and the other being used to carry data. Within the

CPU these buses will be referred to as the A-bus and V-bus respectively. Many of the ICs

within the CPU can supply data onto the V-bus but only the AM 29705 register file can

supply data onto the A-bus, this device being permanently enabled onto this bus.

The control of the V-bus is vested in a 4-bit field in the microcode word which

may have 16 possible bit patterns. Each of these patterns causes a particular part of

the system to have its output enabled, and thus supply data onto the D-bus. The 4-bit

field is decoded on each CPU board and causes an output enable line to the selected part

of the system to become active (low) if that part is to supply data. The V-bus runs

between boards on the system motherboard and, in order to preserve signal integrity,

transceivers are provided (74LS245) at the interface between the section of V-bus on

each board and on the motherboard. The 74LS245 has two control lines: pin 1, the direc-

tion control determine# the direction in which the transceiver will operate; pin 19, the
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enable line determines whether the buffers within the transceiver are enabled at all. In

the Ilk )A rig, the enable lines of all transceivers are driven via an inverter from the

bus control field decoder and are inactive (high) when the bus control field in the micro-

code word contains all zeros. The direction line of the transceivers are driven from

Nand gates on each board that have as inputs the enable lines to all ICs on that board

that are capable of driving the bus. This means that when any IC on a particular board

is enabled onto the D-bus, the transceiver on that board will have its direction line held

so that it conducts data outwards from that board onto the section of the D-bus on the

backplane.

On CPU board I the bus control field is decoded by ICS which supplies enable

lines to all the chips on the board capable of driving the bus. 1C6 supplies the direc-

tion line to the transceivers IC56 and 1C70. Since only pit patterns up to 1000 are used

on CPU board 1, only a 3-8 line decoder is used, the output for the 1000 pattern being

produced from 1C3 and IC4.

A.2.1.2 AM 2901 Array

Central to the arithmetic section is the array of four AM 2901 chips which

contain an eight function ALU, a 16 deep register file, a general purpose register called

the Q register and ALU source and destination data routing logic including single bit

r left and right shifting facilities for the RAM and Q register inputs.

The WD input to the 2901 array comes from a 2-input multiplexer made up from

four 748157 chips, the 'select' input to these chips coning from a single bit field in

the microprogram word. The inputs to this 2-1 multiplexer come from the D-bus and the A-

bus so that the data from either of these two buses may be selected as the 'D' input to

the 2901 array.

The 'Y'. outputs of the 2901 array are connected directly to the D-bus and can act

as source to this bus.

The carry connections between the 2901 chips are handled by a 2902 wired to the

2901s in the conventional manner as outlined in AMD literature. The carry input at the

least significant end of the array (1C39 pin 13 and IC58 pin 29) comes from a multiplexer

in the AM 2904 (1C43). This multiplexer is controlled by part of the status and shift

control field in the microprogram word and can select as its output either logic '0',

logic '1', the auxiliary carry latch in IC8 (Cx), the micro-status carry bit in the 2904,

N the machine status carry bit or the inverse of the latter two alternatives. Control of

this multiplexer is described ii' the 2904 data sheet. The carry output at the most

significant end of the 2901 array is one of eight inputs to a multiplexer (1C42) the

output of which goes to the auxiliary carry latch in IC8 and to the IC input of the

2904. This input will be loaded into either or both the machine and micro-status regis-

ters within the 2904 as determined by the status and shift control field of the micro-

program word. Other inputs to this carry select multiplexer are logic '1', logic '0',

the RAM shifter MSB output, the Q shifter MSB output, the RAM shifter LSD output and the

RAM and Q shifter midpoint outputs. The latter two are provided to facilitate byte
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length operation. This carry select multiplexer is controlled by a 3-bit field of the

microprogram word.

The shift linkage for the 2901 array is carried out by the 2904 wired in conven-

tional manner as described in the relevant data sheet and thus provides the variety of

shift linkages described in the 2904 data sheet by application of the appropriate bit

patterns to the status and shift control field in the microprogram word.

Control of the 2901 array is carried out by the application of bit patterns to

four separate sets of inputs:

(a) Source control. This is a 3-bit field taken directly from a field in the

microprogram word that selects the sources for the two inputs (R and S) to the ALU

internal to the 2901 chip. The pairs of sources available are described in the 2901

data sheet and need not be repeated here.

(b) Function control. Again this is a 3-bit field taken directly from the

microprogram word that selects one of eight functions to be performed by the ALU internal

to the 2901 chips. This is also described in the 2901 data. There are in fact two

fields in the microprogram word, each of 3-bits, one supplying function control to the

most significant two 2901 chips, the other supplying control to the least significant

pair. This division of control facilitates byte operations within the ALU.

(c) Destination control. Again this is supplied directly from a field in the

microprogram word and controlt. the destination within the 2901 chips of the data coming

from the ALU output. Details of this can also be found in 2901 data sheets.

(d) Register file output select. These are 4-bit fields which select one of the

16 registers within the 2901 register file for each output of the register file. The

outputs of the register file can be selected as ALU sources within the chip by the source
control. The register file select fields are not supplied directly from the microprogram

word but come from the Mil-Std-1750 instruction stored in the instruction register (IC21

and IC34).

Eight 4-input multiplexers (IC36, IC 35, IC23, IC22) are used to select each

4-bit group from various fields of the 1750 instruction. IC37 and IC38 are used to add

a 2-bit modifier to the output of the multiplexers before applying them to the 2901 array.

The register select multiplexer inputs are (i) a zero field, (ii) a field made from bits

6 and 7 of the 1750 instruction placed in the least significant 2-bits of the field and

0 and I respectively in the most significant and next most significant bit of the field,

(iii) the GRI field - bits 8 through 11 and (iv) the GR2 field - bits 12 through 15.

This logic enables the 2901 internal registers to be selected in a number of

different ways to suit the various 1750 instruction formats. The adders enable 0, 1, 2

or 3 to be added to the register address so that 1750 operations referring to RA, RA + I,

RA + 2 and RA + 3 can be accommodated. This facility is necessary for the implementation

of double length and floating point instructions.
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The register select multiplexers are controlled from a pair of 2-bit fields in

the microprogram word, one for register file port A and one for port B. A and B

modifiers are supplied from another pair of 2-bit fields in the microprogram word.

