VAX-11/780
Microprogramming Tools

User's Guide
Order No. AA-H306B-TE

March 1982

Digital Equipment Corporation . Maynard, Massachusetts



First Printing, June 1979
Second Printing, March 1982

The information in this document is subject to change without

notice and should not be construed as a commitment by Digital
Equipment Corporation. Digital Equipment Corporation assumes no
responsibility for any errors that may appear in this document.

The software described in this document is furnished under a

license and may by used or copied only in accordance with the
terms of such license.

No responsibility is assumed for the use or reliability of

software on equipment that is not supplied by Digital Equipment
Corporation or its affiliated companies.

Copyright (©) 1982 by Digital Equipment Corporation.
All Rights Reserved.

Printed in U.S.A.

The postpaid READER'S COMMENTS form on the last page of this
document requests the user's critical evaluation to assist in
preparing future documentation.

The following are trademarks of Digital Equipment Corporation:

DEC DECsystem-10 PDT

DECUS DECSYSTEM-20 RSTS

DIGITAL DECwriter RSX

PDP DIBOL VMS

UNIBUS EduSystem VT

VAX IAS DIGITAL Logo

DECnet MASSBUS ZKDSR



TABLE OF CONTENTS
CHAPTER 1 INTRODUCTION

CHAPTER 2 ASSEMBLING YOUR MICROPROGRAM

PROGRAM STRUCTURE . . . .
The Bit Numbering . .
The Program Radix . .
Memories. . « « « o« &
The Program Title . .
The Table of Contents
Listing Pagination
Comments. . « . .« .
FIELD DEFINITIONS . .
Names * L] L] L] L] L]
Field Positlon .
Qualifiers. . . .

The .DEFAULT Qualifier.
The .ADDRESS and .NEXTAD
Qualifiers . . . .

The .VALIDITY Qualifier

value Definitions . . . . .
EXPRESSIONS . . ¢« « « &
Numbers . « . « .« &

NN
* o o o o

L ] L * L L] L] . [ ] ® [ ] L]

e o
NOUbdwiNeE
® o @ 9o O ¢ © o o
o 0 . e ® 9 ’» o
® o © ¢ o ¢ & o o
¢ o & ¢ o ¢ o o o

e & o o o ¢ o s s & o o

Oe o ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ ¢ o o

DN NNN N e

L ] L] L ] L J [ ]

RES

o e
w N =

. .
L]

AN W - oW WWWN -~

Expression-Names
Function Calls .
Value-names . « « o« o &
Field Contents Indicator
Predefined Symbol Names
MACROS . &« ¢ o o o ¢ o o o«
The Macro-Name . . . .
THE MACRO-BODY. « ¢ o o ¢
Parameters. . « o« « o o o .
MICROINSTRUCTIONS . . . o .
Continuing a Mlcr01nstruct10n .
THE MICROWORD ¢ &« ¢ ¢ ¢ o o o « o @
THE ADDRESS SPACE . . e o o
SPECIFYING THE METHOD OF ALLOCATION

e o o o o o o [TJe o o o
e o ¢ o ® o o Ne o o o

* s o o
® o o o
® & © 9 © g o

WWwWwwWwwh N

L] L] [ ] * L] *

L]
-

¢ o ©& & o o ® e & o ¢ o

e o ¢ o Ne o o o o

® e ©® o © 9o © o O o * o ¢
.

e o & o o o

T =

Sequential Allocation . . . .
Random Allocation . « « ¢ o &
Constraints « « ¢« ¢ « o &
Indlcatlng a bit that can be g o

The size of the address set . .

Constraints within constraints.
Terminating a constraint. .
COMMUNICATION . + ¢ o o o o o o o o

® ©® 9 6 o ¢ o * o
e & o & o ® ¢ & e ©° o O 9 8 o © o ¢ s ° o o

NNONNDNDON
* o o o o
bW~

Memory Communication. . . . .
Program Communication . . . .

NNV MODNOMNNONMOMNDNOONNNDODNOMNMNNDMNODNDNONNNNDNNNNDNDNODND NN N

e ® & ¢ o o * o & o 0 ¢ * o o

HEHEHFFOOWOVOYOVOYOVYVOEIAAATULTULIA D WW

e ¢ 0 ¢ o o o

® e © 9

¢ o @

e o o ¢ o o M o e o € o o e e @

o o
N =

HHEFOWOWOWYLOVOINJOaOWm VB &EDDWWWNNDND -

e
Y

NNMNNNNNDNNOMNDNDNDNNNNNDNDNNDNDNON NNMNNMNNDDNDMNNDNNDMNONNODDNDNON

¢ o © o O o | e S ¢ O ¢ o o ¢ o



2.11
2.11.1
2.11.2
2.12
2.13
2.13.1
2.14
2.15

CHAPTER

ww  w
L ] L]
(W

N =

WWWWWWWwwwww
[ ] L] L[ ] [} L ] [ ] ] [ ] L] L] [ ] L]
VB AEBWNONNNE -

CHAPTER

-9

[N - - Y

(e
[ ] [ ] [ ]
WK

APPENDIX A

APPENDIX B

B.
B.
B

wN -

APPENDIX C

[eNoN®
W N

APPENDIX D

CONDITIONAL ASSEMBLY. . . . o o
The Conditional Assembly Keywords
Conditional Assembly Blocks . . .

SETTING AND CHANGING EXPRESSION-NAMES

LIST CONTROLS . .+ « o ¢ o o o ¢ o o o
The List Control Counters . . . .

THE VAX 11/780¢ DEFINITION LANGUAGE. .

USER INTERFACE. « + s o ¢ o ¢ ¢ o o o

. [ ] . [ ] L] L] L L]
L] . L] * L] L J L L]
L] L] L] * . . L] L]

LOADING A MICROPROGRAM

FUNCTIONS . ¢ ¢ o o o o s o o o o o o o o o
Verifying the Installation of the
Extended WCS Board. . « . .« &
Initializing the Extended WCS
‘Setting the Starting Address.
Loading the Microprogram. . .
Logging the WCS Load. . . . .
VERIFYING THAT THE LOADING WAS SUC
Using the Sample Program. . .
Sequencing with the Debugger.
USER INTERFACE. . ¢ ¢ o ¢ ¢ o o
PROGRAM BEHAVIOR. . . . + « « &
VAX 11/780 WCS Architecture De
VMS Operating System Support.
ERROR MESSAGES. . ¢ o ¢ « s o o o

ESS

c

r

e o e & o o [e o ¢ o

C

[
® o M e o o o Yo o ¢ o

o o Ne ¢ o o Ne o o o
o)
¢ o T e o o o ¢ o o o @

o & M o o o ¢ (Ne o o o

EXECUTING A MICROPROGRAM

EXTENDED FUNCTION CALL. ¢ o o o o o ¢ o o o
Exceptions. . . . . . . .
Setting the System Control Block Vector
Patching the Entry Vector . . . . . « &

VAX 11/78¢ FIELD AND MACRO DEFINITIONS
SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7
THE INPUT FILE (.MIC) + o « ¢ o o o o o o =
THE LISTING FILE (.MCR) « ¢ « ¢ ¢ ¢ o o o
THE OBJECT FILE (+ULD). « o o o o o o o o o
SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

THE INPUT FILE (.MIC) . o ¢ o o o o o o o »
THE LISTING FILE (MCR) « « o ¢ « o o o o &

THE OBJECT FILE (+ULD)e o ¢ o o o o o o o o

THE TEST PROGRAM

L] [ ] L] L[] L] [ ] L] L]

® ¢ o o & o & o o o ¢ o

2-14
2-14
2-15
2-15
2-15
2-16
2-16
2-16

I
[

wwwwww?wwwwww W
1
HFO N OB WWNDND -

B-2
B-5
B-34

O(;)O
wuwN



PREFACE

Manual Objectives

This manual describes the use of the tools available for the VAX
11/780 WCS  user. The appendices contain the VAX 11/780 Definition
Language, and a sample program expressed in this language.

Intended Audience

This manual is intended for assembly language programmers and hardware
engineers. The reader is assumed to be familiar with microprogramming
and the characteristics of the VAX CPU architecture.

Structure of this Document

This manual describes the process of assembling, loading, and
executing a microprogram.

Associated Documents

Information on the MICRO2 assembler 1is given in the following
document:

MICRO2 User's Guide/Reference Manual (AA-H531A-TE)

Information on the VAX 11/780 Data Path is given in the following
document:

VAX 11/780 Data Path Description (AA-H307A-TE)

Information on the VAX 11/780 software is given in the following
document:

VAX 11/780 Software Handbook

The VAX/VMS command language and environment are described in the
following document:

VAX/VMS Command Language User's Guide (AA-D023A-TE)
The text editing capability is described in:

VAX-11 Text Editing Reference Manual (AA-D029A-TE)



Information on the VAX 11/780 Hardware is given 1in the following
documents:

VAX 11/780 Hardware Handbook
VAX 11/780 Architecture Handbook

Conventions Used in this Document The conventions used in this
document are the same as those used in the VAX/VMS Command Language

User's Guide (AA-DO023A-TE).




CHAPTER 1

INTRODUCTION

The VAX-11/780 Extended Writable Control Store consists of 2048 words
occupying addresses 1808 through 1FFF, 1024 words occupying addresses
1Co0 through 1FFF when G&H is present. Each word contains 96 bits
Plus three parity bits. User microprograms that enhance a machine for
specific applications execute in the Extended WCS. The process of
writing, loading, and executing microprograms is diagrammed below.

SOURCE Frmm e ———— CORRECTIONS
\ |
\ | Fommm————— +
\ \I/ \Il/ |
————d e + |
| EDITOR I |
e et + |
| |
SOURCE FILE (.MIC) =-=-=-+
|
\I|/
e it +
| |
| MICRO2 |----> LISTING FILE (.MCR)
| I
Fommm e +

\I|/

e ettt + e +
| | —==> | I
| MICLD | | EXTENDED I
| | --->] WeCs I
Fom e + / - |

2 R +
tomm e + / | I
| INVOKING |<- | I
| PROGRAM | | |
| XFC | | |
trm— e + o +

Figure 1-1
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The first step in microprogramming the WCS is the creation of the
microprogram. To do this, you write the microprogram in MICRO2 source
language and create a source file (.MIC). Then, you assemble the
microprogram to create a 1listing file (.MCR) and an object file
(.ULD). MICRO2 detects as many errors as possible 1in the source
microprogram. You correct the errors and reassemble until you are
satisfied with the resulting microprogram.

When you are ready to test the microprogram, you load it into the WCS
using the microprogram 1loader, MICLD. You can then transfer to the
microprogram by executing an XFC instruction in a main memory program.

This manual describes assembling, loading, and executing a
microprogram for the VAX 11/780 WCS. Some information on debugging a
microprogram can be found in Appendixes C and D of the VAX 11/780 Data
Path Description (AA-H307A-TE).

A macro language for microprogramming the VAX 11/780 1is given in
Appendix A. This language, called the VAX 11/780 Predefinition
language, defines the fields of the microword and a set of macros for
performing the logical functions associated with microprogramming the
VAX 11/780. A VAX 11/780 microprogram written in this definition
language is given in Appendix B.



CHAPTER 2
ASSEMBLING YOUR MICROPROGRAM

MICRO2 is a general purpose tool, written in BLISS, that executes
under user control in the VAX/VMS environment. The MICRO2 language
lets you express the actions of a microprogram symbolically.

The MICRO2 assembler translates a microprogram written in its source
language to the bit representation that is loaded into the Extended
WCS. 1In doing this, it performs syntactic checks on the program and
issues messages if the source microprogram is not valid.

Further, MICRO2 allocates any microwords that you do not specifically
allocate. You can allocate a microword absolutely, specify a
constraint on its allocation (such as the two lowest order bits of the
address must be zero), or leave the allocation to MICRO2.

The following sections provide a quick reference to the MICRO2
language and its use. A complete description of the MICRO2 assembler
is given in a separate document:

MICRO2 User's Guide/Reference Manual (AA-HS531A~TE)

The MICRO2 User's Guide/Reference Manual is a tutorial, which contains
many examples of the use of the MICRO2 language.

2.1 PROGRAM STRUCTURE

The MICRO2 assembler is a line-oriented processor, which accepts a
sequence of input lines written in MICRO2 source language and produces
a listing file and an object module.

The input to MICRO2 is a source program. A MICRO2 source program can
contain one or more memories. The bit-numbering direction and the
program radix apply to the entire program.
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2.1.1 The Bit Numbering

The .LTOR and .RTOL keywords define the way in which the bits of a
microword are numbered, so that MICRO2 knows whether to count from the
left end or the right end of the word to locate a bit position. The
form of the bit-numbering keyword-line is the keyword itself, namely:

. LTOR
«RTOL

The .LTOR keyword directs MICRO2 to consider the bits of the microword

numbered from 1left to right,. The .RTOL keyword directs MICRO2 to
consider the bits numbered from right to left.

If no bit-numbering keyword is given, then .LTOR is assumed.

MICRO2 uses the first .LTOR or .RTOL keyword it finds to establish the
direction in which the bits are numbered and ignores any subsequent
bit-numbering keywords in the program.

2.1.2 The Program Radix

The program radix 1is set by either the .OCTAL or .HEXADECIMAL
keywords. The form of the .OCTAL and .HEXADECIMAL keyword-line is
simply the keyword itself, as follows:

.OCTAL
.HEXADECIMAL

MICRO2 uses the first program radix keyword it find and ignores any
subsequent program radix keywords in the program.

2.1.3 Memories

A program can include data for as many as 26 memories. Except for the
bit-numbering convention and program radix, which can be specified
only once in a program, all other constructs are considered to belong
to a memory. Each memory has 1its own address-space, word-width,
field- and macro-definitions, and microinstructions.

The beginning of a section of the memory is specified by a
memory-indicator keyword. The memory-indicator keywords are as
follows:
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+XCODE
where x is any one of the letters in the alphabet

ex. - UCODE
.ACODE

The 1identification, definitions, and instructions following that
memory-indicator and up to the end of the program or another
memory-indicator are associated with the specified memory.

2.1.4 The Program Title

The .TITLE keyword-line supplies a title for MICRO2 to use as part of
the heading of the output 1listing. MICRO2 reproduces the quoted
string following the .TITLE keyword as part of the first line of the
output listing. The .TITLE keyword-line has the following form:

.TITLE "title-string"

2.1.5 The Table of Contents

The .TOC keyword-line supplies a subtitle and adds an entry to the
table of contents. MICRO2 reproduces the text given 1in quotes
following the .TOC keyword as part of the second 1line of the page
heading of the output 1listing. The .TOC keyword-line has the
following form:

.TOC "text-string”

2.1.6 Listing Pagination

The .PAGE keyword-line indicates a new listing page and, optionally,
provides a table of contents entry and a subtitle.

To simply indicate a new page for the output 1listing, include the
.PAGE keyword without any text string, as follows:

. PAGE
To start a new page, add a subtitle, and make an entry in the table of
contents, add a text string to the .PAGE keyword-line, as follows:

.PAGE "text-string"



ASSEMBLING YOUR MICROPROGRAM Page 2-4

2.1.7 Comments

Comments can be included anywhere in the program. A comment begins
with a ";" character and ends at the end of the line.

2.2 FIELD DEFINITIONS

A field-definition consists of a name followed by the separator '/='
followed by the position of the bits within the word to be associated
with the field name followed by a list of one or more qualifiers. The
form is:

field-name /= < left-bit:right-bit > { , qualifier ... }

A single bit field can be expressed by including only the 1left-bit
within the angle brackets. Qualifiers can be omitted.

2.2.1 Names

A field-name can be any valid MICRO2 name. MICRO2 allows a name to be
made up of characters from the following set:

BC...Z Upper case letters
bc ... z Lower case letters
1 2...9 Numbers
Exclamation mark
Hash mark
Ampersand
Left parenthesis
Right parenthesis
Left angle bracket
Right angle bracket
Asterisk
plus sign
minus sign
period
qguestion mark
Underscore
Space and tab

| + VA~ ~D3=0OQ0 P
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2.2.2 Field Position

The left-bit and right-bit are decimal numbers that identify the
beginning and end bits of the field in the microword. If you
specified right-to-left bit numbering, then the left-bit must be
greater than or equal to the right-bit. If you specified
left-to-right bit numbering, then the left-bit must be 1less than or
equal to the right-bit.

2.2.3 Qualifiers

Qualifiers are used to establish a default for a field, to identify
the field as one that can contain a label, to designate a field to be
used for a parity bit, and to associate the setting of a field with
the condition of other fields within the microword.

2.2.3.1 The .DEFAULT Qualifier - The .DEFAULT qualifier specifies a
value that MICRO2 can use for a field when the field is not explicity
set. The form is:

.DEFAULT = expression

In forming a microword, MICRO2 begins with a word consisting of all
zeroes, sets the fields explicitly set in the microinstruction, and
then applies defaults. MICRO2 uses a default for a field if and only
if no bit of the field is set explicitly.

In applying defaults, MICRO2 uses the order in which the fields are
specified in the microprogram.

2.2.3.2 The .ADDRESS and .NEXTADDRESS Qualifiers - MICRO2 requires
that the jump field be 1identified by either an .ADDRESS or
.NEXTADDRESS qualifier. A field defined with the .ADDRESS or
.NEXTADDRESS qualifier can be set to the value of any label in the
program. The form is simply the keyword, namely:

.NEXTADDRESS
.ADDRESS

In addition to designating the associated field as a jump field, the
.NEXTADDRESS qualifier specifies that the default for the field is the
value of the address associated with the next microinstruction given
in the program.
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2.2.3.3 The .VALIDITY Qualifier - The .VALIDITY qualifier lets you
make assertions about the conditions under which a field can be
legally set. The form is:

.VALIDITY = expression

The .VALIDITY qualifier associates a validity expression with a field.
If the validity expression is not satisfied when the field is set in a
microword, MICRO2 produces a warning message.

2.2.4 Value Definitions

A value-definition associates a name with a particular value of a
particular field.

Value-definitions follow a field definition. A value-definition
conists of a value-name followed by the separator '=' followed by the
value to be equated with that name. The value-definition can also
have its own .VALIDITY expression. Thus, the form is:

value-name=value, .VALIDITY=exp

A value-name is any valid MICRO2 name, as defined in Section 2.2.1.
The .VALIDITY expression is optional.
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2.3 EXPRESSIONS

An expression in MICRO2 is enclosed in angle brackets. An expression
can be any of the following:

A number

An expression name

A function call

A field value name

A field contents indicator
A predefined symbol

The following sections consider each of these cases in detail.

2.3.1 Numbers

MICR0O2 recognizes integers or decimal numbers. An integer is
interpreted according to the program radix. A number with a decimal
point is always interpreted as a decimal number. The program radix is
set by either the .OCTAL or the .HEXADECIMAL keyword. If a program
radix is not given, then an octal radix is assumed.

2.3.2 Expression-Names

An expression-name is defined by the .SET keyword as follows:

.SET/expression-name = <expression>

2.3.3 PFunction Calls

MICRO2 provides functions for comparison, arithmetic, and Boolean
operations. Also, MICRO2 provides functions to detect parity, shift,
and select a case from a set of choices.
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The functions are given in the following table:
Function Value

Comparison
.EQL[opl,op2,...]
.NEQ[opl,op2,...]
.GTR[opl,op2,...]
.GEQ[opl,0p2,...]
.LSS[opl,op2,...]
.LEQ[opl,op2,...]

if opl=op2=...

if opl<>op2 and op2<>op3 and ...
if opl>op2>...

1f opl>=0p2>=...

if opl<op2<...

if opl<=op2<=,..

=

: , Arithmetic
.MAX[opl,op2,...] Value of largest operand

.MIN[opl,op2,...] Value of smallest operand
.SUM[opl,op2,...] opl+op2+...
.PROD[opl,op2,...] opl*op2*,..
.DIFF[opl,op2] opl-op2
.QUOT [opl,0p2] opl/op2 (truncated)
.MOD[opl,op2] remainder of opl/op2

Boolean
.NOT [op] Boolean complement of op
.AND[opl,...] Boolean 'and' of operands
.OR[opl,...] Boolean 'or' of operands
«XOR[opl,...] Boolean 'xor' or operands
.NAND[opPl,...] Boolean complement of the 'and'
.NOR[opl,...] Boolean complement of the 'or'
.EQV(op,...] Boolean complement of the 'xor'

Miscellaneous

«PARITY[opl,0p2,...] If operands contain an even ,
number of 1's, then 1 else 0
.SHIFT[opl,op2] If op2 is positive, then shift opl

left op2 places else shift
: opl right op2 places
.CASE[opl]OF[0op2,...] The (opl-th + 1) operand of the list.
That is, if opl is 0, the first op2 is
used. Up to 32 choices can be given.
.SELECT[{opl,op2,}...] The first op2 for which
opl is true

The operands of a function can be expressions.

2.3.4 Value-Names

Since a value-name is only defined for a specific field, it must be
qualified by the field-name when used in an expression as follows:

field-name/value-name
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2.3.5 Field Contents Indicators

The contents of a field can be designated in an expression by giving
the field-name followed by a slash. For example, to find out if the
current contents of field B contains the value 4, you write the
following expression:

.EQL [<B/>,<4>]

2.3.6 Predefined Symbol Names

The following symbols are predefined in MICRO2, as follows:

Symbol Meaning
. (period) The address of the current
microinstruction

2.4 MACROS

The macro capability of MICRO2 permits the definition of a
representation for a microprogram at a higher 1level than the basic
field-value pairs. Once the fields of your microword are defined, a
set of macros that set groups of fields appropriately for certain
operations can be specified. Macros cannot generate more than one
microinstruction.

2.4.1 The Mabro-Name

Macro-names are formed using the set of characters given in Section
2.2.1. In addition to these characters, MICRO2 recognizes square
bracket pairs and commas in macro-names as indicators of the number
and position of the macro parameters.

The number and position of parameters in a macro-name are an integral

part - of the name. (That 1s, the macro ABC{][] is not the same as
ABC[,].)

2.5 THE MACRO-BODY

The macro-body consists of any combination of field-settings and
macro-calls separated by commas. When a macro is wused in a
microinstruction, MICRO2 replaces the macro-name by the macro-body
associated with that name.
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2.5.1 Parameters

Square brackets and commas indicate parameters in the macro-name. The
character "@" followed by a decimal integer in the macro-body
indicates the position of the parameter in the macro-body. This
character pair is called a parameter-designator.

The decimal integer 1in the parameter-designator refers to the
position, numbering from left to right, of the parameter in the name.

2.6 MICROINSTRUCTIONS

The microinstructions describe the processing to be performed by the
microprogram. These microinstructions are expressed in terms of the
field- and macro-names defined.

For each microinstruction, MICRO2 translates names into the
appropriate sequence of bits and creates the associated microword.
The microinstruction contains the information MICRO2 needs to set the
bits of the microword.

A microinstruction begins with an absolute address assignment, one or
more labels, or both. Following this optional information, a sequence
of field-settings and/or macro-calls is given separated by commas.

That is, the form of the microinstruction is:
address:
{ label: }

{ field-setting } .,...
{ macro-call }

Both the address and label can be omitted.

2.6.1 Continuing A Microinstruction

If a microinstruction occupies more than one 1line, the separator

character ',' must be as the last non-blank character of all lines
except the last line. For purposes of this discussion, the end of the
line 1is assumed to be either the ';' character, which begins a-

comment, or the actual end of line. Thus the last non-blank charact-r
of a line means the last non-blank before the ';' or end of line.
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2.7 THE MICROWORD

MICRO2 creates a microword in the following way:

1. MICRO2 begins with a word of the specified length in which
each bit has a value of zero and a status of unset.

2. MICRO2 then fills in all the fields that are explicitly set
in the microinstruction.

3. Then, MICRO2 sets any fields that have an associated default
and that contain only unset bits.

4. Then, MICRO2 evaluates any VALIDITY expressions.

5. Finally, MICRO2 performs any parity adjustment indicated.

2.8 THE ADDRESS SPACE

The .REGION keyword determines the address-space. The .REGION keyword
is followed by one or more pairs of address limits, as follows:

+REGION/low-bound,high-bound...

Low-bound and high-bound are expressions whose values are interpreted
according to the program radix. An address-space thus can consist of
any number of address-ranges. An address-range is specified by the
low-bound and high-bound.

Any number of .REGION keyword-lines can be given. MICRO2 allocates
the microinstructions following a .REGION up to the next .REGION
keyword (or the end of memory) in the specified address space.

If a .REGION keyword-line is not given at the beginning of a memory,

MICRO2 assumes that the address space begins at 0 and ends at MAXPC,
the highest available address for the given architecture.

2.9 SPECIFYING THE METHOD OF ALLOCATION

Within the specified address space, either sequential or random
allocation (or some combination of both) can be used.

2.9.,1 Sequential Allocation

In sequential mode, MICRO2 allocates a microinstruction by taking the
address of the previous microinstruction and adding 1.
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MICRO2 begins allocating with the first address in the address space
defined by the .REGION keyword and continues incrementing until it
reaches either an absolute address assignment or the end of an
address—range.

When it reaches an absolute address, MICRO2 uses that address for the
associated microinstruction and as the new base for incrementation.

When MICRO2 uses the last instruction in an address-range, it chooses
the first address in the next address-range for the next
microinstruction. After MICRO2 uses the 1last address in the 1last
range, it uses the address 0000 and issues an error message for each
word allocated following the last legal allocation.

2.9.2  Random Allocation

In random mode, constraints can be given to select a set of addresses
based on the low order bit configuration. Constraints are described
in detail in the next section.

MICRO2 first allocates all absolute assignments and constraints and
then allocates the remaining microinstructions starting at the first
unallocated address in the first address-range and continuing
sequentially through the unallocated addresses of the address space.

2.9.2.1 Constraints - Many microprogrammable microprocessors perform
conditional branching by ORing some logic function into the low order
bit position of the next microinstruction address. MICRO2 provides a
constraint capability for generating a set of addresses for
conditional branching.

A constraint consists of an "=" character followed by a constraint
string composed of a sequence of 0 and 1 characters.

A constraint specifies a set of addresses. In response to a
constraint string, MICRO2 chooses a base address that satisfies the
low order bit configuration specified by the constraint. The bits of
an address are always ordered from right to left. So the low order
bit is the right-most bit.

MICRO2 then assigns the next n microinstructions to the addresses
formed by systematically increasing the base address counting only in
those bits designated as 0's in the constraint string.
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2.9.2.2 1Indicating a bit that can be 0 or 1 - In addition to 0's and
l's, the character '*¥' can be used 1In a constraint string. This
character informs MICRO2 that it can select an address that has either
a 0 or al in that position for the base address.

2.9.2.3 The size of the address set - The number of microinstruc-
tions in ‘the set, n, 1Is determined by the number of zeroes in the
constraint string, as follows:

n=2%*x

Where X is the number of 0's in the constraint string.

2.9.2.4 Constraints Within Constraints - If MICRO2 encounters a
constraint string within the set of instructions it is allocating to
the block of addresses associated with an outer constraint string, it
skips to the next address satisfying the inner constraint and then
proceeds according to the algorithm specified by the outer constraint.
The purpose of the nested constraint is to skip over some addresses
that would otherwise be allocated by the outermost constraint.

2.9.2.5 Terminating a Constraint - A null constraint within the scope
of the constraint terminates the constraint. A null constraint is the
"=" character. A constraint can also be terminated by an absolute
address assignment; however, in this case, MICRO2 issues a warning
message.

2.10 COMMUNICATION

In MICRO2, communication among memories in the same program and
communication among separate programs can be accomplished.

2.10.1 Memory Communication

Each memory has its own definitions, identification, and
address-space. However, 1if the same field-name is defined in more
than one memory, then the value-names defined for that field in any
memory are known in all other memories that define the field. This
feature permits communication between memories.
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2,10.2 Program Communication

Separate programs can be assembled and loaded in a control store by
handling address space assignment and communication. 1If, for example,
you wish to have n separate programs, you divide the control store
into n+l logical spaces, namely:

o Communication Space
o Space for Program 1
o Space for Program 2

o Space for program n

If the address of entry points are fixed, these separate programs can
transfer to one another.

2.11 CONDITIONAL ASSEMBLY

The conditional assembly capability permits suppression of the
assembly of parts of a program.

2.11.1 The Conditional Assembly Keywords

Three keywords are provided for conditional assembly as follows:

.IF/expression-name
. IFNOT/expression-name
.ENDIF

These keywords divide a program into blocks. The .IF and .IFNOT
keywords begin a block. They 1include an expression-name that is
associated with either a true (1) or false (0) value. These keywords
have the following meaning.

Keyword Meaning
.IF/expression-name If expression-name is associated with a

true wvalue (1), assemble the following
block; otherwise suppress its assembly.

. IFNOT/expression-name If expression-name is associated with a
false value (0), assemble the following
block; otherwise, suppress its
assembly.

In practice, a false value is any value that is not 1. For example,
if the expression-name has the wvalue 2, MICRO2 considers it to
represent a false value.
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2.11.2 Conditional Assembly Blocks

A conditional assembly block begins with either an .IF or .IFNOT and
ends with either an .ENDIF for the same expression or another .IF or
. IFNOT for the same expression.

2.12 SETTING AND CHANGING EXPRESSION-NAMES

Expression-names are defined and set with the .SET keyword as follows:
.SET/expression-name=expression

Once an expression-name is defined, .CHANGE keyword must be wused to

change its value.

.CHANGE/expression-name = expression

2.13 LIST CONTROLS

The list controls specify which portions of the output listing are to
be produced.

MICROZ2 determines whether or not to make a contribution to a file by
looking at a counter. If the counter contains a positive number,
MICRO2 contributes to the associated file. If the counter 1is a
negative number, MICRO2 does not contribute.

The list controls are as follows:

Keyword Meaning

.LIST Increment the listing counter

.NOLIST Decrement the listing counter

.CREF Increment the cross reference counter
.NOCREF Decrement the cross reference counter
.BIN Increment the object counter

.NOBIN Decrement the object counter

. EXPAND List all fields explicitly inserted in an

instruction after the last line of the
instruction.
.NOEXPAND Do not list fields.

At the beginning of an assembly, each counter has the value 0.
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2.13.1 The List Control Counters

If a 1ist control counter 1is positive, then MICRO2 creates the
specified part of 1listing. If a list control is negative, MICRO2
suppresses the specified part of the listing.

The counter associated with the..LIST and .NOLIST control determines
whether or not an output listing is produced. The counter associated
with the .BIN and .NOBIN controls determines whether or not the object
part (left field) of the listing is produced. The counter associated
with the .CREF and .NOCREF controls whether or not names will be added
to the <cross reference map. The use of the MICRO2 assembler in the
VAX environment is described in the following sections.

2.14 THE VAX 11/780 DEFINITION LANGUAGE

The VAX 11/780 Definition Language describes the VAX 11/78¢
architecture and provides a macro language for writing microprograms.
A listing of this definition is given in Appendix A; the source for
the definition language is available on a floppy in the VAX 11/788 WCS
kit. This file (VAXDEF.MIC) is copied to SYSSLIBRARY when the user
WCS tools are installed on a system.

You can express the actions of a microprogram in the macros given in
the definition language. Then, when you assemble your program, you
include the file VAXDEF.MIC as the first input file, as indicated in
Appendix A.

