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SECTION 1
INTRODUCTION

1.1 SCOPE OF DOCUMENT

The intent of this document is to present enough information to
permit a person with a solid assembly language and machine
language programming background to prepare complete microcode
programs. This includes a study of what is feasible through

the use of microcode; the algorithms that are appropriate; and

a discussion of good practices for coding, assembling, debugging,
and executing microcode. The largest body of material to be
covered is a detailed description of the way that the microcode
controls the individual hardware components in the machine.

The document begins with the simplest description of microcode
control and slowly builds on that description until the complete
capability of the 64-bit microcode word is demonstrated.

1.2 WHY MICROCODE

The fundamental reason for implementing an algorithm or function-
ality in writable control store rather than in standard users'
software is to gain an increase in performance. Execution speeds
of microcode algorithms versus software algorithms can be
expected to be at least twice and perhaps as many as ten times as
fast. Secondly, there are capabilities that exist in micro-
coding that simply are not available to the standard user-level
software. Examples of these capabilities include: the ability
to build custom high-speed I/0 disciplines, the ability to
implement different memory management techniques other than the
virtual memory which is available standardly, and the ability to
do byte operations directly on memory. Examples when microcoding
may be justifiable include (1) customer algorithms, (2) emulating
a different machine architecture, (3) adding new instructions, and
(4) building high level language run-time interpreters.

1.2.1 Custom Algorithms

A custom algorithm that might be put in microcode should be an
easily and completely definable set of operations to translate

or reduce data from one form to another. Additionally, this one
algorithm or operation should be the major function of the machine
so that the improved speed of the execution of this algorithm can
be directly translated into improved system performance. Examples
of algorithms that might be appropriate include a fast Fourier
Transform or any of the standard statistical calculation equations
(means, deviations, significance calculations and so forth).
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Whether a function can be profitably put into microcode is primarily
a question of economics that depends very much on the situation.
However, some functions are technically more likely to profit from
being microcoded than others. In particular, table reductions
involving many additions and subtractions and perhaps multipli-
cations and division, temporary storage, and different paths of
operations depending on the particular value of the in-process
calculation could be more profitably microcoded than another
algorithm that is fundamentally a simple translation of one table

to another. The reason for this relative advantage is that, if
there are many calculations and decisions and relatively few memory
references, a programmable machine with a typical memory referencing
instruction of slightly over one and a half microseconds is
substituted for a programmable machine with an arithmetic or
decision time of 200 nanoseconds.

Unfortunately, the main memory still runs at the same speed it
always did, so if the microcode algorithm is primarily high-
speed memory bound, relatively smaller improvements in execution
time can be expected.

Another factor to consider when deciding if a custom algorithm

is worth microcoding is to determine if the algorithm is already
microcode limited when it is coded in assembly language, This

could be true if the assembly language code consists primarily

of multiplies, divides and long shifts where the majority of the
execution time is determined by the speed of the microcode processor.

1.2.2 Emulating Machines

In emulating, the intent is to substitute the standard Prime
Computer Instruction set for that of some different machine,
probably with a different architecture. The primary motive for
this activity is normally to take advantage of existing software
and some other assembly language. In this case, there are two
sides to the feasibility question. It's obvious that Prime
itself was able to build an instruction set in microcode so
that, of course, the task is in some sense useful. However,

it is also true that a moderate amount of special hardware

help specific to the Prime instruction set is available in the
standard Prime Computer that would not be available when
emulating a different machine.

1.2.3 Adding Instructions

Adding instructions to the Prime instruction complement is
feasible and useful in a number of ways. Examples of potential
candidates for instructions to be added would of course include



both user-specific instructions and, potentially, other
general-purpose instructions that are not part of the Prime
repertoire. Testing, setting and resetting particular bits
in memory is an example of an instruction that could be added
to the standard Prime instruction set using microcoding
techniques.

1.2.4 High Level Language Run-Time Interpreters

An example of a high level language run-time interpreter is a
set of microcode that executes using a table generated by a
Basic compiler, at least as far as computational tasks are
concerned. In general, a run-time interpreter differs from
the emulation of a complete machine since I/0 device handling;
and perhaps file handling may be done by calls to standard
systems software or assembly language I/0 file handling routines.

1.3 WHY NOT MICROCODE?

Aside from the restrictions placed on the suitability for using
microcode in the previous four paragraphs, there are other
factors that must be considered before embarking on a micro-
coding project. The first of these is the question of develop-
ment time. Because microcode is much closer to the hardware
logic of the machine, it is much further from the aids that can
be given to the programmer such as higher level languages and
on-line debug. Second, many attributes of the Prime Computer
that are normally assumed to be part of the hardware specifica-
tions of that computer are, in fact, microcode routines. Such
features as DMX latency; in fact, all of the I/O functionality;
the operation of the control panel; and the basic instruction
fetch can be affected in non-obvious ways by errors in the new
or added microcode routine. Of course, the fact that these
features are microcoded can be considered as an almost undreamed
of flexibility to be exploited in specific application-oriented
sets of microcode.

Another factor that must be considered before serious attempts
at microcoding can be considered is that of microcode space
available for the function. The writable control store capa-
bility is limited to 256, 52-bit microcode words. Examples of
the amount of functionality that can be put into that space
are: the complete Prime Instruction Set including DMA occupies
only 256 words and the single precision floating point package
occupies 185 words of microcode. Of course, the total microcode
address space is much larger than 256 words. However, standard
Prime hardware for the processors offered to date does not
implement this entire address space.



1.4 IMPLEMENTATION AIDS

1.4.1 Writable Control Store (WCS)

The logic for Writable Control Store is contained on a printed
circuit board that connects to the Prime 300 central processor
printed circuit board by cables on the back of the processor
board and by the I/0 bus backplane. This board implements
256, 52-bit words of very high speed RAM. This memory may be
written into using PIO instructions and then may be entered by
executing any of the enter and execute class of instructions
implemented on the Prime 300. For more details, refer to
Section 8.5, '"Writable Control Store Board".

1.4.2 Microcode Assembler

The microcode assembler is a macro package inserted into a file
of microcode source language. This macro package is used by
the standard Prime macro assembler (PMA) to assemble the
microcode source statements. As a result of this two-step
approach to microcode assembly; and also because of the
complexity of the microcode word, microcode assembles at the
rate of about one line of object code per second. The minimum
configuration on which a microcode assembler package can be
expected to work is a 32K DOS/VM system. Features of this
assembler are described in Section 8.3.

1.4.3 Microcode Debug Package

To be specified.
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SECTION 2

MICROCODE CONTROL OF THE CPU

2.1 DESCRIPTION OF THE MACHINE

For the purposes of discussion, the hardware processor board
may be divided logically into three major sections. The first

section is the control logic, the second section is the controlled

logic, and the third section consists of three major subsystems.
The subsystems are memory, I/O and parity. Each of the three
major sections of a machine is directly controlled by a field or
combinations of fields in the microcode. For a diagram of these
fields, refer to Appendix A, Figure 2. In addition, each major
section has features and capabilities that are only controlled
by the microcode and functionalities that are completely and
totally implemented in hardware.