A.2.1.3 Scratch registers

In the Mk IA CPU, the 16 registers defined by Mil-Std-1750 are implemented as the

16 registers in the file internal to the 2901 chips. In the design stage of the CPU, it

became clear that extra space would be required by the microcode to hold data that would

be invisible at machine level. It was therefore decided to include an array of four

AM 29705 chips to provide a 16 deep file of 16-bit wide registers to fulfil this require-

ment. The 29705 has two ports for which any of the 16 registers may be selected by

applying a control field to each of two 4-bit register select inputs. In the Mk IA CPU,

these are connected together and connected directly to a 4-bit field in the microprogram

word. The same register is thus always selected to both outputs.

One of the outputs is permanently enabled onto the A-bus and the other may be

enabled onto the D-bus.

A.2.1.4 The status register

The machine status register defined in 1750 is implemented partly by the 2904

machine status register and partly by three AM 2918s. The four most significant bits

(stored in the 2904) may be loaded, under microprogram control either from the micro-

status register, from the D-bus or from four direct inputs from the 2901 array. These

inputs are designated carry, positive, zero and negative.

The zero bit is derived simply by adding the MSB = 0 and LSB - 0 lines from the

2901 array. The negative bit comes directly from the F3 output of the most significant

2901 of the array. The carry bit comes from the carry out line of the most significant

ALU and the positive bit comes from NORing the negative and zero lines. The other 12

status bits are loadable only from the D-bus.

The 2904 is controlled by a 13-bit field which is described fully in the 2904

data sheet. Twelve of these bits are supplied directly from a field in'the microcode

word, the other bit, called I10, being taken from a bit in the 2901 destination control

field. I10 in fact, determines the direction of shift and is thus determined by 17 of

the AIU destination control field.

Writing into either the machine or the micro-status register within the 2904 only

occurs when CEm and/or CEmicro respectively are held low. These lines are taken directly

from bits in the microprogram word. In addition, writing into the machine status regis-

ter is also controlled by the individual bit enable lines Ez, Ec, Em, Eovr which are,

again, taken from bits in the microcode word. It should be noted that the bit designated

as overflow in the 2904 data sheet is, in fact, used as 'positive' bit. Pin 37 of the

2904, called SE (Shift Enable), when taken low, allows the shift linkage outputs of the

2904 to become active and also allows the machine carry bit to be loaded when the appro-

priate shift linkages are selected. This input to the 2904 is taken from 18 of the 2901
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destination control field, which is taken high during shift operations. The signal is

inverted by IC50 before being applied to pin 37 of the 2904.

The other 12-bits of the 1750 machine status register are loaded from the D-bus

when the bit in the microcode word called 'ENAUXCK' is taken high at the same time as the

appropriate bit of the auxilliary clock in the microcode word is taken high (called

CKSTATUS).

It can thus be seen that the implementation of the 1750 machine status register

is somewhat complicated by the use of the 2904 chip although the arrangement has proved

workable.

A.2.1.5 Data insertion from microcode

A 16-bit field in the microcode word is designated as a data insertion field and

is enabled onto the D-bus via ICHI and IC12 when the appropriate bus control bit pattern

(1000) is present in the microprogram word.

A.2.1.6 Memory/IO interface

In the Mk IA implementation, 10 operations and memory accesses are carried out

on the same bus, being differentiated by the holding of the line 'IOreq' low for 10

operations. The memory/IO bus has separate sets of lines for address and data together

with two command lines which specify the type of bus cycle required and two handshake

lines, J and K, that establish the protocol. In the Mk IA rig there is no provision for

devices other than the CPU to request cycles on the bus, DMA from peripherals being

handled by the multiport architecture of the memory.

Three-bits in the microcode word are designated to control of the memory/IO bus.

These are 'CKPORT' a bit which, when high, causes a bus cycle to take place, CO and C1

which are bits in the microcode word that drive the command lines of the bus directly.

The protocol and the way in which the CPU circuitry implements this protocol is

described fully in other sections. At the appropriate point in any cycle in which the

CPU is to write data to the memory or an 10 device, the D-bus is enabled onto the memory

data bus via IC20 and 33. The address is placed onto the memory address bus via IC24

and 25 from the A-bus. When the cycle is one in which data from the memory or 10 device

is being delivered to the CPU, the data from the memory data bus is clocked, at the

appropriate point in the cycle, into the memory data register made up of IC7 and 32.

A.2.1.7 Fault flag register

IC55, 69, 67 and 53 make up a 16-bit register intended to hold bits supplied by

hardware devices indicating the presence of faults as defined in 1750. In the Mk IA rig

only four of the fault bits are implemented by hardware and these lines go to the 'set'

inputs of IC29. IC29 therefore acts as a negative pulse catcher, responding to any

pulses on the four fault lines long enough to set the latches. The outputs from the

latches go to the appropriate bit positions in the fault flag register which is clocked

on each system clock pulse. The outputs of the fault flag register may be sourced onto

the D-bus when the appropriate bit pattern is present in the bus control field of the
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microcode word. The outputs are also Ofed together and generate the machine error

micro-interrupt.

The fault register defined within 1750 is actually one of the registers within

the 29705 register file. Bits may therefore be set or cleared by microcode operations.

Some of these operations are initiated by exception conditions arising in the execution

of microcode for a particular machine instruction (such as illegal 1O couand). Others

are initiated by the machine error micro-interrupt already mentioned and involve interro-

gation of the fault flag register to determine which bit is to be set.

A.2.2 Memory/1O bus control section

A.2.2.1 General description

This section comprises the sequencer that controls the protocol that takes place

on the memory/1O bus when the microcode requests a bus cycle by setting the CKPORT bit

*in the microcode word. Because the system clock is affected by the carrying out of a

memory/IO bus cycle (in future referred to as simply a memory bus cycle), the circuitry

of the memory bus sequencer and the clock generation are somewhat entwined. It will

therefore be sensible to describe these areas of the circuitry together.

As is described in the section on bus protocol, there are defined four types

of bus cycle:

Read cycle (CO 1, Cl -0)

Write cycle (CO = 0, Cl = 1)

Read-modify-write cycle (CO - 1, Cl - 1)

Refresh cycle (CO = 0, Cl - 0).

In the Mk IA rig, neither the read-modify-write cycle nor the refresh cycle are

used. The RMW cycle should, in fact, be used for certain operations where DMA must not

be allowed between reading from a memory location to the CPU and writing data back to

the location.