2.15 USER INTERFACE

The MICRO2 assembler is called at command level as shown below:

Format

MICRO2 input-file-spec
File Qualifiers

/LIST[=file-spec]
/NOLIST
/ULD = [file-spec]
/NOULD
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Prompts
_File: input-file-spec

File-Parameters

Input-file-spec
Specifies the names of one or more files to be assembled. 1If you
specify more than one input file, you can use the character '+'
to separate file-specs. Input files must not have line numbers;
such files are rejected by MICRO2.

Description

MICRO2 assembles the programs contained in the input-file-spec
- and produces a listing file and an object file.

File Qualifiers

/LIST [=file-spec]
Directs MICRO2 to produce a 1listing file. If you include a
file-spec, MICRO2 uses that file-spec for the listing file. If
you do not include a file-spec, MICRO2 uses the name of the
input-file, or the name of the first input file in the case of
multiple input files, with the default extension .MCR for the
listing file.

/NOLIST .
Directs MICRO2 to suppress the listing file.

/ULD [=file-spec]
Directs MICRO2 to produce an object-file. If you include a
file-spec, MICRO2 uses the file-spec for the output file. TIf you
do not include a file-spec, MICRO2 uses the name of the input, or
the name of the first input file in the multiple input file case,
with the default extension .ULD for the object file.

/NOULD
Directs MICRO2 to suppress the object file.
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Examples

1. MICRO2 ALPHA

MICRO2 assembles the program in the file ALPHA.MIC and
produces a 1listing file ALPHA.MCR and the object file
ALPHA.ULD.

2. MICRO2/LIST=BETA ALPHA
MICRO2 assembles the program in the file ALPHA.MIC and
produces the 1listing file BETA.MCR and the object file
ALPHA.ULD.

3. MICRO2/NOULD ALPHA+GAMMA
MICRO2 assembles the program formed by the concatenation of
ALPHA.MIC and GAMMA.MIC and produces the 1listing file
ALPHA.MCR.

4. MICRO2/LIST=BETA/NOULD ALPHA
MICRO2 assembles the program in the file ALPHA.MIC and
produces the listing file BETA.MCR. MICRO2 does not produce
an object file because the qualifier /NOULD is given.

5. MICRO2 [SYSLIB]VAXDEF+MYPROG
MICRO2 assembles the definition 1language in the file
SYSSLIBRARY:VAXDEF.MIC and the microprogram in the file

MYPROG.MIC and produces the listing file VAXDEF.MCR and the
output file VAXDEF.ULD.

File Specifications

MICRO2 accepts any legal VAX filename. For the purpose of error
reporting, MICRO2 abbreviates the filename to the first six characters
and the extension to the first three characters.



CHAPTER 3

LOADING A MICROPROGRAM

MICLD is a BLISS program that runs under user control in the VAX/VMS
environment. MICLD 1loads the object files (.ULD) produced by MICRO2
into the Extended Writable Control Store.

MICLD requires kernel (CMKRNL) and error logging (BUGCHK) privileges.
It uses VAX privileged registers and instructions to 1load the
microprogram into the WCS and to report the WCS 1load in the system

error log. To use MICLD, therefore, you must have privileges to
execute in kernel mode.

3.1 FUNCTIONS
In loading a microprogram, MICLD does the following:
o Verifies that the Extended WCS board is installed.

o Initializes each word of the Extended WCS to a special
pattern.

o Loads the set of ULD formatted object modules that make up
the microprogram into the Extended WCS.

o Optionally sets the entry vector (VAX address 10EO0 hex) to
jump to the place in the microprogram where execution begins.

o Records the fact that the WCS was 1loaded into the system
error log.

The following sections consider each of these functions in detail.

3.1.1 Verifying the Installation of the Extended WCS Board

MICLD first checks that the Extended WCS Board 1is physically and
operationally present in the system. If MICLD finds that the Extended
WCS Board is not installed, it issues an error message and exits back
to the operating system.
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3.1.2 1Initializing the Extending WCS

If MICLD finds that the Extended WCS is properly installed, it then
initializes each word of the Extended WCS, startlng at 1809 and
continuing through 1FFF (1C@8@ through 1FFF if G&H is present) to an
initialization pattern.

You can specify the initialization pattern for MICLD to wuse by
including the file qualifier /INITIAL, as described in Section 3.3.
If you do not specify an initialization pattern, MICLD uses the
default pattern given in Figure 3-1.

e e e . +
| | | | |
| o ees B | D 0 ) 4] 1 g | | WCS ADDRESS |
I I | | |
e e e e e ————————— +
96 48 47 46 45 44 43 42 41 13 12 2

Figure 3-1. Default Initialization Pattern

Bits @ through 12 of the default initialization pattern contain the
address of the microword in the WCS being initialized. Bits <47:42>
contain a two (2) to guarantee that no reads or writes will occur to
the main memory should the microword inadvertently be executed. All
other bits in the 96-bit wide microword are set to 4.

After execution of MICLD, any microaddress not explicitly loaded
contains the initialization pattern. If a microprogram mistakenly
jumps to a word that contains the default initialization pattern, then
the execution of that word causes a branch to itself with no-op
function. The machine then loops at that instruction, continuing to
branch to itself. Thus, 1if your program branches to an unexpected
address, you get both protection and information. To recover control
from this microcode loop, you enter the console "INIT" command while
the console is in console command mode. If the console is not in

console command mode, entering Control-P at the console will get it
there.

If a microprogram gets into an instruction loop as described above,
you must manually reboot the system and then reload the WCS.

3.1.3 Setting the Starting Address

The entry vector (VAX address 10E@ hex) must be set to the address at
which the microprogram in the Extended. WCS begins. MICLD sets the
entry vector to an address if an /ENTRY qualifier is given in the
command line. If an address is given with the /ENTRY qualifier, MICLD
interprets that address as a hexadecimal number and uses that number
to set the entry vector. 1If an address is not given, then MICLD uses
the address of the first microinstruction in the ULD file to set the
entry vector.
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If an /ENTRY file qualifier is not given, the entry vector must be set
by using the console program or the privileged instructions before the
execution of the microprogram is attempted. The entry vector Iis
discussed further in section 4.1.2.

3.1.4 Loading the Microprogram

MICLD loads the microwords specified in the ULD file. MICLD begins by
creating an image of the loaded WCS. It initializes this image to the
initialization pattern and then reads the ULD files, starting with the

first word in the first file and continuing sequentially until the
last word of the last file.

Each entry in the ULD file for a microword contains both the address
of the microword and its contents. MICLD uses the address to
determine the position within the image in which the contents of the
word is to be stored.

When MICLD finishes reading the last word of the last file, it 1loads
the created image sequentially into the control store.

MICLD permits over-writing. That is, it lets you load an address more
than once. When MICLD loads a word into any address, it checks to see
if the address has been loaded previously. If so, MICLD issues a
warning message and then loads the new word into the given address,
destroying the previous contents.

If you take advantage of the over-writing capability of MICLD, vyou
must be careful about the order in which you specify files when you

call MICLD. If you do not over-write the WCS, then you can specify
your files in any order.

MICLD issues a message at the end of the loading process, indicating
whether or not the loading was successful.

3.1.5 Logging the WCS Load

Each time MICLD runs successfully, it makes a note in the system error
log that the WCS contents has been changed. These notes can help the
system manager determine which user microcode is in the WCS, or relate
system problems to particular pieces of user microcode.
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3.2 VERIFYING THAT THE LOADING WAS SUCCESSFUL

It sometimes happens that, due to a hardware malfunction, the WCS is
not properly loaded and MICLD is not able to detect that fact. The
WCS is a write-only memory and MICLD, thus, cannot verify its contents
by reading it back after loading and comparing its actual contents
with its expected contents.

Erratic or unexpected performance of the executing microprogram can
indicate that the WCS is not properly loaded. However, such behavior
can also mean that the microprogram is not completely debugged. Under
these circumstances, you can try to validate the loading process by
one of the following methods.

3.2.1 Using The Sample Program

One way to try to validate the loading process is to load and execute
a program whose behavior is known. The sample microprogram given in
Appendix B can be used for this purpose. A command file that wuses a
test program to verify the installation of the tools and the loading
process is included in the VAX 11/780 WCS kit.

To invoke this command file in the VMS environment, type:
@[SYSEXE]WCSTOLTST

This command file assembles the sample microprogram (BSERCH) given in
Appendix B utilizing the VAX Definition Language given in Appendix A.
It then loads the resulting object file into the extended WCS and
executes the sample assembly language test program (BSTEST) given in
Section B.4. BSTEST executes an XFC causing the loaded sample program
to be executed.

After execution of the microprogram, control returns to BSTEST. If
the microprogram executed properly, BSTEST prints the following
message on the terminal:

"Successful Test Completion"

3.2.2 Sequencing With The Debugger

Another way to validate the loading process is to invoke the WCS
debugger from the VAX console and single step the microprogram. You
can then observe if the correct sequence of address is executed. The
debugger is described in Appendix D of the VAX 11/780 Data Path
Description.
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Since the WCS is a write-only memory, the debugger is not able to read
its contents. You must create a floppy disk image of the contents of
the WCS. The debugger then gives the illusion of reading the WCS by
reading this floppy disk image that contains the microwords loaded
into the WCS. Under normal circumstances, this method of operation is
effective. However, the debugger cannot be used to validate the
loading process except, as described above, by sequencing through the
microprogram.

3.3 USER INTERFACE

To load the Extended Writable Control Store, use the following
command : ‘

Format

MICLD input~-file-spec,...
File Qualifier

/INITIAL=pattern

/ENTRY [=hex-address]

Prompts
_File: input-file-spec,...

File Parameters

Input-file-spec,...
Specifies the names of one or more files to be 1loaded into the
Extended WCS. If you specify more than one input file, you can
use either the character '+' or the character ',' to separate
file-specs.

Description

MICLD loads the files you give in the order specified. If you
want more than one file to coexist in the WCS, then you separate
the filenames with the '+' character.

In the VAX command language syntax, the ',' separator calls for
the individual application of the program to each file. Thus, if
you use the ',' separator, MICLD initializes the WCS and 1loads
the first file, then initializes the WCS and loads the second
file, and so on. The use of the ',' separator has 1little, |if
any, legitimate use in the loader command line.
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File Qualifiers

/INITIAL=pattern
Specifies the pattern for MICLD to use to initialize the WCS.
Pattern 1is a string of right-justified hexadecimal digits. Any
missing digits are padded with zeroes. If you do not give this
qualifier, the default pattern given in Section 3.1.2 is used.

/ENTRY[=hex-address]
Specifies the address at which the microprogram in the extended
WCS begins. If you do not specify a hex-address, the loader
assumes that the microprogram begins at the address of the first

word in the first ULD. If you do not give this qualifier, you
must set the starting address as described in Section 4.1.2.

Examples

1. MICLD ALPHA+BETA

MICLD initializes the WCS to the default pattern and 1loads
ALPHA.ULD and then loads BETA.ULD.

2, MICLD ALPHA,BETA
MICLD initializes the WCS to the default pattern and 1loads

ALPHA,ULD. It then initializes the WCS again and loads
BETA.ULD.

3. MICLD/INITIAL=123 ALPHA

MICLD initializes the WCS to the pattern specified, namely:

Then, it loads ALPHA.ULD.

4. MICLD/INITIAL=123/ENTRY=1400 ALPHA

MICLD initializes the WCS to the pattern specified by 123 (as
shown above), sets the entry vector to begin execution at
address 1400 (hex), and loads the file ALPHA.ULD.
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3.4 PROGRAM BEHAVIOR

After you give MICLD the list of files, it loads the files specified
into the WCS.

If MICLD detects errors or special circumstances (such as
over-loading), it issues a message. At the completion of the loading
process, MICLD issues a final message indicating whether or not the
loading process was successful.

3.4.1 VAX-11/788 WCS Architecture Description

The Extended WCS is 96 bits wide by 2K occupying VAX addresses 1800
(HEX) through 1FFF. The WCS is divided into three 32 bit X 2K pieces,
termed banks. These banks are referenced as BANK @, BANK 1, and BANK
2 (see Figure 3-2). MICLD loads a microprogram into the Extended WCS
one bank at a time. That is, it breaks each microword into three

32-bit pieces and then loads the pieces consecutively into BANK &, 1,
and 2.

Two VAX 11/780 Processor Specific registers support the WCS, namely:
the WCS Address Register (WCSA) and the WCS Data Register (WCSD).

The WCSA register consists of 32 bits. The first 16 bits are not
used; the 1last 16 bits are divided into three fields. The WCS
ADDRESS field, occupying bits 0 through 12, points to the current WCS
address being loaded. The BANK SELECT field (CTR), occupying bits 14
and 13, contains a value of 1, or 2 representing the current bank
being 1loaded. The PIN field, occupying bit 15, is set to 1 if any
writes are done with inverted parity. MICLD sets the PIN field to O.

The WCSA. register is identified in VAX as processor register number
44,

o — e —————— —————————————— e — +
| | | | |
| IPIN | CTR | |
o o e e e e e e e e +
31 16 15 14 13 12 WCS ADDRESS 0
BANK
SELECT

Figure 3-2 WCSA Register
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Figure 3-3

The WCSD register consists of 32 bits and contains the microcode or
data to be loaded into the WCS. The WCSD register is identified in
VAX as processor register number 45.

Information is written into and read from these two VAX processor
registers using the Move to Processor Register (MTPR) and Move from

Processor Register (MFPR) privileged instructions provided by the
VAX-11 system.

To load the user WCS, MICLD must first initialize the WCSA register
with the WCS address where the loader is to begin loading microcode.
The Bank Select bits are set to 00. Several actions take place to
load a complete microword into the WCS.
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Step 1: MICLD 1loads the first 32 bits of the microword
(destined for BANKO) into the WCSD register.

Step 2: VAX autonomously loads the data in the WCSD register
into the User WCS at the location specified by the WCSA
register and then auto increments the BANK SELECT field
for BANK 1.

Step 3: MICLD 1loads the second 32 bits of the microword
(destined for BANK 1) into the WCSD register.

Step 4: VAX repeats Step 2, placing data in BANK 1 at the same
WCS location and auto increments the BANK SELECT field
for BANK 2. '

Step 5: MICLD 1loads the third 32 bits of the microword
(destined for BANK 2) into the WCSD register,
completing the WCS load of the microword.

Step 6: VAX repeats Step 2, placing the data into BANK 2,

resets the BANK SELECT field for BANK 0, and increments
the WCS ADDRESS field to point to the next WCS address.

MICLD is then ready to begin loading the next microword into the WCS.

3.4.2 VMS Operating System Support

Programs running under VMS execute 1in an assigned processor mode.
Listed in ascending order of processor privilege and descending access
capability, there are four processor modes for programs: 1) user, 2)
supervisor, 3) executive, and 4) kernel. All programs begin at user
mode and may change processor modes depending on the privileges
initially assigned to it.

MICLD begins at user level. MICLD uses the Change Mode to Kernel
command (CHMK) to elevate itself to kernel mode. The CHMK command is
documented in the VAX 11/780 Architecture Handbook, Volume 1, Section
13-20

Successful execution of the CHMK command and other processor mode
commands depends on the program being run in an account equipped with
the necessary privileges.
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3.5 ERROR MESSAGES

MICLD issues error messages in the VAX standard error message format.
Namely:

$<program-name>-<severity-code>-<abbreviation>,<message>
Where:

program-name is MICLD
severity-code 1is I (information)

E (error)

F (fatal)
<abbreviation> is a short identifier for the message
<message> is the errcr message text

The abbreviations and messages produced by MICLD are as follows:

Abbreviation Message
ABKEYW ambiguous keyword
AMVERB ambiguous verb
BADENTRY /ENTRY value not a hex number
BADENTRY /ENTRY value not in the user WCS address range
BADINIT initial value conversion error
BADULD data record conversion error
BADULD invalid data record syntax
BADULD missing equal sign
BADULD missing right bracket
CHALOG unable to log WCS content change
FNF file not found <filename>
INVCMD invalid command format
NOPARM missing parameter
NOPRIV no kernel mode privileges
NOPRIV unable to write to error log
NOWCS WCS memory not installed

TERMEOF end of file on terminal
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WCSBND address out of bounds at <address> (hex)

WCSLOAD WCSA error <address> should be <aédress>(hex)
WCSCHANGE WCS content changed by <userid> using file
<filename> .

WCSMLO memory location overwritten at <address> (hex)






CHAPTER 4

EXECUTING A MICROPROGRAM

To execute a microprogram in the extended WCS, the following actions
are necessary:

l. An XFC instruction in a main memory program must be executed.

2. The field consisting of Bits 1 and 0 of Vector 14 of the
System Control Block must be set to 2.

3. The entry vectory (10EO hek) must be set to jump to the first
instruction to be executed in the microprogram in the
Extended WCS.

The following sections describe these actions in detail.

4.1 EXTENDED FUNCTION CALL

A microprogram is invoked by the XFC instruction. The Extended
Function Call (XFC) instruction provides a controlled mechanism for
software to request services of non-standard microcode in the extended
Writeable Control Store (WCS). The request 1is controlled by the
system control block. All opcodes reserved to the extended WCS start
with FC (hex), which is the XFC instruction, using the format:

FC
The XFC instruction has no parameters.

You can pass parameters either as normal operands or in fixed
registers. For example, if you have more than one extended function
resident in the WCS, you can use the bytes following the opcode to
specify which of several extended functions are requested.

Execution of the XFC instruction generates what is called an
exception.
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4.1.1 Exceptions

The notification of an event relevant primarily to the currently
executing process, which invokes software in the context of the
current process, is termed an exception.

Exceptions are handled by, or trapped to, operating system software.
Further, all exceptions either wait for the instruction that caused
them to complete before happening or they restore the processor to the
state it was in prior to executing the instruction that caused the
execution.

An exception caused by the execution of an XFC instruction (classified
as a fault) occurs during an instruction, leaving the registers and
memory in a consistent state such that elimination of the fault
condition and restarting the instruction will give correct results.
The XFC instruction causes faults called the opcode reserved for
customer and customer reserved exceptions. The value of the PC that
is saved on the stack points to the instruction faulting.

Exceptions are usually reflected to the originating mode as a signal.
In general, the signal 1is interpreted via a vector in the system
control block. Separate vectors are defined for each class of
exception and interrupting device controller.

4.1.2 Setting The System Control Block Vector

When an XFC is executed, VMS handles the fault by trapping to vector
14 (hex) of the system control block (SCB). VMS examines the low
order two bits of the vector and if it finds the value 2, then it
traps to the entry vector (l10E0 hex).

The two low order bits of Vector 14 of the SCB must be set to 2 to
execute a microprogram in the Extended WCS. The console data deposit
command can be used to set vector 14 relative to the base SCBB.

4.1.3 Patching The Entry Vector

After vector 14 is accessed, the system traps to address 10EO0 (hex),
which is resident in the VAX microcode area and is called the entry
vector. The entry vector must be loaded with a JUMP microinstruction
to the desired entry point in the extended WCS. This extended WCS
entry point is wusually a control routine or exception handler;
however, it can simple be the first instruction in the microcode
function to be performed.
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The entry vector is set during the loading process by MICLD if an
/ENTRY file qualifier is given in the MICLD command line. The entry
vector can also be set at the VAX console using the console program.

Note, that when the fault occurs, the system traps (in the end) to the
user WCS. The user defines an exception handler in microcode to
service the "extended customer opcode" fault.

The WCS contains only one application, there is no need for a handler
to resolve what function should be performed in the WCS. However, if
the WCS contain several microroutines, an exception handler must
resolve event by accessing additional data. The microprogrammer must
have a good understanding of the VAX micro machine data path to
develop this exception handler.

More information on the System Control Block and the handling of
exceptions can be found in the VAX 11/780 Hardware Handbook.






APPENDIX A

VAX 11/780 FIELD AND MACRO DEFINITIONS

The VAX 11/780 Definition Language identifies the fields of the
microword and provides a macro language to aid you in writing
microprograms. The sample microprogram in Appendix B is written in
this definition language.

When assembling a program written in this definition language, you
include the definition language source by concatenating your program
file with the definition file VAXDEF.MIC in the MICRO2 command line as
follows:

$§ MICRO2 [SYSLIB]VAXDEF+MYPROG

In the above example, MYPROG.MIC is the name of the file that contains
the source MICRO2 microprogram.

The definition language file is available on a floppy in the VAX 11/78¢
WCS kit. It is copied to SYSSLIBRARY:VAXDEF.MIC when the kit is
installed on a system.
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Control word chart*

*Machine definition H
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+TOC "Machine definition t ACFy ACM» ADS» ALU» AMX®
ACF/=%71370y  DEFAULT=0 PACCELERATOR CONTROL
NOF=0
SYNC=1
TRAF=2
CONTROL.=3 PACCELLERATOR-DEPENDENT CONTROL FUNCTION
ACM/ =457 855> FACCELERATOR MISCELLANEOUS CONTROL
PWR +UF=0
ARORT=1 SRETURN ACCEL TO MONITORING IRD
FOLY+DONE=6
ADS/=%47%47 $ADDRESS SELECT
VA=0
IBA=]1
ALU/=69866y  IEFAULT=0F FALU CONTROL FUNCTIONS
A~E=00
A-B.RLOG=01
A-B-1=02
INST.DEF=03 : F§INSTRUCTION DEFENDENT
A+B+1=04
A+E=035
A+ERLOG=06
ORNOT=07 : A JOR. NOT. E
XOR=08 A +XOR. E
ANDNOT=09 FA JANDN, NOT. B
NOTA=0A $o.NOT. A
A+B+FSL +C=0R
OR=0C #A +OR. E
AND=0D A +AND. B
E=0E
A=0OF
AMX/=+81180x $AMX TO ALU
LA=0
RAMX=1
RAMX + §XT=2 SRAMX SIGN EXTENDED ACCORDING TO DT

RAMX + OXT=3 PRAMX ZERO EXTENDELD. OXT(L)=0
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+TOC "Machine definition ¢ BENy EBMX"
BEN/=476¢72>y yDEFAULT=0 $ BRANCH ENAEBLE
NOF=0 $NO BRANCH
Z=1 i ALU 2
ROR=2 FLAL>y FSL+Cly LAZOX
€31=3 3 ALU C31y O
IRC.,ROM=4 $OUTPUT OF EXTENDED IRC-ROM
IK.0=5 sIR O READY 7
ACCEL=6 #CODE FROM ACCELERATOR

DATA.TYFPE=8

#(VAX MODE) %» ASRCH+VSRC» ASRC+Q+D
i 0--NORMAL» 1--QUAD OR DOURLE
i 2--FIELD'y 3--ADDRESS

END.DF1=8 #(-11 MODE) %, O CLASSy J CLASS+DM27
IR2-1=9 i (VAX MOLDE) %» IR<2$1>:
FC.MODES=9 §(-11 MODE) Xy SMA7+SM57+DM474+4DIMS57» DST R=FC
REI=0A # (VAX MODE) MOLE.LSS.ASTLVUL» %» X
SRC.FC=0A #(~11 MODE) SRC R=FC
IR.TEST=0R # 0--TE MISS» 1-—-ERROR

3 2--8TALL,» 3--DATA OK
MUL=0C FSC.NE.Oy D130
SIGNS=0I #0431y D.NE.Or D31>
INTERRUFT=0E FAC LOWy INTERNAL INTERRUFT», INT REQ
DECIMAL=0F #0» It RYTE O VALID DIBIT» DN2-0 NEG SIGN
UTRAF=10 JMICROTRAF DISFATCH VECTOR

LAST.REF=11

i~=FFDy NESTED ERRORs LOW TWO RITS!?
§ O--—-READIl INTERLOCK, 1--REAI'» READ CHK
# 2--WRITE» 3-—-READy WRITE CHK

EALU=12 FJEALU Ny EALU Zy» SC.NEQ.O» S§
8C=14 #8C<9:8>.NE.O» SC.GT.0» SC=P!5>.NE.O
ALU1-0=15 #RLOG EMFTY» ALU<1:0>»=0r ALU<1>» ALU<OX

STATE7-4=16
STATE3-0=17

i (ALU RITS FROM FREVIOUS STATE)
ISTATE =714
FSTATE <310

D.RYTES=18 JRYTES 3, 2y 1, O OF D.NE.O

D3-0=19 y0330:

FSL.CC=1A iINsZyVUyC OF FPSL

ALU=1R FALU Ny ALU Zy IR=Oxy ALU C31
FSL.MODE=1C #-VA<31:30xy ~CINSOLE, IS+CMs» KERNEL
TR.TEST=1D iFTE VALIDs ALIGNEDy QUAD» +

BMX/=84182

MASK=0
FC.ORLRB=1
FACKED.FL=2
LEBE=3

L.C=4

PC=5

KMX=6é
REMX=7

3 O-—~TRANSLATION OKy 1--WR CHK ANL M=0
# 2~-~ACCESS VIOL.ATION» 3--TR MISS

JBMX TO ALU

A O IN THE EIT SELECTED EY SC+<4:0:
sLE UNLESS R=FC» THEN FC

$FACKED FLOATING

i OR Q
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.T0C *Machine definition ¢ CCKy CIDy DKy DT*
CCK/=422820%» +DEFAULT=0 $CONDITION CODES

iNote ¢ % = RESERVED OPERATION» “ALU SIGN® AND °"AMX SIGN* ARE SIZE DEFENDENT
¥ + et [— +
4 NATIVE MOLDE PSL ! COMPATIRBILITY MODE FSL H
; + + + + + } o {
$ N H 4 tvicd N H z IRV H
3 t + + + + + +
NOP=0 § N H ¥4 VP C N ' z PVt
LOAD . UBCC=1 ¥ N H zZ tVvic N { r4 LIV
SET.V=2 » VALIDITY=<VU123 N ! 4 11 C X H X L
N..AMX . Z.TST.VC..VC=3 § AMX SIGN ! Z.and.(ALU.ec.0) | V | C | AMX SIGN ! Z.and.(ALU.ea.0) | V !
ROR=4 ? VALIDITY=<V0§ X H X ! X 1 % | ALU SIGN ! AlU.ea.0 HE I
NZ_.ALU.VC..0=5 # ALU SIGN | ALU.ea,0 t 0! 0! ALU SIGN ! ALl.ea.0 IV
NZ.ALU.VC..VC=6 y o VALIDITY=:VU1x3% ALU SIGN ! AlLU.ec.0 tv e H H H
C..AMX0=6 » +VALIDITY=<V0x§ H H H H N H z LRV
INST.DEF=7 H Instruction derendent
[ + pom gt e s S T
CID/=<45842> SCONSOLE & ID BUS CONTROL IF FS/1
NOFP=1 JDEFAULT» ALLOW AUTO IR READ
ACK=S $SET CONSOLE ACKNOWLEGE FLAG
CONT=7 $CLEAR . CONSOLE MODE
READ.SC=9 " JREAD ID RUS REG SELECTED BY SC
READ . KMX=0R fREADR II' BUS REG SELECTED EBY UKMX
WRITE.SC=0D SWRITE REG SELECTED BY SC
WRITE.KMX=0F SWRITE REG SELECTED BY UKMX
DIK/=91:88%y s DEFAULT=0
NOP=0 JDEFAULTy HOLD
LEFT2=1 SNIOUBLE SHIFT LEFT
RIGHT2=2 $DNOURLE SHIFT RIGHT
niv=4 $IF NOT ALU CRYs SHIFT LEFT
# ELSE LOAD' FROM SHF
LEFT=5 $SHIFT LEFT
RIGHT=6 $SHIFT RIGHT
SHF =8 §LOAD SHF MUX» INTEGER FORMAT
SHF FL=9 #LOAD SHF MUXr» UNFACKED FLOATING FORMAT
ACCEL=0A JLOAD ACCELERATOR DATA FROM DF EUS
BRYTE.SWAF=0R SREFLECT RYTES AROUND ERIT 164
Q=0C #LOAD Q@ THRU DAL
DAL . 8C=0D §LOAD DALLSC)
DAL + SV=0E $LOAD' DALLCSHF VAL2J
CLR=0F $LOAD ZEROS
NT/=<79:78>y sNEFAULT=0 $DATA TYFE

PCONTROLS AMX SIGN/ZERO EXTENDER» SHF AMOUNT»
SCONDITION CODE SETTINGy AND MEMORY REFERENCES

LONG=0 SDEFAULT

WORD=1

BYTE=2

INST.DEF=3 P INSTRUCTION DEFENDENT -

SANY OF AROQVE» OR QUAD/DOUELE
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. TOC *Machine definition

EALU/=<158130
A=0
OR=1
ANIINDT=2
B=3
AtE=4
A-B=3
Atl=6
NARS . A-B=7

ERMX/=<19% 18
FE=0
KMX=1
AMX s EXF=2
SHF .VAL=3

FEK/=524324%y ,DEFAULT=0
NOF=0
LOAD=1

FS/=:423 42>
MCT=0
CID=1

TEK/=<31230>
NOFP=0
ISTR=1
IACK=2
EACK=3

IRC/=49G392%y s DEFAULT=0
NOF=0
STOF=1
FLUSH=2
START=3
CLR.0.1=4
CLR.2.3=5
BDEST=7
CLR.0=0C
CLR.1=0D
CLR,+0-3=0E
CLR.+1-5.,COND=0F

MACRO DEFINITIONS

EALU» EEMX» FEK» FS» IEK, IEBC®

SEXFONENT ALU

i-ABS(A-R)
JERMX TO EALU
iDEFAULT
§SHIFT VALUE

$FE REGISTER CONTROL
JDEFAULT» HOLD

ViFUNCTION SELECT FOR 43-46

FENARLE MEMORY CONTROL
FENABLE ID BUS AND CONSOLE CONTROL

FINTERRUFPT AND EXCEFTION ACKNOWLENGE

#STROBE INTERRUFT REQUESTS
# INTERRUFT ACKNOWLEDGE
FEXCEPTION ACKMOWLEDGE

# IRUF CONTROL FUNCTIONS
SDEFAULT

FFLUSH IB AND' LOAD' IRA

iCLEAR RYTES 0s1 (-11 OFCODE)

JCLEAR RYTES 2,3 (~-11 ISTREAM DATA)

# TRANSFER BRANCH DISFLACEMENT

$CLEAR BYTE O (VAX OPCODE)

SCLEAR BYTE 1 (VAX SPECIFIER)

$CLEAR BYTES 0-3 (-11 OF & DATA)
$CLEAR BYTES 1-5 CONDITIONALLY

# IF THERE IS NO SPECIFIER EVALUATIONy
CLEAR NOTHING. IF A SELF-CONTAINED
SPECIFIERy CLEAR IT. IF IMMEDIATEs
AEBSOLUTE» OR DISPLACEMENTy CLEAR THE
ISTREAM LITERAL.
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*Machine definition

IDADDR/ =63 58

IRUF=0
DAY s TIME=1

SYS.I0=3
RXCS=4
RXDE=5

TXCS=6
TXDE=7

Q=8
NXT.FER=9
CLK.C8=0A
INTERVAL=0R
CES=0C
VECTOR=0D
SIR=0E
FSL=0F
TRUF=10
TRERO=12
TRER1=13
ACC.0=14
ACC.1=15
ACC.2=16
ACC.C8=17
SILO=18
BRIVERR=19
TIME.ADDR=1A
FAULT=1R
COMFP=1C
MAINT=1D
FARITY=1E
USTACK=20
UBREAR=21
WCS ., ADDR=22
WCS.DATA=23

VAX 11/784 FIELD AND MACRO DEFINITIONS Page

ID.ADDRy J*

3IDN BUS

$RD
$RIMHWR

sRI
FRIFWR
#RD

SROFWR
FWR

FWR

§RDHWR
$RD

§RIMHWR
FRDHWR
SROFWR
PRDHWR

WR

ADDRESS

FSPFECIFIER/LITERAL DATA FROM IE
SCURRENT TIME OF DAY...