2.1.1 Control Logic

The control logic is illustrated in Figure 2-1. The “function-
ality implemented in the control logic includes sequencing of
the microcode to the next instruction or returning to the fetch
cycle. A microcode trap capability is available that uses a
three-deep push-pop stack and can interrupt normal microcode
sequence on any one of 16 potential events. Finally, the
control unit can be used for subroutine linkage via the same
three-deep stack that is used by the microcode trapping
capability. The primary purpose of the control logic is to
obtain the control word to be executed in the next read-only
memory cycle, and have it read into the register control

memory (RCM) at the end of the execution of the current cycle.
The signal TRCML is used to change the state of the control
memory. The microcode control of the control unit is primarily
through fields 2, 11 and 12.
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Figure 2-1
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2.1.2 Controlled Logic

The controlled logic forms the main body of busses, registers
and logic operators to be used in performing the data manipula-
tion desired. Figure 2-2 illustrates the major components of
the controlled logic. The basic structure consists of two
busses, bus B and bus D with registers and arithmetic and logic
unit (ALU) suspended in between. All data paths are 16 bits
wide with parity per byte for a total of 18 bits, unless
otherwise indicated on Figure 2-2. The microcoder has
available in a given micro-instruction three registers for
holding in process data: RY, RM and the selected register
file register. The register file can be read and be written
into the same micro-step. However, only one register within
the file can be operated on in the same micro-step. Shifting
is accomplished by selecting the appropriate path from the

ALU to the D bus. The arithmetic and logic unit is the
standard 72-181 TTL device. This means it can add and
subtract the full 16-bit numbers in parallel, it can increment
the A input or the B input, and it can perform 16 logical
functions on the A and B inputs. The microcode fields that
control this logic are fields 1, 2, 4, 5, 6, 7 and 8 with a
little bit of help from the others.

2.1.3 Major Subsystems

The memory subsystem adds two busses to the control logic in
Figure 2-2. These are the BMD or Memory Data Bus and BMA or
Memory Address Bus. Figure 2-3 illustrates the components of
the memory subsystem. Note that the paging hardware shown
requires microcode support in order to implement a virtual
memory system. Microcode field 9, primarily, controls the
memory subsystem. The clock field (#8) controls the time
when data is taken from the memories and put into RM. The
basic memory control timing signals, and the complete activity
of memory referesh, is controlled by hardware in the box
labeled Nemory Timing in Figure 2-3.

The input/output subsystem illustrated in Figure 2-4 includes
the two bidirectional buses, Bus Peripheral Data (BPD), and
Bus Peripheral Address (BPA) in addition to a hardware box
that generates the various input/output control signals under
control of microcode fields 6 and 7.

The parity subsystem is entirely implemented in hardware,
except it can be enabled and disabled using RCM bit 7 and/or
PARIM. This is evident from Figure 2-5. Logic consists of
a number of independent parity error detection circuits with
their outputs ORed together to determine if any of them has
discovered a parity error.
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Figure 2-2
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Figure 2-3,
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Figure 2-4
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Figure 2-5.1

PARITY DETECTION LOGIC DIAGRAM

Parity
error
detected

Set Machine
Check FLOP

™~

fem. Read”
Error
7-No

Cause ﬁ\\
Vector fach. ™ ///”T\\\\
Through ngigd res JU-verify ’;gYes »
Loc 67 § ? ppion
Reset No No
Machine l P
Check 7
i : : /Go to
7 ‘Reset machine | { :
'Check and \ U-verify
iparity ., ’
y ;Interrupt mode N
Continue !
processing but #
leave machine
All 1's to
check flop set the address
lights

Halt Process-

ing. (Go to

control panel
U-code)

2-8



2.2 INTRODUCTION TO MICROCODE

2.2.1 Register-to-Register Transfers

The simplest microcode operation is transferring information
from one register to another register. The first example is
the transfer of a register in the register file to RM. 1In
order to do this, the appropriate register must be selected;
the register file must be allowed on the Bus D; and, finally,
the results must be put into RM. In this example, it is
assumed that RA was the register to be selected. Section
2.2.2, Example 1 shows the microcode fields that must be encoded
to perform the desired operation: transfer of register A to
register M. The unfilled fields have no effect on this
operation. Also, in Example 1, the abbreviated form that
indicates the same operation using the p-code (microcode)
assembler is shown below the listing of each field.

Figure 2-6, the short dashed lines show the path that the
data takes on this transfer.

For the next example, it is desirable to take information in
RM and move it back down to RA in the register file. To do
this, RM is selected as the source of bus D; and, finally,

the register file must be used as the destination of the
information on bus D. As Section 2.2.2 Example 2 shows fields
1, 2, 6, 7 and 8 in the microcode must be used to select this
particular data transfer. Again, none of the other fields are
used. The short-hand or RR form of expressing this transfer is
also illustrated. The RM to register file (RA) transfer is
illustrated using dotted lines on Figure 2-6.

It should be clear from looking at the fields used in these
two examples that microcode field 1 selects the source on the
D bus, field 2 selects the source on to the B bus, fields 6
and 7 combined select a particular register in the register
file, and field 8 determines the destination register from
the D bus.

With this much information, it is possible to construct the
entire set of register-to-register operations, Section 2.2.2
Example 3 shows the microcode sequence that interchanges the
information in register A and register B. These two registers
are assumed to be two of the 32 registers in the register

file. The execution of code sequence accomplishes the function-
ality of the Prime instruction IAB.

For a final example of register-to-register transfer, consider

putting the value 1 into register A. Numbers, masks and
general data that are known by the micro program can be emitted

2-9



Figure 2-6
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on to bus B by using the RCM source on bus B, If the microcode
field corresponding to the bus B data is field 12, field 11
must be set to a zero to signal the control unit to interpret
field 12 as data. Section 2.2.2 Example 4 shows that microcode
fields 1, 2, 6, 7, 8, 11 and 12 are used in order to transmit

a 1 from the control memory to register A, This operation is
used to execute the Prime instruction LT or Logicize True.