At the present time, the read-modify-write cycle is not fully implemented.

We now proceed to discuss the operation of the memory access sequencer in detail.

Master oscillator signal, a square wave, enters CPU board I at P2/55 at a

frequency four times the system clock frequency. The signal is divided by four by IC2 and

IC27 produces a pulse which is low for a quarter of a cycle and high for the rest of the

time. As long as CKPORT remains low, IC17 remains in the clear state with pin 6 high.

This means that the signals at IC27 pin )I and IC63 pin 3 are inverted versions of the

signal at IC27 pin 8. This is the inverted system clock that is distributed throughout

the system, along the backplane to each board that requires it. On a given board, the

signal must pass through one Schottky gate delay before being used to clock any register.

This rule ensures that all set-up and hold times are observed by causing all registers

to be clocked at the same time (probably within a couple of nanoseconds, ie the spread

of delays in two Schottky gates in series). By distributing an inverted system clock0

and allowing one gate delay before clocking a register, we make it possible to gate the

system clock with any given clock enable bit of the microcode word.
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If a memory access cycle is to be carried out, CKPORT will be high veil before

the signal at IC27 pin 8 goes low and thus, when this signal does go low, IC17 will

4- toggle causing the level at pin 6 to go low. Thus although the signal at IC27 pin 8 will
go high again after a quarter of a system clock cycle, the inverted system clock

distributed around the system will remain high.

If the present input to IC17 were to remain high, ICI? would toggle back on the

next negative going edge of the signal at its pin I and the system cl~ock would continue

as normal having produced one double length cycle. However, with CKPORT high, the

positive going edge of inverted system clock at IC27 pin 11 causes a negative pulse to

occur at IC65 pin 2 causing the counter, ICI to be loaded with a value determined by the

logical levels of CO and C1. The counter, ICI and the 4-16 line decoder, IC19A together

form a 16 step sequencer.

The value loaded into the counter is the start address for the sequence required

for the type of cycle specified by CO and C1 and is produced by the logic made up of

1C50 and 1C28.

Once the sequencer has left step 0, IC19A pin I goes high so that the memory

address buffers, IC24 and 25 are enabled. These remain enabled until the end of the

access cycle although protocol only demands that the address remain valid until K has

been taken low by the memory.

Another action that begins whenever the sequencer leaves state 0 is the time out

mechanism. When IC19A pin 1 goes high, 1C51 pin 12 goes low so that the signal on the

cathode of the diode is taken high. During the period when the cathode was low, the

0.01 micro-farad capacitor will have charged. This now begins to discharge through the

input resistance of the next inverter and after a few microseconds, the Schmitt inverters

change state and the signal at IC64 pin 6 goes high. The latch made up of the two NOR

gates in IC64 changes state so that IC30 pin I goes low and thus a clear pulse is gener-

ated at IC30 pin 3. Once the sequencer has returned to state 0, IC64 pin 3 goes high

and the latch resets, ending the clear pulse. Also, the cathode of the diode is taken

low so that the capacitor charges to its initial state once again.,

Because this time-out circuit begins to operate whenever the sequencer is not on

state 0, it also acts as a power-on reset whenever the system powers up on a state other

than state 0. The circuitry implementing the time out function just described must be

said to be of a temporary nature. It is clear that some redesign work can be carried out

to reduce the number of integrated circuits needed to implement the function.

The start addresses for the varioi-, types of cycle are as follows:

Read 1001 9

Write 0010 2

RKW 0110 6 (not currently implemented)

311311 0000 0 (not implemented).

Having been loaded with a start address, the sequencer proceeds through a series

of steps appropriate to the type of memory access cycle requested, movement from one

A
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point in the sequence to the next being initiated by either a transition of the 'K line

from the memory or by a transition of the system clock coincident with a high value of

CKPORT. Which of these events is acceptable as the event initiating stepping is deter-

mined by which step the sequencer is moving from. The table gives the characteristics of

each step in the sequence including the event needed to trigger stepping on and the value

of 'J' and WK during the period in which the sequencer waits on each step.

On a step where the memory access sequencer is waiting for a response from the

memory, the syste~m clock is held, that is, the signal at IC27 pin 11 and 1C63 pin 3

remains high. This is accomplished by the generation of a high at IC19 pin 8 when any

of its inputs are low (ie when states 1, 2, 4, 6, 8 or 9 are active) which causes the
* preset' input to IC17 to be low so that this flip flop is prevented from toggling back

to its normal state (ie with pin 6 high) on the next negative going edge at IC17 pin 1.

Thus on any state of the sequencer when the CPU is waiting for memory response, the CPU

remains on the same micro-instruction until the memory has responded.

The sequencer made up of ICI and IC19A can be made to change its state in one of

three ways:

(a) By application of a negative pulse to the 'load' input (pin 11), an action

that only takes place at the beginning of a memory access cycle.

r (b) By application of a positive edge to the clock input of ICI (pin 4), an
action that is normally used to step the sequencer on.

(c) By the application of a positive pulse to the clear input of ICI (pin 14).

This is used at the end of the read sequence.

These signals are generated when appropriate by combining signals derived from

the K handshake line or the system clock with the outputs of the 4-16 line decoder

IC19A. These signals are therefore derived with a knowledge of sequencer state as well

as external circiumstances.

Let us now examine, in detail, the actions taking place during the execution of

the three types of memory access cycle.

A.2.2.2 Detailed description of read cycle

The read cycle begins when, after the new microcode word is loaded into the

pipeline register, a high appears on P3/46 the CKPORT line, a low appears on P4/23, the

CI line and a high appears on P4/31, the CO line. These logic levels are established

soon after the upward edge of SYSCK that marks the end of the previous cycle. At a point

three-quarters of the way through the cycle, the signal at IC27 pin 8 goes low causing

IC17 to toggle into the 'clock hold' state. Very soon after, the edge from IC27 propa-

gates through IC27 and IC50 and, since 1C30 pin 5 is high, and 1C52 pin 2 is low (due to

the sequencer being in state 0), a negative pulse appears at 1C65 pin 2 whose length is

determined by the delay from IC51 pin I to IC30 pin 6. This negative pulse causes the 4

counter (IC!) to be loaded as already described. After the delay through IC19A, its

pin I goes high and its pin 10 goes low since it will have been loaded with binary value
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1001. Since IC19A pin 10 is now low, IC27 pin 3 will be held low so that the preset

input of IC17 is held low so that the 'hold clock' state remains as long as the sequencer

is at this position.