# MUST READ UNTIL STOFS CHANGING
FSYSTEM IDENTIFICATION

#CONSOLE RECIEVE CONTROL/STATUS
FCONSOLE RECIEVE DATA BUFFER

3 (TO-ID REGISTER)

FCONSOLE TRANSMIT CONTROL/STATUS
$CONSOLE TRANSMIT DNATA BRUFFER

# (FROM~ID REGISTER)

SDATA FATH I/Q REGISTERS (MAINT ONLY)
$ INTERVAL CLOCK NEXT FERIOD REGISTER
PINTERVAL CLOCK CONTROL/STATUS
FCURRENT INTERVAL COUNT

iCFU ERROR/STATUS

JEXCEFTION & INTERRUFT CONTROL
$SOFTWARE INTERRUFT REGISTER
FFROCESSOR STATUS LONGWORD

s TRANSLATION RUFFER DATA

3TR ERROR/STATUS 0O

3TR ERROR/STATUS 1

JACCELERATOR REGISTER #0
JACCELERATOR REGISTER #1
FACCELERATOR REGISTER #2
JACCELERATOR CONTROL/STATUS
FNEXT ITEM FROM SBI HISTORY

$SEI ERROR REGISTER

§SRI TIMEOQUT ADDRESS
FFAULT/STATUS

FSRI SILO COMFARATOR

$SEI MAINTENANCE

$CACHE FARITY

IMICROSTACK

iMICRO EREAK

FURITING WCS COUNTS ADDRESS
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Il KUS ADDRESSES CONTINUEL'. ADDRESSES 24-3F ARE RAM LOCATIONS

FOER=24 iFPROCESS SFACE O BASE REGISTER
F1ER=235 #FROCESS SPACE 1 KASE REGISTER
SER=26 iSYSTEM SPACE RASE REGISTER
KSF=28 $KERNEL. STACK FOINTER
ESF=29 #EXEC STACK POINTER
88F=2A $SUFERVISOR STACK FOINTER
USF=2R #USER STACK FOINTER
ISF=2C # INTERRUFT STACK FPOINTER
FFDA=2D
0. 8V=2E
Q.5V=2F
TO=30 # GENERAL TEMFS
Ti=31
T2=32
T3=33
T4=34
TH=35
T6=36
T7=37
T8=38
T9=39
FCERE=3A $FROCESS CONTROL ELOCK BASE
SCERE=3ER #SYSTEM CONTROL ELOCK BASE
POLR=3C #FROCESS O LENGTH REGISTER
F1LR=3D #FROCESS 1 LENGTH REGISTER
SLR=3E $SYSTEM LENGTH REGISTER

+CREF

J/=31230> 9 1 NEXTADDRESS #NEXT MICRO WORD ADDRESS

+NOCREF
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.TOC *Machine definition $ KMX*®

KMX/=263158
+8=0
o1=1
e 2=2
«3=3
v4=4
SP1.CON=5
SP2.CON=6
ZERD=6
8C=7

JCONSTANTS OR # FROM FK

748 FROM FK

i#1 FROM FK

i#2 FROM FK

7#3 FROM FK

i#4 FROM FK

SSPECIFIER 1 CONSTANT

JSECIFIER 2 CONSTANT (~11 MODE)
# OR ZEROS (VAX MODE)

$8CLP:0] FROM FK

$8 - 3F: CONSTANTS (1 CYCLE SETUF IF ALU IN ARITH MODE)

+14=8
+A0=9
+34=0A
+28=0F
+40=0C
«50=001
«7ZFFO=0E
«EF=0F
+80=10
«8000=11
+FF=12
+FFO0=13
+1E=14
+3F=15
«7F=16
‘_7"'"17
F=18
«10=19
+FFEB=1A
+FFFO=1R
«FFF8=1C
+20=1D
+30=1E
+«18=1F
«3FF=20
=21
fD=22
«lF=23
«1F00=24
+BO=25
+EQ03=26
$ 7C=27
+FFEO=28
2 60=29
SFARE=2A
+DOFCF=2R
+4000=2C
«FFF1=2I
+19=2E
FFF9=2F

-

FNECIMAL VALUE OF CONSTANT
520
$160
P52
740
64
+80

SRRKRXKKK +3000=0E If sustem rev is less than & XKKKKKX

§239
7128
-32768
P 259
i—-256
30
63
§127
$7
15
ilé
§-24
i~16
i-8
$32
748
i24
§1023
712
13
§31
$7936
176
4
124
P-32
P96

87

Pxkxkxkx FFEF=2C If sustem rev is less than 6 Xkkkkkx

i~13
525
-7
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# KMX DEFINITION CONTINUED

-

FFFF=30
.88=31
+3030=32
+FO=33
.CO=34
«6=35
9236
+FFF6=37
+FFF5=38
+1A=39
+24=3A
+1B=3B
+FFFC=3C
+A=3D
+7E=3E
SPARE=3F

Page A-19
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.TOC *Machine definition 3 MCT» MSC*

MCT/=247342%y + DEFAULT=3E $MEMORY CONTROL

TEST +RCHK=00
MEM.NOFP=02
TEST . WCHK=04
WRITE .V +NOCHK=0A
WRITE V. WCHK=0C
LOCKWRITE .V+XCHK=0E
REALDV.RCHK=10
READV.NOCHK=12
READ.V.WCHK=14
REAI. V., IBCHR=16
READV.NEWFC=18

LOCKREAD V. NOCHK=1A
LOCKREAD + V. WCHK=1C
SHIWHOLD=20
SEIHOLDHUNJAM=22
INVALIDATE=24
VALIDATE=26
EXTWRITE.P=28
WRITE.F=2A
LOCKWRITE .F=2E
READF=32
READLINT,.SUM=36
LLOCKREAID . F=3A
ALLOW, IR .READ=3E

MSC/=%29326y  IEFAULT=0

NOF=0
CHK « CHM=01

CHK «FLT+OFR=02
CHK.ODD . AIDR=03
IRD=04
LOAL.STATE=05
LOAD.ACC.CC=06
READ.RLOG=07
CLR.FFD=08
SET.FFD=09
CLR+NEST.ERR=0A
SETNEST .ERR=0R
SECOND,REF=0C
RETRY .NO. TRAF=0D
RETRY « TRAF=0E
INH.CM.ADDR=0F

$TEST TBUF WITH READ CHECK
SNEITHER CPU NOR IB GETS MEM CYCLE
STEST TRUF WITH WRITE CHECK
SWRITE, INHIBIT TRAPS

SWRITEs NORMAL VARIETY

$INTERLOCK WRITE» VIRTUAL ADDRESS
SREADy NORMAL VARIETY

SREADy INHIBIT TRAPS

JREAD FOR MODIFY

$READYy CHECK CONTROLLED EBY IBUFFER
FBEGIN NEW INSTRUCTION STREAM

3 DATA GOES TO INSTRUCTION BUFFER
FINTERLOCK READy INHIBIT CHECK

$ INTERLOCK READ'y NORMAL VARIETY
3STOF ALL SBI ACTIVITY

JRESET SBI

$CLEAR CACHE ENTRIES
FMICRODIAGNOSTIC FORCE VALID
SEXTENDED WRITE TO CLEAR MOS ERRORS
SWRITE» FHYSICAL

§INTERLOCK WRITE» FHYSICAL

$READly FHYSICAL

# INTERRUFT SUMMARY READ

#INTERLOCK READy FHYSICAL

$GIVE IR A CYCLE IF IT WANTS ONE

JDEFAULT
PCREATE NEW FSL FOR CHM
PUTRAP IF ALU<1S»=1y ALU<14270=0

#THIS STATE IS INSTRUCTION DECODE

3TAKE CONDITION CODES FROM ACCELERATOR
¥ (ANI' FOP RLOG STACK)

SCLEAR FSL<FPIx RIT

$SET SAME

JCLR NESTED ERROR FLAG IN CFU STATUS
$SET SAME

#0F UNALIGNED DATA REFERENCE

$AFFLY SAVED CONTEXT» INHIBIT TRAFS
FAPFLY SAVED' CONTEXT TO THIS REF
FALLOW USE OF FULL 32-BRIT ADDRESS
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.TOC "Machine definition

PCK/=£34¢32>y sDEFAULT=0

NOP=0

PC.VA=1
PC.IBA=2

VA+4=3

PC+1i=4

PC+2=5

PC+4=6

PC+N=7

AK/=<54351>» sDEFAULT=0
NOP=0
LEFT2=1
RIGHT2=2
LEFT=5
RIGHT=6
SHF=8
SHF JFL=9
DEC.CON=0A

ACCEL=0R
D=0C
ID=0E
CLR=0F

RAMX/=<77377>y  DEFAULT=0

D=0

Q=1

RBMX/=<77877>
a=0
D=1

PCKy QK» RAMXs RBMX®

$ADDRESS COUNT CONTROL
SDEFAULT

$VALVA+4
$PC_PC+1
SFC_PC+2
IPC_FPC+4
$PC_PC+N» N IS DETERMINED BY INSTR BUFFER

$DEFAULT» HOLD
$DOUBLE SHIFT LEFT 2
$DOUBLE SHIFT RIGHT 2

JILOAD SHF» INTEGER FORMAT

$LOAD SHF» UNPACKED FLOATING FORMAT
SDECIMAL CONSTANT = 4’8 IN EACH NIEBLE
JFOR WHICH ALU CRY OUT IS FALSE

$LOAD ACCELERATOR DATA FROM DF BUS

$LOAD ID BUS
$LOAD ZERO

SDATA PATH MIXER TO AMX
$DEFAULT

$DATA PATH MIXER TO BMX. SAME BIT AS RAMX

Page A-12



VAX 11/780 FIELD AND

+TOC

*Machine definition

HCK/=423823>y s DEFAULT=0

NOF=0
LOAD=1

SGN/=50248%y s DEFAULT=0

NOP=0
LOAD,S85=1
S8,FROM, SD=2
NOT.SD=3

8D .FROM.S5=4
58 ,XOR . ALU=S
ADD,SUR=6
CLR.S0+58=7

SHF /=<87383>» sDEFAULT=0

ALU=0
LEFT=1
RIGHT=2
ALUDT=3
RIGHT2=4
LEFT3=5

81/=457855>y JDEFAULT=3

DIvVD=0
ASHR=1
ASHL=2
ZERO=3
SFARE=4
DIv=5
MUL+=6
MUL-=7

GMX/=217316>

EALU=0
FE=1
ALU=2
ALUEXF=3

MACRO DEFINITIONS

SCKy SGNy SHF» SI» SMX"

$8C REGISTER CONTROL
SDEFAULT» HOLD
$LOAD SMX<09:00>

$SIGN CONTROLS

SDEFAULT

$8S_ALUX1S>

$88..8I

$SD.NOT SD

$SI_8S

FSILALULLIS>y 55..88.XORALUCIS>
$SD_ALUC1S>y S5.88.X0R.ALU<1S5> . XOR IR
$CLEAR BOTH

$ALU SHIFTER CONTROLS

}DEFAULT» SHF_ALU

$SHF_ALUCL1)y INSERT SI CNTL
$SHF_ALU(R1)» INSERT SI CNTL
PSHF..ALU(DT?! LOsL1yL2sL3)» INSERT O
$SHF_ALU(R2)y INSERT SI CNTL

§ SHF .ALU(L3)

$SHIFT INFUT CONTROLS

i SHF D

; o - - .

4 PSL=N> Q31 ALU C31
b ALU 31 Q0 Q31

H 0 0 D31

[ [} 0 [

¥ Q31 Q31 ALU C31
[ [ ALU 051 O

4 1 ALU 0s1 1

JMIXER TO SC
PEALU <920
SFE<930:x
FALUL09300x
PALU14207:
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. TOC *Machine definition
$P0/=<41835>y DEFAULT=0
NOF=0
LOAD.LC,.SC=6

WRITE.RC.8C=7

GPO.AC/=<41336>
LOAL . LAR=1
LOAD.LA=2
WRITE.RAR=3

SP0O.ACN/=<37835*

SF1,.5P1=0
SP2,5P2=1
SF2,8P1=2
PRN=3
PRN+1=4
SC=5
SP1+1=6

SPO.ACN11/=<37 335>

SRC.SRC=0
DST.DST=1
DST.8RC=2

’ SRC.SRC=3
SRC.OR.1=4
8C=5

SPO.R/=<41139>
LOAD,LC=2
WRITE.RC=3
LOAD.LAB=4
WRITE.RAB=5S
LOADLABL1 . WRITE.RC=6
LOAD.LC.WRITE.RAB1=7

Page

¢ SFO» SFD.AC» SFO.ACNs SFO.ACN11y SFO.R®
$SCRATCH FAD OPCODEr 7 EITS

$DEFAULT
fLOAD LC»

$WRITE RCy

ADR=8CL03:001]
ADR=SCL033001

$4 FUNCTION BITS OF SFO FIELL
$LOAD LAy LE FROM R(ACN)
3LOAD LLA_RNy HOLD LB

SWRITE RAr RB (ACN)

$AC NUMBER IN $PO FIELD

$VAX MODE RA RE

80 SF1 R SP1 R

il SF2 R SP2 R

i2 SP2 R SF1 R

i3 PRN PRN

LE] PRN+1 PRN+1

5 8C<03:00 8C+03:100>
36 SF1 R+l SP1 R+1

$AC NUMBER IN 3P0 FIELD -- 11 MODE

i-11 MODE RA RB

1 0 SRC R SRC R

i 1 ST R DST R

L4 2 DsT R SRC R

¥ 3 SRC R SRC R

H 4 SRC R +OR. 1 SRC R +OR. 1
i S SC<03:00> SC<03:00>

$8CRATCH FAD FUNCS WITH LOW 4 BITS OF SP AS ADR
$LOAD LCy ADR=SPO.RN

JWRITE RC

sLOAD LAy LE

SWRITE RAr RB

$LOAD LAy LBCR11y AND WRITE RCLRN1

JLOAD LCCRN1s» AND WRITE RAr RELR11
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+TOC "Machine definition ¢ SPO.RARy SPO.RCy SUH» VAK®

GF0RAB/=38235> $RA/RB LOCATIONS
RO=0
R1=1
R2=2
R3=3
R4=4
RS=5
R6=6
R7=7 .
AP=0C $R12 = ARGUMENT LIST POINTER
FF=0D iR13 = STACK FRAME POINTER
SP=0E $#R14 = STACK POINTER
R15=0F #R15 = FCy TO SOFTWAREs SCRATCH TO UCORE

GP0OJRC/=38$ 35> $RC LOCATIONS
T0=0
Ti=1
T2=2
T3=3
T4=4
T5=5
Té=6
T7=7
LC.Sv=8 $MEM MGMT SAVES LC HERE
VA §V=9
FTE . VA=0A
PTE . PA=OR
FC.5VU=0C
5C.SV=0I
VA REF=0E
MEIT.VA=OF
FTE .MASK=0F

SUB/=<65264y sDEFAULT=0 $ SURROUTINE CONTROL

NOP=0 $DEFAULT

CALL=1 $FUSH UPC OF THIS MICROINSTRUCTION
$ ONTO USTACK

RET=2 $*0R* TOF OF USTACK TO UFC
¥ AND FOF USTACK

SFEC=3 JREPLACE LOW 8 ERITS OF NEXT
§ UPC WITH SFECIFIER DECODE FROM
# INSTRUCTION BUFFER

VAK/=+253125>y s DEFAUL.T=0
NOF=0 *SDEFAULT
LOAD=1 $LOAD VA



VAX 11/780 FIELD AND MACRO DEFINITIONS

.TOoC *Machine definition ! Validitw checks"®
+SET/V0=< NOTCXNATIVE: 1>
+SET/V1=<NATIVE>

+CREF $RE-ENABLE CROSS REFERENCE
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VAX 11/78¢ FIELD AND

.TOC *Macro definition

ALU. -1
AaLU.0(A)
ALU.O+D
ALU..O+D+1
ALU.O+KL]
ALU..O+KLI+1
ALU.O+LB+1
ALU.O+LC
ALU.LO+LCHY
ALU_O+MASK+1
ALU..0+AQ
AlLU.LO+A+Y
ALU.O0-D
ALU..0-D-1
ALU_0~KL]
ALYU..O~KE1-1
ALY..0O-LB
ALU..O-LC
ALU_0-LC-1
ALU.0-Q
ALU..0-0-1
ALU.OLCID
ALU.OCILC
ALU.T

ALU_D(R)
ALU..D+KLC]
ALULD+RLI+1
ALU.D+KLT.RLOG
ALU.D+HLB
ALU..D+HLC
ALU..D+LC+1
ALU.D+LCH+FSL..C
ALY D+Q
ALU.D+Q+1
ALU.D+Q+FSL.C
ALU_.I4RL.OG
ALY..D-KE]

ALY D-KLJ-1
ALUD-LB
ALU._D-LE.RLOG
ALU_D-LC
ALU.D-L.C~1
AlLU.D-a
ALU.D-Q-1

ALY OXTE]
ALU.DOXTCI+KL]
ALU.D.OXTLI+LC
ALU.D.OXTLI+Q
ALY, OXTLI-KL]
ALU..D.OXTLI-Q

ALU.D.OXTCI .AND.KED
ALU..DOXTLI «ANDNOT oKL 3]
ALU.DOXTLI.OR.Q

ALU_D.AND.KRLC]
ALU.INAND . MASK

ALU..D«ANINOT KL ]
ALU.DANDNOT « MASK

ALU.IN, ANDNOT . Q
ALU_D.OR.KLC]
ALU.DL,OR.LC
ALU_D.OR.Q

MACRO DEFINITIONS Page

Redister transfer macroa"

"AMX/RAMX . OXT s DT/LONGy ALU/NOTA "
"AMX/RAMX . OXTyIIT/LONGy ALUZA"

*AMX/RAMX + OXT r DT /LLONG y REMX /D1y BEMX/REMX s ALU/A+R*
CAMX/RAMX + OXTy T /LONG » REMX /Iy BMX/REMX » ALU/ZA4EHL
"KMX/@1 y BMX/KMXy AMX/RAMX . OXTy DT /LONGr ALU/A+E"
"KMX/@1 » BMX/KMX» AMX/RAMX . OXT»DT/LONGyALU/A+E+1*
"AMX/RAMX . OXTr DT/LONGy BMX/LEyALU/A+ER+YL®
*AMX/RAMX+ OXT s DT/LONGy EMX/LCyALUZATE"

"AMX/RAMX + OXT» DT/LONGy EMX/LCyALU/A+ESL "

"AMX/RAMX + OXT» DT/LONG y EMX/MASKy ALU/A+ESL "

" AMX/RAMX + OXTy DT /LONG y REMX/Qr BMX/REMX » ALU/A+E"

" AMX/RAMX . OXTyIT/LONG y REMX/Qr BMX/REMX s ALU/A+E+1 "
"AMX/RAMX s OXT o IT/LLONG »y REMX /L1y BMX/REMX y ALU/A-E"
"AMX/RAMX « OXTy DT /LLONG r RBMX /10y BMX/REMX s ALU/A~ B 1 *
*AMX/RAMX + OXTyOT/LONGy KMX/@1 » BMX/KMXy ALU/A~E"
"KMX/@1 9 BMX/KMXy AMX/RAMX . OXT vy I'T/LONGy ALU/A~E~1 "
"AMX/RAMX . OXTyDT/LONGy EMX/LErALU/A-E"

"AMX/RAMX + OXTy DT/LONGy BMX/LCy ALU/A-E®

"AMX/RAMX . OXT s DT/LONG » EMX/L.CrALU/A-R~1"

*AMX/RAMX « OXT s IIT/LONG y REMX/Q v EMX/REMXy ALU/A~E"
"AMX/RAMX s OXTy DT /L.ONG y REMX/ Qv BMX/REMX » ALU/A-R~1"
"ALU/@1y AMX/RAMX . OXTy LONG y BMX/REMX y RRMX/L1t"
"ALU/@1y AMX/RAMX + OXT » LLONG y BEMX/L.C*

"RAMX/Dy AMX/RAMXyALU/ZA"

"REMX/0y BMX/REMX s ALU/E®

*RAMX/ Ly AMX/RAMX y KMX/@1 » BMX/KMXyALU/ATE"

"RAMX/ Dy AMX/RAMX »KMX/@1 » BMX/KMXy ALU/A+R4L"
"AMX/RAMX » RAMX/Dy KMX/@1 » BMX/KMXy ALU/ARRLOG"
"RAMX/Dy AMX/RAMX» BMX/L.Ey ALU/A+E"

"RAMX/Dy AMX/RAMX y BMX/1.CyALU/AE"

"RAMX/Dy AMX/RAMX y BMX/LCrALL/A+EELY

*"RAMX/ Dy AMX/RAMX y BMX/LCyALU/ATE4AFSL . C®

"RAMX/ L1y AMX/RAMX y REMX/ 00y BMX/REMX r ALU/ZA+ER "

"RAMX/Dy AMX/RAMX » REMX/Qy BMX/REMX s ALU/A+E+HL "
"ALU/A+BHFSL . Cr AMX/RAMX y BMX/REMXy REMX/Qy RAMX/1*
*ALU/A+Ey AMX/RAMX y RAMX /Ty BMX /70y MSC/READRLOG®
*RAMX/I1y AMX/RAMX y KMX/@1 »y BEMX/KMX s ALU/A-R"

"RAMX/ Ty AMX/RAMX y KMX/@1 y BEMX/KMXy ALU/A~E~1"
*RAMX/L0y AMX/RAMX » EMX/LEy ALU/ZA-E"

“RAMX/Dy AMX/RAMXy BMX/LEyALU/A-R . RLOG®

*RAMX/Dy AMX/RAMX » BMX/LCyALLI/A-E"

"RAMX/L1y AMX/RAMX y BMX/L.Cs ALU/A-B-1"*

"RAMX/IDy AMX/RAMX y REMX/ Qv BMX/REMX» ALU/A-R"

"RAMX/ [y AMX/RAMX y REMX/Qy BMX/REMX » ALU/A~R-1"
"RAMX/Dy AMX/RAMX « OXTyIIT /@1 » ALU/A®

"RAMX/[y AMX/RAMX « OXT» IIT/@1 y KMX /@2y BMX/KMX » ALU/ATE®
"ALU/A+Ey AMX/RAMX . OXTy DT /@1 y RAMX /DNy BMX/LC*
"ALU/A+Ey AMX/RAMX . OXTy DT /@1y RAMX /1y BMX/REMX s REMX/Q "
"RAMX/Dy AMX/RAMX OXTy DT /@1 y KMX /@2y BMX/KMXy ALU/A~R"
"RAMX/Dy AMX/RAMX . OXTy DT/ @1 »y REMX/Qy BMX/REMXyALU/A-E"
"RAMX/Dr AMXZRAMX . OXTy DT/@1 y KMX/@2 9 BMX/KMX y ALU/AND®
"ALU/ANDNOT » AMX/RAMX . OXT s DT /@1 y RAMX/ Ity KMX/KMX y KMX /@27
"RAMX/Dy AMX/RAMX  OXTy 1T /@1 » BMX/REMX» ALU/OR"
"RAMX/Dy AMX/RAMX y KMX/@1 » BMX/KMX» ALU/AND*

"RAMX/D'y AMX/RAMX » EMX/MASKy ALU/AND*

-*RAMX/ Dy AMX/RAMX y KMX /@1 » BMX/KMX» ALU/ANDNOT *

"RAMX/ Dy AMX/RAMX » BMX/MASKy ALU/ANDNOT ®
“RAMX/Dy AMX/RAMX » REMX/Q y EMX/REMXy ALU/ZANDIINOT *
"RAMX/Dy AMX/RAMX y KMX/@1 » EMX/KMX » ALU/OR "
"RAMX/ Dy AMX/RAMX » RMX/1LCrALU/OR"

"RAMX/ Iy AMX/RAMX » REMX/Q v EMX/REMX » ALU/OR®
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ALU.DOR.RCLC]
ALU.I. ORNOT . MASK
ALU_L.SXTC]
ALU_D.SXTLI+KL]
ALU_D.SXTLI+Q
ALU_D.SXTLI.ANDNOT .KLC]
ALU._D.SXTLI ANDLKL]
ALU.D.XOR.KE]
ALU.D. XOR.LC
ALU_TDI. XOR.Q
ALU..D.XDR.RCLC]
ALU. D XORRC]
ALU.DLIRE]D
ALU.DCILE
ALu.DCILC
ALU.DLCIQ
ALU.KL]

ALU.LA
ALU.LA+KL]
ALU_LA+KL1+1
ALU_LA+KC1.RLOG
ALU_LA+LE
ALU_LA+LC
ALU_LA+LC+H1
ALU_LA+LC+FSL.C
ALU_LA+Q
ALU_LA-D
ALU_LA-D-1
ALU..LA-KL]
ALU.LA-KL]I-1
ALU..LA-KL[1.RLOG
ALU_LA-LC
ALULLA-Q
ALU_LA-Q-1
ALU_LA.ANDJKLC]
ALU_LA.ANDLLC
ALU_LA.ANDNOT .KL]
ALU_LA.ANDNOT . MASK
ALU_LA.OR.KC]
ALU_LA.XOR.LC
ALU..LACID
ALULACILE
ALU_LALCIQ
ALU.LE

ALU_LC
ALU_NOT.D
ALU_NOT.KLC3J
ALU..NOT.RCLC]
ALU.PACK.FF
ALU..PC

ALU.Q

ALU..Q(R)
ALU_Q+KE]
ALU..Q+KEI+1
ALU.G+LB
ALU.Q+LE+1
ALU.Q+LC
ALU_QHLC+1
ALU.Q+LC+FSL..C
ALU_Q+MASK
ALU.Q-D
ALU.Q-D-1
ALU.Q-KL]

MACRO DEFINITIONS

"RAMX/Dy AMX/RAMXySFPO.R/LOAD.LCySPO.RC/BL y BMX/L.CyALL/OR"
"RAMX /Dy AMX/RAMX » BMX/MASK Yy ALU/ORNOT*

*RAMX/Dy AMX/RAMX . SXT»DT/@15ALU/A"

*RAMX/Dy AMX/RAMX « SXTyOT/@1 sy KMX/@2y BMX/KMX s ALU/AYE"
*RAMX/Ly AMX/RAMX «SXTH»DT/@1 y BMX/REMXyALU/A+R"
*RAMX/Ly AMX/RAMX « SXToDT/@1 y ALU/ANDNOT » EMX/KMX » KMX/R2"
"RAMX/Ly AMX/RAMX . SXTyIIT/@1 yKMX /@2y BMX/KMX » ALU/AND*
"RAMX/Lty AMX/RAMX r KMX/@1 » EMX/KMX» ALU/XOR®

"RAMX/D s AMX/RAMX y BMX/LCyALU/ XOR"

"RAMX/Ds AMX/RAMX s REMX/Qy EMX/REMXr ALU/XOR"

"RAMX/Dy AMX/RAMX»SFO.R/LOAD.LCySFO.RC/@1 y EMX/L.CyALU/XOR"
"RAMX/Dry AMX/KAMXy SFO . R/LOAL LAR Y SF0 . RAEB/@1 y BMX /LBy ALU/XOR "
"RAMX/Tty AMX/RAMX y KMX/@2y BMX/KMXsALU/@1*
"ALU/@1/AMX/RAMX» RAMX/Dy BMX/LE"

"RAMX/Dy AMX/RAMX» BMX/LCyALU/@L"

"RAMX/Dy AMX/RAMX y REMX/Q» BEMX/REMX»ALU/@L"

*KMX/@1y BMX/KMXs ALU/E®

"AMX/LAYALU/A"

"AMX/LAYKMX/@1» BMX/KMXy»ALU/ATE"
"ALU/A+E+1 s AMX/LA» BMX/KMXyKMX/@1"
"AMX/LAYKMX/@1 » BMX/KMXyALU/A+E RLOG"
"AMX/LAyEMX/LEyALU/A+E"

"ALU/A+Ey AMX/LAYBMX/LC®

*ALU/A+E+L » AMX/LAYEMX/LC®
"ALU/A+E+FSL .Cr AMX/LAY EMX/LC"
"ALU/A+E AMX/LA Y BMX/REMXy REMX/Q"

"AMX/LA s REMX/T1y BMX/REMX» ALU/A~E"

*AMX/LAyREMX/Dy EMX/REMXrALU/A-R-1"
"AMX/LAsKMX/@1 s BMX/KMXrALU/A-E"
"AMX/LAsKMX/@1 » BMX/KMXsALU/A-E-1"

“AMX/LAYKMX/@1» BMX/KMXyALU/A-E.RLOG®
*ALU/A-EyAMX/LAyEBMX/LC"
"ALU/A-EyAMX/LAy BMX/REMX s REMX/Q"
"ALU/A-E-1rAMX/LA» BMX/REMX» REMX/Q"
"AMX/LAYKMX/@1 » BMX/KMX»ALU/AND"

"ALU/ANIy AMX/LAy BMX/LC®
*AMX/LAKMX/@1y BMX/KMX » ALU/ANDINOT *

*AMX/LA» BMX/MASK y ALL/ANDNOT ®
*ALU/OR» AMX/L.A» BMX/KMXy KMX/21 "

"AMX/LA» BMX/LCrALU/XOR"
*AMX/LA»REMX/ L1y BEMX/REMXsALU/@L"
"AMX/LAsEMX/LByALU/EL"

“AMX/LAYREMX/Qy BMX/REMXALU/CL"

*EMX/LEsALU/R"

“BMX/LCsALU/R"

"ALU/NOTA» AMX/RAMX» RAMX/D1*

" EBMX/KMXy KMX/@1 y ALU/ORNOT » AMX/RAMX . OXT» DT /LONG"
"SPO.R/LOAILLLCYSFO.RC/@L» EMX/LCy AMX/RAMX . OXT s BT /LONG» ALU/ORNOT *
“BMX/FACKED.FLyALU/E*

*EMX/FCyALU/R®

“RAMX/Qr AMX/RAMXyALU/ZA"

"RBMX/Qy BMX/RBMX»ALU/B"

"RAMX/Qs AMX/RAMXyKMX/@1 y EMX/KMXr»ALU/A+R"
*ALU/A+TE+1 > AMX/RAMX y RAMX/Qy EMX/KMX s KMX /@1 "
*RAMX/Qr» AMX/RAMX» BMX/LEBsALU/A+R"

*RAMX/ Qs AMX/RAMX» BMX/LEsALU/A+E+L"

"RAMX/Qs AMX/RAMX » BMX/LC»ALU/A+RB®
"ALU/A+EB+1yAMX/RAMXyRAMX/QrEMX/LC"