2.2.2 Examples for Section 2.2.1

Example 1:

Field

1 2 3 4 5 6 7 8 9 10 11 12
RF -- -- -- .- M RA RM -- -- -- --

(Short Form)

RR RA =5 RM
Example 2:
BB RM -- -- -- M RA RF -- -—- -- --
(Short Form)

RR RM = RA
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1 2 3
RF -- -
RF -- -
BB RY -
BB RM -

(Short Form)

Example 4:

1 2 3
BB RCM --

(Short Form)

RR

=2 =X X =X o

RB
RA
RY
RM

RCM

2-12

7
RB
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RA
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= RY
=> RB
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7 8
RA R
=1 =y RA

RY
RF
RF

F

11
DATA

12
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2.2.3 Transfers Using the Arithmetic and Logic Unit (ALU)

Suppose that it is desired to add two numbers together, the
first of these numbers is in RM and the second of these

numbers is in RA. The results are to be put in RA. The first
step is to get the correct data at the inputs of the ALU. This
is done by selecting RM as the source for the B bus, and RA as
the register file register. Next, the ALU must be conditioned
to add, which is done by selecting the add function in the
combined fields 4 and 5. Finally, the results have to be put
back into the register file (RA) by selecting AL as the source
of bus D and the register file as the destination of the
operation. Section 2.2.4, Example 1, shows the microcode fields
that are used to perform this activity. At this point, half

of the capability of one microcode instruction is being used.
Note the different format available for shorthand indication

to the microcode assembler of this addition operation. In
general, operations that use the arithmetic and logic unit
(ALU) can be requested using the ALU macro of the microcode
assembler. The line of X's on Figure 2-6 shows the active data
paths for Example 1.

As is obvious from the Section 2.2.4 Example 1, fields 4 and 5
combine to control the Arithmetic and Logic Unit operation that
is performed on the incoming data. The complete set of ALU
operations are found in Appendix B.

Associated with the Arithmetic and Logic Unit are three flip-
flops. The first to be discussed is the carry bit, also

called the C bit, or FCBIT. This is a one bit storage register
that can be loaded using field 9 of the microcode. The C bit
can be loaded with any one of six different signals upon
request: arithmetic overflow (AOVFL), shift overflow (SOVFL),
but D bit 1 (BD01), RF01l, 16-bit ALU carry (COUT), and the

link source, (or divide overflow (DIVER)). The other two
flip-flops are called the condition code and always contain the
high order bit of the results of the ALU in one flip-flop and
an indication if the results were equal to zero in the other.
Whenever field 10 of the microcode says SET CC, the condition
code can then be used in conjunction with the conditional
branching logic to make a decision about the relative size of
the number; equal to 0, not equal to 0, greater than 0, less
than 0, etc.

The division of functions between fields 4 and 5 of the micro-
code in controlling the arithmetic and logic Unit may now be
inspected more closely. Field 5 is used to specify use of
arithmetic or logic mode for the adder. If arithmetic mode

is used, field 5 is used for carry-in: 0, 1, or the C bit must
be considered. Field 4 directly encodes one of 16 arithmetic
or logical functions available in the ALU integrated circuit.
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Section 2.2.4, Example 2 is an attempt to put together what
has been learned about ALU and RR type microcode operation.
This double precision add, assumes that registers A and B
are to be treated as a standard double-word number, and the
new second double-word number to be added to this register is
now stored with the high order half in register 13 and the
low order half in the M register (RM). As example 2 shows,
it takes four microcode steps to complete a double precision
add. In the second step, the high order bit of RB must be
masked out. This bit would have been set if there had been
overflow on the first add step. In the fourth step, it is
possible to use the C bit that was established in the first
step; and at the end of the operation, reload the C bit with
the new overflow information.

It is also possible to use the ALU to perform single input
operations and to generate constants of either minus 1 or 0.

2.2.4 Examples for Section 2.2.3

Example 1:

Field

1 2 3 4 5 6 7 8 9 10 11 12
AL RM -- ADD 0 M RA RF -- -- - -

(Short Form)

ALU RA PLUS RM => RA

2-14



Example 2:

1 2 3 4 5 6 7 8 9 10 11
AL RM -- ADD 0 M RB RF  AOVFL -- --
AL RCM -- AND L M RB RF -- -- DATA
RF —=  —= o .M 13 RM -- o
AL RM -- ADD CBIT M RA RF AOVFL -- --
(Short Form)

ALU RB PLUS RM => RB C=AOVFL

ALU RB AND RCM = $7FFF =RB

RR 13 => RM

ALU RA PLUS RM + CBIT =>RA

C = AOVFL

2.2.5 Shifting

Shifting is accomplished in microcode using the bus D source.
RFRS or RFLS are the two inputs most frequently used for shift-
ing. RFRS, for instance, means that each output of the register
file is shifted right one place before it is brought to the
output of the D bus. The difficulty of shifts is that the
information to be shifted in one end can be different coming
out, depending on the functionality that is wanted with the
shift. In addition, there exists a one bit link that can be
loaded with a variety of signals for use in multiple precision
shifting operations.

The loading of the link and the various end conditions that are
to be used are combined and are called the shift and end
conditions. Microcode fields 2, 4 and, to some extent 9, are
used to determine the appropriate shift/end conditions. Micro-
code fields 2 and 4 are available because, in a typical shift,
bus B and the ALU are not used.

2-15



There is no logical reason for the choice of the bit patterns

in fields 2 and 4 and for the end conditions that are generated.
As a result, shift and end conditions must be chosen from a table
(Appendix A Field 1). There is no choice but to look up the
appropriate bits to put into fields 2 and 4 in order to select
the particular shift and end conditions for the direction that
one wishes to shift. In Example 1, Section 2.2.6, the objective
is to do a right rotate of one place on RA and put the results
back into RA. From the shift and end condition for bus D select,
it is determined that a rotate end condition requires the selec-
tion of the 2, in field 2, and a 0 in field 4. Fields 1, 6, 7
and 8 are filled in as required to get the correct bus activity.
For shift operations, there is no equivalent to the ALU and RR
short cut macros, and the entire microcode word must be written
out. These are called CPU macros. Fields not used in the

CPU macro must have the default microcode selection put in their
place. Fields 3 and 10 are the only ones that have default values
other than 0. Default for field 3 is a 2 and the default for
field 10 is a 4. Section 2.2.6, Example 2, illustrates a double
word long logical left shift (LLL) of one place. In this case, it
takes two instructions to accomplish the shift because only

16 bits can be shifted at one time. However, it is important
that the bit that is shifted out of the low order half (in this
case, RB) be saved for shifting into the high order half on the
second half of the shift. To make this easy to accomplish, there
is a single bit register called the Link that is loaded from a
source selected by the same shift and end condition fields

that have already been used (fields 2 and 4). However, the

Link is loaded only if field 9 is being used to select one of

the sources for the carry bit or if the selection is LINK.
(Numerically, codes 1 through 7 enable the Link to be loaded.)

In the example, the carry bit is loaded with the high order bit
of RA that would otherwise be lost in a single left shift.

The proper end condition for the RB shift should put a 0 into

bit 16, shift bit 2 into bit 1, and load the Link with bit 1.
From the table of shift and end conditions (Appendix A Field

1) the first shift and end condition shown (encoding a 7 in

both field 2 and field 4) provides the proper results. For

the high order shift, the Link is loaded into bit 16, and

RF0Z is put into RF0l. A shift and end condition that accom-
plishes this is a 3 and a 7 in fields 2 and 4, respectively.