It can be seen that whenever a memory access cycle take. place, the system clock

period is doubled and then extended by the signal from IC27 pin 3 for as long as is

necessary. The initial doubling of the system clock period is to allow for the delay

from IC50 pin I to IC27 pin 3 (ie through ICI and 19A plus the other gates) which other-

wise would be too long for the hold clock state to be established before the next clock

edge.

To continue the description of the read cycle, the fact that IC19A pin I is now

high as are all the other inputs to 1C18, results in the J handshake line to the memory

going low. The low on IC19A pin 10 causes IC28A pin 12 to go high and thus, when the

memory responds by taking its K line low, so that IC30 pin 10 is also high, IC30 pin 8

goes low so that a high appears on IC28A pin 8 causing the sequencer to be counted down

to the next state. The high on IC28A pin 8 lasts until the sequencer has moved to its

next state (state 8) but the delay in the various gates is sufficient to give a long

enough clock pulse.

On state 8, IC19A pin 9 is low so that IC19 pin 5 and 12 are low and the clock

hold state continues. As IC19A pin 10 goes high, the data on the memory data bus whichr was declared by the memory to be stable when J was taken low, is clocked into the

memory data register. Also, coincident with the transition from state 9 to state 8, J

is taken high as a result of IC18 pin 5 and 12 going low. This is the signal to the

memory that the data has been taken and may now be removed.

Since IC19A pin 9 is now low and therefore IC30 pin 13 is high, when the memory

takes K high to indicate the completion of the cycle and thus causes IC30 pin 12 to go

high, IC30 pin HI goes low causing IC30 pin 3 to go high. A clear pulse therefore is

presented to the counter ICI and the sequencer returns to state 0. The clear pulse only

lasts until the sequencer has left state 8, but the delays are sufficient to ensure that

the pulse is long enough to cause the transition. Once the sequencer is back on state 0,

the signal at IC27 pin 3 goes high and so the preset input to IC17 is reMoved. On the

next negative edge of the signal at IC27 pin 8 IC17 toggles and the held clock state is

relinquished.

A.2.2.3 Detailed description of write cycle

Initially, the only difference between the write cycle and the read cycle is that

CO is low and C1 is high rather than the other way around. The cycle therefore begins

in the same manner but the counter is loaded with the binary number 0010 so that the

sequencer begins on state 2.

Once in this state, IC19A pin 3 is low so that 1C19 pin 2 is low and the same

'clock held' state is established. The fact that all the inputs to IC18 are now high,

cause J to go low and indicate to the memory that the cycle has begun. The low on

IC19A pin 3 also causes IC20 and 33 to be enabled so that the data on the D-bus appears

on the memory data bus.
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The stepping of the sequence to the next state takes place when K goes low

indicating that the memory has accepted the data. This is because the low on ICI9A pin 3

causes a high on IC28A pin 12 and thus on IC30 pin 9 so that the transition is accom-

plished in the same way as from step 9 to step 8 in the read cycle.

Once on step 1, the low on ICI9A pin 2 results in a low on IC18 pin 2 and thus

causes J to go high. The memory responds by taking its K line high to indicate the

completion of its cycle. Since on step I IC31 pin 4 is low, IC31 pin 6 is high placing

a high on IC31 pin 13, thus when K goes high taking IC31 pin 12 high, IC31 pin II goes

low taking IC28A pin 8 high and so clocking the counter. The cycle therefore finishes

and the 'clock held' state is relinquished.

A.2.2.4 Detailed description of read-modify-write cycle

The read-modify-write circuitry currently needs some modification and cannot

therefore be described here.

Table A]

Table of sequencer states

Step Description Transition event J value K valuenumber

Positive edge of
0 Inactive system CK when High High

CKPORT is high

Awaiting end of cycle signal Positive transition High Lowfrom memory of K

Write cycle has begun. Data

2 has bee; placed on memory bus Negative transition Low High
by CPU. CPU waits for data of K
taken signal from memory

The read section of the read-
modify-write cycle is com- Positive transition

3 plete. The memory sequencer of system clock High High
is waiting for microcode with CKPORT high
initiation of step on

CPU has signalled that it has

is waiting for end of cycle of K High Low
signal from memory

The data from the memory is on
bus, memory access sequence is Positive transition5 atn o ircd of system clock Low Lowwaiting for microcodehigh
initiation of step on

A read-modify-write cycle has

6 started. CPU is waiting for Negative transition Low High
memory to signal data ready of K
by takir4 K low

7 Not used

CPU is awaiting end of cycle Positive transition High Low
signal from memory of NK

~ -~ -~-~-~---~-.-~ -. ~ L~ m~rTj~*]
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Table Al (concluded)

Step Description Transition event J value K value
number

Read cycle has begun. CPU is
waiting for memory to indicate
data available on bus. When Negative transition Low High
this occurs data is clocked of K
into memory data register and
sequencer steps on

10-15 Not used

NOTE: At the present time the read-modify-write cycle defined above does not
operate correctly as constructed in the Mk IA rig. This is because it was
intended that the data from memory should remain on the memory bus until
the microcode requested its removal by using CKPORT. In the Mk IA rig,
this is not required since the data from the memory is clocked into the
memory data register at the appropriate time and the read cycle completed
before the CPU continues with its microcode.

A.2.3 Interrupt control section

A.2.3.1 General description

The interrupt structure of the Mk IA rig can be divided into two sections, the

micro-interrupt system and the machine interrupt system. The micro-interrupt system is

invisible to the machine language programmer and is incorporated to enable such occurren-

ces such as engineering control panel service requests and hardware error situations to

be dealt with. In fact, the machine interrupt is implemented as a special kind of

micro-interrupt.

The machine interrupt is that interrupt system defined in Mil-Std-1750 and has 16

levels, some of which are defined for machine functions such as error conditions and

overflow occurrences.

A.2.3.2 The micro-interrupt system

The micro-interrupt system is constructed around IC44, an AM 2914 vectored

priority interrupt encoder. Full details of this device are given in the appropriate

AMD data. The control field for the chip is taken directly from the microcode word but

does not become effective unless the instruction enable line on the 2914 is taken low.