"ALU/A+E+PSL .CrAMX/RAMX yRAMX/Qr BMX/LC"

"ALU/A+E AMX/RAMX yRAMX/Qr» BMX/MASK*®

"RAMX/Qr» AMX/FRAMX » REMX /Lty BMX/REMX » ALU/A-E"
"ALU/A-B—-1yAMX/RAMX s RAMX/Qy BMX/REMX »y REMX/1t"
"RAMX/Qr AMX/RAMX s KMX /@1 y EMX/KMXy ALU/A-R"
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ALU..Q-LE

ALU.Q-LC
ALU.Q-MASK-1
ALU.Q.OXTL]
ALU..Q.OXTLI+D
ALU_Q.OXTLI+D+1
ALU.Q.OXTEI+KE]
ALU..Q.OXTLI-D
ALU-Q.0XTLI~KL]
ALU.Q.OXTLI.ANDNOT .KLC]
ALU.Q.OXTLI.0R.KE]
ALU..Q.OXTLI.OR.I
ALU.Q.AND. D
ALU.Q.AND.KL]
ALU..Q.ANDINOT.KL]
ALU..Q+ANDNOT , MASK
ALU_Q.ANDINOT.RL]
ALU..Q.OR.KL]
ALU.Q.OR.LC
ALU_Q.ORNOT KL
ALU.Q.SXTL]
ALU.QR.SXTLI+KL]
ALU.QSXTLI+LE
ALU.QSXTLIHLB+1
ALU.Q.SXTLI+FC
ALU.Q.SXTLI.ANDNOT,.KLC]
ALU.Q.XOR D
ALU.Q«XOR.KC3
ALU.Q.XOR.LC
ALU.Q+XOR.RCL]
ALU..QCID

ALU.R(DST)
ALU..R(SC) +ANDNOT.KL]
ALU.R(SP1)+KL].RLOG
ALU_RC(SC)

ALU..RCL]

ALU..RLOG

ALU..RL]

ALU..RCI-KC]
ALU.RCI.AND KL
ALU_RLI.AND.LC
ALU..RC1.ANDNOT KL
ALULRLI.ANDIINOT « MASK
ALU.RLCI.0R.KLC]
ALU.RCI.ORNOT.KL]
ALU.RLI«XORWKL]
ALU.RLIXOR.Q

(CACHE.FP..DLC]
CACHEL]..D
CACHE.D(QUAD)
CACHE..I'y INST . DEFP
CACHE..DC]
CACHE.IMC) LK
CACHE..I'C 3. NOCHK

negQ.0+Q
NERCCI.FC
NEVA_ALU
N&VA_L+LC
NEVA_D+AQ
I&VA.D-KL]
NEVA..LA

MACRO DEFINITIONS

"RAMX/Qr AMX/RAMX » BMX/LEsALU/A-B"

"RAMX/Qr AMX/RAMX» BMX/LCrALU/A-R"
*ALU/ZA-B-1» AMX/RAMXy RAMX/Qy BMX/MASK"®

"RAMX/Qy AMX/RAMX . OXTrBT/@1yALU/A"

"ALU/ZA+Ey AMX/RAMX . OXT»DT/@1 » BMX/REMX» RBMX/DyRAMX/Q"
*ALU/A+B+1r AMX/RAMX s OXT» DT /@1 » BMX/REMX» RAMX/Qy REMX/1}"
*ALU/A+By AMX/RAMX . OXTyOT/@1 y RAMX/Q s BMX/KMX s KMX/7@2"
*ALU/A-ByRAMX/Qy AMX/RAMX +OXT»DIT/@1 y EMX/REMX *

"ALU/A-By AMX/RAMX ., OXTyDT/@1» RAMX/Qy BMX/KMXyKMX/@2"
*ALU/ANDNOT » AMX/RAMX « OXT» DT/@1 » RAMX/Q s BMX/KMX » KMX/@2"
*ALUZOR» AMX/RAMX . OXT»IIT/@1 » RAMX/Q» BMX/KMX » KMX/7@2*

*ALUZOR » AMX/RAMX . OXT» IIT/@1 » RAMX/Q y BMX/REMX » REMX/D*

* AMX/RAMX » RAMX/Qy BMX/REBMX y REMX/I1y ALU/AND "

*RAMX/Q s AMX/RAMXy KMX/7@1 » EMX/KMX » ALU/AND®

"RAMX/Q s AMX/RAMX »y KMX/@1 » BMX/KMX y ALU/ANDNOT *

*RAMX/Qr AMX/RAMX » BMX/MASK » ALU/ANDNOT *

"ALU/ANDNOT s AMX/RAMX y RAMX/Qy EMX/LE»SFO.R/L.OAD.LABYSPO.RAR/@1 "
"RAMX/Qy AMX/RAMX y KMX/@1 y EMX/KMX»ALU/OR"

*RAMX/Qr AMX/RAMX y EMX/LCyALU/OR"

"ALUZORNOT y AMX/RAMX s RAMX/Qy BMX/KMX y KMX/@1*
*ALU/ArAMX/RAMX.SXTyDT/@1LyRAMX/Q"

*RAMX/Qy AMX/RAMX « SXT»IIT/@1 y KMX/@2y BMX/KMXyALU/A+R"

*RAMX/Qy AMX/RAMX . SXT»DIT/@1 » BMX/LByALU/A+R"

"RAMX/Qr AMX/RAMX . SXT o DT/@1 y BMX/LByALU/A+B+1"

*RAMX/Qy AMX/RAMX . SXTyDT/@1 » EMX/FCyALU/A+R"

*ALU/ANDNOT » AMX/RAMX + SXT y RAMX/Qy BMX/KMXyKMX/@2,DT/@1 "
"RAMX/Qy AMX/RAMX » BMX/REMX y RRMX/D» ALU/XOR®

"RAMX/Qr AMX/RAMX y KMX/@1 y RMX/KMXy ALU/XOR"

"RAMX/Qy AMX/RAMX» BMX/LCyALU/XOR"

*RAMX/Qr AMX/RAMX » SPO «R/LOAD . L.CySFO.RC/@1 y BMX/LCyALU/XOR®
*RAMX/Qr AMX/RAMX » RBMX /L1 s BMX/REMX s ALU/@1 *

"SFO.AC/LOAD . LABySPO.ACNLL/DST .NSTyAMX/LAYALU/A"
*SFO.AC/LOAD.LABsSPO.ACN/SCy AMX/LAYKMX/@1 » BMX/KMX» ALU/ANDNOT *
*SPO.AC/LLOADLAR»SFD.ACN/SF1 . SF1y AMX/LAYKMX/@1 » BMX/KMX»ALU/A+B (RLOG*
*SPO/LOAD.LC.SCrBMX/LCYALU/ER®

*SPO.R/LOADLLCYSPO.RC/@L yBMX/LCyALU/B®
"BMX/0»ALU/ByMSC/READRLOG"
*SFO.R/LOAD.LAEYSFO.RAR/@LyAMX/LAYALU/A®
*SFO.R/LOAD,LABsSFO.RAR/@1 y AMX/LAYKMX/Q2 BMX/KMXyALU/A-R"
*SFO.R/LOAD.LARySFO.RAB/R@1 s AMX/LArKMX/@2 s BMX/KMX s ALU/ZAND®
*SFO.R/LOAD.LARySFPO.RAR/@1»AMX/LA» BMX/LCsALU/AND®
*SPO.R/LOADN.LARYSPO.RAR/@L s AMX/LAYKMX/ @2 BMX/KMX» ALU/ANDNOT *
*SPO.R/L.OAD.LARySFO.RAR/@1 s AMX/LAY BMX/MASKy ALU/ANDNOT *
*SPO.R/LOAD.LARySFO.RAR/R1 s AMX/LArKMX/@2y BMX/KMX»ALU/OR®
*ALU/ORNOT » AMX/LLAy BMX/KMX» SFDR/LOAD.LARySFO.RAB/@1)KMX/@2°
*SPO.R/LOAD,LABySPO.RAR/B1» AMX/LAYKMX/@2 BMX/KMX s ALU/XOR"®
*SPO.R/LOAD.LARySFO.RAB/@1 yAMX/L.AYREMX/ Qs BMX/REMX ALL/XOR®

"VAK/NOFyMCT/WRITE.P,DT/@1y DK/NOF "

"VAK/NOF s MCT/WRITE V. WCHKyMSC/@1 » DK/NOP*®
"MCT/EXTWRITE.FsLONG»VAK/NOF» DK/NOF*

*VAK/NOF yMCT/WRITE V. WCHKy DT/ INST  IEF y DK/NOP ®
*UAK/NOP sy MCT/WRITE . V. WCHKDT/@1 s DK/NOP *
*VAK/NOF yMCT/LOCKWRITE .V . XCHK» I'T/@1 » DK/NOF *
*VAK/NOF s MCT/WRITE . V. NOCHK» IT/@1 y IK/NOP *

*RAMX/Ty AMX/RAMX » RBMX/Q s BMX/REMX » ALU/A+E» SHF /ALU » DR/ SHF y QK /SHF *
*BMX/PC»ALU/Ry SHF /ALU» DK/SHF » F0.R/WRITE.RCy»SFO.RC/®1"
*"VAK/LOADY SHF /7ALUy IK/SHF *

"RAMX/D» AMX/RAMX » BMX/1.C» ALU/A+Ey VAK/LOADy SHF /AL Uy DK/ SHF *

*D..D+Qy VAK/LODAD "

*RAMX/Ity AMX/RAMX y KMX/@1 » RMX/KMX » ALU/A~B» VAK/LOAD y SHF /ALU » DK/ SHF *
*AMX/LAYALU/AYVAK/LOADy SHF /ALL y DK/ SHF *
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DSVA_LB
nva_Q
DEVA_Q+LB.FC

NC1..CACHE
DCI.CACHE . IRCHK
NLI.CACHE.LK
NC1..CACHE . NOCHK
DLI.CACHE.FP
DCI_CACHE . WCHK |

D.o

D_O+KL1+1
D.O+LC+1

D.0-D

D.0~K[C1J

D.o-Q

D.0-Q-1
D-ACCEL&SYNC
n.aLy
D.ALUC(FRAC)
D_ALU.LEFT
D.ALUJLEFT2
D.ALU.LEFT3
D.ALU.RIGHT
D.ALU.RIGHT2
D_BLANK
N_CACHE . INST .DEP
D..CACHE .LKC]
D.CACHE ., WCHKL 1
D_CACHEL)
N_D(FRAC)
D.D+KL]
D.DHRCI+1
D_D+LB

n.p+LC
D.D+LC+PSL.C
n.n+@

D_D+Q+1

D.D-KL]

D.Dp-LC

n.p-Q

n.p-@-1
D_D.OXTL]
N_-D.OXTCI+KC]
D.D.OXTLI+Q
D.D.OXTLI4+Q+1
D.D.OXTCI.ANDNOT.KL]
D_D.OXTCI1.0R.Q
D.D.0XTC1.XOR.Q
D.D.OXTLI.XOR.RCL]
n-LI.AND.KC3]
D_.D.AND.KCI.LEFT2
D.D.AND.KCJ.RIGHT
D_D.AND.LC
D..D.AND . MASK
N-D.AND.Q
D_D.AND.RCC]
[_D.ANDNOT.KL]
[_D.ANDNOT.LC
D_D.ANDNOT .PSWZ
D_.D.ANDNOT.Q
1..D.ANDNOT .RCLC]
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*BMX/LEsALU/B» VAK/LOAD Yy SHF /ALUy DK/SHF *
"RAMX/Qr AMX/RAMX»ALU/AYVAK/LOADDK/Q"
"RAMX/Qr AMX/RAMX y BMX/PC.OR+LEyALU/A+ByVAK/LOADy SHF /ALU» DK/SHF *

*VAK/NOF»MCT/READ.V.RCHKyDT/@1 ¢y DK/NOP "
*VAK/NOF »MCT/READ .V, IBCHKyIT/@1 y DK/NOF *
*VAK/NOF yMCT/LOCKREAD .V . WCHK» DT/@1 » DK/NOF *
*VAK/NOP s MCT/READ .V, NOCHKyDIT/@1 y IK/NOF *
"VAK/NOF s MCT/READ F»IT/@1 » DK/NOFP *

*VAK/NOF s MCT/REAI V. WCHKyDT/@1 » DK/NOP*

*DK/CLR®

"AMX/RAMX . OXT»DT/LONGyKMX/@1 » EMX/KMXy»ALU/A+EB+1rSHF /ALUy DK/ SHF *
*AMX/RAMX . OXT s OIT/LONG r BMX/LCrALU/A+E+1ySHF/ALU» DK/ SHF ®

"AMX/RAMX . OXT»OT/LONGrRBMX/ Ity BMX/RBMX» ALU/A-B» SHF /ALUy DK/ SHF ®
*AMX/RAMX . OXT» DT /LONGy KMX/@1 » BMX/KMX 2 ALU/A-Ey SHF /AL Uy IK/SHF *
*AMX/RAMX s OXT »IT/LONG » REMX/Qy BMX/RBMX » ALU/A-EB» SHF /ALU» IK/ SHF *
"ALU_0-Q-1,D_ALU"

*IK/ACCEL »ACF/SYNC"

"SHF/ALUy DK/SHF *

"SHF/ALUsDK/SHF .FL"

"SHF/LEF T DK/SHF *

*SHF/ALU.DT»DT/LONG» DK/SHF *

*SHF/LEFT3»DK/SHF*

*SHF/RIGHT y DK/ SHI "

*SHF/RIGHT2,DK/SHF*

*D_KC.20]°*

*VAK/NOFyMCT/READ .V, IBCHKyDT/INST . DEF » IK/NOF *

"VAK/NOP yMCT/LOCKREAD .V, UCHKyHSC/@1 »y DIK/NOF *

*UAK/NOF y MCT/READ. V. WCHKyMSC/@1» DK/NOF "

*VAK/NOF s MCT/READ.V.RCHK yMSC/@1 » DK/NOF*

*RAMX/Ly AMX/RAMX »ALU/A» SHF /ALUy DK/SHF . FL.*

*RAMX/Dr AMX/RAMX yKMX/@1 y BMX/KMX r ALU/A+Ry SHF /ALUy DK/ SHF *

"RAMX/Ly AMX/RAMX yKMX/@1 y BMX/KMX»ALU/A+B+1 » SHF /ALU y IR/ SHF *

"RAMX/[y AMX/RAMX y BMX/LBrALU/A+B» SHF /ALUy DK/ SHF *

*RAMX/Ity AMX/RAMX »y BMX/LCrALU/A+By SHF /ALUy DK/SHF *
*RAMX/DrAMX/RAMX » BMX/LCrALU/A+B+FSL . Cy SHF /ALU» IIK/SHF *

*RAMX/Dy AMX/RAMX » RBMX/ Qs BMX/REMX » ALU/A+Ry SHF /ALU» DR/ SHF *

*RAMX/Dy AMX/RAMX » RBMX/Qy BMX/REMX» ALU/A+B+1 » SHF /8LUy DK/ SHF *

*RAMX/D s AMX/RAMX s KMX/@1 s BAX/KMXyALU/A-ErSHF /ALUy DK/ SHF *

*RAMX/Dy AMX/RAMX » BMX/LCrALU/A-By SHF /ALU» DK/SHF ®

*RAMX/Dr AMX/RAMX y RBMX/Q s BMX/REMX» ALU/A~By SHF /ALU» DK/ SHF *

*RAMX/Dr AMX/RAMX » REMX/0Qr BMX/REMX s ALU/A-E~1 ¢ SHF /ALU» IK/SHF *
"RAMX/Dy AMX/RAMX . OXTyDT/@1»ALU/A»SHF/ALUY DK/ SHF *

"RAMX/Dr AMX/RAMX . OXT s DT/@1 yKMX/@2y BMX/KMX» ALU/A+Ey SHF /ALU» DK/ SHF "
"ALU/A+BsAMX/RAMX .OXTyDT/@1 » BMX/REMX yREMX/Qy D_ALU"

*RAMX/Dy AMX/RAMX . OXTsDT/@1» BMX/REMX»ALU/A+R+1D_ALU"

"RAMX/Dy AMX/RAMX . OXT s DT/@1 yKMX/@2» BMX/KMX » ALU/ANDNOT » SHF /AL Uy DK/ SHF *
*RAMX/D s AMX/RAMX + OXTyDT/@1 y REMX/Qy BMX/REMXy ALU/OR » SHF /AL Uy DK/SHF *
*IIK/SHF s ALU/XOR » SHF /ALU » AMX/RAMX + OXT y RAMX/D» T /@1 » REMX/ QR » BMX/REMX®
*RAMX/D s AMX/RAMX, OXTDT/@1+SPO.R/LOAD.LCySFO.RC/@2y BMX/LCyALU/XOR » SHF /AL U IK/SHF *
"RAMX/ [y AMX/RAMX s KMX/@1 » EMX/KMX r ALU/AND » SHF /ALU » IIK/ SHF *

*RAMX/Dy AMX/RAMX » KMX/@1 y RMX/KMXy ALU/AND» SHF /ALU . DTy DT/LONG» DK/ SHF *
"RAMX/ Dy AMX/RAMX s KMX/@1 » BMX/KMX r ALU/AND » SHF /RIGHT » IR/ SHF ®

"RAMX/Ds AMX/RAMX » BMX/LCy ALU/AND » SHF /AL.Uy DK/ SHF *

*RAMX/D s AMX/RAMX » BHX/MASK » ALU/AND » SHF /AL U » DK/ SHF *

*RAMX/TIy AMX/RAMX » REMX/Q s BMX/REMX » ALU/AND» SHF /ALU » IK/SHF *

*RAMX/Dy AMX/RAMX rSPO.R/LOALLCsSFO.RC/@1 y BMX/LCyALU/ANDy BHF /ALU Yy DR/SHF *
"RAMX/D s AMX/RAMX y KMX/@1 » BMX/KMX » ALU/ANDNOT » SHF /ALU » DK/ SHF *
"RAMX/D» AMX/RAMX » BMX/LCr ALU/ANDNOT » SHF /ALU » IK/SHF *

*IK/SHF » ALU/ANDNOT r AMX/RAMX s RAMX /Dy EMX/KMX s KMX/ + 4 s SHF /ALU*
*RAMX/D» AMX/RAMX » RBMX/Q s BMX/REMX » ALU/ANDNOT y SHF /ALU y DK/SHF *
*RAMX/Ii» AMX/RAMX » SPO.R/LOAD.LCySPO.RC/@1y BMX/LCyALU/ANDNOT » SHF /AL Uy DR/ SHF *
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D_LLEFT
D.D.LEFT2
D_D.OR.ASCII
n.D.OR.KL]
0.0, 0R.FSUC
N.D.0R.PSWYV
N.D.0OR.Q
D-D.OR.RCE]
N.N.OR.RL]
DD ORNOT . MASK
N.DRIGHT
D.D+RIGHT(B)
D-D.RIGHT2
n..I. SWAF
D_D.SXTL]
D.D.SXTLI+RIGHT
N_0.XOR.KL]
D.D.XOR.LC
D_D.XOR.0Q
11..DAL « NORM
n_.pAL .SC
N.DCIKC]
N.DEIMASK
n.ncie
D.INT.SUM
n-KC1
D_KLI.RIGHT
D_KL3.RIGHT2
n.LA
I.LAC(FRAC)
DoLA+D4HFSL.C
N.LA-D .
D.LA~KL]
I.LA.AND.KL]
N.LARIGHT
n.LB

I.LB.FC

n.Lc
N.LC(FRAC)
D.NOT.D
N.NOT.KLJ
IL.NOT . MASK
n.NOT.Q
D.NOT.RLC]
D.FACK.FF
D.FACK.FF.LEFT
n_prC
D.FPC.LEFT
n.a
D.Q(FRAC)
n..Q+D0
N.Q+KLC1]
QLR
I.Q+PC

.Q--n
.Q-D-1
n.Q-KC3
n.Q-KCY--1
n.Q-rCSV
N.Q.0XTL]
D.Q.AND.KL]
[.Q.ANDLLC
I-Q+AND . MASK
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"DK/LEFT"

"DK/LEFT2"

*D.D.OR.KC.30]"

"RAMX/Dr AMX/RAMX s KMX/@1 y BMX/KMX » ALU/OR» SHF /ALU» DK/ SHF *
"DK/SHF » ALU/OR y AMX/RAMX » RAMX /Dy BMX/KMXy KMX/ o 15 SHF /ALU*
"DIK/SHF » ALU/ZOR y AMX/RAMX s RAMX /11y BMX/KMX s KMX/ « 29 SHF 7ALU"
“RAMX/Dy AMX/RAMX » REMX/Qy BMX/REMX»ALU/OR » SHF /ALU» DK/SHF *
"RAMX/Dy AMX/RAMX s SPO+R/LOAD.LCySPORC/@1 y RMX/LCyALU/ORy SHF /ALU» DK/SHF *
*ALU/ORy AMX/RAMX y RAMX/ Dy BMX/LErSPO.R/LOAD.LAR»SFO.RABR/@1 » DK/SHF *
"RAMX/Dy AMX/RAMX y BMX/MASK » ALLI/ORNOT » SHF /ALU» DK/ SHF *
"DK/RIGHT"

"REMX/Dy BMX/RBMXvALU/Ry SHF /RIGHT » DK/ SHF *

"DK/RIGHT2*

"DK/BYTE.SWaP* )

"RAMX/Dr AMX/RAMX « SXTyDT/@1» ALU/AY SHF /ALU» DK/ SHF *
"RAMX/Dy AMX/RAMX + SXT»DT/@1 » ALU/A» SHF/RIGHT » IK/SHF *
"RAMX/Dy AMX/RAMX » KMX/@1 » BMX/KMX y ALU/XOR y SHF /ALU » DK/ SHF *
*RAMX/ Ny AMX/RAMX » BMX/LC» ALU/XOR » SHF /ALU » DK/ SHF *

*RAMX/Dy AMX/RAMX »y REMX/Q» BMX/RBMX» ALU/XOR » SHF /ALY » DK/ SHF *
*DK/DAL ., SV"

*DK/DAL.SC"

"RAMX/Dy AMX/RAMX s KMX/@2 » EMX/KMXy ALU/@1 » SHF /ALY » DK/ SHF °
"RAMX/Dy AMX/RAMX » BMX/MASK» ALU/@L y SHF /ALU» DK/ SHF *
"RAMX/Dy AMX/RAMX » REMX/Q v BMX/REBMX » ALU/@1 y SHF /ALUy DK/ SHF *
*MCT/READ . INT . SUM» DK/NOF *

"KMX/@1 9y BMX/KMXrALU/By SHF /7ALUy DK/ SHF *

"KMX/@1 » BMX/KMX» ALU/R» SHF /RIGHT » DK/ SHF *

*KMX/@1 y BMX/KMX » ALU/RBy SHF /RIGHT2y K/ SHF *

"AMX/LA» ALU/AYSHF /ALU » DK/SHF *
"AMX/LArALU/AYSHF/ALU s DK/ SHF JFL*
"AMX/LAyREBMX/Dy BMX/RBMX r ALU/A+B4PSL + Cy SHF /ALUy DK/ SHF *
"DK/SHF » ALU/A~ByAMX/LAy BMX/RBMXyRRMX/Dy SHF /ALU"
"AMX/LArKMX/@1 » BMX/KMX s ALU/ZA-BrSHF /ALU Y DK/ SHF ¢
"AMX/LAsKMX/@1 » BMX/KMX» ALU/AND y SHF /AL Uy K/ SHF *
"AMX/LArALU/A»SHF /RIBGHT » DK/ SHF *

"BMX/LRByALU/BRy SHF/ALUrDK/SHF *
"BMX/FC.OR.LByALU/BySHF /ALUy IK/SHF *

*BMX/LCryALU/By SHF/ALUy DK/ SHF *
*BMX/LCrALU/By SHF/ALU» DK/SHF . FL"

"RAMX/D's AMX/RAMX» ALU/NOTAY SHF /ALU y DK/SHF *

CKMX/7@1 » BMX/KMX » AMX/RAMX « OXT » DIT/LONG y ALU/ORNOT » SHF /ALU» DK/ SHF *
*BMX/MASK » AMX/RAMX + OXT» IIT/LLONG » ALU/ORNQT » SHF /ALU» DK/ SHF *
"RAMX/Qr» AMX/RAMXy ALU/NOTA» SHF /AL Uy DK/SHF *
"LA_RAL@1]1,AMX/LAYALU/NOTA,D_ALU"

"BMX/FACKED.FL yALU/BySHF/ALUyIK/SHF "
"EMX/PACKEDFLyALU/B»SHF/LEFT » DK/ SHF *
*BMX/PCyALU/By SHF/ALU Yy DK/SHF *

"BMX/FCrALU/Bs SHF/LEFT DK/ SHF "

"IK/Q*

"RAMX/Qy AMX/RAMX » ALU/A» SHF /ALY » DK/ SHF W FL.®

"RAMX/Qs AMX/RAMX » REMX/ Dy BMX/RBMX s ALU/A+B» SHF /ALUY DK/ SHF *
"RAMX/Qy AMX/RAMX y KMX/@1 » BMX/KMX» ALU/A+By SHF /ALU» DR/SHF *
"RAMX/Qy AMX/RAMX » BMX/LEy ALU/A+Ry SHF /ALUy DK/ SHF *
"RAMX/QyAMX/RAMX » BMX/PCr»ALU/A+Ey SHF /ALU Yy DK/SHF "

"RAMX/Qr AMX/RAMX y REMX /LNy BMX/REMX y ALU/A-B» SHF /ALU» IK/ SHF *
"RAMX/Qr AMX/RAMX » REMX /Dy BMX/RBMX» ALU/A-B—-1»SHF /ALUy IK/SHF *
"RAMX/Qr AMX/RAMX  KMX/@1 » BMX/KMX » ALU/A-Ry SHF /ALU Y IK/SHF *
*RAMX/Qr AMX/RAMX y KMX /@1 y BMX/KMX s ALU/A~B~1 » SHF/ALU» DK/SHF *
*RAMX/Qr AMX/RAMX » BMX/0y MSC/READ . RLOGr ALU/A-By SHF /ALU» DK/ SHF *
"RAMX/Qy AMX/RAMX . OXT DT/@1yALU/A» SHF /ALU DK/ SHF *

*RAMX/Q s AMX/RAMX» KMX/@1 y BMX/KMX y ALU/AND » SHF /ALU» DK/ SHF *
"RAMX/Q s AMX/RAMX» BMX/LCrALU/AND » SHF /ALUy DK/SHF *

"RAMX/Qy AMX/RAMX y BMX/MASK s ALU/ANDYy SHF /ALU» DK/SHF *
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I.Q.AND.RCLC]
N_Q.ANDNOT.D
D.-Q+ANDNOT .KC3]
-Q.ANDNOT . MASK
D-Q.ANDNOT.PSWC
N_Q.ANDNOT .FSWN
D_Q.ANDNOT ,.PSWZ
D_Q.LEFT
n-Q.0R.KL1]
In.Q.0R.PSWC
I-Q.0R.RCC]
[-Q.0RNOT.MASK,
N_Q.RIGHT
D.Q.RIGHT2
N.Q.SXTC]
[.Q.X0R.RCLC]
n_Qrap

D_QLIKC]
D.QLIMASK
D_R(PRN+1)
D.R(SC)
D_R(SP1+1)
ND.RC(SC)

D.RCC1J

D.RLOG
D-RLOG.RIGHT
D_RC1]
I.RLI(FRAC)
D_-RCJ.AND.KLC]
D.RCI.OR.KLC]
D_RC1.0RNOT.KLC]

EALU.DC(EXF)
EALU..FE
EALU_KL]
EALU_RCICEXF)
EALU.SC
EEALU_SCHFE
EALU..SCHRLC]
EALU_SC~FE
EALY._SC-KL]

EALU_SC+ANDNOT KL

EALU.STATE

FFE&SC..KL1]
FE_0CA)
FELDCEXF)
FE.EALU
FE.KC3]
FE.LACEXF)
FE.NAEG(SC-FE)

FE_NABS(SC-LACEXP))

FE_QCEXF)
FE.RCICEXF)
FE.SC

FE.GC+1
FE.SCH+FE
FE.SC+KL]
FE_SCHLACEXF)
FE.SC-FE
FE.SC-KL]
FE.SC-LACEXF)
FE_SC-SHF . VAL,
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“RAMX/QrAMX/RAMX s SFO.R/LOAD . LLySFORC/C1 s EMX/LCy ALU/ANDy SHF /ALYy DK /SHF *
"RAMX/Q s AMX/RAMX » REMX/ Dy BMX/REMX s ALU/ANDINOT » SHF ZALU» DR/ SHF *

*RAMX/Qr AMX/FAMX s KMX/@1 » BMX/KMX» ALUZ/ANDNQT » SHF /ALU »y IK/SHF *

"RAMX/Qr AMX/RAMX » BMX/MASK s ALU/ANDINOT » SHF /AL Uy DK/ SHF *

“DK/SHF » ALU/ANDNOT » AMX/RAMX y RAMX/ Qv BMX/KMX » KMX/ o 19 SHF /ALU"

"DK/SHF y ALU/ANDNOT » AMX/RAMX » RAMX/Q» BMX/KMX » KMX/ + 8+ SHF 7ALU "

*DK/SHF r ALU/ANDINOT » AMX/RAMX » RAMX/Qy BMX/KMX y KMX/ + 4 » SHF 7ALU "

*RAMX/Qy AMX/FRAMXy ALU/A» SHF/LEF T » DK/ SHF *

"RAMX/Qr AMX/RAMX r KMX/@1 » EMX/KMX » ALU/OR » SHF /ALU» IIK/SHF *

*DK/SHF yALU/CR » AMX/RAMX r RAMX/Q vy EMX/KMX s KMX/ + 1y SHF /AL "

"RAMX/0Qr AMX/RAMX»SPO.R/LOAD.L.CrSFO.RC/@L s EMX/LCrALU/OR » SHF /ALU » DK/ SHF *
"RAMX/Qr AMX/RAMX » EMX/MASK » ALU/ORNOT » SHF /ALU s IK/ SHF *
"RAMX/QrAMX/RAMX»ALU/A Y SHF /RIGHT y DK/ SHF *

*RAMX/Qs AMX/RAMX» ALU/A» SHF /RIGHT2y IK/SHF *
*RAMX/QrAMX/RAMX . SXT»DT/@1 yALU/A» SHF /ALU» IK/SHF *
*RAMX/QyAMX/RAMX»SPO.R/LOAD.LCySFO.RC/@1 y BMX/L.CrALU/ XOR » SHF /ALU s IK/SHF *
"RAMX/Q s AMX/RAMX » RBMX/D» BMX/REMX s ALU/@1 » SHF /ALU» DK/ SHF *

"ALU/@1»SHF /7ALU» DK/ SHF » BMX/KMX » KMX/82 » AMX/RAMX s RAMX /0"