Note that a 3 and 6, or a 3 and 9 shift combination would have
worked as well, because it does not matter what value goes into
the Link bit.

To count the number of shifts made, a general purpose 8-bit
scratch shift counter register (RSC), was created outside of
the register file. This counter can be loaded from bus B and
can be read in as the low order half of bus B. Field 10 of
the microcode (the Independent Action Code field (IAC)) is
used to control the loading and counting of the shift counter.
There is an IAC called load shift count (LOADRSC) and another
for incrementing the shift count (INCRSC). The shift counter
incrementation takes place at the end of the ROM cycle.
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Thus, if incrementation and testing are done in the same ROM

cycle, the test reflects the count before incrementation.

In

Section 2.2.11, Example 1 shows how the shift counter can be

used in conjunction with countin

on a shift.

2.2.6 Examples for Section 2.2.5
Example 1: Right Rotate
1 2 3 4 5 6 7 8
RFRS 2 -~ 0 -- M RA RF
(Short Form)

CPU RFRS 2 2

Example 2:

1 2 3
RFLS 7 --
RFLS 3 ~-

(Short Form)

RF NOP NOP

Long Left Shift

4 5 6 7 8
7 -- M RB RF
7 -- M RA RF
CPU RFLS 7
RF LINK
cPu RFLS 3
RF RFO1
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2.2.7 Branching and Subroutining

One of the primary advantages of the Prime micro-processor
design is the capability to test the results of a previous
operation and conditionally jump on those results while at the
same time performing a new and different operation using the
controlled logic.

There are a total of 64 selectable jump conditions. Of this
set, about 50 are implemented. They are listed in the microcode
field description under Appendix A, Field 11. Several have
already been discussed; they include the two condition codes,
the carry bit, and the shift counter.

In Section 2.2.8, Example 1, RA is loaded with a 0 if RA<RM,

a ""1'" if RA = RM, and a "2" if RA>RM, through the use of
conditional branches. It is necessary to test for arithmetic
overflow on the original subtract, and no destination clocking

is selected. The symbol used in the destination clocking
field (field 8) for this is clock (CLC).

The calling of subroutines in the microcode is accomplished by
using the three-deep push down stack. Two instructions are
required to enter a microcode subroutine, and one to return.
The two entry instructions are: first, to load the microcode
stack; and second, to branch to the subroutine. The return is
made using the special operator in field 11. When this special
operator is used, indicated by an S, all of the conditional
branches are still available, and with the branch condition
false, the next sequential instruction is executed. However,
if the branch condition is true, one of a number of special
actions is taken. Example 2 of Section 2.2.8 shows the stan-
dard subroutine linking using the microcode stack. Another
IAC is used to force the loading of the microcode stack.

Two other capabilities that exist, using the special operator
in field 11, are the 16-way branch and the N-way branch. The
16-way branch is similar to a regular jump except that the low
order four bits of the jump address are taken directly from
bus D. This means that any of 16 different locations is entered
starting from the address specified taken modulo 16, As an
example: if the location to be branched to is specified as T3
that is assigned to location hexadecimal 112, then; for hexa-
decimal number 0 through F on the low order four bits of the
bus D, the next microcode instruction to be executed is taken
from location 110 through 11F hexadecimal. Section 2.2.8,
Example 3, shows an example of the use of a 16-way branch.
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2.2.

The multi-way branch permits any form of decode to be done

across an arbitrarily large microcode address space.

In this

case, the entire D-bus serves as the address for the next

microcode instruction to be executed.
of bus D, any one of the 4K addressable microcode words can be

Depending on the value

accessed. It is expected that this capability be used, in

general, by building a microcode decode word.
done by masking out the low order four or five or six bits and

then ORing in the low order decode bits.

beginning at T4.

8 Examples for 2.2.7

Example 1:

*Compare RM vs RA If RA > RM, 2 =2RA

If RA

If RA < RM, 0 =>RA

2 3 4 5 6 7

RM -- SUB 1 M RA
-- -- ZERO L M RA
-- -- INC 1 M RA
-- -- INC 1 M RA
-- -- INC 0 M RA

2-19

RM, 1 =>RA

8
CLC
CLC

RF

RF

RF
CLC

9 10
AOVFL SETCC

This can be

11
JUMP
JUMP
JUMP
JUMP
JUMP

Section 2.2.8, Example
4, shows how a 64-way branch on the low order bits of RA can
be implemented, giving a start of execution after the branch

12

FCBIT TI1
LT EXIT
EQ EXIT
TRUE EXIT
TRUE T2



(Short Form)

ALU

RR

T2

ALU

ALU
ALU

T1

ALU

RA

MINUS RM

SETCC

NOP
CON
INC

INC

INC

NOP
0 =»RA

=2 NOP

RA = RA
RA = RA
RA + 0

= NULL

=> NULL AOVFL ;

C:
JUMP ON FCBIT TO T1
NOP JUMP ON LT TO EXIT

NOP JUMP ON EQ TO EXIT
NOP GO TO EXIT
SETCC GO TO T2

Note: Step Tl is necessary because overflow occurred on the

first step.

signs are unlike.

determine the results of the comparison.

The only way overflow can occur on a subtract is if the

Therefore, the sign of RA alone is sufficient to

Example 2: Subroutine two's compliments RA and returns
1 2 3 4 5 7 8 9 10 11 12
BB RCM 0 -- -- - -- CLC -- PUSHBD Data RTNA
-- -- -- -- -- - -- CLC -- -- Jump TO TCA
RTNA is the return address
continue code
TCA
AL -- -- NOT L M RA RF -- -- -- --
AL -- -- INC 1 M RA RF -- -- S TRUE POP
(Short Version)
RR RCM = RTNA = NULL PUSHRD
RR NOP =2 NOP NOP GO TO TCA
RTNA (Return Address)
TCA ALU NOT RA  => RA
ALU INC RA =2 RA NOP S ON TRUE, POP
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2.2.8 Examples for 2.2.7 (Cont)

Example 3:
1 2 3 4 5
.RF -- 0 -- --

‘Example 4: 64 Way branch

AL RCM  -- AND L
BB RM  --  -- .
AL RCM  -- ADD O
RF == -- -

.__ort Version)
ALU
RR
ALU
RR

RA

starting at

RA
RM
13
13

M

M
M
M

RA
13
13
13

AND

PLUS
= NULL
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T4

8 9 10 11

12

-- -- -- S TRUE 16WAYS T3

RM  -- -~ DATA
RF  -- - -
RF -- -~ DATA
- - - s
RCM  =$3F =>RM

RCM = T4 = 13

NOP S TRUE, BD

$3F

T4
TRUE, BD



2.2.9 Traps

Field 3 controls the enabling of the trap logic in the Prime
microcode. Of the 16 total possible microcode traps available,
15 are placed in one class and the other trap (DMX) is placed
in another class. Each of the two bits in microcode field 3
controls the trap associated with it. If the bit is set, the
traps are enabled for that ROM cycle; and if the bit is reset,
the traps are disabled. The mnemonics for controlling these
are shown in Appendix A, Field 3.