This occurs if the CKMICINT bit in the microcode word is a I (this signal occurs at P3/44).

The 3-bit vector output of IC44 is connected to the least significant 3-bits of

a 'vector bus' which supplies the address input to the mapping PROM on the AMD computer

control unit card. The most significant bit of this 5-bit bus is connected so that it

carries the inverse of CKMICINT so that this bit is always zero when IC44 is enabled onto

the bus in a RDVC operation. The next most significant bit, bit 3 comes from IC13 pin 4

and is always zero when CKMICINT is high. This means that whenever the vector from IC44

is read, the vector bus carries the pattern OOXXX , where XX is the vector supplied

by the 2914.



24 Appendix A

The interrupt inputs to IC44 come from:

(a) IC47 which handles the eight top priority machine interrupts.

-(b) IC48 which handles the eight lower priority machine interrupts.

(c) IC61 pin 8 which is a signil which indicates that a fault flag has been set.

(d) IC60 pin 8 which is a negative pulse produced when a button is pressed on

the engineering control panel of the machine.

The buttons on the engineering control panel are debounced by IC14, 15 and 16

which are each quad latches. The switches on the buttons are two-way and are wired so

that when a button is pressed the reset input of the latch is connected to ground and when

the button is released, the set input is connected to ground. A long negative pulse is

therefore produced from the output of each latch when its button is pressed. IC76 and 77

are used to produce a 4-bit encoded vector indicating which button was pressed. The out-

puts are tristate and either IC76 or 77 is enabled when IC44 vector output is not enabled.

IC76 and 77 are wired so that only one can have its vector output enabled at any one tine,

IC76 taking precedence if two buttons are inadvertently pressed together. Bit 3 of the

vector bus indicates which of IC76 and 77 the vector is, in fact, coming from. The

vector on the bus is thus IIYYY , where YYY is a vector produced by IC76 or IOZZZ

where ZZZ is a vector produced by 1C77.

r When handling service requests from the engineering control panel, two vector

jumps are used: the first is to jump to the sequence that handles the micro-interrupt

from the control panel, the second is to jump to the appropriate sequence for the button

that has been pressed.

When any button on the control panel is depressed, a high is produced at either

IC76 pin 19 or IC77 pin 19. A low is therefore produced at IC13 pin 10 for as long as

the button remains depressed. This signal is ORed with a delayed and inverted version in

IC13 so that a short positive pulse is produced at IC13 pin 13. This is inverted and

applied to IC44 as a level 5 micro-interrupt. When IC44 subsequently executes a read

vector (RDVC) coimmand, the vector placed on the vector bus will be 00101.

The 'interrupt request' output of IC44 is treated as a test condition for the

microprogram sequencer and is examined by the microcode during each machine instruction

fetch cycle, a conditional vector jump being executed to the appropriate micro-interrupt

service sequence if the 'interrupt request' line is found to be active, ie low.

A.2.3.3 Machine interrupt system

The machine interrupt systemrldefined in Mil-Std-1750 has 16 levels of interrupt

each of which may be masked or'Idisabled by specialised machine instructions. The

response to an interrupt that is not masked or disabled consists of storing the machine

status at an area in memory defined %y a pointer in the interrupt pointer table and then "

loading the new machine status Nom another area of memory defined by a second pointer. 4

The machine status, for this purpose, is defined to be the interrupt mask, the machine

status word and the progra counter.
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The machine interrupt system is implemented by the two AM 2914 ICs, IC47 and 48,

the interrupt process itself and the various support instructions being implemented by

microcode. IC48 handles the eight highest priority machine interrupts and IC47 the eight

lowest. The interrupt request outputs from each of these chips go to separate micro-

interrupt inputs on IC44 and hence are handled by separate pieces of microcode. IC48,

of course produces a higher priority micro-interrupt than IC47 so that its machine

interrupts are serviced first.

The instruction fields for IC47 and 48 come directly from the microcode word and

share a field within the word. The instruction does not affect either chip unless its

instruction enable line is low, this occurs when the microcode word bit called ENAUXCK is

high and the bit in the auxiliary clock field allocated to that IC is high.

The interrupt inputs to both IC47 and IC48 come directly from P5 and have pu1 l

up resistors.

The M-bus input/outputs on IC47 and 48 are connected directly to the D-bus such

that IC47 occupies the least significant 8-bit positions and IC48 the most significant.

The vector output of both these chips is connected to the three least significant bit

positions of the D-bus as are the status input/output connections. It is thus important

to remember that if either of these ICs is clocked (by enabling via the auxilliary clock

field) and the instruction is such as to cause either of these input/output connections

to output data, there is an implicit sourcing of either, or both, of these chips onto

the D-bus. This action is independent of the bit pattern present in the D-bus control

field of the microcode word and it is thus possible to drive the D-bus with two outputs

at the same time. To avoid this, and also to be sure that the D-bus transceiver on CPU

board I does not drive the section of the bus on that board, it is important that the

bit pattern 0000 is applied to the bus control field of the microcode word whenever

the outputs from IC47 and 48 are active.

A.3 CPU board 2

A.3.1 Control panel latches and drivers

A.3.1.1 Data display latches

The data display latches drive data to the LEDs on the engineering control panel

via buffers within the control box. The latches on CPU board 2 are IC5 and IC6 which

are AM 2920 chips. The inputs to these come directly from the D-bus section on this

board. The latches are clocked simultaneously when the microcode bit ENAUXCK is high

together with CKDISP.

A.3.1.2 State display latch

This is IC7 which is a 74S175 and is loaded directly from the D-bus four most

significant bits when ENAUXCK and CKSTDISP are both high. The loading actually occurs,

of course, on the positive going edge of system clock.

7A.3.1.3 Data drivers

These are IC4 and 3 which are octal tristate drivers and enable the output from

the data switch field in the control box onto the D-bus when the appropriate bit pattern
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is present in the bus control field of the microcode word. IC9 decodes the 4-bit pattern

and provides active low outputs which enable devices to be sourced onto the D-bus on this

board. The outputs relevant to devices on this board are also ANDed and used to define

the direction input to the D-bus transceivers (ICI and 2), at pin 1, so that they send

data outwards from the board when a device on the board is enabled.

A.3.1.4 Register select driver

This is IC8 which simply enables the output from the register select switch field

in the control box onto the most significant 4-bits of the D-bus when the appropriate bit

pattern is present in the D-bus control field of the microcode word.