“RAMX/Qr AMX/RAMX » BMX/MASKyALU/@1 » SHF /ALU» K/ SHF *
“SPO.AC/LOAD.LARySPO.ACN/FPRN+1 rAMX/LA»ALU/AYSHF /ALU» IK/SHF *
*SPO.AC/LOAD.LABySPO.ACN/SCyAMX/LAALU/A Y SHF /ALUy DK/ SHF *
*SPO.AC/LOAD.LABySPO.ACN/SF1+1sAMX/LArALU/AY SHF /ALU s DK/SHF *
"SPO/LOAD.LC.SCyBMX/LCyALU/BySHF /ALYy DK/SHF *
*SPO.R/LOAD.LCySFPO.RC/@1yBMX/LCyALU/By SHF /ALUyDIK/SHF *
*BMX/0yMSC/READ.RLOGyALU/Ey SHF /ALUy [IK/SHF *

*BMX/0»MSC/READ .RLOG»ALU/BySHF /RIGHT y IK/SHF *
"SPO.R/LOAD.LABySFPO.RAE/@1yAMX/LArALU/A» SHF /ALU» IIK/SHF *
"SPO.R/LOAD.LAB»SPO.RAB/@1yANX/LArALU/AsSHF /ALU» K/ SHF (FL*
“SPO.R/LOAD.LAEySPO.RAB/@1yAMX/LAYKMX/R2y BMX/KMX » ALU/ANIDy SHF /ALYy IK/SHF *
"SFO.R/LOAD.LABySFO.RAB/@1»AMX/LAYKMX/@2 s BMX/KMXyALU/OR» SHF /ALU» DK/ SHF ®
“LAB_RL@11yAMX/LA» BHX/KMX» KMX/@2 ALU/ORNOT » D ALU"

"RAMX/Dy AMX/RAMX » EBMX/AMX .EXFyEALU/ER®
"EEMX/FEyEALU/R"
"KMX/@1yERMX/KMXEALU/E"
"SFO.R/LOAD.LAE,SFO.RAE/@1 » AMX/LAYEEMX/AMX . EXFsEALU/R"
"EALU/A"

"EERMX/FEyEALU/A+R"

"KMX/@1 »EEMX/KMX»EALU/A+ER"
"EBRMX/FEsEALU/A-E*
*KMX/@1yEBMX/KMXsEALU/A-E"
"KMX/@1EBMX/KMX»EALU/ANDNOT *
"EALU/AYMSC/LOAD.STATE®

"KMX/@1yEEMX/KMXyEALU/EyFEK/LOALy SMX/EALUY SCK/LOAD "
"AMX/RAMX + OXT » DT/LONG» EBEMX/AMX . EXFrEALU/Bs FEK/LOAD*
"RAMX/Liy AMX/RAMX » EEMX/AMX JEXF vy EALU/E»FEK/LOAD"®
"FEK/LOAD"

"KMX/@1»EBMX/KMXyEALU/ByFEK/LOAD®

"AMX/LArEEMX/AMX EXFyEALU/ByFEK/LOAD®
"EALU/NABRS . A-RyEEMX/FE»FEK/LOAD"
*AMX/LAEBMX/AMX .EXF» EALU/NABS . A~EyFEK/LOAD"®
"RAMX/QrAMX/RAMX » EBMX/AMX .EXPyEALU/ByFEK/LOAD"
"SPO.R/LOAD.LAEySFO.RAE/@1» AMX/LAyEBMX/AMX .EXFyEALU/EyFEK/LOAD®
"EALU/ASFEK/LOAL"

"EALU/A+1,FEK/LOAD"

"EEMX/FEsEALU/A+B»FEK/LOAD"
"KMX/@1»ERMX/KMXyEALU/A+EyFEK/LOAD"
"AMX/LAYEBMX/AMX EXPrYEALU/A+EYFEK/LOAD"
"ERMX/FEyEALU/A-EsFEK/LOAD"®
*KMX/@1,EBMX/KMXyEALU/A-EyFEK/LOAD"®
"AMX/LA»EBMX/AMX .EXPrEALU/A-ByFEK/LOAD"
"EBMX/SHF . VAL yEALU/A-BsFEK/LOAD®
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FE.SC+ANDNOT .FE
FE..SCANDNOT.KC2
FE.SC.OR.KL]
FE.SHF . VAL
FE.STATE

nese).n
mel.r
II.D&NC.SYNC
In.D.8SYNC

KE]

LAR.R(DST)

LABR.R(PRN)
LLAB.R(FRN+1)

LAE.R(SC)

LAB.R(SF1)
I.AR.R(SF1+1)
I.AE.R1&RCC1..0
LAR.R1ZRCLI.O+LCHL
LAB.R1&RCL 1.0~
LAR..R1&RCLI.ALY
LLAB.R1&RCL]..ALUWRIGHT2
I.AB..R1SRCLI.DHLC
LAB.R1&RCCI.IOXTLI+KL]
LABR.R1§RCLI..Q-KC]
LAR.RC]

LA_RC(DST) SLE.R(SRC)
LALR(SP2) SLR.R(SF1)

LA.RALC]

I.C.RC(SC)

L.C.RCL]

LC.RCLIGRL. (LAHLE) .LEFT
LCLRCCISRIL (LA+LEBHPSL.C) JLEFT
L.C.RCLCIGR1.(LA+LR.RLOG) .LEFT
L.C.RCLIZRL. (LA-LR) JLEFT
L.C.RCCI&RL . CLA~LE.RLOG) .LEFT
L.C.RCLIGRL ALY

L.C.RCCI&RL..D
LCLRCEJERILAHKLY]
L.C.RCLIZR1..LA-KL]
LC.RCEISRILLE

LELRCECIERL.Q

N&Z. ALY
NEZ.ALU.VRC..O0
N.AMXZ..T8T

FCRVALALY
PCEVA.TD
FCRVALDHKL]
PCYVA.D-KL]
FCRVALLD-PC
FCRVA..IN. OXTL]
FCRVA.DOXTLIHFC
FCEVALDNSXTLI4+FC
FCAVALKL]
FCEVALFC

FCEVA.Q
FCIVALQ+FC
FCEVA.Q-D
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*EBMX/FEsEALU/ANDNQT y FEK/LOAD®
*KMX/@1y EBRMX/KMXyEALU/ANDNOT » FEK/LOAD*
*EALU/OR» ERMX/KMXyKMX/@1 »FEK/LOAD"
*EBMX/SHF . VAL yEALU/ByFEK/LOAD"
"MSC/LOAD . STATE yEALU/APFEK/LOAD®

*CID/WRITE.SC"

*CID/WRITE KMX»ID.ADDR/@1"

“CII/WRITE «KMX»ADS/IBA,KMX/SF1.CON*
"CID/WRITE .KMXyADS/IBAYyKMX/SP1.CONsyACF/SYNC"

*KMX/@1°"

*SPD.AC/LOAD.LAB»SPO.ACNL11/DST.DST"

*SFO.AC/LLOAD . LABySFPO.ACN/PRN"

"SFO.AC/LOAD.LAB»SPO.ACN/PRN+1*

*SFO.AC/LOAD.LABYySPO.ACN/SC"

*SPO.AC/LOAD.LABySPO.ACN/SP1.SP1"

*SPO.AC/LOAD.LABySPO.ACN/SP1+1"

*ALU_O0(A) yLAB.R1ERCL@1]..ALU"

*ALU/A+E+1 y AMX/RAMX . OXT+ DT/LONGy BMX/LC»8POR/LOAD.LAEL .WRITE.RCySFO.RC/@1+SHF/ALU"
"SFO.R/LOAD.LABL WRITE.RCrSPO.RC/@1sALU/A-By AMX/RAMX .+ OXT»IT/LONG» EMX/REMX» RBMX/D» SHF /ALU"
*8PO.R/LOAD.LAB1.WRITE.RC»8FO.RC/@1ySHF/ALU"
*SFO.R/LOADLARLWRITE.RC»SPO.RC/@1ySHF/RIGHT2"

*ALU.D+LC,LAR.RISRCLOLI.ALU®

*ALU.D.OXTL@2I+KL@3)»LAB.R14RCLALI.ALYU"

*ALU.G-KL@2],LAR.RIERCLCELI..ALU"

"SFO.R/LOAD.LAR, SPO.RAB/@L"

*SFO.AC/LOAD.LABYSFO.ACN11/DST.SRC"

*SP0.AC/LOAD.LAB»SFO.ACN/SP2,8P1"

"SPO.AC/LOAD.LAYSFO.RAR/R1"

"8FOQ/LOAD.LC.SC"

*SPO.R/LOAD.LC,SPO.RC/01"

*AMX/LAyEMX/LBrALU/A+BY SHF/LEFTySPO.R/LOAD.LC.WRITE .RAR1,8PO.RC/@1"
*AMX/LAyBMX/LByALU/A+B+PSL «CySHF/LEFT»SPO.R/LOADJLC.WRITE.RABL »SFO.RC/7@1"
*AMX/LAyBMX/LRyALU/A+BRLOGY SHF/LEFT»8POR/LOAD.LC.WRITE .RAB1»SFO.RC/Q1"
*AMX/LAs BMX/LBrALU/A-BySHF/LEFTySPO.R/LOAD.LC.WRITE.RAB1»SFPO.RC/@1°
"AMX/LAyEMX/LByALU/A-B+RLOGY SHF/LEFTySPO.R/LOAD.LC.WRITE .RAEL1»SPOJRC/Q1°*
"SFO.R/LOAD.LC.WRITE.RABL,SPO.RC/@1y8HF/7ALU"

*ALU_DyLC_RCC@1IER1I_ALU"
*SFO.R/LOAD.LC.WRITE.RAEL,SFO.RC/Q@1»SHF/ALUyALU/ZA+Br AMX/LA» BHX/KMX 1 KMX/Q2"
"ALU_LA-KC@2]yLC_RCCR1IERI.ALU®

*ALU.LEyLC.RCC@E1IZR1._ALU®
"SPO.R/LOAD.LC.WRITE.RARLySFO.RC/@1»SHF/ALUALU/AY AMX/RAMX »RAMX/Q"

*CCK/NZ.ALUVCVC®
*CCK/NZ._ALU.VC.O"
*CCK/N.AMX . Z_TST.VC.VC"

"VAK/LOAD»PCK/PC_VA*

“RAMX/D» AMX/RAMX » ALU/ArVAK/LOAD» PCK/PC_VA®

*RAMX/TI» AMX/RAMX » KMX/@1 » BMX/KMX » ALU/A+B» VAK/LOAD s PCK/PC.VA®
*RAMX/D» AMX/RAMX y KMX/@1 » BMX/KMX s ALU/A~B 2 VAK/LOADyPCK/FC..VA"
*RAMX/D s AMX/RAMX » BMX/FCr ALU/A-B»VAK/LOAD» PCK/PC_VA*®

*RAMX/I'y AMX/RAMX . OXT » T /@1 » ALU/A» VAK/LOAD y PCK/PC_VA"

*RAMX/Dy AMX/RAMX « OXTyDT/@1 » BMX/FPCrALUZA+B»VAK/LOAD Y PCK/PC_VA"
*RAMX/ Dy AMX/RAMX + SXT» DT/@1 » BMX/FCy ALU/A+E» VAK/LOADy PCK/PC_VA"
"KMX/@1 » BMX/KMX» ALU/E» VAK/LOAD» PCK/FC_VA*"

"BMX/PCrALU/Ry VAK/LOADyFCK/PCLVA®

"RAMX/QrAMX/RAMX »ALU/AVAK/LOADPCK/PC_VA"

*RAMX/Qy AMX/RAMX » BMX/FCrALU/A+BsVAK/LOAD PCK/PC..VA"

"RAMX/Qr AMX/RAMX » RBMX /D'y BHX/RBMX » ALU/A-B» VAK/LOAD» PCK/PC.VA®
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FC&VA.Q~KLC]

FCEVA..Q. SXTLI4+FC
*C&VA_RCL]
FCE&VA..RCI . ANIINOT KL 1]

PC.PC+1
PC_PC+2
FC_.PCt+4
*C.PCHN
FC.A+FC
FC.VA
FC.VIEA
FSLLCH>_AMXO0

QRva.AaLU
Q8VA..D
QRVA_D+LE
QEVA_LA
Q8VA_Q+LE.FC

QD_(Q+LE)D RIGHT2
QD_(Q+LCID.RIGHT2
QAD_(Q-LER)D.RIGHT2
QAD.(Q--LCIYD.RIGHT2
Qn.QD.RIGHT2

Q- (LA+Q) «RIGHT

Q- (Q+LB) +RIGHT
Q.0

(R.0+LC+1
(Q.0+MASK+1
Q.0+PC.RLOG

QA.-0-D

A.0-KL1]

Q.0-LC

Q..0-Q
(A_ACCEL8SYNC
Q-ALU

Q.ALUCFRAC)
Q.ALULLEFT
Q..ALULLEFT2
Q_ALULLEFT3
Q.ALU.RIGHT
Q..ALU.RIGHT2

Q.D

Q.D(FRAC) (B)
Q.D+KC]

Q.D+KTI+1
Q-D+KLCI.LEFT
Q_D+LC

(A..D-KC1]

Q.-D-LC

Q.-D0-Q

(Q-D.OXTC]
Q_D.OXTLI+KCILLEFT
Q-D.OXTCI.0R«FACK.FF
Q.D.AND.KL]

QD AND KL .RIGHT
QA_D.AND.KLJ.RIGHT2
Q..D.AND.RCC]
(3.D+.ANDNOT.RCL]
Q.D.LEFT3
Q-D.O0R.KL]
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*RAMX/Qr AMX/RAMXyKMX/@1 y BMX/KMXyALU/A-ByVAK/LOADYyFCK/FC..VA"

*RAMX/Qr AMX/RAMX . SXTyDT/@1»BMX/FCyALU/A+E»VAK/LOADYPCK/FC..VA®
*"SPO.R/LOAD.LCYSFO.RC/@1yEMX/L.CrALU/ByVAK/LOADYFCK/PC.VA®
*SFO.R/LOAD.LAEySFO.RAE/@1»AMX/LAsKMX/@2 s BMX/KMXy ALU/ANDNOT » VAK/LOAD s FCK/FC..VA®

*PCK/FC+1"

*FCK/FCH2°

"FCK/FC+4"

"FCK/PC+N*
"ALU/A+E»VAK/LOADyFCK/FC..VAy BMX/PCy AMX/RAMXyRAMX/Q"
*FCK/FC.VA®

"PCK/PC_1IBA"

"CCK/C..AMXO"

"VAK/LOALy SHF /ALU» QK/SHF *

*"RAMX/Dy AMX/RAMXrALU/Ay VAK/LOADy SHF /ALU» QK/SHF *

*RAMX/D s AMX/RAMX» BMX/LCy ALU/A+E Y VAK/LOAD » SHF /ALU » QK/SHF *
"AMX/LAryALU/AYVAK/LOAD y SHF /7ALU» QK/SHF *

"RAMX/Qr AMX/RAMXy BMX/PC«ORLBrALU/A+B Y VAK/LOAL' s SHF /AL U » QK/SHF *

"ALU.Q+LEByQ_ALU.RIGHT2yD.D+RIGHT2"
*ALU..Q+LCyQ.ALU.RIGHT2,D.. D RIGHT2"
"ALU..Q-LEsQ_.ALURIGHT2,D_0,RIGHT2"
*ALU_Q-LCrQ_ALU.RIGHT2,D.D.RIGHT2"
*ALU..QyQ_.ALU.RIGHT2,D_D.RIGHT2*

"AMX/LAyRBMX/Qs BMX/RBMX»ALU/A+EBy SHF /RIGHT » QK/SHF *
'RAHé/gvAHX/RAHXrBHX/LBrALU/A+BvSHF/RIGHTvGK/SHF'

"GK/CLR"

"ALU/A+E+1y AMX/RAMX . OXT» IIT/L.ONG» SHF /ALU r QK /SHF » BMX/L.C*
"AMX/RAMX . OXTy UT/LONG » BMX/MASK » ALU/A+E+1 » SHF /ALU» QK/SHF *
*AMX/RAMX . OXT»IT/LONG» EMX/PCrALU/A+B.RLOG» SHF/ALU»QK/SHF *
*AMX/RAMX . OXT»DT/LONG » REMX/Dy EMX/REMXyALU/A-Ey SHF /ALU Y QR/SHF *
*AMX/RAMX . OXTyIT/LONGy KMX/@1 y BMX/KMXyALU/A~B» SHF /ALUy QK/ SHF *
"AMX/RAMX . OXTyDT/LONGr EMX/LCrALU/A-~By SHF /ALU» QK/SHF *
*AMX/RAMX . OXTr DT/LONGy REMX/Qr BMX/REMXyALU/A-By SHF /ALU Yy QK/SHF *
"QK/ACCEL yACF/SYNC"

*SHF /ALU»QK/SHF *

"SHF/ALU»QK/SHF  FL.*

"SHF/LEFTyQK/SHF *

"SHF/ALU.DT,DT/LONG»QK/SHF *

"QK/SHF y SHF /LEFT3"

*SHF /RIGHT yQK/SHF *

"SHF/RIGHT2yQK/SHF*

"QK/D*

"RBMX/Ly BMX/RBNXALU/By SHF /ALU» GK/SHF L FL*

*RAMX/ Dy AMX/RANX r KMX/@1 » BMX/KMX» ALU/A+Ey SHF /ALU Y QK/SHF *
"RAMX/D» AMX/RANX»KMX/@1 y BMX/KMX s ALU/A+B11ySHF /ALU QK/SHF *
"RAMX/ Dy AMX/RAMX r KMX/@1 » BMX/KMX» ALU/A+B» SHF /LEF Ty QK/SHF *
"RAMX/D s AMX/RAMX » BHX/LCyALU/A+By SHF /ALU» QK/SHF *

*RAMX/ LIy AMX/RAMX » KMX/@1 vy BMX/KMX» ALU/A-Br SHF /ALU» GK/SHF *
"RAMX/Dy AMX/RAMX y BMX/LCy ALU/A-By SHF /ALUy QK/SHF *

*RAMX/D» AMX/RAMX » REMX/Q s BMX/RBMX» ALU/A-B» SHF /ALU» QK/SHF *
"RAMX/Dy AMX/RAMX +OXTrDT/@1 yALU/A» SHF /ALU» QR/SHF *

*RAMX/Dr AMX/RAMX . OXTrDT/@1 y KMX/ @2y BMX/KMX v ALU/A+B» SHF /LEF T »QK/SHF *
"RAMX/Ly AMX/RAMX . OXT rIT/@1 » ENX/FACKED . FL s ALU/OR y QK/SHF *
*RAMX/D s AMX/RAMX s KMX/@1 s EMX/KMX s ALU/AND SHF /AL U » QK/SHF *
*RAMX/Dy AMX/RAMX yKMX/@1 y BMX/KMXy ALU/AND» SHF /RIGHT » QK/SHF *
"RAMX/DyAMX/RAMX y KMX/@1 » EMX/KMX» ALU/ANDy SHF /RIGHT2» QR/SHF *
*RAMX/Ity AMX/RAMX»SFO.R/LOAD.LCySFO.RC/@1y BMX/LCr»ALU/AND SHF /ALU Y QK/SHF *
*RAMX/Dr AMX/RAMX » SFO.R/LOAD,LCySFO.RC/@1 » BMX/LCrALU/ANDNOT y SHF /ALU» QR/SHF *
"RAMX/Dy AMX/RAMXyALU/AySHF/LEFT3 s QK/SHF *

"RAMX/Ds AMX/RAMX » KMX/@1 » BMX/KMX s ALU/OR » SHF /ALU » QK/SHF *
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Q..D.OR.RCL]
Q_DRIGHT
(.D.RIGHT2
(.0 8XTL]
Q.DXOR.Q
(..NEC.CON
(.IR.BOEST
Q_IE.DATA
Q.ID(SC)
Q.I0C]

QKL
Q_KC1+1
Q.KLI.CTX
Q.KLI.RIGHT
(A.KL1.RIGHT2
Q..l.A
Q-LA+KL]
Q.LAa+Q
Q_LA-KL]
Q..LA+AND.KL]
(Q..L.A.ANDNOT .RCL ]
Q.LB

(A.-LC

(R-NOT.Q
(..NOT.RL]
(..PACK.FF
Q.FC
Q.QC(FRAC)
Q..Q(FRAC) (B)
Q..Q+D0
Q..Q+KL1
Q.Q+KCI+1
Q-Q+LC
Q..Q+FPC

Q.Q-I
(A.Q-D-1
(1..Q~KLC1
Q.Q-KL1-1
Q..Q~LC
Q.Q-LGC-1
(_Q-MASK-1
Q-Q.OXTCI-KL]
Q.Q.OXTLI.LEFT
Q.Q.OXTLI ORI
QA_.Q.AND.RL]

Q..Q.AND KL 1 .RIGHT2

A.0.AND KCI.RIGHT
Q.Q.AND.RLC]
Q.Q.AND.RCE ]
Q.Q«ANDNOT .
Q_Q.ANDNOT.KLC]
(.Q.ANDNOT.RCL ]
Q-Q.LEFT
A.Q.LEFT2
(..Q.0R.KLCI
(Q.Q.ORNOT . MASK
Q.QRIGHT
Q.Q.RIGHT2
Q..Q.8XTC]
Q.Q.XOR.KL]3
Q.R(FRN) . ANDNOT.Q
Q..R(FRN+1)
(.R(PRN+1) .AND . Q
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"RAMX/D'y AMX/RAMX » SPOR/LOAD.LCySPO.RC/@1 s BMX/LC»ALU/OR» SHF /ALU» QK/SHF *
*RAMX/I'y AMX/RAMX »y ALU/A » SHF /RIGHT » K/ SHF *

"RAMX/Dy AMX/RAMX » ALU/A» 8HF /RIGHT 2y QK/SHF *

"RAMX/D s AMX/RAMX + SXT» T /@1 vy ALU/Ay SHF /ALU » QK/SHF *

"QK/SHF r ALU/XOR » AMX/RAMX » RAMX /D'y BMX/RBMX s RBMX/Q s SHF 7ALU "
"QK/DEC.CON*

"IRC/RDEST,»QK/IDsMCT/ALLOW.IR.READ"

"QK/IDyMCT/ALLOW.IB.READ"

*"CID/READ.SC»QK/ID"

"CID/READ.KMXyID,ADDR/@1,QK/10*

"KMX/7@1 » BMX/KMX v ALU/B» SHF /ALU Y QR/SHF *

*AMX/RAMX + OXTyDIT/LONGy KMX/@1 » BMX/KMX » ALUZ/A+E+1 » SHF /ALU» QK/SHF *
*KMX/@1y BMX/KMX s ALU/By SHF/ALU DTy DT/INST . DEF » QK/SHF *

"KMX/@1 9y BMX/KMXyALU/By SHF/RIGHT » QK/SHF *

"KMX/@1 » BMX/KMXyALU/B» SHF /RIGHT 2y QK/SHF *
"AMX/LAYALU/AYSHF /ALU» K/ SHF *
"AMX/LAYKMX/@1 y BMX/KMX » ALUZA+E» SHF /ALU» QK /SHF *
*"AMX/LAYREMX/Qy BMX/REMX» ALU/A+Ey SHF /ALU» QK/SHF *
*AMX/LArKMX/@1 » BMX/KMX» ALU/A~By SHF /ALU Y QK/SHF *
*AMX/LAYKMX/@1 y BMX/KMX » ALU/ANDy SHF /ALUy QK/SHF *
"AMX/LAYSPOLR/LOADLCySPORC/@1 y BMX/LC» ALUZANIINGT » SHF /ALU » QK/SHF *
*BMX/LEyALU/By SHF /ALUy QK/SHF *

"BMX/LCrALU/RySHF /ALUy QK/SHF *

"RAMX/Qy AMX/RAMX » ALU/NOTA» SHF /ALU » QK/SHF *
"LA..RACA@11yAMX/LA»ALU/NOTAYQ_ALU"
"BMX/PACKED.FLyALU/Ry SHF /ALU» QK/SHF *
"BMX/FCrALU/BYy SHF /ALU QK/SHF *
“RAMX/QrAMX/RAMXyALU/A» SHF /ALUY QK/SHF JFL "
*REMX/QrBMX/REBMX»ALU/By SHF /ALU» QK/SHF .FL.*
"RAMX/QrAMX/RAMX» RRMX/Dy BMX/REMXr ALU/A+E» SHF /ALU Y QK/SHF *
"RAMX/Qr AMX/RAMX»KMX/@1 y RMX/KMX y ALU/A+By SHF /ALU» QK/SHF *
"RAMX/Qr AMX/RAMX y KMX/@1 » BMX/KMX s ALU/A+B+1 y SHF /ALU» QK/SHF *
"RAMX/Qr AMX/RAMX » BMX/LCyALU/A+R» SHF /ALU» QK/SHF *

"RAMX/Qr AMX/RAMX » BMX/FCyALU/A+By SHF /ALU» QK/SHF *

"RAMX/Qr AMX/RAMX y REMX/I1y BMX/REMX r ALU/A~B» SHF /ALU» QK/SHF *
"RAMX/ Qs AMX/RAMX s REMX /Ity BMX/RBMX » ALU/A-B-1y SHF /ALU» QK/SHF *
"RAMX/Qr AMX/RAMX y KMX/@1 y BMX/KMX » ALUZA-E» SHF /ALU » QK/ SHF *
"RAMX/Qr AMX/RAMX s KMX/@1 » BMX/KMX 5 ALUZA-E~1» SHF /ALU » QK/SHF *
"RAMX/Qy AMX/RAMX y BMX/LCrALU/A~Ey SHF /AL Uy GK/ SHF *

"RAMX/Q» AMX/RAMX » RMX/LCy ALU/A~B~1» SHF /ALU» QK/SHF *

"RAMX/Qy AMX/RAMX » BMX/MASKyALU/A-B~1» SHF /ALU» QK/SHF *
*RAMX/QrAMX/RAMX + OXT y T /@1 » KMX /B2 y BMX/KMX » ALUZ/A~By SHF /ALU» QK/SHF *
*RAMX/Qy AMX/RAMX . OXT»DT/@1 9y ALU/Ar SHF /LEF T»QR/SHF ¢
"RAMX/QrAMX/RAMX . OXTyDT/@1 » REMX /L1y BMX/REMX r ALU/OR » SHF /ALU» GK/SHF *
"RAMX/Qy AMX/RAMX s KMX/@1 y BMX/KMX 2 ALUZAND s SHF Z/ALU» QK /SHF *
"RAMX/Q s AMX/RAMX yKMX /@1 » BMX/KMXy ALUZAND» SHF /RIGHT2» OK/SHF *
"RAMX/Qs AMX/RAMX r KMX/@1 y RMX/KMX» ALU/AND» SHF /RIGHT » QK /SHF *

"RAMX/Qy AMX/RAMXySPOR/LOADLAEY SO, RAB/@L» BMX/LEByALU/AND Y SHF /ALUy OK/SHF *

"RAMX/Q s AMX/RAMX»SPO R/LOAD.LCYSPOJRC/@1» BEMX/LC s ALU/AND s SHF /ALU» QK/SHF *
*RAMX/Q s AMX/RAMX y REMX /D'y BMX/REBMX » ALU/ANDNOT » SHF /ALU» QK/SHF *
*RAMX/Qr AMX/RAMX s KMX/@1 » BMX/KMXy ALUZANDNOT » SHF /ALU » K/ SHF *

"RAMX/Qy AMX/RAMX»SPO.R/LOADR.LECySFO.RC/@1 » BMX/LCy ALUZANDNOT » SHF /ALU» QK /SHF *

"QK/LEFT"

"QK/LEFT2"

"RAMX/Q» AMX/RAMX y KMX/@1 » BMX/KMX» ALU/OR » SHF /AL QK/SHF ®
"RAMX/Qr AMX/RAMX » BMX/MASK» ALUZORNOT » SHF /ALU» QK /SHF *
"QK/RIGHT*

"QK/RIGHT2"

"RAMX/Qr AMX/RAMX « SXT»IT/@1 y ALU/A» SHF /ALU y QK/SHF *
"RAMX/Qy AMX/RAMXy KMX /@1 y BMX/KMX » ALU/XOR » SHF /ALL » GK/ SHF *

"SFO.AC/LOAR.LAByYSFO.ACN/FPRNy AMX/LA s REMX/Q s BMX/REMX 9 ALU/ANDNOT » SHF /ALU » QK /SHF *

"SPO.AC/LOAD.LARY BP0 .ACN/FRN+1r AMX/LAYALU/A» SHF /ALU» QK/SHF *

"SPO.AC/LOAD.LARYBFO.ACN/PRN+1 s AMX/LA»REMX/Qr EMX/REMX » ALU/AND Y SHF /ALU» QK/SHF *
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QA-R(SC) *ALU/A,SHF/ALUs AMX/LA»SFO.AC/LOAD .LAEySFO.ACN/SCyQR/SHF *
Q-R(SRC!1).AND.KC] *SPO.AC/LOAD.LAEySFO.ACN11/SRC.OR. 1y AMX/LArKMX/C1 y BMX/KMX y ALLU/AND Yy SHF /ALU» QR /SHF *
Q.RC(SC) "ALU/BySHF/ALUy EMX/LCySPO/LOAD.LC.SCrQK/SHF *

Q.RCLC] *"SFO.R/LOAD.LCySFO.RC/@1yBMX/LCyALU/E» SHF /ALU» QK/SHF *

Q-RCLICFRAC) "SPO.R/LOAD.LCySPO.RC/@1 yBMX/LLCyALU/B»SHF /ALU»QK/SHF FL*

Q-RC1] *SPO.R/LOAL.LARsSFO.RAE/@1yAMX/LAsALU/As SHF /ALU» QK/SHF*

Q.RLCI(FRAC) "SFO.R/LOAD.LABySFPO.RAR/@1 yAMX/LAyALU/AYSHF /ALUYQK/SHF JFL*

Q-RLJI.AND.KL] *SFO.R/LOAD.LAESFO.RAE/@1 s AMX/LAYKMX/@2y BMX/KMXy ALU/ZANIy SHF /ALU Yy QK /SHF *
(-RCI.ANDKLIWRIGHT *SPO.R/LOAD.LAEs SPO.RAE/C1yAMX/LArALU/AND» BMX/KMX y KMX/@2 s SHF /RIGHT » QK /SHF *
(.RCJ.ANDNOT .KLC] *SFO.R/LOAD.LAE»SPO.RAE/@1 s AMX/LAsKMX/B2y BMX/KMX » ALU/ANINOT » SHF /AL.U» QK /SHF *
(-RCJ.OR.KC]J "ALU/ORyAMX/LA»SFO.R/LOALDL LAEYSPO.RAR/@1 » EMX/KMXyKMX/R2yQK/SHF *

(1..8C "ALU/ByBMX/KMX»KMX/8Cr SHF /ALU Y OK/SHF *

(A..SHF “QK/SHF*

RC(DST)..ALU "SHF/ALU,SFO.AC/WRITE.RAKySPO.ACN11/0ST. DST*

R(DST)..D "RAMX/Dy AMX/RAMX» ALU/A» SHF /ALU»SPO,AC/WRITE .RAERySFO.ACN11/0ST . DST"
R(DST)..D.SXTLI.RIGHT "RAMX/Dy AMX/RAMX +SXT»DT/@1 » ALU/AySHF /RIBHT s SFOAC/WRITE «RAER»SFO.ACNLL/DST  NGT®
R(PRN)..0+D.RLOG "ALU/A+E.RLOGy BMX/REMX y REMX/ Dy AMX/RAMX « OXTyIT/LONGy R(FRN) ALLU"