The Appendix D describes each of the traps and, in general,
the interrupts they generate. However, there are a few rules
that the microcoder must keep in mind with regard to the trap.

Rule #1: in general, all traps but DMX are always enabled.
This is automatically selected by the RR and ALU macros unless
specifically requested otherwise.

Rule #2: DMX traps must be permitted no less frequently than
once every 1.5 microseconds or system DMX latency is compromised.

Rule #3: traps must be disabled if bad parity can be generated
as a result of a particular operation, and that parity must be
corrected by running the offending data through the adder in any
of the adder's modes before traps can be re-enabled. Bad

parity can be caused by the following:

1. Willful generation of bad parity using the RCM EMIT
pseudo-op instead of the DATA pseudo-op in the CPU
macro.

2. Inputting data from device address 20.
3. Inputting serial interface.

4. Reading from a non-existent memory location, or a
location already containing bad parity.

Rule #4: When the microcode stack is explicitly pushed in a
microcode instruction, the trap logic must be disabled, because
the control logic can only push one item into the stack in one
micro-step. The trap logic must save the microcode return
point in the stack so the PUSHBD independent action code and
the DECODE step must both have traps disabled. Similarly, if

a multi-way or 16-way branch is executed, no returnable trap
can be permitted (DMX, Page, or Address).
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Trap codes:

0 None

1 DMX (only)

2 NX (all but DMX)
3 ALL

for RR and ALU macros, use TR= if traps different from the
explicit traps are to be specified.

Rule #5: if a 160 nanosecond clock is selected, traps must be
disabled. The reason for this is: the control unit cannot
successfully determine if there is going to be a trap in 160
nanoseconds. Section 3, microcode timing in greater detail.

The Restricted Execution trap feature is available using field
10 codes RXM and RXMF. Use of these IAC's forces a trap if
the p-code step is executed while the machine is running in
Restricted Execution or virtual mode.

Restricted Execution traps occur after the execution of the
instruction following the one that had a field 10 of RXM or
RXMF. If traps are disabled in the next instruction executed,
the RXM trap is missed. Careful attention must be paid to

all possible sequences (Address traps, DMX breaks, etc.) to
ensure that the RXM trap unequivocally occurs.

Section 2.2.10 Multiply and Divide

Special hardware in the Prime Computer enables the more rapid
execution of multiply and divide than would otherwise be
possible. The special multiply logic permits the automatic
selection within a microcode step of either the arithmetic

unit output or the register file output, depending on whether
the link contains a 1 or a 0 at the beginning of the cycle.
This special hardware permits two microcode steps executed

15 times to perform a full 16-bit multiply leaving a 32-bit
result. The algorithm employed is always shift, adding only
if the bit of the multiplicand is a 1. Section 2.2.11, Example
2, shows the set up and operation of the standard muliply 1loop.

A new feature of the microcode must be introduced in order to
be able to activate the special multiply logic. This feature
is called the emit-action code (EAC). It is analogous to
field 10, except the emit field must be dedicated in order to
use the emit-action code. If field 11 is coded as EAC or a
2, then field 12 can contain an emit-action.
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Division is not so straightforward. However, there is also
some special hardware that permits a non-performing style of
divide to be implemented more efficiently. This hardware is
similar to the special hardware used by the multiply. It is
turned on from the microcode using an emit action code, and it
also causes an automatic selection of the arithmetic unit or
the register file on the D bus. The difference, however, is
that the divide logic monitors the high order output bit of the
ALU and compares it to the previous high order ALU bit stored
as part of the condition code. If the two bits are the same,
then the ALU output is selected. If the bits are different,
the register file output is selected. The correct shift and
end conditions are selected if either an add or a subtract
operation is being requested of the ALU.

Divide is more complicated than multiply because division by
unlike signed numbers does not map as nicely as multiplication
by signed numbers. A complete divide, including a properly
signed remainder, involves a fair amount of clean up or end
condition fix up at the completion of the basic divide loop.
For details of what is required, see Appendix C '"Microcode
Listings'" for the divide. However, it is possible to demon-
strate the basic inner divide loop. Section 2.2.11, Example
2, illustrates this loop for divide.

A non-performing divide was selected because the decision to
perform the arithmetic operation or the shift on a bit-by-bit
basis is faster than a standard restoring divide and requires
much less microcode than a standard non-restoring divide.
Non-performing divide means that the sign bit of the attempted
arithmetic operation is monitored. If the sign of the remainder
being accumulated would be changed by allowing the operation to
be completed, the operation is not performed. Instead, the
partial remainder is shifted one place to the left. For a

more thorough explanation of various ways to divide using two's
complement arithmetic, refer to Floresl.

The divide logic information, whether to perform the subtract,
is also significant for more than switching the source of the
D-bus. If a quotient bit of one is obtained and the subtract
is performed on the first iteration (assuming like signed
numbers), then the division has had an overflow. Because the
information on whether the first arithmetic operation was
performed indicates divide overflow, it is available as one of
the conditions selected to be loaded into the C bit. Finally,
the perform-or-not information is, in effect, the quotient bit
for that cycle of the divide algorithm. This is available to
be loaded into the link if the standard divide microcode step
is used. The link can be emptied into a separate register

(or back into the low order register as in the standard divide).

1. Flores, Ivan: Logic of Digital Arithmetic
Prentiss Hall, Inc., 1963
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2.2.11 Examples

Example 1 MPY RB * RA:
RR RA => RM

* Load shift counter = - 15 and zero out RA
CPU AL RCM NX ZERO L M RA;

%

CPU

*

* %

CPU

CPU

* Multiply
* (with no
* again.

ALU

RF NOP LOADRSC;
DATA - 15

Now Load 1link with LSB of RB

RFRS 5 NX 6 0 M RB;
RF LINK

Main MPY Loop - first step uses special MPY aid

Switching between ALRS and RFRS depending on the
state of the link

ALRS RM NX ADD 0 M RAj
RF LINK NOP
EAC MPYLOGIC

RFRS 0 ALL 6 0 M RB;

RF LINK INCRSC;
JUMP ON RSCNEMl1 to * -1

Loop is finished except for final Subtract
shift). The same special logic can be used

RA Minus RM = RA c = AOVFL;
NOP EAC MPYLOGIC
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Example 2:

* ¥ X %

Divide RA!RB (positive)/RM (positive)

Quotient => RB
Remainder => RA

Set condition code = positive, Divide overflow

is detected if first subtract yields a positive

result because 16 magnitude bits (or mcre) are required
to hold correct results and we only have 15.