A.3.2 Microcode sequencer

The microcode sequencer is built around two A4 2911 and one AM 2909 chips provid-

ing a micro-address 12 bits wide. The 2909/I chips provide the micro-address from the

output of a four input multiplexer which can select its output from four micro-address

sources. The first is a microprogram counter register which can be loaded on each micro-

cycle with the output of the multiplexer incremented by one. A straight sequencing

through the code can therefore be accomplished by selecting the output of the program

counter at the address multiplexer.

The second input to the multiplexer is the output of a LIFO stack which can be

loa( ed from the microprogram counter output. Selection of the stack output at the

address multiplexer causes a return from subroutine.

The third input is the output of an auxilliary register and the fourth is a

direct input to the 2909/I chip. The control lines to the 2909/11 chips come from an

AM 29811 which has a 4-bit control field. The bit pattern on this field selects a

particular next micro-address generation mechanism and comes directly from the 4-bit next

address contro-l field in the microprogram word.

The direct address input to the 2909/11 chips is a tristate bus that has several

potential sources, the source of the direct address is controlled by outputs from the

AM 29811 which are dependent on the next address control field.

The first source of a direct address is the least significant 12-bits, or branch

address field of the microcode word. This may be sourced onto the direct address bus via

the drivers IC18 and 1/2 IC20. The second possibility is the output of the mapping PROM

(IC19, 36, 38) which generates a microcode address directly from the eight most signifi-

cant bits of the machine instruction word in the instruction register IC35. IC35 is

loaded from the D-bus when P4/41 is taken low, this is connected directly to a bit in the

micro-instruction. The third, and last source of the direct address is the 5-bit micro-

interrupt vector which may be enabled onto the direct address bus via IC37 and 1/2 IC20.

The control lines coming from IC14 (AM 29811), as well as being dependent on the

next address control field, are also dependent on a test condition which is selected by

the 16 input multiplexer IC34. The polarity of the test condition may be reversed by the

74S86 so that either the true or false state of the condition may be selected as the

requirement for the conditional operation to proceed. The polarity is controlled by a

single-bit field-in the micro-instructidn.
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The condition selected by IC34 is determined by a 4-bit field P4/32 through

P4/35 and can be one of the following list although others could be added:

(a) The carry bit stored in the auxilliary status register.

(b) The MS byte = 0 bit in the same register.

(c) The LS byte - 0 bit in the same register.

(d) The overflow bit in the same register.

(e) Condition multiplexer output of the 2914.

Mf The interrupt request output of IC44 the micro-interrupt controller.

(g) The output of IC21 which flags the zero state of a counter.

The counter mentioned above consists of IC22, 23, 24 forming a 12-bit counter

that can be loaded from the branch address field of the microcode w~ord. The counter is

loaded and decremented under control of lines from IC14 (29811) so that the 29811

instructions which reference a counter are implemented.

When IC14 pins 6 and 7 are low and high respectively, 1C13 pin 5 will go low

which will cause pin 11 on IC22, 23, 24 to be taken low during the last quarter of system

clock cycle. This causes the counter to be loaded from the microcode and also, since the

PRESET input of IC21 is taken low, will impose a high on the Q output from this device

(the counter zero test line).

rEach time pins 6 and 7 on IC14 are held high and low respectively during a micro-

cycle, pin 6 of 1C13 will be held low. This causes the system clock waveform to appear

at pin 4 of IC22 (the count down clock input) so that the counter is decremented on the

rising edge of system clock. When the count in IC22 reaches zero, the borrow output

(pin 13) is taken low so that when, on the next decrement, the count goes to 1111 and

borrow goe s high, IC23 will be counted down. Thus the three counters are cascaded. When

all the counters are at zero and a further counter enable action takes place, a low

appears at IC24 pin 13 so that IC21 is loaded with zero. This then appears as a test

condition at the test condition multiplexer. Thus a low on this test condition indicates

that in the last micro-instruction the counter was decremented below its zero state. It

should be noted that if the repeat file counter equals zero instruction is used with the

29811, the instruction pointed to by the branch address will be repeated twice more than

the value previously loaded into the counter.

A.3.3 Microcode PROM

On the CPU board 2, 2K words of PROM are provided, 64-bits wide. This is made

up of an array of 32 AM 29775 512 x 8 PROMS with output registers. These PROMS are

arranged in groups of eight, each group implementing 512 words of the microcode memory.

The appropriate group is enabled by a low level on a line from a 74S139 2-4 line decoder,

its inputs being taken from bits 9 and 10 of the micro-address. Bit 1I of the micro-

address is applied to the 'G' input of the 74S139 so that none of the four groups of

PROMS are enabled if the micro-address is above the 2K word range.
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Since the PROM4S have registers on their outputs to pipeline the micro-

instruction from the PROM, it is necessary that the output enable signals to the PROMS

should also be pipelined. This is accomplished by using the D-type flip flop within the

29775, that pipelines the E2 input.

II

0
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Appendix B

HARDWARE/MICROCODE INTERFACE DEFINITION

B.1 Introduction

This Appendix described what is effectively the interface between the microcode

(or firmware) and the hardware, the interface through which control of all the hardware

takes place. In subsection 2 all the fields in the microcode word will be described in

detail and the exact operations defined by the various bit patterns will be defined.

As well as defining the bit position within the microcode word for each field,

the next section also describes the function of each field and a feature called the

qualifying condition. This is the condition that must be satisfied by certain other

bits within the microcode word before the field will perform the function described. It

is necessary that fields should be controlled by such qualifying conditions in order that

bit positions within the microcode word can be used for several fields, only one usually

being qualified during any particular micro-cycle.

In section 2, in order to avoid confusion, bit positions within fields and within

the microcode word are numbered 0, I, 2, etc from the least significant end, fields being

placed within the microcode word with their least significant end pointing towards the

least significant end of the microcode word. Bit position numbers within the microcode

word as opposed to within a field are distinguished by prefixing with the letter M.

B.2 Detail definition of field within microcode word

B.2.1 Branch address field

Bit position: MO through M11.

Function: this field is used to supply a 12-bit branch address (sometimes called

the 'pipeline' address) which is used as the next microcode address when either a CJS, CJP,

JSRP, JRP, RPCT, CJPP or JP instruction is obeyed by the 2909, 2911 array. It is also

used as the data to be loaded into the counter within the AMD computer control unit board

in either a PUSH or LDCT instruction is obeyed by the 2909, 2911 array.