R(FRN) .ALU "SHF/ALUsSFPO.AC/WRITE.RARySPO.ACN/FRN®

R(FRN).D "RAMX/Dy AMX/RAMX rALU/Ay SHF /ALUYSFO.AC/WRITE . RAE» SFO . ACN/FRN®

R(PRN) ..D+KLJ,.RLOG "RAMX/L['y AMX/RAMX s KMX/@1 y BMX/KMXyALU/A+B.RLOGy T /LONG y R(FRN) .. AL U
R(PRN)_.D-KL1.RLOG "RAMX/Dy AMX/RAMX r KMX/@1 » BMX/KMXrALU/A-B.RLOG s DT/LONGyR(FRN) .ALU"
R(PRN).D.OR.Q "RAMX/Dy AMX/RAMX » REMX/Q» EMX/REMX » ALU/ORyR(FRN) _ALU"

R(PRN)Y..DLIQ “RAMX/Dy AMX/RAMX » REMX/Qr EMX/REMXyALU/@1yR(FRN) _ALU"

R(PRN)..KL] "KMX/@1 » BMX/KMX»ALU/By SHF /ALUy SFO.AC/URITE .RABySFO.ACN/FRN"
R(FRN)_.LA+KL].RLOG "AMX/LA»KMX/@1 s EMX/KMXr ALU/A+E.RLOG» DT/LONGsR(PRN) _ALU"

R(PRN) .LAHQ "AMX/LAyREMX/Qs EMX/RBMX» ALU/A+B» SHF /ALU» SFO.AC/WRITE . RAE»SFO.ACN/FRN®
R(FRN) _.LA-KL1.RLOG "AMX/LAYKMX/@1 » BMX/KMX sy ALU/A-E.RLOGs DT /LONG» R (FRN) _ALU"

R(PRN)..LLALIMASK "AMX/LA s BMX/MASKrALU/@1 » SHF /ALU»SFO.AC/WRITE .RABySFO.ACN/FRN"®

R(FPRN)_LC "BMX/LCyALU/RySKF/ALUYSFO.AC/WRITE .RABySFO.ACN/FRN"

R(FRN) .PACK.FP "BMX/PACKED.FLyALU/B»SHF/ALUySFO.AC/WRITE .RAEySFO.ACN/FRN®

R(FRN).Q "RAMX/Qy AMX/RAMX y ALU/A Y SHF /ALUYSPO.AC/WRITE .RABySFO.ACN/FRN"
R(PRN)..Q+KL1.RLOG "RAMX/Qr AMX/RAMX y KMX/@1 y EMX/KMXyALU/A+E.RLOG» DT/LONG y R (FRN) _ALU"
R(PRN)_.Q-KC1.RLOG “RAMX/Qr AMX/RAMX r KMX/@1 y BMX/KMXy ALU/A-E.RLOG s I'T/LONG » K (F*RN) _ALU*
R(PRN+1)_ALU "SHF/ALU»SFO.AC/WRITE . RARs SFO.ACN/FRN+1*

R(FPRN+1) I “RAMX/Dy AMX/RAMXrALU/ Ay SHF /ALU» SFO.AC/WRITE . RAEs SFO.ACN/FRN+1®
R(FRN+1)..D.OR.Q “RAMX/L1y AMX/RAMX y RBMX/Q s BMX/REMX» ALUZOR » SHF /AL U+ SFO.AC/WRITE . RARy SFOACN/FRNY1L "
R(FRN+1)..KL1] "KMX/@1y» BMX/KMX»ALU/Ey SHF /ALU»SFO.AC/WRITE . RAE s SFO . ACN/FRN+YL®
R(FPRN+1)_.LA "AMX/LAsALU/AYSHF/ALU»SFO.AC/WRITE .RABySFO.ACN/FRN+1"

R(FRN+1)_.LC "BMX/LCyALU/RySHF/ALUYSPO.AC/WRITE .RAEBsSFO.ACN/FRN+1"

R(PRN+1).Q "RAMX/Q» AMX/RAMX» ALU/A Y SHF /ALU» SFO.AC/WRITE . RARs SFO.ACN/PRN+1*
R(SC)..ALU *SHF/ALU»SFO.AC/WRITE.RAERySFD.ACN/SC"*

R(SC)..D "RAMX/Dy AMX/RAMXyALU/A» SHF /ALUYSFO.AC/WRITE .RAEySFO.ACN/SC"®

R(SC)..KL] "KMX/@1 y EMX/KMX s ALU/By SHF /ALUy SFO.AC/WRITE . RAEYySFO.ACN/SC"®

R(SCHY..LA "AMX/LAyALU/A»SHF/ALUYSPO.AC/WRITE .RAE»SFO.ACN/SC*

R(8C).LA+D "AMX/LAyREMX/D» BMX/REMX» ALU/A+E Y SHF /ALU» SFO . AC/WRITE . RARYSFO.ACN/SC*
R(BC).LA-D "AMX/LA»REMX/Dy EMX/REMX»ALU/A~R» SHF /ALUySFO.AC/WRITE . RAEYSFO.ACN/SC"
R(SC)..L.C “ALU.LCYR(SC)..ALU"

R(SC)..Q "RAMX/Qr AMX/RAMX»ALU/A» SHF /ALUY SFO.AC/URITE . RAE»SFO.ACN/SC®

R(SF1)_ALU *SHF/ALU»SPO.AC/WRITE .RARySPD,ACN/SF1,5F1"

R(SP1)..D "RAMX/Ly AMX/RAMX» ALU/A» SHF /ALUYySFO.AC/WRITE .RAEBYSFO.ACN/SF1.SF1°
R(SP1).KL1] "KMX/@1 s BMX/KMXrALU/EySHF /ALUYSFO.AC/WRITE .RAEYSFO.ACN/SFL1,.SF1*
R(SP1)_PACK.FF ) *BMX/FACKED.FLyALU/BySHF /ALUYSFO.AC/WRITE .RABSFO.ACN/SF1.SF1"

R(SF1)..Q "RAMX/QrAMX/RAMX s ALU/A SHF /ALUYSFO.AC/URITE .RABYSFO.ACN/SF1.SP1 "
R(SP1+1).LC "BMX/LCsALU/EySHF /ALUySFO.AC/WRITE .RAEB»SFO.ACN/SF1+1"

R(SP1+1)..Q "RAMX/Qy AMX/RAMXy ALU/A» SHF /ALUySPO.AC/URITE .RAE»SFO.ACN/SF1+1°
R(SRC!1)_ALU "8HF/ALU»SFO.AC/WRITE .RAE,SPO.ACN11/SRC.OR.1"

R(SRC!1)_D(R) "REMX/D s BMX/REBMXyALU/By SHF /ALU»SPO.AC/WURITE .RAE»SPO.ACN11/SRC.OR. 1"

R(SRC)_.ALU *SHF/ALU»SPO.AC/WRITE.RAR,SFO.ACN11/SRC.SRC"
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R(SRC) .0

R(BRC) .D(B)
F(SRC) .D+KLI.RLOG
R(SRC).D-KL].RLOG
R(SRCY.LC
R(SRC) .Q

R6_D+KLIRLOG
R6_LA+KL1.RLOG
fé..LA-KL1.RLLOG

RC(SC)Y..0-LC
RC(SC) ALY
RC(SC).ALURIGHT
RC(SC) I
RC(BC).Q

RCLCIGVA.DHQ
RCL1..0
RCLC1..0+KLI+1
RCCI.OHLCHL
RCCI..0+MASK+1

RCL1.0+MASK+1 JRIBGHT2

RCL1.0-D
RCLI.LALY
RCCI..ALULLEFT
RCLI..ALULLEFT2
RCLI.ALULLEFT3
RCLI.ALUWRIGHT
RCL)..ALYLRIGHT2
RCC1.I
RCLI.D(B)
RCCI..D4KCTD
RCL1.D--KL]
RCCI.D.OXTL]
RCCI..DANDKL]
RCLJ..DAND . MASK
RCCI.N.ANDNOT.Q
RGCL1.D.CTX
RCCI.D.LEFT
RCCILDGLEFTS
RCCI-D.ORWRC2
RCLCI.DJOR.Q
RCEI.D.ORNOT.KLC]
RCLI..D.SXTLD
RCLI.KED
RCCIKEI+L
RCCILKCILLEFT2
RCLJ.KLI.LEFT3
RCLI.KEIWRIGHT2
RCLI.LA
RCCI..LA+LEB.CTX
RCCI..LA-KE]
RCLCI.LA.AND.KLC]
RCLI.LALCTX
RCCI.LB
RCCILLBJLEFT
RCCI.LLE
RCCI.NOT.Q
RCLI.PACK.FF
RCL1..FC

RCLD..Q

RCLCI.Q+1
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*RAMX/ Dy AMX/RAMX s ALU/A» SHF /ALU»SFO.AC/WRITE .RARySPO ACN11/SRC.SRC"
"REMX/D» BMX/RBMX»ALU/RySHF/ALUySFO.AC/WRITE .RARYySFO.ACNL11/SRC.SRC"
"RAMX/Ds AMX/RAMX y KMX/@1 » EMX/KMXr ALU/A+BRLOGYT/WORD R (SRC) .ALU"
YRAMX/Dy AMX/RAMX y KMX/@1 » BMX/KMXy ALU/A~R,RLOGy IIT/WORD Y R(SRC) _ALU"
*RMX/LCyALU/BYR(SRC) _ALU"

"RAMX/Qy AMX/RAMX » ALU/A» SHF /ALU»SFO.AC/WRITE . RAR,SFO.ACN11/SRC.SRC"

*SFOWR/WRITE sRAKy BP0 .RAR/R6 s RAMX/Iy AMX/RAMX y KMX/@1 »y BMX/KMX»ALU/A+B.RLOG» SHF /ALU"
*AMX/LA s BMX/KMX s KMX/@1 r ALU/A+ERLOGy DT /WORDy SHF /ALU» SFO.R/WRITE . RAKySPO.RAR/RS"
*AMX/LAY BMX/KMX» KMX/@1y ALLU/A~B «RLOG T /WORIy SHF /ALU» SPO.R/WRITE «RAR, SFO . RAR/R6"

*ALU_O-LCyRC(SC) .ALU"
*SHF/ALUsSPO/WRITE JRC.SC*
*SPO/WRITE.RC.8C»SHF/RIGHT "
*ALU.DPRC(SC) _ALU"
"ALU.QyRC(SC) .ALU"

*RAMX/Ity AMX/RAMX » REMX/Qy BMX/REMX» ALU/A+E» VAK/L.OAD » SHF /ALU»SPO.R/WRITE .RCySFO.RC/£21°*
*AMX/RAMX . OXTyDT/LLONG» ALU/As SHF /7ALLU» SFO.R/WRITE.RCSFO.RC/@1"

*AMX/RAMX « OXTy DIT/LONG » KMX/@2 y BMX/KMXy ALU/A+B+1» SHF/ALU» SFO.R/WRITE.RCySFO.RC/R1 "
* AMX/RAMX « OXT s IT/LONG » EMX/LCyALU/A+E+1y SHF/ALU»SFO.R/WRITE.RC»SFO.RC/@1 "
*AMX/RAMX « OXT» DT /LONG » EMX/MASK » ALU/A+E+1 » SHF /ALU» SFO.R/WRITE .RC»SPO.RC/@1 "
*AMX/RAMX . OXT s T /LONG » BMX/MASK » ALU/A+E+1» SHF /RIGHT2ySPO.R/WRITE.RCYSFO.RC/@1*
*AMX/RAMX .+ OXT» 1T /L.ONG » RBMX /Dy BMX/REMX » ALU/A~By SHF /ALU»SFO.R/WRITE.RC»SFO.RC/@1 "
*SHF/ALUySFO.R/WRITE RC»SFO.RC/@1"

*SHF/LLEFTySFO.R/WRITE.RCYSPO.RC/@L"
*SFO.R/WRITE+RCySPO.RC/@LySHF/ALUDT»OT/LONG®
*SPO.R/WRITE.RCySFO.RC/@1ySHF/LEFT3"

*SHF/RIGHT»SFO.R/WRITE.RCySFO.RC/@1"

*SHF/RIGHT2ySFO.R/WRITE.RCySFO.RC/@1"

*RAMX /Ity AMX/RAMX » ALU/Ay SHF 7/ALU» SFO.R/WRITE.RCySFO.RC/@1 "

*REMX/D» BMX/RBMX y ALU/Ey SHF /ALUY SPO.R/WRITE.RC»SPO.RC/@1"

*RAMX/DNy AMX/RAMX » BMX/KMX r KMX/ @2y ALU/A+By SHF /ALU» SFO.R/WRITE.RC»SFOLRC/@1 "
*RAMX /TNy AMX/RAMX s BMX/KMX y KMX/ @2y ALU/A~E» SHF /ALU»SPO +R/WRITE .RCySFO.RC/@1"
*RAMX/DIy AMX/RAMX . OXTy IT/@2 s ALU/A» SHF /ALYy SFPO.R/WRITE .RCySPO.RC/@L"

*RAMX/D» AMX/RAMX » BMX/KMX y KMX/@2» ALU/AND » SHF /AUy SPO.R/WRITE.RCySFPO.RC/@1L "
*RAMX/Dy AMX/RAMX » BMX/MASK » ALL/ANDIy SHF /ALU» SFO.R/WRITE .RCySPO.RC/@1 "

"RAMX/IIr AMX/RAMX y REMX/Qr EMX/REMX » ALU/ANDNOT » SHF /ALUY SPO.R/WRITE .RC»SFO.RC/E1°
*RAMX/D s AMX/RAMX » ALU/AY SHF /ALU.DT»DT/INST . DEFySPO.R/WRITE.RCSFO.RC/@1"
"RAMX/Dy AMX/RAMX s ALU/A» SHF /LEF Ty SFO+R/WRITE.RC»SFO.RC/E@1 "

"RAMX/Iy AMX/RAMX » ALU/A» SHF /LEF T3y 8F0 . R/WRITE .RC»SFO.RC/@1"

"RAMX /Iy AMX/RAMX s KMX/@2 » EMX/KMX » ALU/OR » SHF /ALU» SPO.R/WRITE .RC»SFO.RC/@1°
*RAMX/Ity AMX/RAMX s REMX/Q» EMX/RBMX » ALU/OR » SHF /ALUy 8FO . R/WRITE.RC»SFO.RC/@1 "
*SFO.RC/@1»SPOR/WRITE «RCrALU/ORNDOT s AMX/RAMX» RAMX/ Dy BMX/KMX s KMX /@2 SHF /ALU*
*RAMX/IIy AMX/RAMX + SXT s DT/@25 ALU/As SHF /ALU» SFO.R/WRITE.RC»SFO.RC/@1"

"KMX/@2 9 BMX/KMXyALU/By SHF /AL Uy SFO.R/WRITE.RCySFO,RC/@1"

"AMX/RAMX « OXTs DT /LONG y KMX/@2 » RMX/KMX » ALU/A+E+1 y SHF /ALUy SFO.R/WRITE.RC»SFO.RC/@1 "
*KMX/@2 7 BMX/KMX» ALU/BySHF/ALU. DT DT /LONG»SPO.R/WRITE.RCySFO.RC/@1"

*KMX/@2 BMX/KMXy ALU/By SHF /LEF T3y SFO.R/WRITE.RCySFOJRC/@1°

*KMX/@2» BMX/KMX» ALU/B» SHF /RIGHT2,SFO.R/WRITE.RCySFO.RC/@L"
"AMX/LArALU/A» SHF /ALUYSPO.R/WRITE .RC»SFO.RC/@L"

*AMX/LA» BMX/LEyALU/A+Ey SHF /ALY DT »DT/INST . DEFyBFO.R/WRITE RCsSFO.RC/@1"
*AMX/LArKMX/@2y BMX/KMX y ALU/A-Ry SHF /ALUs SFO.K/WRITE .RC,SPO.RC/@1°
*ALU.LA.AND.KL@2I,RCL@LD..ALU"

"AMX/LArALU/A» SHF /ALY, DT, DT/ INST . DEFySFO.R/WRITE.RCySFO.RC/@1"
*RMX/LByALU/BySHF/ALU»SFO.R/WRITE.RC»SPO.RC/@L"

"EMX/LEs ALU/RySHF/LEFTySFO.R/WRITE .RCySFO.RC/R1"

*EMX/LCyALU/Bs SHF/ALUYSFO.R/WRITE.RCySPO.RC/@L"
"RAMX/QyAMX/RAMXyALU/NOTAYRCC@1I.ALU®
*EBMX/FPACKED.FLyALU/BySHF/ALUY8FO.R/WRITE.RC»SFO.RC/E1"
*BMX/FCyALU/EsSHF/ALUYSFO.R/WRITE+RCySFO.RC/@1 "

"RAMX/Q s AMX/RAMX » ALU/A » SHF /7ALU SFO.R/WRITE.RC»SFO.RC/@1"
"ALU.O+Q+1,RCCE@LI_ALU"
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RCLCI_Q4KL]
RCL1.Q+LC
RCLI_Q+PC
RCCI-Q+PC+1
RCL1.Q-KC]
RCLI.0O-LC
RCL)_.Q-MASK-1
RCE]..Q.OXTL]
RCC1..Q.AND(KL)]
RCLJ1.Q.ANDNOT.KLC]
RCCI_Q.LEFT
RCCI.Q.LEFT3
RCLI.Q+RIGHT
RCLI.Q.RIGHT2
RCLCI-QR.SXTL]
RCLI-RLOG.RIGHT

RLISVA_LAHKL]
RLIE&VA_LA-KL]
RLCISVA_LA-KLI.RLOG
RCI&VA.Q-KL]
RL1.0
RCI_0+LB+1
RCJ1..0-1

RCJ.O-D
RCI.0~KL1]
RLJ.O~LE
RC1.0-Q

RCI-ALU
RLI.ALULLEFT
RCILALULLEFT3
RLI.ALURIGHT
RCI.ALU.RIGHT2
RCJ.D

RLI.D+KL]
RLC1.D+Q
RCI.D+O+1
RCI.D-KL]
RCI.D-LC-1
RLJ..D-Q
RLCI_D.AND.KLC]
RCJ.D.OR,.LC
RC1.D.OR.PACK.FFP
RC).D.OR.Q
RCI-KC1

RCI-LA

RLI_LA+D
RCJ_LA+D+1
RCI_LA+KL]
RCI_LA+KCI+1
RCI-LA+KL].RLOG
RLI_LA+LC
RLI_LA+MASK+1
RLI.LAYD
RCI_LA-D
RLI_LA-KC]
RLJ.LA-KL].RLOG
RL1..LA-MASK~1
RC1.LA-Q ’
RCI_LA.AND.KL]
RCI.LA.OR.D
RCJ..LA.ORNOT . MASK
RCI.LB

*RAMX/Qr» AMX/RAMX » BMX/KMX» KMX /@29 ALU/A+B» SHF /ALU» SPO.R/WRITE.RCrSPO.RC/@1*
"ALU/A+B»RAMX/Qr AMX/RAMX » BHX/LLC» SFO.R/WRITE.RC»SFPO.RC/@1"

“RAMX/Qs AMX/RAMX s BHX./PCyALU/A+B» SHF /ALU»SPO.R/WRITE .RCySFO.RC/@1"
*RAMX/Qr AMX/RAMX » BMX/PCy ALU/A+E+1» SHF /ALU» SPO.R/WRITE .RC»SPO.RC/@1*
"RAMX/Qr AMX/RAMX » BMX/KMXr KMX/@2yALU/A-B» SHF /ALU»SPO.R/WRITE .RCySPO.RGC/@1"
“ALU/A~ByRAMX/Q»AMX/RAMX»BMX/L.C»SPO.R/WRITE.RCySFO,RC/@1 "
*RAMX/0QrAMX/RAMX » BMX/MASK » ALU/A-E-1y SHF /ALU»SFO.R/WRITE .RC»SFPO.RC/@1"
“RAMX/QyAMX/RAMX . OXT»DT/@2,ALU/A» SHF /ALUSFO.R/WRITE .RC»SPO.RC/01 "
"RAMX/Qr AMX/RAMX y BMX/KMX» KMX/@2y ALU/AND» SHF /ALU»SFO.R/WRITE .RCySPO.RC/@1"*
*RAMX/Q s AMX/RAMX y BMX/KMX» KMX/@29 ALU/ANDNOT » SHF /ALU» SFO.R/WRITE . RC»SPO.RC/@1*
"RAMX/Qr AMX/RAMXrALU/Ay SHF/LEFTySPO.R/WRITE.RC»SFO.RC/@1"

“RAMX/Qr AMX/RAMX » ALLI/Ay SHF /LEFT3»SPO.R/WRITE.RCySPO.RC/@1°

"RAMX/Qr AMX/RAMX»ALLI/Ay SHF /RIGHT s SFO.R/WRITE .RCySFO.RC/@1°

"ALU_Qy 8HF/RIGHT2ySFO.R/WRITE .RCySPO.RC/@1"

"RAMX/Qr AHX/RAMX « SXT»DT/@2+ALU/A»SHF /ALUYSFO.R/WRITE,RC»SPO.RC/@1"
“BMX/0sMSC/READ RLOG»ALU/BySHF/RIGHT »SFO.R/WRITE ,RC»SFO.RC/@1°

"AMX/LAYKMX/@2y BMX/KMX s ALU/A+B s VAK/LOADy SHF /ALU» SPO . R/WRITE . RAK» SFO . RAB/@1"*
*AMX/LAYKMX/@2y BMX/KMX s ALU/A-E»VAK/LOADy SHF /ALU»SPO.R/WRITE . RARy SPO.RAR/@1*

"AMX/LArKMX/@2 9 BMX/KMX»ALU/A~B.RLOG DT/LONG » VAK/LDAD» SHF /ALU»SFOR/WRITE . RAB» SFO .RAE/@1"*

"RAMX/Qr AMX/RAMX » KMX./@2 » BMX/KMX » ALU/A~E y VAK/LOAD» SFO.R/WRITE . RAR» SPO . RAER/@1*
"SPO.R/WRITE .RABySPC.RAE/01y AMX/RAMX.OXTsDT/LONGrALU/AYSHF /ALU®

“AMX/RAMX . OXT » DT/LONG» BMX/LEBrALU/A+B+1+SHF/ALU,SPO.R/WRITE . RAE»SPO.RAB/@1°
*AMX/RAMX « OXT » DT/LONG y EMX/KMX yKMX/ o 1y ALU/A-B v SHF /ALU» SPO . R/WRITE . RAR, SPO . RAK/@1 "
"AMX/RAMX s OXT »I'T/LONG y RBMX /Dy BMX/REMX» ALU/A-By SHF /ALUy SPO . R/WRITE . RAE Y SFO . RAR/01 *
"AMX/RAMX « OXT »DT/LONG»KMX/@2 ¢ BMX/KMX » ALU/A-By SHF /ALU» SFO.R/WRITE . RAK» SPO . RAR/Q1 "
"AMX/RAMX s OXT»DT/LONGy BMX/LByALU/A-BrSHF /ALUYSPO.R/WRITE .RARySFD.RAB/@1*

" AMX/RAMX . OXT»DT/LONG » REMX/Qy BMX/REMX»ALU/A~By SHF/ALU»SPO.R/WRITE . RAKs SPO.RAR/@1 "
"SHF/ALU»SFO.R/WRITE .RARySFO.RAB/@1"

"SPO.R/WRITE.RABsSPC.,RAB/@1+SHF/LEFT®

"SFO.R/WRITE.RAB»SFCU.RAB/@1»SHF /LEFT3"

"SHF/RIGHTySFO.R/WRITE .RABYSFO.RAB/@1"

"SPO+R/WRITE.RABySFCU.RAB/@1s9HF/RIGHT2"
“SPO.R/WRITE.RABRySFC.RAB/@1»RAMX/Dy AMX/RAMX s ALU/A» SHF /ALU"®

*SPO.R/WRITE .RABySFC.RAB/@1yRAMX/Dr AMX/RAMX s KMX /02y BMX/KMX»ALU/A+B s SHF /ALU®
*SPO+R/WRITE .RAE,SPO.RAR/@1yRAMX/D» AMX/RANX » REMX /0 BMX/RBMX»ALU/A+B» SHF 7ALU®
"SPO.R/WRITE.RAB,SPO,.RAB/@1 » RAMX/ Ity AMX/RAMX y REMX/Q s BMX/REBMXy ALUZA+R41 » SHF 7ALU®
*SPO.R/WRITE.RABsSPO.RAB/@1yRAMX/ Iy AMX/RAMX s KMX /@2y BMX/KMX r ALU/A-By SHF /ALU*
"ALU_D-LC~1,RC@1]I_ALU"
"SPO.R/WRITE.RABySPC.RAB/@1 r RAMX/Dy AMX/RAMX s RBMX/Q s BMX/REMX » ALU/A-B» SHF /7ALU*
“SPO.R/WRITE.RABySPC,RAB/@1 » ALU/AND» AMX/RAMX s RAMX/D's BMX/KMX » KMX /@2y SHF 7ALU"*
*SFO.R/WRITE.RAB»SPC,RAB/@1sALU/OR » AMX/RAMXy RAMX/D1y BMX/L.C» SHF 7ALU*
"SFO.R/WRITE.RABsSPO.RAB/@1,ALU/OR s AMX/RAMX»RAMX/D» BMX/PACKED FL»SHF 7ALU"
“SPO.R/WRITE.RABySPO.RAB/@1yRAMX/ Dy AMX/RAMX »rREMX/Qr BMX/REMX » ALU/OR» SHF /ALU*

" BMX/KMXyKMX/@2yALU/Ey SHF /ALUsSPO.R/WRITE .RAB»SFO.RAB/@1°

"SFO.R/WRITE .RARySPO.RAR/@1»AMX/LArALU/ASHF/ALU"

"AMX/LA»RBMX/Ity BUX/REMX» ALU/A+By SHF /ALU» SFO . R/WRITE .RAR»SPO.RAB/@1 "
"AMX/LAyRBMX/Dy BMX/REBMXrALU/A+B+1ySHF /ALUySPO.R/WRITE .RAE» SPO.RAR/@1°

"AMX/LAy BMX/KMXyKMX/@2yALU/A+BySHF /ALUSFO.R/WRITE .RAR»SFO.RAR/@1°

"AMX/LAY BMX/KNX»KMX/@2,ALU/A+E+1 yRE@1I_ALU®

"AMX/LA s BMX/KMX»KMX/@21ALU/A+BRLOG» 'T/LONG» SHF /ALU» SPO.R/WRITE .RABs SFO.RAR/@1°
"AMX/LArBMX/LCyALU/A+By SHF /ALU» SFO.R/WRITE,RAEy SPO.RAR/B1 "
"AMX/LAyBMX/MASKyALU/A+B+1RE@1I.ALU®

"AMX/LAyRBMX/Qy BMX/REMX» ALU/A+R» SHF /ALU» SFO.R/WRITE .RAE»SPO.RAB/@1"
*AMX/LAyRBMX/D» BMX/REMX»ALU/A-By SHF /ALU»SPO.R/WRITE .RABySFO.RAR/@1°
"AMX/LArBMX/KMXrKMX/@2y ALU/A-By SHF /ALU»SFPO.R/WRITE .RARySPO.RAR/@1*

"AMX/LA» BMX/KMX s KMX/@2+ALU/A-B.RLOG» DT/LONGy SHF /ALU»SPO.R/WRITE .RAE,SFO.RAB/@1*
"ALU/A~B-1sAMX/LA»BMX/MASK»SPO.R/WRITE . RARYSPO.RAB/@1 s SHF/ALU"®

"AMX/LAyREMX/Q» BMX/RBMX»ALU/A~B» SHF /ALU» SFO.R/WRITE .RARySFO.RAR/@1"

"AMX/LAy BMX/KMX s KMX/@2yALU/ANDy SHF /ALUYSFO.R/WRITE . RABy SFO.RAB/Q@1"
"AMX/LA»RBMX/Dy BMX/REMX» ALU/OR » SHF /ALU» SFO.R/WRITE . RAB»SFO.RAB/G1 "

"AMX/LAr» BHX/MASK»ALU/ORNOT » SHF /ALU»SPO.R/WRITE .RAE»SPO.RAB/01"
*BMX/LByALU/E»SHF /ALU»SPO.R/WRITE.RAB»SFO.RAB/@1"
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REL.LLC *BMX/LCrALU/BySHF/ALU»SPO.R/WRITE . RARY SFO.RAB/@1°

RLI.LC.RIGHT *BMX/LCyALU/BySHF/RIGHT »SPO.R/WRITE . RAB» 8FO.RAR/@1°

RLI.NOT.O *AMX/RAMX . OXT»DT/LONG»ALU/NOTAYRCA1I.ALU"

RLCI.NOT.D “RAMX/Dy AMX/RAMX » ALU/NOTA,RE@1LI.ALU"®

RECI..NOT.MASK *BMX/MASKy AMX/RAMX + OXT » DT/LONG » ALU/ORNOT » SHF /ALU» SPO.R/WRITE . RAB»SPO . RAB/@1 "
RCI.NOT.Q *RAMX/Qy AMX/RAMX» ALU/NOTA»RC@1LI_ALU®

RLI.PACK.FF *BMX/PACKEDFLyALU/Bs SHF/ALUSPO.R/WRITE,RARySPO.RAB/Q1"

RCI1.Q *SPO.R/WRITE .RAR,SPO.RAB/@1 » RAMX/0 s AMX/RAMX » ALU/A» SHF /ALU®

REJ.O+1 *ALU_O+Q+1yRCE@LI.ALU’

REI.Q+S *SPOR/WRITE.RAB»SPO.RAB/@1rALU/A+B+1 s BMX/KMXsKMX/ o 49 AMX/RAMX» RAMX/Q» SHF /ALU"
RCJ..Q+KL] "SPO.R/WRITE.RABRy»SFPO.RAR/@1 sy RAMX/Qr AMX/RAMX » BMX/KMX r KMX/@25 ALU/A+B» SHF 7ALU"
RCI.Q+LEB *8P0.R/WRITE «RAB»SPO.RAB/@1sALU/A+E s AMX/RAMX » BMX /LBy RAMX/Qr SHF /ALU"®