CPU - RCM NX ZERO L 0 O,
CLC NOP SETCC;
DATA -15

Test for error (overflow)

CPU ALLS RM NX SUB 1 M RA;
CLC DIVER NOP;
EAC DIVLOGIC

Pre-load link - exit on error

CPU RFLS 3 ALL 3 0 M RB;
RF LINK NOP;
JUMP ON FCBIT TO DIVER

Main loop - 15 iteratibns, 1 quotient bit/cycle
first must = 0.

CPU ALLS RM NX SUB 1 M RA:
RF LINK NOP;
EAC DIVLOGIC

CPU RFLS 3 ALL 3 0 M RB;
RF LINK INCRSC;
JUMP ON RSCNEMl1 to * -1

final iteration must not shift remainder. First ins.
sets up link.

CPU ALLS RM NX SUB 1 M RA;
200 LINK NOP;
EAC DIVLOGIC

CPU AL RM NX SUB 1 M RA;

RF NOP NOP;
EAC DIVLOGIC

CPU RFLS 3 ALL 6 0 M RB;
RF
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SECTION 3
TIMING
3.1 INTRODUCTION TO TIMING

One of the relatively unique features on the Prime microcode
is the ability for every microcode step to specify the time
needed for that step to execute. The clock control microcode
field (field 5) permits any 16 combinations of destihation
registers and time. Timing is specific to a particular micro-
code processor and also specific to the microcode address
space from which code is being executed. As a result, the
timing for a particular instruction is processor dependent.
Because the previous sections have been general, no clock or
timing information has been included. On both a Prime 200 and
Prime 300 Central Processor, the various clocks available
range from 160 ns up to 280 ns. If the microcoder uses the
CPU Macro, a decision must be made as to which of the clocks
is appropriate to the activities commanded by the other fields
in that microcode instruction. In addition, if an operation
must take longer than 280 ns, it is possible to have two
identical microcode instructions differing only because the
first has a 200 or 280 ns microcode clock without changing

any of the registers. This can permit clocks of 440 or 480

or 400 ns to be a construction of two successive microcode
steps.

The clocks also control the destination registers so that a
typical clock would be RM200 to specify that register M should
be updated 200 ns after the start of the cycle. For the full
list of clocks for a Prime 200 and a Prime 300, see Appendix
A, Field 8. The Prime 100 clocks control the same destination
registers as those for the Prime 200 but the times for all
clocks are 360 ns for a single step.

Another functionality within the clock field is automatic
coordination with memory. It is possible to select a clock
into RM on MRDY. This forces the memory data bus to be loaded
into RM after the memory in access is complete. Similarly, it
is possible to load RY conditional on Y busy. This delays the
changing of state of RY until the memory is finished with that
register. However, there are minimum times associated with
these clocks. Even if the memory cycle was started several
micro steps in the past, there is still a minimum time
associated with the particular ROM cycle.

3.2 TIMING CONSTRAINTS
Different models of the Prime family have different basic timing
constraints. The basic timing constraints for different
functions are as follows:

For the control unit on a Prime 200, if traps are disabled

(TR = 0 or None), and there is no conditional branch specified,
the minimum time to perform an activity is 160 ns. If traps
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are enabled or if a conditional branch is permitted, the
minimum time lengthens to 200 ns. Finally, in the control
unit, if an N-way or 16-way branch is attempted, the
minimum time becomes 280 ns.

For the controlled unit, times are associated with register-
to-register, ALU, multiply/divide, and shift operations;
each of which could take a different length of time. For
the Prime 200, those times are, respectively: 160, 280,

400 and 240 ns.

.
For the Prime 300, the control unit has the same restrictions
as for the Prime 200. However, the controlled unit has been
speeded up so that ALU operations and shift operations take 200
ns; multiply, 240; and divide, 280 ns.

RY destinations on a Prime 300 are loaded 40 ns early, permitting
memory access times to be improved by 40 ns in many cases.
Unfortunately, this loading also means that if RY is both the
source and destination of a single micro-step, the results of

the adder or BB cannot be guaranteed to be stable at the end

of the micro-step. This means that the C-bit, condition code,
the shift counter, or the register file could be loaded with

bad information.

Examples:
GOOD BAD
ALU INC RY => RY ALU INC RY => RY SETCC

ALU RA PLUS =5 => (RY,RF) ALU RA PLUS RY => (RY,RF)
ALU RA PLUS RY => RY ALU RA PLUS RY => RY C = AOVFL
ALU RA PLUS RY => RA SETCC ‘

For extended microcode, whether it is in WCS or fast or slow
P-ROM, the control unit remains the same. However, the control
unit remains the same with the fast P-ROM, and 80 ns slower in
the slow P-ROM and WCS portions of the extended control store.
These extensions cause some of the longer controlled clocks to
become over 280 ns, the maximum specifiable in one cycle. When
the control unit must go to multiple cycles, a first cycle
becomes the minimum CLC and the second cycle must be a 280 ns
clock. Table 3-1 summarizes these items.

The Prime 100 is very slow and the times shown may not be
minimum, but they are the only times available.



Some microcode activities have special timing constraints
associated with them, this includes the PUSHBD independent
action code which requires a minimum 280 ns clock. JAMF and
any sort of POP off the stack require the same clock as is used
for the conditional branch. The decode step requires a minimum
280 ns clock, except for the Prime 100 that requires a 360 ns
clock. If traps are enabled, a minimum clock of 200 ns must

be chosen.

Table 3-1

Required Minimum Micro Instruction Times

WCS Micro Instruction Times

1. The following operations require 240 ns clock times.

A. Register to Register Operation
B. ALU Operations

C. Multiply Operations

D. Shift Operations

2. These operations require 280 ns clock times.
A. Microcode Branch Operations
B. JAMF Operation
C. Divide Operation

3. The 16-way branch and NOTRF16 branch require

480 nsec.
CONTROLLED UNIT CONTROL UNIT
Processor/ No *2 16-Way Not
Extension RR ALU MPY DIV Shift|Branch Branch N-Way*2 JAMF RF16
Branch Branch
100*1 360 360 360 720 360 360 360 360 360 NA
200 160 280 280 400 240 160 200 280 200 280
FPROM 200 280 280 400 240 200 240 440 240 280
300 16073200%3240 280 200%3|160 200 280 200 280
FPROM 240 240 240 280 240 240 280 480 280 480
WCS 240 240 240 280 240 240 280 480 280 480

]
1a11 single instruction clocks are 360 ns despite requests for
other clocks.

*ZSome branches off-board can be faster.
*3RY destinations are 40 ns longer.
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When working with the microcode assembler, if the CPU macro is
used, the clock chosen must be explicitly specified. However,
if the RR or ALU macro is used, the fastest clock possible
always 1s chosen by the particular macro. For example, for a
Prime 200, the RR macro chooses a 160 ns clock and disabled
traps, if there is a destination clock of 160 ns available.
If, however, a conditional branch or a '"go to'" statement is
specified, then the RR macro automatically chooses a 200 ns
clock and enables traps (TR = NX). If traps are specified
equal to something other than NONE or 0, then a 200 ns clock is
selected and the traps are put as they are specified.