Qualifying condition: CJS, CJP, JSRP, JRP, RPCT, CJPP, JP, PUSH or LDCT instruc-

tion applied to 'next address control' field.

B.2.2 Status and shift control field

Bit position: MD through M11.

Function: this field controls the AM 2904 status and shift unit by supplying

directly the inputs 10, II, 12, 13, 14, 15, 16, 17, 18, 19, III, 112 from the bits within

the field.

10 - bit 0

II -bit I
-T

12 - bit 2

13 -bit 3

14 -bit 4
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15 - bit 5

4.16 - bit 6

17 - bit 7

18 - bit 8

19 - bit 9

III - bit 10

112 - bit If.

Qualifying condition: this field is effective is any of the following conditions

are true:

(a) Bit M453 is low meaning that the micro-status register within the 2904 will

be loaded.

(b) Bit 1452 is low and any of bits M420 through M423 are low meaning that some or

all of the section of the machine status register within the 2904 will be loaded.

(c) A shift instruction is being executed by the 2901 array.

(d) An arithmetic operation is being executed by the 2901 array so that the

carry in selected by the multiplexer in the 2904 is applicable.

Ce) The output of the test condition multiplexer in the 2904 has been selected

as the test condition for a conditional jump by applying the appropriate bit

pattern to the condition test select field.

(f) The tristate output of the 2904 has been enabled onto the D-bus by applying

the appropriate pattern to the bus control field.

B.2.3 Data insertion field

Bit position: MO through M15.

Function: this field is sourced directly onto the D-bus so that constants can be

supplied from microcode. Bit MO becomes the least significant bit of the data and bit

.415 the most significant bit.

Qualifying condition: the bit pattern in the bus control field is that required

to source the data insertion field onto the D-bus.

B.2.4 Auxilliary clock control field

Bit position: MO through MuI.

Function: ones or zeros in each position of this field enable or disable the

clocking of various registers or subsystems within the CPU as defined below.

Bit 0 - If set to one causes control panel data display to be clocked on the

current micro-cycle.

Bit 1 - If set to one causes the control panel state display and any other state

latches to be clocked on the current micro-cycle.

Bit 2 -If set to one causes bits 4 through 15 of the machine status register to

be loaded from the D-bus.

6- _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
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Bit 3 - If set to one causes the instruction applied to the 2914 dealing with the

least significant eight machine interrupts to be obeyed.

Bit 4 - If set to one causes the instruction applied to the 2914 dealing with the

most significant eight machine interrupts to be obeyed.

Bit 5 - if set to one causes the fault flag register to be cleared on the current

micro-cycle.

Bit 6 - If set to one causes Timer A to be loaded from the D-bus.

Bit 7 - If set to one causes Timer B to be loaded from the D-bus.

Bit 8 - If set to one causes any memory cycle occurring on this micro-cycle to be

regarded as an 10 cycle.

Qualifying condition: bit M61 (ENAUXCK) is set to one.

B.2.5 Carry select field

Bit position: M12 through M14.

Function: this 3-bit field selects the signal that will be loaded into the

machine status word carry bit, the micro-status word carry bit and the auxilliary carry

latch (IC8).

The bit patterns select signals as follows:

000 - logical one

001 - logical zero

010 - LSB output of a Q register during shift operation

011 - MSB output of RAM during shift operations

100 - LSB output of RAM during shift operations

101 - carry output from 2901 array

110 - selects midpoint on RAM in 2901 array

III - selects midpoint of Q register in 2901 array.

Qualifying condition: this field always affects the loading of the auxiliary

carry latch since this is loaded on all micro-cycles irrespective of other control fields.

The carry bits of the machine and micro-status registers are only affected if they are

enabled for loading. The condition for the machine status is if bit M52 is zero and any

of bits M21 through M23 are zero. The condition for loading of the micro-status register

is that bit M53 is zero.

B.2.6 Memory/1O bus control

Bit position: M15 and M51.

Function: this 2-bit field controls which type of Memory/IO cycle is initiated

during a micro-cycle when CKPORT is high. These 2-bits are separated within the microcode

5, word only for historic reasons. The type of cycle initiated is as follows:
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1451 1415Tyeoccl

0 I read

1 0 write

I I read-modify-write

0 0 designated as refresh but not implemented.

Qualifying condition: a one must be present in bit M462 if this field is to have

an effect.

B.2.7 Next address control

Bit position: M416 through M19.

Function: this field controls the generation of the next microcode address.

Because the system is pipelined, the next address is being generated and the next micro-

instruction is being fetched during the execution of the current micro-instruction. Any

test condition specified refers therefore to the value that was loaded into the various

status registers at the end of the previous micro-instruction. The next address control

options are exactly as specified in the data on the computer control unit card included

in the system 29 manual.

Qualifying condition: this field is always active, there is no qualifying

r condition.

B.2.8 Condition test select

Bit position: M20 through M423.

Function: this field controls the test input selected for deciding the result of

conditional operations selected by the next address control field. The test conditions

thaz may be selected are as follows:

0000 - selects logical zero as test condition

0001 - selects the bit in IC8 that is set to one when the previous ALU operation

resulted in the most significant byte being zero

0010 - as 0001 but applies to least significant byte

0011 - selects the bit in IC8 that is set to one when the previous ALU operation

resulted in ALU overflow

0100 - selects the output of the 2904 multiplexer

0101 - selects the micro-interrupt request line, ie the interrupt re~iuest output

from IC44

0110 - selects the bit in IC8 that acts as the auxiliary carry latch. This bit

is always loaded with the output of the carry select multiplexer

1111 - selects the signal that indicates that the counter in the AMD computer

control unit has reached zero. This line goes low at the end of the

micro-cycle AFTER the one in which the counter actually reached zero.
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Qualifying condition: the field contents are only applicable if a conditional

operation has been selected by the contents of the next address control field.

B.2.9 Condition polarity select

Bit position: M24.

Function: this I-bit field selects whether the 'true' state of the above condition

or the 'false' state is the one that will result in the conditional operation being

carried out.

Bit value 0 - FALSE state tested

Bit value I - TRUE state tested.

Qualifying condition: this field will be effective only if a conditional operation

has been selected by the contents of the next address control field.