RC)..Q+LC *SPO.R/WRITE .RABySPO.RAB/Q1 rRAMX/Qr AMX/RAMX » BMX/LCr ALU/A+By SHF /ALU"®

RC1..Q-D *SPO+R/WRITE .RABySPO.RAB/Q@1 rRAMX/Q s AMX/RAMX s RBMX/D s BMX/REBMX»ALU/A~B» SHF /ALU®
RE1..Q-D-1 *SPO.R/WRITE RAB»SPO.RAB/@1rALU/A-B-1yAMX/RAMX»RAMX/Qr» BMX/RBMX » RBMX /Dy SHF /ALU*
REI.0-KED *SPO.R/WRITE .RABySPO.RAB/@1 » RAMX/Qr AMX/RAMX y BMX/KMX s KMX/@29 ALU/A~B»SHF/ALU®
RLC1..Q-KL1.RLOG *RAMX/Q» AMX/RAMX » BMX/KMXrKMX/@2 7 ALU/A-B . RLOG» DT/LONG» SHF /ALU»SPO.R/WRITE.RAB»SFO.RAR/Q1 "
RC1..0-LC *SPO+R/WRITE .RABySPO+RAB/@1 yRAMX/Qs AMX/RAMX y BMX/LCyALU/A-BrSHF /ALU"
RCI.Q.AND KL "ALU/AND»SPO.R/WRITE +RABySPD.RAB/@1 » AMX/RAMX s RAMX/Q s BMX/KMX s KMX/@2"*
RLJ.-.Q.ANDNOT.KLC] *SPO.R/WRITE .RABySPO.RAB/@1sALU/ANDNOT y AMX/RAMX s RAMX /0y BMX/KMX r KMX/7@2s SHF /ALU*
RC1.Q.0R.D *SPO.R/WRITE.RAB»SPO.RAB/@1sALU/ORyAMX/RAMX» RAMX/Q» BMX/REMX » REMX/D s SHF /ALU®
RCJ..Q.ORNOT.KL2 'SPO R/WRITE .RAB»SPO. RAB/QIthMX/GyAMX/RANX:BMX/KHXrKHX/O?rALU/ORNOTrSHF/hLU'
RLJ.Q.RIGHT.1 "ALU_QrySHF/RIGHT »8FPO.R/WRITE .RAB+SPO.RAB/Q

RCI.RLOG.RIGHT.1 *BMX/0yMEC/READ.RLOGYALU/By SHF/RIGHT »SPO . R/NRITE RABySPO.RAB/@1"
GCEBTATE.STATE~RLICEXP) *LAB.RLC@1],AMX/LAsEBMX/AMX .EXPyMBC/LOAD.STATE sEALU/A~B»8MX/EALU»SCK/LOAD®
HC.0CA) *AMX/RAMX + OXT s DT/LONG r EBMX/AMXEXPrEALU/B»SMX/EALU Y SCK/LOAD®

$C..0-KL] *BMX/KMX s KMX/@1 s AMX/RAMX . OXTy DT/LONGyALU/A~B» SHX/ALU» SCK/LOAD®

HC-ALY *SMX/ALU» SCK/LOAD®

HC_ALUCEXF) *SMX/ALUEXPySCK/LOAD"

SC..D *RAMX/Dy AMX/RAMXy ALU/A » SMX/ALUY SCK/LOAD*

GC_DCEXF) *RAMX/Dr AMX/RAMX 7 ALU/Ay SHX/ALU . EXP»SCK/LOAD®

HC.DCEXP) (A) ‘RAHX/D:AHX/RANX:EBHX/AHX'EXPrEALU/BvSHX/EALUrSCK/LOAD'

GCLICEXP) (R) *RBMX/Dy BMX/RBMX»ALU/B» SUX/ALU .EXP ¢+ SCK/LOAD®

$C.D-KC) “RAMX/Dr AMX/RAMX s KMX/@1 » BMX/KMX» ALU/A-E» SMX/ALU» SCK/LOAD"

GC_D.OXTLI~-KL] *RAMX/Dy AMX/RAMX . OXTyDT/@1 » KMX/@2 9 BMX/KMX » ALU/A-B» SMX/ALUY SCK/LOAD*
GC_D.OXTL] XORKEC] *RAMX/Dy ANX/RAMX + OXT o DT/@1 v BMX/KMX yKMX/@25 ALU/XOR»SC..ALU"

GC.D+AND.KL] "RAMX/D s AMX/RAMX y KMX/@1 » EMX/KMX» ALU/AND» SMX/ALUY SCK/LOAD®

GC.D.OR.KL] "RAMX/Dy AMX/RAMX» KMX /@1 » BMX/KMX» ALU/OR » BMX/ALU» BCK/LOAD"

HC.D.SXTL] "RAMX/Dy AMX/RAMX + SXT»DT/@1 »ALU/AY SMX/ALU» SCK/LOAD®

SC_.EALYU *8MX/EALUySCK/LOAD"

SC.FE . *8MX/FE»SCK/LOAD®

GC.KL1] *KMX/@1 » EBMX/KMX»EALU/B s SMX/EALUY SCK/LOAD®

GC.KL1.ALU *KMX/@1 » EMX/KMX»ALU/By BMX/ALU» SCK/LOAD"

HC.LA *AMX/LArALU/A» BMX/ALUY SCK/LOAD®

GC.LAAND,KL] CAMX/LAPKMX/@1 r BMX/KMX r ALU/AND » SMX/ALU Y SCK/LOAD"

GCLLCCEXP) *BMX/LCrALU/ZBy SMX/ALU . EXF ¢ SCK/LOAD®

HC_NABS(SC-FE) *‘EBMX/FEyEALU/NABS . A~ErSMX/EALU,SCK/LOAD®

§C..PSLADDR *SMX/EALU» ERMX/KMX r SCK/LOADyKMX/ +FrEALU/B®

6C..a *RAMX/Qr AMX/RAMXyALU/A» BMX/ALU» SCK/LOAD"

GC_OCEXP) *RAMX/Qr AMX/RAMX» EBMX/AMX s EXF yEALU/B» SMX/EALU» SCK/LOAD®

SC.ACEXP) (R) "RBMX/Qr BMX/REMX » ALU/B» SMX/ALU.EXP»SCK/LOAD"

HC.0+KLD *RAMX/Qr AMX/RAMX » BMX/KMX s KHX/@1 r ALU/A+B» SMX/ALUY BCK/LOAD®

GC.0-KLCD *RAMX/Qr AMX/RAMX » BMX/KMX» KMX/@1 » ALU/A-E» SMX/ALU» SCK/LOAD®

HGC.A.AND.KL] "RAMX/Qs AMX/RAMX » BMX/KMX » KMX/@1 » ALU/AND » SMX/ALU» SCK/LOAD®

HC..Q.0R.KL] *RAMX/Q» AMX/RAMX » BMX/KHXy KMX/@1 » ALU/OR » SMX/ALU» SCK/LOAD*

GC.0Q.8XTLCD *RAMX/Qr AMX/RAMX . SXT 1 DT/@1 » ALU/A» SMX/ALU» SCK/LOAD*®

HC.RCL) "8P0.R/LOADLCySPO.RC/@1 yBMX/LCsALU/B»SMX/ALUY SCK/LOAD®

HC..RCLCICEXF) *SPO.R/LOAD.LC»SPO.RC/@1»BMX/LCsALU/B»SMX/ALU.EXP»SCK/LOAD®

BC.RL] *SPO.R/LOAD.LABsSPO.RAB/@1 r AMX/LLAYALU/A» SMX/ALUsSCK/LOAD"

BC_RLICEXP) *8P0.R/LOAD.LAE,SPO.RAR/@1 » AMX/LArALU/A» SMX/ALU.EXP»SCK/LOAD®
BC..RCI.AND.KLC] *ALU/ANDy AMX/LAYSPO.R/LOAD.LAEySPO.RAB/@1 » BMX/KMX» KMX/@2+SMX/ALU» SCK/LOAD"®

HC..8C+1 *EALU/A+L»SMX/EALU» SCK/LOAD"
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SC..SCHEXF(Q) (A)
HC.SCHFE

SC-8SC+KL]
$C..SC+SHF . VAL

$C..8C-FE

$C..SC~-KL]
GC..8C—~SHF « VAL
$C..SC.ANDNOT .FE
GC.8C.ANDNOT.KL]
6C.SC.OR.KL]
GC..SHF . VAL

GC_STATE

GC.STATE +ANDNOT .KL]
HSC_STATE.OR.KC]
GD.NOT.SD

G058

68..08SD..0

68.ALULS

558D
$8_55.X0R.ALU15ASD_ALULS
STATE.O(A)

STATE.AMX .EXF
STATE.D(EXP)

STATE..FE

STATE.FIRST
STATE_.INNEROEBJ
GTATE_INNERSRC
STATE..KL]

STATE..OUTER
STATE-FREDEC
STATE.QEXF)
STATE.SC.VIA.KMX
STATE_ .SKFLONG
GTATE.STATE+1
STATE_STATE+FE
GSTATE..STATE+KL]
STATE.STATE-FE
STATE.STATE-KL]
STATE.STATE.AN.SKPLONG
STATE..STATE.AN.5T00
STATE.STATE.AN.6T04
STATE.STATE.AN.DESTDERL.
STATE..STATE .AN.NOTFREDEC
GSTATE.STATE +AN.PREDECZERO
GTATE.STATE « ANOINOT .FE
GSTATEL.STATE . ANDNOT .KL1]
STATE.STATE.ANDNOT . SHF . VAL
STATE.STATE.OR.FE
STATE..STATE.OR.KL2J
GTATE..STATE.OR.ADJINF
STATE.STATE.OR.DEST
STATE.STATE.OR.DESTDEL
STATE.STATE.OR.FILL
STATE.STATE.OR.FLOAT
STATE..STATE.OR.MOVE
STATE.STATE.OR.PATT1
STATE_STATE.OR.PATT2
SWAPD

VA_ALU
VA.D
VA_D+KL]
VA_D+LC

MACRO DEFINITIONS

*EALU/A+E 1 EBMX/AMX . EXP» SHX/EALU» SCK/L.OAD y AHX/RAMX » RAMX/Q "
*EBMX/FE yEALU/A+E» SHX/EALUy SCK/LOAD"

*KMX/@1 s EBMX/KMX s EALU/A+B » SHX/EALLU» SCK/LOAD®

“EALU/A+Rs ERNX/SHF . VAL » SHX/EALU SCK/LOAD®
*EBMX/FEyEALU/A~BrSMX/EALUrSCK/LOAD®

*KMX/@1 y EBMX/KMX» EALU/A-B» SHX/EALU»SCK/LOAD®

*EBMX/SHF . VAL s EALU/A-E» SMX/EALUy SCK/LOAD*

“EBMX/FE yEALU/ANDNOT s SHX/EALU» SCK/LOAL"

*KMX/@1 ¢ EEMX/KHMX s EALU/ANDNOT » SHX/EALU» SCK/LDAD®

*KMX/@1 y EBMX/KMX » EALU/OR y SMX/EALU» SCK/LOAD

*EBMX/SHF . VAL »EALU/By SHX/EALU» SCK/LOAD*
*EALU/ArMSC/LOAD . STATE » SMX/EALU» SCK/LOAD®

*EALU/ANDNOT » EBMX/KMX» MSC/LOAD . STATE » SMX/EALU» SCK/LOAL s KMX /@1 *
*EALU/OR s ERMX/KMX » MSC/LOAD . STATE y SMX/EALU » SCK/LOAD s KMX /@1 *
*SGN/NOT . SO*

*SGN/SD . FROM. 55°

*SGN/CLR.SD465"

*SGN/LOAD,SS*

*SGN/SS . FROM. 3D°

*SGN/SS « XOR. ALL®

* AMX/RAMX . OXT r DT/ LLONG s EBMX/AMX . EXP » EALU/B » HSC/LOAD . STATE®
*EBMX/AMX . EXPyEALU/ByHSC/LOAL, STATE®

*RAMX/Dy AMX/RAMX» EEMX/AMX . EXF s EALU/B s MSC/LOAD STATE®

*EBMX/FE» EALU/ByMSC/LOAD, STATE®
*STATE_KCZERD1*

*STATE_KC.12*

*STATE_KC.33"

*KMX/@1 s EBMX/KMX»EALU/ByMSC/LOAD . STATE®
*STATE_KLZERO1®

*STATE_KL.803"

“RAMX/Q s AMX/RAMX s EBMX/AMX . EXF y EALU/ByMSC/LOAD , STATE"
*MSC/LOAD, STATE yEALU/ByEBMX/KMX s KMX/SC"
*STATE_K[ . 43"

“EALU/A+1sMSC/LOAD . STATE®
*EBMX/FEyEALU/A+ByMSC/LOAD, STATE®
*KMX/@1sEBMX/KMX s EALU/A+B»MSC/LOAD, STATE®
"EBMX/FEsEALU/A~ByHSC/LOAD, STATE®

*KMX/@1 EBMX/KMX y EALU/A~ByMSC/LOAD . STATE®
*STATE_STATE.ANDNOT.KC,43°
*STATE..STATE.ANDNDT . KC.3F1°
*STATE_STATE.ANDNOT (KL . 7F 1"
*STATE_STATE . ANDNOT KL . 41°
*STATE.STATE.ANDNOT KL . 7F 1"
*STATE.STATE . ANDNOT .KC .CO1*
*EBMX/FEyEALU/ANDNOT » HSC/LOAD . STATE *

“KMX/@1 » ERMX/KMX » EALU/ANDNOT s MSC/LOAD . STATE®
*MSC/LOAD ., STATE » EBMX/SHF « VAL y EALU/ANDINOT *
*EALU/OR s EBMX/FE y MSC/LOAD . STATE *

*KMX/@1 y ERMX/KMX y EALU/OR y MSC/LOAD . STATE*
*STATE_STATE.OR.KL.33*

*STATE.STATE .OR.KLC.41"
*STATE_STATE.OR.K[,63°
*STATE.STATE.OR.KL.73*
*STATE_STATE.OR.KL.4603"
*STATE_STATE.OR.KL.503°
*STATE_STATE.OR.KL.13°
“STATE.STATE.OR.KL.21"

*DK/BYTE.SWAF*

JEDITPC STATES
$MATCHC STATES

#SKFC STATES

"VAK/LOAD"

*RAMX/L» AMX/RAMX » ALU/A» VAK/LOAD"*

"RAMX/IIs AMX/RAMX» KMX/@1 y EMX/KMX » ALU/A+Ey VAK/L.OAD
*RAMX/Dy AMX/RAMX s BMX/LC» ALU/A+B» VAK/LOAD®

Page A-30



VAX 11/780 FIELD AND

VA.D+Q
VA_D.OXTLI+Q
VA_D.ANDNOT KL ]
VA..KC]

VA.LA
VA_LA+D
VA_LA+KL]
VA_LA+KLI+1
VAL_LA+FC
VA.LA+Q
VA.LA-D
VA_LA-KL]
VAL LA~-KL -1
VA.LA-Q
VA_LA.ANLIL.LC
VA_LAANDNOT KL ]
VA_LB+D.OXT
VA_FC

VA..Q

VA..Q+D
VA.Q+KIL]
VA_Q+LR
VA_Q+LRB.FC
VA.Q+LC
VA_Q+FC
VA.Q-KE]
VA..Q~LB
VA._Q.ANDNOT KL
VA_RCL}
VA.RCI
VA_VAt4

MACRO DEFINITIONS Page aA-33

"RAMX/Dy AMX/RAMX y REMX/Qy BMX/REMX » ALU/A+EyVAK/LOAD"
"RAMX/Ity AMX/RAMX « OXT» IIT/@1 » BMX/REMX» ALU/A+B» VAK/L.OAD "
"RAMX/Dy AMX/RAMX y BMX/KMX s KMX/@1 y ALU/ANDNOT » VAR /LOAD*
*KMX/7@1 » EMX/KMX» ALU/RyVAK/LOAD"
"AMX/LAYALU/A»VAR/LOAD"
"AMX/LAYyREMX/Liy RMX/REMX s ALU/A+E Y VAK/LOAD"

*AMX/LAY BMX/KMX sy KMX/@1»ALU/A+E Y VAK/LOAD "

"AMX/LA» BMX/KMX» KMX/@1yALU/A+E+1 »VAK/LLOADR®
"AMX/LAYBMX/FPCrALU/A+R» VAK/LOAD"
“AMX/LA»REMX/Qy EMX/REMX s ALU/A+Ry VAK/LOAD "
"AMX/LAyREMX/Dy EMX/REMX» ALU/A-Ey VAK/LOAD*

"AMX/LAY BMX/KMX s KMX/@1»ALU/A-EyVAK/LOAD"

"AMX/LAy BMX/KMX»KMX/@1»ALU/A-E-1y VAK/LOAD "
*VAK/LOAIIy ALU/ZA-E» AMX/LAY BMX/REMX y REMX/Q s SHF /ALU "
"AMX/LAy BMX/LCy ALUZAND Y VAK/LOAD"

"AMX/LA BMX/KMXy KMX/@1 » ALU/ANDNOT » VAK/L.DAD *
*EMX/LEBrALU/A+Ery AMX/RAMX . OXTy BT /BYTE » VAK/L.OAD*
“EMX/FCyALU/RyVAR/LOAD"

"RAMX/Qy AMX/RAMX s ALU/AYVAK/LOAD "

"VAK/LOAD ALU/A+E» AMX/RAMX » BMX/REMX y RAMX /@y REMX /L1y SHF /AL U*
"RAMX/Q» AMX/RAMXyKMX/@1 s BMX/KMX s AL.U/A+Ey VAK/LOAD "
"RAMX/Qy AMX/RAMX » BMX/L.EyALU/A+Es VAK/LOAD"

"RAMX/Qy AMX/RAMX » BMX/FC. OR+LEyALU/A+RyVAK/LDAD"
"RAMX/Qy AMX/RAMX s BMX/LCy ALUZA+Ry VAK/LOAD "

"RAMX/Qy AMX/RAMX s BMX/FCrALU/ZATR y VAK/LOATI®

*RAMX/Qy AMX/RAMX s KMX/@1 » BMX/KMX y ALU/A-E» VAK/LDAD "
"RAMX/Qr AMX/RAMX » BMX/LEy ALU/A-RyVAK/LOAD®

"RAMX/Qy AMX/RAMX y KMX/@1 » BMX/KMX» ALU/ANIINOT » VAK/L.OAD*
"SPOWR/LOALDLLEySPOLRC/@Ly BMX/LCy ALU/ R VAK/LDAD"
"SFO.R/LOAD.LARYSFO.RAR/@L»AMX/LAYALU/AYVAK/LOAL®
*FCK/VA+4"
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.TOC *Macro definition

.B.FORK
BYTE

C+FORK

(CACHE . INVALIDATE

CALL

CALLLCD
CHK,.FLT.OPR
CHK.ODD.ARDR
(CLK.UBCC

CLR.FPD
CLR.IB.COND
CLR.IB.OFC
CLR.IB.SFEC
CLR.IBO-1
CLR.IBO-3
CLR.IB2-3
(CLR.IB2~5
CLR.NEST.ERR
CLR.SD2SS

E +FORK
EXCEPT.ACK

FLUSH.IR
(3. FORK

INHIRIT.IB
INTRPT.ACK
INTRPT.STROBE
IRD

IRD.11

IRDO

IRD1

LOAD.ACC.CC
L.0AR, IR
L.OAD.IB.11
LONG

MEMORY « NOF
MUL . OXT
MUL + IXT
MULM.DONE
MULP . DONE

FOLY.TIONE

RETURNO
RETURN1
RETURN10
RETURN100
RETURN10C
RETURN10OE
RETURN12
RETURN1S
RETURNLF
RETURNZ2
RETURN20

Non--transfer macros®

"LAB_R(SP1),»QK/ID+CLR.IB.CONDsPC.PC+NsSUB/SFECsJ/H.FORK"®
“DT/RYTE*

"SUB/SPEC»J/C.FORK"
"MCT/INVALIDATE » VAK/NOP*
*SUR/CALL"®

"CALLyJ/@L"
*MSC/CHK.FLT.OFR"
*MSC/CHK.ODD, ADDR®
*CCK/LOAD.UBCC"®

*MSC/CLR.FFD*

*IBC/CLR.1-5.COND"

"IBC/CLR.OyIEK/ISTR"

*IBC/CLR.1"

*IBC/CLR.0.1yIEK/ISTR®

*IBC/CLR.0-3"* $DISCARD —11 INSTR & OPERAND
*"IBC/CLR.2.,3" $11 MODE DISCARD ISTREAM OFERAND
*IBC/CLR.1-5.COND" $2ND PART OF Q/D IMMEDIATE
*MSC/CLR.NEST.ERR"

*SGN/CLR.SD+SS*

“SUB/SFEC»J/E.FORK"
*IEK/EACK"

* IBC/FLUSHyVAK/LOADs IEK/ISTR"
*SUB/SPEC»J/0G.FORK"

*"MCT/MEM.NOP*

*IEK/IACK"

*IEK/ISTR"

*IRDO»CLK.UBCCyIRD.»SUB/SPECs J/A.FORK"®

"LA_R(DST)SLB_R(SRC) »D_LB.PCyVAK/LOADsQ_IE.DATAsSC_KL.101sFCK/PC+NsMSC/IRD, SUR/SFECY J/DFO"
“LA_.R(SP2)SLB_R(SP1) »DEVA_LBySC_ALUCEXF) yFE.LACEXP)s585.ALULS"
*MSC/IRDyQK/IDyMCT/ALLOW, IB.READ Y IBC/CLR.1~-5.CONDyFPCK/PCHN®

*MS8C/LOAD.ACC.CC"

*VAK/NOF yMCT/READ .Y . NEWPC"®
*VAK/NOP yMCT/READ .V « NEWPC*
*DT/LONG*®

"MCT/MEM.NOP*
*SI/MUL+,SC_SC-KLC.1)yBEN/MUL"®
*SI/MUL-»SC_SC-KLC.11vBEN/MUL"
*D.D.RIGHT2,SI/MUL--» INTRFT.STROBE"
*D_D.RIGHT2,8I/MUL+» INTRPT,STROBE"

“ACF/CONTROL rACM/POLY . DONE*

*SUB/RET»J/0"
*SUB/RET»J/1°
*SUB/RET»J/10°"
*SUB/RET»J/100°
*SUB/RET»J/10C"
*SUB/RET»J/10E"
*SUB/RET»J/12°
*SUB/RET»J/18°
“S8UB/RETyJ/LF"*
*SUB/RET»J/2°
"SUB/RET»J/20°
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RETURN24 *"SUB/RET»J/24"

RETURN3 "SUB/RET»J/3°

RETURN4 "SUB/RET»J/4°

RETURN4O *SUB/RET»J/40"

RETURN60O *SUB/RET»J/760"°

RETURNG1 "SUB/RET»J/61°"

RETURNS *SUB/RET»J/8°

RETURN? *SUB/RET»J/9°

RETURNF "SUB/RET»J/OF "

RETURNC] "SUB/RETr,J/@1"

SET.CC(BYTE) *CCK/INST.DEPyDT/BYTE"

SET.CCCINST) "CCK/INST.DEP»DT/INST.DEP"*

SET.CCULONG) "CCK/INST.DEP»DT/LONG®

HET.CC(ROR) "CCK/ROR"

QET.ggéUDRD) :ggg;ég?T%gEEvnT/UORD'

GET. .

HET.NEST.ERR *MSC/SET.NEST.ERR®

SETPSL . C(AMX) 'ggg;gé$ﬂcg'

SET.V . .

SPEC “LAB_R(SP1)»Q_IB.DATAyCLR.IB,CONDyPC_PC+NsyMCT/ALLOW.IB.READySUB/SFECYJ/C.FORK"
GPECG *LAB_R(SP1)+Q..IB.DATAyCLR.IB.CONDyFC_FC+NsyMCT/ALLOW.IR.READNYSUB/SFECs»J/G.FORK®
START,IR *IBC/START®

STOP.IR *IBC/STOP®

TEST+TR.RCHK *MCT/TEST .RCHK» VAK/NOP*

TEST . TE.WCHK "MCT/TEST .WCHK » VAK/NOP *

TRAP.ACCL] "ACF/TRAP»ACM/@1°

WORD "DT/WORD"

WRITE.DEST "LAB.R(SP1)»QK/IDyCLR.IB.CONDyPC_PC+N+SUR/SPEC, J/WRD"*

WRITE.G.DEST *LAB.R(SP1)» QK/IDyCLR,IB.CONDyPC..PC+NsSUB/SFEC,J/WRG"
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.T0C *Macro definition

AC.LOW?
ACC.SYNC?
ACCEL?
ALIGNED?
ALU.N?
ALU1-07
ALU?

RCOSGNT

€317
(CONSOLE . MODE?

ne1?
n.BO?
D.B17?
.27
I.BYTES?
I.NE.O?
no?r
0n2-07?
nas
n3-o?
n3i?

n3z
DATA.TYPE?
INBL?

EALU.N?
EALU.Z?
EALU?T
END.DPL?

FPD?

IB.TEST?

INT?
INTERRUFT.REQ?
IRO.C317

IRO?

IR1?

IR2-17

L.LAST.REF?

MODE.LSS.ASTLVUL?
MUL?

NEST.ERR?

FC.MODES?
PSL.C?
PSL.CC?
PSL.MODE?
FSL.N?
FSL.V?
PSL.Z7?
FTE.VALID?

Q317
QUAD?

.

MACRO DEFINITIONS

Eranch enable macros®

*BEN/INTERRUPT®
"BEN/ACCEL*
"BEN/ACCEL"
"BEN/TEB.TEST*
*BEN/ALU*
*BEN/ALU1-0"
"BEN/ALU®

"BEN/DECIMAL "

"BEN/C31"
"REN/PSL .MODE"®

*BEN/MUL*
"BEN/D.RYTES"
*BEN/D.BYTES®
"BEN/D.BYTES"
*BEN/D.BYTES"®
“BEN/SIGNS*
*BEN/D3-0"
"BEN/D3-0*
*BEN/D3-0"
*BEN/D3-0"
"BEN/SIGNS*®
"BEN/D3-0"
*BEN/DATA.TYFE"
*BEN/DATA.TYFE®

*BREN/EALU"®
*BEN/EALU®
“BEN/EALU"®
*BEN/END.DF1°*

*BEN/LAST.REF*

"BEN/IB.TEST"®
"BEN/INTERRUPT®
"BEN/INTERRUPT®
“BEN/ALU"®
“REN/ALU"®
*BEN/IR2-1"
"BEN/IR2-1"

"BEN/LAST.REF"

*BEN/REI"
"BEN/MUL"®

"BEN/LAST.REF*

*BEN/FC.MODES"
"BEN/PSL.CC"
"REN/FPSL.CC*
"BEN/PSL .MODE"®
"BEN/PSL.CC*
"BEN/PSL.CC"*
"BEN/PSL.CC"*
"BEN/TB.TEST"

"BEN/SIGNS"
"BEN/DATA.TYPE*

$rJ3/3"
$»J3/3°

$2JS5/17°
$9J4/07"

byJ2as2*
$,J5/1B"

b2 J4/0E"
trJa/0D"
§rJ4/0B"
1rJ3/5°
¥rJ4/0E"
$rJ4/08°
$vJa/0B"

$rJ3/6°
$104707%

$1J4/07°
$sJ4/70B"

$rJ4/07"

$9J3/5°

$rJason*
brJ3/6°

$rJ3/3°
$rJ4a/0BR"

}rJA/0E"

brJas7°*

$»J4/0D"
$»J4/0B"
$»J5/0F*

$rJ3/3"

JPREFERED FORM
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RLOG.EMPTY?
ROR?

SC.6T. 07
SC.NE.O?
“e?
BIGNS?
GRC.PC?
687
STATE(7)?
STATEQO?
STATEL-O7
GTATEL?
STATE2?
HSTATE3-07
STATE3?
STATE4?
GSTATES?
GTATES?
HSTATE7-47

TB.TEST?

VA31-307
VA317?

Z7
ZONED?

+BIN

MACRO DEFINITIONS

*REN/ALUL~0*
"BREN/ROR"

*BEN/SC*
"REN/MUL"
*REN/SC"
"BEN/SIGNS" .
*BEN/SRC.FC"
"BREN/EALU"
"STATE7~4T"
*BEN/STATE3-0"
"BEN/STATE3~0"
"BEN/STATE3-0"
"REN/STATE3-~0"
*REN/STATE3-0"
"BEN/STATE3-0"
‘REN/STATE7-4"
"BEN/STATE7~-4"
"REN/STATE7-4"
"BEN/STATE7-4"

"BEN/TB.TEST"

“BEN/FSL .MORE"
*BEN/FSL .MODE"

"BEN/Z"
*BEN/DECIMAL"

PrJdas7e

$rJ3/3"
$COMP MODEy EEN ON SRC R = PC
$r»J4/0E"
v Ja/0E"
$rJas0C"
PrJa/son”
PrJa/0R"

$rJ4as07"

PrJS/707°
FrJS5/0F"

prJz2/1t

$MAKE LISTING ROOM FOR BINARY FROM HERE ON
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APPENDIX B

SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

This appendix contains a sample VAX 11/789¢ microprogram, which performs
an unsigned binary search on a vector of longwords in main memory. The
parameters of the routine, the value to be searched for and the
beginning and end of the vector, are passed in registers.

A command file that assembles, loads, and executes this sample
microprogram is provided in the VAX 11/780 WCS kit. To invoke this
file in the VMS environment, type:

@[SYSEXE] WCSTOLTST

This command file assembles the input listing (Section B.l) and
produces the 1listing file (Section B.2) and the object file (Section
B.3) which are written to [VAXWCSTOL)] SAMPLE . MCR and
[VAXWCSTOL] SAMPLE.ULD. It then loads the object file into the extended
WCS and runs the test program BSTEST (Appendix D). BSTEST executes an
XFC instruction, which causes the sample microprogram loaded in the WCS
to be executed. If the microprogram executes properly, BSTEST prints
the following message on the terminal:

"Successful Test Completion"



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

B.l THE INPUT FILE (.MIC)

W S N W W W N WS W W W N MR W W W WD W E W s W e

+TOC *Rinary search routine*

+REGION /1C00s1FFF fUser wcs srace.

«BOUNDS/RSERCH? 1C00 1FFF $This defines the rerort boundries
ifor the U-code microword summary rade
iand names the rerort boundarw BRSERCH.

Samrle microcode to rerform an unsigned binarw search throusgh
8 vector of alidned londgwords in main memory.

INFUTS
RO - Search comrarand., Routine succeeds bu finding »
memory cell conteining same data as RO.
Rl - Lower address bound, Alisned londword address of
lowest address of vector to be searched.
R2 - Uprper address bound. Alidgned londword address of
highest address of vector to bs sesrched.
It is imrplied that R1 lssu R2y and that the memorw between the
addresses in R1 and R2 conteains a sorted vectorr in sscending
unsigned order.,

Outruts if search finds a match.
CC<Z> - Clear

RO ~ Search comearand.
R1 - Match address. Address of longword containing same data as RO.
R2 - Used by search for temrorarv address values.

Dutruts if search does not find a match.
CC=Z» -~ Set
RO - Search comparand,
R1 ~ Used bw search for temrorsrw address velues.
R2 - Used bw search for temrorary address values.

Page B-2



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

SRCH?

SRCH.1¢

w0
SRCH.2?

=110
SRCH. 33

14
Q.RLR2Dy
STATE.KLZERO1

-

Page

-3
$GET UPFER BOUND ADDR TO Q
$INITIALIZE STATE REGISTER

D.RCRO]

s
§
§

BET COMPARAND TO HOLD IN RC

$-
ALU.Dy
LAB.R1&RCCT11.ALU

§
$PREFARE TO WRITE COMPARAND TQ RC
JWRITE COMPARANDy GET LOWER ROUND

]
Q. (LA+Q) +RIGHT,
INTRPT,.STROBEY
STATEO?

H

$COMPUTE MIDPOINT ADDRESS
$TEST FOR INTERRUFT REQUESTS
$1S IT TIME TO STOF?

30
Q.Q.ANDNOT KL+ 31,
VA_ALU,
LC_RCLT11,
INT?»J/8RCH.3

il

$STATEO=0, KEEF LOOKING FOR MATCH.
§FORCE LONGWORD ALIGNMENT

$GET READY TO READY MIDFOINT OF VECTOR
fLATCH COMFARAND INTO LC

#1IS THERE AN INTERRUPT REQUEST?