The ALU macro operates in a similar fashion. On the Prime 200,
a 280 ns clock 1is selected and traps are set to NX. In the
Prime 300, a 200 ns clock is selected for the ALU macro, unless
tﬁe destination includes RY, in which case a 240 ns clock is
chosen.

To aid in the selection of the correct clocks for the ALU and RR
and CPU macros, microcode intended to execute in different
portions of P-ROM must define the label P300 equal to a value of
0, 1, 2, 3, etc., depending on where the microcode is to be
executed. For more details, refer to Section 8.1.3 on the
microcode assembler and preparing microcode for assembly.

With the information discussed so far, it is now possible to
precisely calculate the time it takes to execute any microcode
algorithm (except for the times spent waiting for high speed
memory to finish). Memory timing is covered in the next section.
There are two other factors that must be considered. The

first is trap extension time, and the second is memory refresh
time. Again, the memory refresh is covered in the next section.
However, the trap extension time is important for any algorithm
that might use address or page traps or DMX operations. If the
trap logic requests a break in the microcode sequence, the cycle
being executed is automatically extended to 360 ns in order to
allow the trap address to be propagated to the address lines

and the return address to be saved on the stack. This is why

it is a good microcode practice to permit DMX break on instruc-
tions that do a memory read and, therefore, already take longer
than the 360 ns cycle that occurs if a DMX trap is required.
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SECTION 4
OPERATING WITH MEMORY

The Prime CPU has been designed to allow easy microcode synchron-
ization with high-speed memory. Memory cycles are requested
using microcode field 9 which is also used to control the

carry bit and the 1link bit. It is possible to request a 16-bit
(word) read or a write on either of the left or the right byte
or on both bytes. These memory operations can be either mapped
or absolute. The memory cycle begins at the beginning of the
microcode step that requested it. Time for a memory cycle is
determined by the processor and memory configuration of a
particular system.

Table 4-1

Memory Cycles

Mem. Op. P100 P200 P300

Fast Slow

Read acc. 680 600 440 600
cyc. 800 720 640 720
Write 920 840 800 840
Refresh 840 840 800 840
Paged Read Acc - - 520 680
Cyc. - - 720 800

Paged Write - - 880 920
Overlapped No No Yes Yes

Write Pos?

Mapping slows down memory when paging is enabled.

With overlapped write, the memory may be started in the same
cycle that RM is loaded.

Access time is defined to be the time from the start of a u-code

command of a memory read to the time the data is clocked into
RM from memory.
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Cycle time is the time memory takes to do a full cycle and be
able to be started in another cycle.

Table 4-1 shows the timing relations for the different
memories.

Before requesting a memory cycle, it is necessary to load RY
with the desired memory address. Loading RY also ensures that
the memory is free for use because the u-code clock delays
loading RY until the current cycle is completed.

On a memory write cycle, it is also necessary to load RM. On
a Prime 200, this must be done before the memory cycle is
requested. Both RM and RY must not be altered until the
memory cycle is finished. This can be ensured by loading RY
and by the RM280 clock for RM because all such clocks wait for
the completion of the memory cycle.

For the Prime 300, a memory write cycle can be started in the
same u-code in which RM is loaded. "The RM200 clock must not

be used for this because it, like the RM280 clock for the P200,
waits for the memory to finish the current cycle. The ability
to start a memory cycle before RM is loaded saves, typically.
one u-step per memory write.

Normal memory operation of a read cycle starts a memory read
and puts the information into RM during the same p-code step.
This makes that step equal in time to the memory access. RM
is loaded from memory on any clock that is conditional on

MRDY (memory ready). The single step read operation is the
only way that guarantees that address traps the registers from
0 to '37 as memory and guarantees the paging mechanisms will
work. If neither of these capabilities is required, it is
possible to overlap memory and u-code more efficiently.

This overlap can be used to start a memory read cycle and then
use RM as a scratch register for 1 to 3 u-code steps before
loading RM from memory. The DMA and DMT pu-code illustrates
one use of this capability. However, a 200 ns clock is the
minimum that can be used to start a memory cycle, if traps are
disabled; a 280 ns clock is the minimum if traps are permitted.

Read-modify-write cycles (like IRS or IMA) on a single memory
location can be done, but the first memory cycle must be
finished before the next can begin. This can be accomplished
as follows:

1. Take RY to RM before starting the next cycle.

2. Load RM using a clock that waits for memory (RM200 for
P300, RM280 for P200).
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3. Wait long enough (200 ns after the access time for fast
memories, 160 ns for slow).

Note, this sequence fails:

(P300)
CPU 00 NX 00 0 0 RMMRDY MREAD

CPU AL RM NX INC 1 XM DISABLE RM280 MWRITE
This sequence works:

CPU 00 NXO00O0O RMMRDY MREAD

ALU INC RM => RM

CPU 00 NX OO OO 200 MWRITE
Refresh of memory normally takes care of itself. However,
refresh is of importance in timing analysis. In particular,
after requesting a write cycle, before KM or RY can be used
again, worst case timing is a full memory write cycle plus a
full refresh cycle. Of course, sKnchronization can always

be established by using a clock that waits until memory is
available for RM and RY.
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SECTION 5
I/0 OPERATION

The Prime p-code is the basic timing generator for the

signal sequences on the I/O bus. The interrelationship
between the signal generation and worst case times for the

I/0 bus is complex at best. This section of the Microcoders
Handbook is an attempt at outlining the constraints and
techniques. Detailed timing analysis is beyond the scope of
this document. The only way to guarantee results with the I/0
bus p-code interface is to allow at least as much time as is
allowed in the appropriate I/0 algorithm.

5.1 SIGNAL GENERATION
The various I/0 signals are generated from u-code fields
6 and 7. If field 6 = 2 or 3, RY and RSC, respectively, are
used as the source for the register file address. This leaves
field 7 available for uses other than register file specifi-
cation. The I/0 signals are generated from field 7. Indivi-
dual bits control each I/O signal. If more than one bit is
set, both signals are produced.
Signals can be pulses or levels, and can start and end at
different nominal times. Pulses begin and end within one
u-code step. Levels are started in one cycle and can continue
until turned-off.
Table 5-1 summarizes the nominal times and nature for each
signal.
5.2 PROGRAMMED INPUT/OUTPUT (PIO)
The sequence of signals for PIO is:

1. Load RY with the instruction.

2. Start PIO (280 ns clock minimum).

3. Wait for a valid Ready response (200 ns minimum).

4., Test Ready (280 ns minimum).
If Output transfer:

5. Enable RM to BPD (RM is assumed to be loaded).
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6. Generate Strobe (maintain RM =»> BPD).
7. Stop Strobe (maintain RM => BPD).
8. Done (stop RM =>BPD).
9. Stop PIO.
If Input transfer:
5. Read BPD
6. Generate Strobe
7. Stop Strobe

8. Stop PIO

5.3 DMX TRANSFERS

DMX sequences are more complicated. In general, the
address phase is independent from the data phase. The
address phase for a given DMX transfer is the time from the
start of DMX Enable to the start of the next Enable.