B.2.10 Clock instruction register field

Bit position: M25.

Function: this single-bit field causes the instruction register, that is IC21 and

34 on CPU board I and the instruction register on the AMD computer control unit board to

be loaded at the end of the current micro-cycle if its value is ZERO.

Qualifying condition: none, this field is always active.

B.2.11 ALU source control

Bit position: M26 through M28.

Function: this controls the selection of the sources to the ALU R and S inputs

within the 2901 chips. The effect of the various bit patterns is described fully in

AM 2901 data.

Qualifying condition: none, always active.

B.2.12 ALU most significant byte function

Bit position: M29 through M31.

Function: controls the function carried out by the ALU in the most significant

2901 pair in the array. The detail of this is specified in AMD data on 2901.

Qualifying condition: none, always applicable.

B.2.13 ALU least significant byte function

Bit position: 1132 through M34.

Function: as section 2.11 but applies to the least significant pair of AM 2901

chips in the array.

B.2.14 ALU destination control

Bit position: M35 through M37.

Function: controls the destination of the data from the ALU in the 2901 chips.

This is fully specified in AM 2901 data.
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Qualifying condition: none, always active.

B.2.15 External register select

Bit position: M38 through M441.

Function: this 4-bit field, selects which external register (io register in the

file external to the 2901 array) is to be either read or written to or both. The binary

number placed within the field is the number of the register that is to be selected.

B.2.16 Internal register a select control field

Bit position: M42 and M43.

Function: this field selects the source of the information that will be applied

to the 2901 array A input and selects which of the 16 internal registers will appear at

port A of the internal register file.

Sources for this 'A 7egister' address are as follows:

Bit pattern in field Source for A register address

00 Bits 8 through 11 of the instruction

stored in the instruction register (ie the

(;RI field of the 1750 instruction).

01 Bits 12 through 15 of the instruction storedr in the instruction register (ie the GR2

field of the 1750 instruction).

10 Bit 3 of the address CMSB) is set to zero,

Bit 2 is set to one and bits I and 0 come

from bits 5 and 6 of the 1750 instruction.

This means that the base register is correctly

selected as register 4, 5, 6 or 7 using the

base register select field of the 1750

instruction.

Qualifying condition: this field is always active, and is applicable if the

register file within the 2901 chips is being used.

B.2.J7 Internal register B select control

Bit position: M44 and M45.

N Function: identical to 2.15 except that it applies to the 'B' port of the 2901

internal register file.

B.2.18 Internal register A select modifier

Bit position: M46 and M447.

Function: the contents of this field are added to the register A address derived 0

in the manner described in section 2.15 before the address is applied to the 'A' inputs

of the 2901 array.

Qualifying condition: none, always active.
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B.2.19 Internal register B select modifier

Bit position: M48 and M49.

Function: as section 2.17 but applies to the 'B' port of the internal register

file within the 2901 array.

B.2.20 2901 'D' input source select

Bit position: M50.

Function: this single-bit field selects the source of the data applied to the 'D'

input of the 290) array. A zero in this field selects the A-bus as the source of this

data (is the output of the external register file). A one in this field selects the

D-bus as the source of this data.

Qualifying condition: none, always active.

B.2.21 Status register enable field

Bit position: M52 and M53.

Function: bit M52, if low enables the part of the machine status register in the

2904, subject to which individual bits are enabled by M20 through M23, and as specified

by the status and shift control field. Bit M53, if low, enables the micro-status

register within the 2904 for loading as specified by the status and shift control field.

r Qualifying conditions: none, except as mentioned above.

B.2.22 Main clock control field

Bit position: M58 through M62.

Function: the bits in this field, when set to one, enable the clocking of various

parts of the system as specified below:

Bit 0 (M58) causes the 2901 array to be clocked

Bit I (M59) causes the external register file to be clocked

Bit 2 (M60) causes the micro-interrupt controller to be clocked

Bit 3 (M60) causes the auxiliary clock field to be enabled

Bit 4 (M62) causes a memory/IO cycle to occur as specified by CO and C1.

B.2.23 AM 29803 control field

Bit position: M63.

V Function: this single-bit field, when set to one, causes the 2901 'A' register

address, derived in the way specified by the field described in section 2.15, to be ORed

with the least significant 4-bits of the next microcode address. This allows a jump to

be performed modified according to the contents of some part of the instruction register.

B.2.24 D-bua control field

Bit position: M54 through M57.

Function: this field controls the sourcing of data onto the D-bus as follows:
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Bit pattern D-bus source

0000 None - transceivers are also disabled.

0001 2901 array sourced onto D-bus.

0010 Sources memory data register onto D-bus.

0011 Sources external register file onto D-bus.

0100 Sources fault flag register onto D-bus.

0101 Sources machine status register.

0110 Sources manual data switch field.

0111 Sources register select switch field.

1000 Sources microprogram data insertion field.

1001 Sources timer A onto D-bus.

1010 Sources timer B onto D-bus.

Qualifying conditions: none, always active.

B.2.25 Micro-interrupt control field

Bit position: M42 through M45.

Function: this field controls the micro-interrupt unit - IC44. The bits of the

field are connected direccly to the instruction inputs of the 2904. Bit 0 of the field

is connected to 10 and Bit 3 to 13.

Qualifying condition: bit M60 must be high before the instruction will have any

etffect on the 2914.

B.2.26 Machine interrupt control field

Bit position: M46 through M49.

Function: this field controls the operation carried out by either or both of the

machine interrupt controllers (IC47 and 48). Bit 0 of the field is connected to 10 of

the 2914 instruction and bit 3 to 13.

Qualifying condition: the field affects either or both of IC47 and 48 only if

either of bits M3 are high and the ENAUXCK bit M61.

B.2.27 Machine stetus bit enable

Bit position: M20 through M23.

Function: this field controls the enabling of individual bit loading of the

section of the machine status register in IC41. Bits are allocated as follows:

Bit 0 - not enable Z

Bit 0 - not enable C

Bit 2 - not enable N

Bit 3 - not enable P (this bit is allocated to OVR in 2904 data).

The status bit loading is enabled when the appropriate bit is LOW. o

Qualifying conditions: bits in the status register are only enabled by this field

if the machine status enable - bit M52 is also LOW.
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AMD 'AMDASM' DEFINITION FILE
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