During the address phase, the algorithm must determine the
type of transfer, use the discipline associated with the
algorithm to obtain the memory address, generate a Clear
Priority Net (CPN) signal and also send out 'End of Range'
information if it is called for by the algorithm.

The link between the address and data phase is that Strobe
must begin before the address phase ends. The data phase
is when the memory is read or written into and the
transfer of information is made.

Overlapped transfers are possible in the sense that the
data phase of cycle N can be running concurrently with the
address phase of cycle N+1.

For a detailed description of the relationships required
for I/0 bus operation, see the GPIB manual.

(continued on page 5-4)
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Signal

PIO

IEN

ICPN
ICAI
ENB
DATA
CPN

STROBE

PIO

RY
PIO

IEN
ICPN
ICAI
ENB
CPN

DATA

STROBE

\

Table 5-1

Timing and Signals

Description Generate/Turn Off
Enables RY = RPA Start: RY, PIO
Generates PIO Continue: any RY or RSC in field 6
Stop: any M or XM in field 6
Interrupt Enable Start: RY, IEN
Continue: RY, IEN
Stop: any other
Interrupt Clear Pulse RY, ICPN
Priority Net
Interrupt Clear Pulse RY, ICAI
Active Interrupt
DMX Enable Pulse RSC, ENB
Enables RM = BPD Start: RSC, DATA
Continue: RSC, DATA
Stop: any other
Clear DMX Priority Pulse RSC, CPN
Net
I/0 Bus Strobe Start: RSC, STROBE
Continue: RSC, STROBE
Stop: any other
5 4o 60 -60 -yo E $ o g0 -89 40 E
__J Start Step LQQnLinue~sLepﬂ Stop step L
E
BPA 5P -
E 59
| 1
40 -40
__J Pulse l
40 Hf
~80 ~30
| | A

Times are in nano-seconds and are nominal only.
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The relationships are:
a. Enable must be generated in a 280 ns cycle.

b. At least a 160 ns cycle must pass after an enable
before the mode lines are tested.

c. CPN must be generated at least 200 ns before the
next enable.

d. END of Block information can only be valid on the
trail edge of a CPN in a 240 or 280 ns cycle.

e. Strobe must be generated in the step prior to the
next Enable.

f. Data must be read in before Strobe is ended (and at
least 280 ns after Strobe is started).

g. Data on output is only valid at the trailing edge
of Strobe. If read from memory, and if the contents
of RM are already enabled to BPD when RM is loaded
from BMD, a 240 ns cycle in which Strobe ends is the
minimum that allows the data to get to the controller.

5.4 INTERRUPT TRANSFERS

External interrupts operate similar to DMX with an Interrupt
Enable starting the process. At the end of the Enable signal,
the highest priority active device enables its address and
mode lines onto the Bus. BPCOMD2 has the meaning of Memory
Increment if true, and a memory increment operation is domne.

For normal vectored interrupts, the address lines are read to
obtain the interrupt vector location and an ICPN is issued to
clear the priority net down to the active device. The rest of
the net is cleared with an ICPCAI which is generated by the
instruction CAI.

For non-vectored interrupts, the address lines are ignored, and
the ICPCAI is issued implicitly before the ICPN.

Memory increment uses the address lines for the location to
be incremented. An End of Range signal is sent back down the
bus whenever the location is incremented to zero. The signal
is valid only at the trailing edge of ICPN.
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Timing constraints:
a. IENB must be 480 ns long (minimum).

b. Address lines are valid 280 ns after enable until
ICPN.

c. Mode lines are valid for test 400 ns (minimum) after
IENB.

d. ICPN and ICAI must occur in a 200 ns or longer cycle.
If End of Range information is given a 280 ns minimum,
ICPN is required.

The two signals cannot be generated in the same u-step.
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SECTION 6
INTERFACING TO STANDARD MICROCODE

There are only very minor differences between the basic

microcode on the Prime 300 and Prime 200/100. These differ-
ences are in the Clock Field (field 8) and are primarily the
addition of an RY240 clock and the loss of the RMRF280 clock.

Other differences have been explained in the previous sections.

Register assignments are common to both Prime 200 and Prime
300. These are:

Loc Name/Use Mnemonic
0 X Register RX
1 A Register RA
2 B Register RB
3 Stack/ RS
4 Floating PT Accumulator FLTH
5 (double word) FLTL
6 Visible Shift Counter VSC
7 Program Counter RP
10 Page Map Address PMAR
Register
11 Flex, UII loating) 11
12 Effective
Address Save]Point 12, EAS
13 M-scratch Scratch }13
14 RY saved DMX scratch YSAVE
15 RM saved MSAVE
16 RSC saved RSCSAVE
17 DMC scratch 17
20
Reserved for user
I (normally DMA
channels)
37

The rest of this section describes using some of the features
built into the existing Prime up-code.

6.1 USING EXISTING ALGORITHMS

There are various Prime Instructions that require many u-steps
for completion. Examples include PIO, MPY, DVD, and all the

floating point instructions.
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The control unit and current algorithms are not set up to permit
easy use of existing instructions as subroutines because all

of them return to the fetch cycle on completion. To use these
instructions as subroutines, the following procedure must be
used:

1. Save (RP) somewhere (probably in memory as all the
scratch registers are used by floating point).

2. Load a three-memory location with an "Enter and
Execute' instruction point to the desired place to
enter in u-code.

3. Load RP with a pointer to the "Enter and Execute”.
4. Load RY with the memory location of the memory argument.
5. Jump to the u-code for the instruction.

The above process is quite painful, but step 2 can be done
ahead of time and the rest can easily be a p-code subroutine.

There are several subroutines that exist inside of the floating
point package as pure subroutines. These include single and
double precision load, adjust (align) and normalize routines.
The linkage to the first two routines is by pushing a return
address onto the three deep u-code stack (the routines them-
selves use another level of the stack) and then branching to the
routine.

Unfortunately, the adjust routine does not always return. If
the two numbers are too far apart to be aligned, an exit
directly to the normalize routine can occur.

The normalize routine itself is not really a subroutine, as it
always exits to the fetch cycle.

6.2 yu-CODE FOR VIRTUAL MODE EXECUTION

To produce W-code that works on a system to be run in full
virtual mode, it is necessary to:

a. Taking DMX latency into account.

b. Allow the external interrupts to work.

c. Let the mapping hardware, n-code and software work.
DMX latency is easily provided for by enabling DMX traps

at least every 1.4 micro-seconds in the code.
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