ALU.KCZEROJ

CCK/NZ.ALU.VC. 0y LONGy
CLR.IB.OPCyPC.PC+1y

J/ZIRD

$STATEO=1. SEARCH FAILED. NO MATCH.

i
$RETURN Z=1 TO FLAG FAILURE.,
$MOVE ON TO THE NEXT INSTRUCTION

i4

$110
NCLONGI_CACHE »
ALU_RLCR21.X0R.Qy
CLK.URCCy J/SRCH. 4

$NO INTERRUFT REQUESTS

FREADY MIDFOINT ENTRY OF VECTOR

$ COMPARE MIDPOINT EQL UFFER EOQUND
H

Fll1
J/INT.E

$ INTERRUFT REQUEST I8 UF
$TAKE IT. RESUME FROM REG’S AS IS.
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# WE HAVE ALSO SET THE MICROBRACH Z BIT ACCORIING TO A COMPARE OF
# THE MEMORY ADDRESS WITH THE CURRENT UFFER BOUND., IF THEY ARE

# EQUALy THIS IS THE LAST POSSIKLE COMFARISON. A MATCH FAILURE

# HERE IMFLIES THAT THERE IS NO MATCH TO EE FOUND.

GRCH. 4! j———— e e i
ALU_D-LC» #COMFARE MEMORY TO COMPARAND
LONG»CLK URCC» JRECORD COMFARE RESUL.T
LA_RALR1], JLATCH LOWER BOUND INTO LA (LE HAS 777
ze IS MIDFOINT EQL UFFER BOUND?

=0 30 ——— -§ALU Z=0. NOT ENI' OF SEARCH
ALUT s J/SRCH. 5 $TEST RESULT OF COMPARE
Pil-- -=3ALU Z=1. END OF SEARCH
STATE.KL.11y FSET STATEO TO MARK END OF SEARCH.
ALU? #CHECK FOR LAST CHANCE MATCH

=1010

SRCH.5! $1010— = e e JALU Z=0y C=1., RO GTRU MEM
Q.Q+KC .41, JLOWER LIMIT MUST BE GREATER THAN THIS
RCR1J.ALUy JREMEMBER IN R1.
J/SRCH. 6 i
101l e e e PALU Z=0, C=0. RO LSSU MEM
Q.Q-KC.41y SUFFER LIMIT MUST BE LESS THAN THIS
RCR2I_.ALU» JREMEMBER IN R2
J/SRCH. 1 iGO TRY AGAIN

=1111 | 111l o e ALY Z=1y C=1, RO EQL MEM
RCR11.Qy $FOUND IT!
CCR/NZ_ALU.VC..0sL.ONG» $GET Z=0 TO INDICATE MATCH
CLR.IB.OFCyFC_PC+1» GO0 TO NEXT INSTRUCTION
JZIRD

SRCH 62 5 e e e e §
Q.. (Q+L.B) .RIGHT» COMFUTE NEW MXDFOINT, LOOP
INTRPT.STROBE» 4
STATEO?y J/SRCH. 2 $CHECK FOR END'» LOOF

§ DEFINE LARLES TO INTERFACE WITH PCS
00628 IRD?
04FB ¢ INT. B
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B.2 THE LISTING FILE (.MCR)

NEWSAM . MCR MICRO2 1L.C02) 18-JAN-82 16215506
Table of Contents

o e

2 Machine definition Control word chart
56 Machine definition ACFy ACMs ALSy ALly AMX
9?7 Machine definition RENy EMX

CCKy CIDs DKy IT

EAt.Uy EEBMX» FEKy FSy IEK, IRC
In.ADDRy J

KMX

MCT» MSC

PCKy QK» RAMXy REMX

SCKy SGNy SHFr SIy §MX

POy SFO.ACY SFOLACNY SFPO.ACNLLY SFOWR
SPO.RARy SFO.RCY SURy VAR
Validitu chechs

Redister tramsfer macros
Nor-transfer macros

Branch enable macros

150 Machine definition
205 Machine definition
255 Machine definition
330 Machine definition
405 Machine definition
452 Machine daefinition
487 Machine definition
529 Machine definition
568 Machine definition
617 Machine definition
624 Macro definition
1538 Macro definition
1634 Macro definition
1729 BRinarw search routine

E D Y € WS €S W WP XD W W N € e
G5 46 40 20 4 0 ¢o 24 o o T 46 4o 20 40 oo

Page B-5
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i NEWSAM.MCR MICRO2 1L<O2) 18~JAN-82 16115206 Fade 2
# VAXDEF .MIC

il +NOLIST pInhibit listindg for VAXDEF.MIC
1728 JLIST
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Page B-7

3 NEWSAM.MCR MICRO2 1L.¢O2) 18-JAN-B82 16215306 Fade £
$ RSERCH.MIC Rinary search routine

1729 +TOC *Rinary search routine"

§1730 +REGION /1000y AFFF iUser wes srace.

1731 +BOUNDS/RSERCH:! 1000 LFFF iThis defines the rerort boundries

1732 ifor the U-code microword summarw rade

$1733 jand names the rerort boundary RBERCH.

$1734

$1735 i Samrle microcode to rerform an unsigned binary search throush

#1736 i a vector of alidgned londwords in main memory.,

$1737 H

$1738 § INFUTS

1739 H RO - Search comrarand, Routine succeeds bw finding a

$1740 [ memory cell containing same data as RO.

1741 [ Rl - Lower address bound. Aligned longword address of

$1742 § lowest address of vector to be seavched,

$1743 § R2 -~ Urrer address bound. Alidned longword address of

31744 § highest address of vector to be searched.

$1745 3 It is imrlied that R1 lssu R2y and that the memory between the

#1746 ¥ addresses in R1 and R2 contains a sorted vector, in ascending

$1747 ¥ unsigned order.

31748 1

$1749 i Outruts if search finds a match.

$1750 $ CCuZr - Clear

#1761 % RO ~ Search comsarand.

1752 ] R1 -~ Matech address. Address of longword containing same data as RC.

#1753 ] R2 ~ Used by search for temrorary address values,

$1754 $

31755 # Outruts if search does rnot find a mateh.

1756 H CCuZx - Set

§1757 § RO - Search comrarand,

§1758 i R1 - Used bw search for temrorary address values.

1759 H R2 - Used bu search for temrorary address values.

$1760 [
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- -

L

NEWSAM . MCR
BSERCH.MIC

1C04,

1C05,»

1008y

1C09»

1C00»

1C01,

1C06y

1C07»

MICRO2

0000,003C»19CO0+FAL10,1404,7C05

0800,003C,0180,FA00,0000,1C08

0001,003C,0180,FR08,0000,1C0%

005C»1714+01COyFB800,4000,1C00

0019,2E24,00C0»F?08,0200+1C06

€018,0038,1980sFB04y405050062

001C»0020,0180,4210,0010,1C0C

0000,003C»0180,FB00, 00005 04F8

102
Binary search routine

31761
11762
31763
$1764
31765
71766
31767
#1768
31769
i1770
#1771
i1772
31773
1774
#1775
$1776
$1777
i1778
1779
#1780
il781
1782
#1783
11784
51785
#1786
#1787
71788
#1789
#1790
31791
$1792
i1793
1794
11795
11796
$1797
11798
$1799

18-JAN-82

SRCH}

SRCH.1?

=0
SRCH, 2

=110
SRCH.3:

'

16315806

Q.RCR21y
STATE..KLZERD]

Fy-
D.RLROJ

ALU_ D'y
LAR_R1&RCLT1J.ALU

3
Q. (LA+Q) .RIGHT»
INTRFT.STROBE »
STATEO?

Lt L
G_Q.ANDNOT .KL.32»
VA_ALUy

LC_RCLT1],

INT?rJ/SRCH.3

i ——
ALU_KLZERO1,
CCK/NZ_ALL.VC_0,LONG»
CLR.IB,OPCsFC_FCH1y
J/TIRD

LCLONGI_.CACHE»
ALU_RCR2].XOR.Qr
CLK.URCC».J/SRCH. 4

$lld~m e e ————
J/ZINT.B

Page B-8

Fade

’
$GET UFFER BOUND ADDR TOD Q
VINITIALIZE STATE REGISTER

’
$GET COMFARAND TO HOLD IN RC

}FREFARE TO WRITE COMPARAND TO RC
SURITE COMPARANDy GET LOWER ROUND

)

$COMFUTE MIDFOINT ADDRESS
JTEST FOR INTERRUFT REQUESTS
$1IS8 IT TIME TO STOP?

3STATEO=0., KEEP LOOKING FOR MATCH.
JFORCE LONGWORD ALIGNMENT

FGET READY TO READY MIDFOINT OF VECTOR
JLATCH COMFARAND INTO LC

$IS THERE AN INTERRUPT REQUEST?
ISTATEO=1, SEARCH FAILED. NO MATCH.
3

SRETURN Z=1 TO FLAG FAILURE.

JMOVE ON TO THE NEXT INSTRUCTION

4

#NO INTERRUPT REQUESTS

JREADY MIDFOINT ENTRY OF VECTOR
COMPARE MIDFOINT EGQL UFPER EOUND
i

3 INTERRUFT REQUEST IS UF
FTAKE IT., RESUME FROM REG’S AS IS,

40
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# NEWSAM.MCR MICRO2 1LCO2) 18-JAN-B2 16315806 Fade 41
$ BSERCH.MIC Binary search routine .

$1800 # WE HAVE ALSO SET THE MICROBRACH Z RIT ACCORDING TO A COMFARE OF
31801 } THE MEMORY ADRLRESS WITH THE CURRENT UFFER ROUND. IF THEY ARE
#1802 3 EQUAL» THIS IS THE LAST FOSSIBLE COMFARISON. A MATCH FAILURE
$1803 # HERE IMPLIES THAT THERE IS NO MATCH TO EE FOUND,

$1804
$1805 BRCH 43§ e i e $
31806 ALU_D-LCy §COMPARE MEMORY TO COMPARANLD
$1807 LONG»CLK.UBCCy $RECORD COMFARE RESULT
$1808 LA_RALR1D], SLATCH LOWER ROUNDN INTO LA (LE HAS 77?7
U 1C0C» 0011,0100,0180,F888,0010,1C02 $1809 z? $I8 MIDFOINT EQL UFFER BOUNID?
#1810
16811 =0 i0 $ALU Z=0. NOT ENI OF SEARCH
U 1C02y 0000,1ER3C»0180,F800,0000,1C0A 71812 ALUT» J/8RCH. S FTEST RESULT OF COMFARE
$1813
1814 il $ALU Z=1, ENDI OF SEARCH
#1815 STATE_KL.11» FSET STATEO TO MARK END OF SEARCH.
U 1€03» 0000+1B3C,0580,FB00,1404,7C0A 31816 ALUT $CHECK FOR LAST CHANCE MATCH
#1817
1818 =1010
31819 SRCH.5¢ $1010- #ALU Z=0y C=1., RO GTRU MEM
$16820 Q.Q+KC. 4]y SLOWER LIMIT MUST BE GREATER THAN THIS
1821 RCR11._.ALU» JREMEMEER IN R1.,
U 1C0A» 0019¢2014511CO»FAB8y0000,1COD 9lg§§ J/SRCH. 6 H
#1
1824 31011~ ALY Z=0y (=0, RO LESU MEM
$1825 Q.0-KC.42y SUFFER LIMIT MUST BE LESS THAN THIS
11826 RCR2I.ALUY FREMEMEER IN R2
U 1COBs 001952000r11C0rFA90y000051C0% $1827 J/SRCH. 1 #60 TRY AGAIN
11828
. #1829 =1111 Pl e PALY Z=1y C=1., KO EQL MEM
#1830 RCR11.Qy #FOUND IT!
#1831 CCK/NZ.ALULVC..0rLONGy $SET Z=0 T0 INDICATE MATCH
$1832 CLR.IBJOFCYFPC.FCH+1y $60 TO NEXT INSTRUCTION
L} 1COFy CO01,203C,01805FABC»4050,0062 #1833 J/IRD
#1834
#1835 SRCH. 63 §--- §
31836 Q. (Q4LB) RIGHT» $COMPUTE NEW MIDFOINTs LOOF
#1837 INTRFT.STROBE» i
) 1C0D, 004Dy3714,01C0,F8B00¥4000,1C00 1838 STATEO?» J/SRCH. 2 JCHECK FOR ENDy LOOF
#1839

$1840 # DEFINE LABLES TO INTERFACE WITH FCS
31841 00623 IRD:
71842 04F8: INT.R?
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i NEWSAM.MCR

3
o

INT.R
IRD

SRCH

SRCH. 1
SRCH.2
SRCH.3
SRCH. 4
SRCH.S
SRCH. 6

MICRO2 1L(02)

Cross Reference Listing - Field Names and Defined Values

326 #
1799 1842
1790 1833

1762 &
1774 ¥ 1827
1780 # 1838

1784 1793
1796 1805
1812 1819
1822 1835

¥

L

18-JAN-B2

1841 #

16315106

Page B-10

Fade

42
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5 NEWSAM-.MCR MICRO2  11.€02) 18-JAN-B2 16115106 Fade 4%
$ Cross Reference Listing ~ Macro Names
AL LOW? 1636 #
ACC . SYNCY 1637 %
ACCELY 1638 %
ALIGNED? 1639 %
ALL NP 14640 #
ALUL~-0? 1641 %
ALy? 1642 # 1812 18164
AlLU..~1 626 %
ALU..0(A) 627 ¥
ALU.OHD 628 ¥
ALU.O+DH] 629 #
ALU_O+KLD 630 #
ALULOFKET+1 &31 ¥
ALULOHL B+ L I
ALU.OHLEC 633 %
ALULOHLCHY 634 %
ALU_O+MASK+1 L35 #
ALU.O+R 636 ¥
AlLU.O+Q+1 637 %
ALU..0-D 6368 #
ALU_O-I~1 639 %
ALU..0-KL[ 3 640 ¥
ALU..O~KE1~1 4641 ¥
ALULO-LE 642 ¥
ALU..0~L.C 643 ¥
ALU..O-L.C~1 644 %
Aku_0-aQ 645 ¥
ALU..O~- 1 b46 ¥
ALL.OCID 647 %
ALU..OLILC 648 *
ALU.LD 6549 % 1770
ALY.D(R) 650 #
ALY DKL) 4651 #
ALU_DHRKC I+ 652 %
ALU_XHKE T . RLOG 653 &
ALULTHLE 654 %
ALU_DHLE 4655 %
ALUDFLCHL 656 #
ALUIHLCHFSL &G7 %
ALY D4R 458 ¥
OLU TR+ 659 #
ALU_D+Q+FSL.C 60 #
ALU_DHRLOG b561 #
ALUD-KL] b562 %
ALUD=-K[ 11 663 ¥
ALUD-LE 664 ¥
ALU.D-LR.RLOG 6565 #
ALyU.D-1.C b66 % 1806
ALY D-1.C-1 667 *
ALU_D-Q 65468
ALU_T-Q-1 669 %
ALUDOXTLE 470
ALUD OXTLI4KLE ] 671 %
ALUTL.OXTLI+HLC 672 %
ALU_ D OXTLI+0 673 %



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

# NEWSAM.MCR
$

ALU.DOXTLI-KE]
ALU.D.OXTLI~Q
ALU_D.OXTCI.ANDLKED
ALU.D,OXTLI ANDNOT (KL 3
ALU.D.OXTLI.0R.Q
ALU_D.AND.KL]
ALU_D.AND . MASK
ALU_D.ANDNOT.K[ ]
ALU.D.ANDNOT . MASK
ALU..I' ANDNOT . Q
ALU_D.OR.KL]
ALU_D.OR.LC
ALU_D.OR.Q
ALU_D.OR.RCLC]
ALU..D ORNOT . MASK
ALU_D.SXTL]
ALU_D.SXTCIHRL]
ALU_D.SXTLI4Q
ALU_D.SXTCI.AND.KE]
ALU.D,SXTLI . ANDNOT WKL
ALU.D. XOR.KL]
ALU_D.XOR.LC
ALU.D.XOR.Q
ALU_D.XO0R.RCL]
ALU_D.XOR.RC1
ALU.DLCIKE]
ALU.DEILR
ALU_DCILC
ALU_DLCIQ

ALU.KE]

ALU.LA

ALU_LA+KL]
ALU_LA+KLI+1
ALU.LA+KL].RLOG
ALU_LA+LE
ALU_LA+LC
ALU_LA+LCH1
ALU_LA+LCHFSL.C
ALU_LAHQ

ALU_LA-D
ALU.LA-D-1
ALU_LA--KL]
ALU_LA-KL]-1
ALU_LA-KLC1.RLOG
ALU.LA-LC
ALU.LA-Q
ALU_LA-Q-1
ALU_LAANDWRL]
ALU.LAANDLLC
ALU_LA.ANDNOT KL
ALU.LA.ANDINOT . MASK
ALU.LA.ORWKL]
ALU_LAXOR.LC
ALU.LALCTID
ALU.LALILE

MICROZ2

1L¢co2)

18-JAN-82

16315806

Cross Reference Listindg - Macro Names

674
675
676
677
678
679
680
681
682
683
484
685
486
487
688
689
4690
691
693
692
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
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¥ NEWSAM.MCR MICRO2 1LCO2) 18~-JAN-82 16115106 Fade a5
H Cross Reference Listing -~ Macro Names
ALU.LALCIQ 729 %
ALU_LER 730 #
ALU.LC 731 #
ALU_NOT.D 732 #
ALU_NOT.KL) 733 #
ALU_NOT.RCLC] 734 %
ALU_PACK.FF 735 %
ALU_FC 736 %
ALU_Q 737 %
ALU..Q(E) 738 #
ALU.Q+KRE] 739 %
ALULQHKLI+1 740 %
ALU_Q+LE 741 %
ALU_Q+LE+1 742 %
ALU..Q+LC 743 #
ALU_Q+LCH+1 744 %
ALU_Q+LCHPSL.C 745 %
ALULQ+MASK 746 %
ALU.Q-D 747 %
ALU.Q-D-1 748 #
ALU._Q-KL1 749 %
ALU_Q-LE 750 #
ALU.Q-LC 751 %
ALU_QR-MASK~-1 752 %
ALU_Q.OXTL] 753 #
ALU.Q.OXTL 14D 7%4 %
ALU_Q.OXTLI+D+1 755 #
ALU. Q. OXTLI+KE] 756 ¥
ALU.Q.OXTLI-D 757 %
ALU_Q.OXTLI~KL] 758 @
ALU_Q.OXTLI1.ANDNOT .KL] 759 #
ALU_Q.OXTCI1.OR.D 761 #
ALU..Q.OXTCI.OR.KL] 760 #
ALU_Q.AND. I 762 %
ALU_Q.AND.KC] 763 %
ALU_Q.ANDNOT . KL 1 764 %
ALU.Q, ANDNOT . MASK 765 %
ALU_Q.ANDNOT.RLD 766 %
ALU_Q.OR.KLC] 767 %
ALU_Q.OR.LC 768 #
ALU.Q.ORNOT.KL] 769 %
ALU_Q.SXTL1 770 %
ALU..Q+SXTLIH+KE] 771 &
ALU.Q:SXTLI+LE 772 %
ALU..Q.SXTLI+LB+1 773 %
ALU_Q.SXTLI4+PC 774 %
ALU.Q.SXTL2.ANONOT .KL] 775 %
ALU_Q.XOR.D 776 ¥
ALU_Q.XOR.KL] 777 %
ALU_Q.XOR.LC 778 &
ALU.Q.XOR.RCL 779 %
ALU_QLCID 780 %
ALULR(DST) 781 #
ALULR(SC) +ANDNOT KL ] 782 %
L]

ALU_R(SP1)+KLI.RLOG 783
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# NEWSAM.MCR MICRO2 1L(02) 18-JAN-82 1615806 Fasde 46
[ Cross Reference Listind -~ Macro Names
ALU_RC(SC) 784 %
ALU.RCLCY 785 %
ALU_RLOG 786 #
ALU_RL] 787 %
ALU_RCI-KLC] 788 #
ALU.RLIAND LKL ] 789 #
ALU_RCI.AND.LC 790 %
ALU_RLC].ANDNOT .KL ] 791 %
ALU_RLJ . ANINOT . MASK 792 ¥
ALU_RCI,OR.KL] 793 %
ALU_RCI.ORNOT .KL] 794 %
ALU_RCI«XOR.KL 3 795 #
ALU_RLI . XOR.Q 796 % 1795
E.FORK 1540 #
BCRSGN? 1644 #
RYTE 1541 #
€. FORK 1543 #*
C317? 1646 %
CACHE . INVALIDATE 1544 #
CACHE.F._DC] 798 #
CACHELCJI_D 799 %
CACHE..D{QUAD) 800 #
CACHE..I'« INST  DEF 801 #
CACHE.DL] 802 #
CACHE..DL].LK 803 %
CACHE. DL ] «NOCHK 804 %
CALL 1545 #
CALLL] 1546 #
CHK.FLT.OPR 1547 #
CCHK.ODD.ADLR 1548 #
CLK.URCC 1549 # 1796 1807
CLRFFD 1551 #
CLR+IR.COND 1552 #
CLR.IB.OFC 1553 & 1789 1832
LR+ IB.SFEC 1554 #
CLRIRO-1 1555 #
CLR.IRO-3 1556 #
CLR.IR2-3 1557 #
CLRIB2-5 1558 #
CLR.NEST.ERR 1559 #
CLR.SDESS 1560 #
CCONSOLE . MODE? 1647 #
neQ..on+Q 806 #
INERCCIFC 807 #
INEVA..ALU 808 *
NEVA.D+HLC 809 #
NEVA.DI4R 810 #
NEVA..L-KL 1] 811 #
NEVA_.LA 812 %
NE&VA.LE 813 #
I1EVA..Q 814 #
VEVA_Q+LE.PC 815 #
naiye 1649 %
In,BO? 1650 %

D.R17? 1651 %
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i NEWSAM.MCR MICRO2 1L (02) 18~JAN-B82 186815306 Fade 47
$ Cross Reference Listind -~ Macro Names
n.B2%7 1652 #
I.BYTES? 1653 #
I1.NE,.O? 1654 #
0o 1655 #
n2-07 1656 #*
n2% 1657 #
n3-o7 1658 #
317 1659 #
n3? 1660 #
DATA.TYFE®? 1661 #
DERLT 1662 #
NLI.CACHE 817 # 1794
L ).CACHE + TRCHK 818 %
ICI_CACHE.LK 819 #
NLI.CACHE « NOCHK 820 #
NCI_CACHE.FP 821 #
NCI_CACHE . WCHK 822 ¥
1.0 824 %
N.0+KLI+1 825 #
N.O+LC+1 826 %
n.0-n 827 %
1.0-KI[] 828 %
0.0-Q 829 %
n.o-g-1 830 #
1-ACCEL.&SYNC 831 *
I_ALU 832 ¥
N-ALUCFRAC) 833 #
I_ALULLEFT 834 %
N.ALULEFT2 835 #
N.ALULLEFT3 836 *
I_ALU+RIGHT 837 *
..ALURIGHT2 838 $
II_ELANK 839 #
..CACHE . INST.DEF 840 %
I_CACHE .LKLC] 841 #
N.CACHE s WCHKL J 842 %
11..CACHELL] 843 #
D.I(FRAC) 844 %
N.D+KE] 845 #
D.D4KEI+1 846 %
n.D4LE 847 *
n_n+Lc 848 %
D.D+LCHPSL..C 849 ¥
n.o4+Q 850 #
n.n+a+1 851 #
DK 852 #
n_n-.c 853 *
n.n-q 854 #
n-D-Q-1 855 $
N.0.0XTL2] 856 ¥
D.0L.OXTCI+KL] 857 *
N0 OXTLI+Q 858 #
DD OXTLI+Q+1 859 %
N.D,OXTLI.ANIDNOT KL 860 #
N_I.0XTC1.0R.Q 861 #
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# NEWSAM.MCR MICRO2 1L(02) 18-JAN-82 142115306 Fade 48
H Cross Reference Listing - Macro Names
N_D.0XTCLI.XOR.Q 862 #
D_D.OXTLI.XOR.RCLC] 843 #
n.D.ANLI.KLC] 864 #
D_D.AND.KLI.LEFT2 84T #
.D.ANDKL I RIGHT 866 #
n_D.ANDLLC 867 #
N.D.AND . MASK 848 %
n-D.AND.Q 849 #
D.D.ANDRCLC] 870 #
D.D.ANDNOT .KL] 871
D_D.ANDNOT.LC 872 #
D, ANONOT . FSWZ 873 #
D.D.ANDNOT.Q 874 #
D.D,ANIONOT.RCC ] 875 #
D.D.LEFT 876 #
D_D.LEFT2 877 #
n.[0.OR.ASCII 878 %
n.D.OR.KL] 879 %
n.n.OR.FSWC 880 #
D.D.OR.FSWY 881 #
n_n.or.Q 882 %
n.n.OR.RCC] 883 ¥
n_n.o0R.RC] 884 #
1.0 ORNOT . MASK 885 ¥
D.D.RIGHT 886 #
D.D.RIGHT (BR) 887 #
D_D.RIGHT2 888 #
I..D. SWAF 889 #
N.DSXTCD 890 #
N.N.SXTLI1.RIGHT 891 #
D_D.XOR.KLC] 892 #
D.D.XOR.LC 893 %
D.o, XOR.Q 894 #
D.DAL . NORM 895 #
n_DAL. . 5C 896 %
D.DLIKE] 897 #
DL IMASK 898 #
n.npLia 899 #
D_INT,SUM 200 #
nN.KC3l 901 #
N_KLI.RIGHT P02 %
D_KL1.RIGHT2 903 #
n.Lta 204 #
ILLACFRAC) 205 #
D.LA+D+HFSL.C 206 #
N_.LA~-D 207 #
D_LA-KLC] 208 #
In.LA.AND.KLC] 209 #
D_LA.RIGHT ?10 %
I_LE 911 #
I_LB.FC P12 #
n.Lc 913 3
N.LC(FRAC) ' P14 %
D_NOT. D} 215 #
D-NOT.KL) 216 #
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3 NEWSAM.MCR MICRO2 1L (02) 18-JAN-82 146215806 Fadge a9
H Cross Refererce Listing - Macro Names
N.NOT . MASK P17 %
D_NOT.Q ?18 %
IL.NGT.RLC] P19 #
D.FACK.FF 920 %
N.FACKFF.LEFT 921 #
n.PC 922 #
D.FC.LEFT P23 #
n-q P24 #
DLQ(FRACL) 925 %
n_a+n P26 #
D.Q4+KL] 927 %
D.Q+LE 928 #
I.Q+FC P29 # N
n_Q-o 930 %
n.@-o-1 31 *
n.Q-KLl P32 #
N.Q-KC£1-1 933 #
n.Q-FCSY 934 %
N_Q,0XTC1 P35 #
I.Q.AND.KL] P36 #
I.Q.ANLI.LC 937 %
N.Q.AND. MASK 938 %
I.Q AN RCL D 939 %
N.Q.ANDNOT . It 940
N.Q.ANDNOT KL P41 %
11.Q+ ANDNOT . MASK P42 %
D.Q.ANDNOT . FSWC P43 %
I..Q . ANDNOT . PSWN P44 ¥
I'-Q.ANDNOT . FSWZ P45 ¥
N.Q.LEFT P46 #
n.Q.0R.KLC1 P47 %
..Q.0R.PSUWC 948 #
n.@,0R.RCLI P49 %
-Q.0RNOT . MASK P50 +
N.Q.RIGHT P51 #
N.Q.RIGHT2 952 &
N.Q.SXTC1] 953 #
D.Q.XOR.RCLC] 954 #
n_QCin P95 #
N.QUIKC] P56 #
D_QCIMASK ?57 %
D_R(FRN+1) 958 #
I.R(SC) P59 #
D-R(SFi+1) P60 #
N.RC(SC) P61 %
N.RCC] P62 #
N_RLOG 963 #
D.RLOG.RIGHT P64 #
D.RC1 P65 & 1767
D_.RLIC(FRAC) P66 #
D.RLI.AND.KL] P67 #
D_RCI.OR.KL2 468 %
D.RLI.ORNOT KL P69 #
E+FORK 1562 #

EALULNT 1664 %



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

NEWSAMMCR

i
i

EALU.Z7

EALU?
EALU_DCEXF)
EALU.FE
EALU.KL]
EALU..RCICEXF)
FALL..SC
EALU..SCHFE
EALU.SCHKT])
EALY.SC-FE
EALY..SC~KL]
EALU..SC.ANDNOT KT ]
EALU_STATE
ENDLIFPL?
EXCEPT.,ACK
FE&SC.KL]
FE..0(A)
FE_.DEXF)
FlE.EALU
FE.KL]3
FE.LACEXF)
FE..NARS(SC-FE)
FE_NABS(SC-LACEXF))
FE_-Q(EXF)
FE..RCICEXF)
FE..SC

FE..SC+1
FE.SCHFE
FE..SCH+KL1
FE.SCH+LACEXF)
FE..SC~FE
FE.SC-K[3J
FE_SC-LAEXF)
FE..SC~SHF . VAL
FE..SC.ANDNOT .FE
FE..SC.ANDINOT KL ]
FE.SC.OR.KLC]
SHF . VAL
.STATE
FLUSH. IE

FED?

G.FORK
IB.TESGT?
mese)..n

U8 LT e IS 4]
ID.DEND,. SYNC
ID.D.SYNC
INHIERIT.IE
INT?
EINTERRUFT.REQ?
INTRFT.ACK
INTRFT.5TROKE
TRO.C317?

IRO?

IRL?

MICRO2

Lo 18-JAN-82

16215206

Cross Reference Listind - Macro Names

1665
1666
971
?72
973
9?74
?75
976
@77
P78
979
280
?81
16467
1563

783

?84
289
?86

87

08

89
290

991

292

993

994

P95

296

97

998

299

1000
1001
1002
1003
1004
1003
1006
1565
1669
1567
1671
1008
1009
1010
1011
1569
1672
1673
1570
1571
14674
1475
1676

+
+

LE R B R K R R NN

#
£
¥

1784

1776 1837

LA R X N ]
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# NEWSAMMCR MICRO2 1LCO2) 18- JAN-B2 146315806 Fade 51
$ Cross Reference Listind ~ Macro Names
IR2-17% 1677 %
RO 1572 %
IRD. 11 1573
IREO 1574 #%
IRD1 1575 #
KL 1013 #
LLAR_R(DST) 1015 #
L.AB_R(FRN) 1016 %
LLAB_R(FRN+1) 1017 #
L.AE_R(SC) 1018 #
L.AELR(SF1) 1019 #
LAB_R(SF1+1) 1020 #
L.AR.R1&RCC1..0 1021 %
{LAE. R1&RCCI_OH.CHI 1022 #
LLAEK_R1&RCLC1..0-D 1023 #
LAR.R1&RCED..ALU 1024 % 1771
I.LAR_R1&RCLCI.ALU.RIGHT2 1025 %
I.LAE..R1&RCCI..DHLC 1026 #%
LAE_R1GRCLCI_D.OXTLI4KE] 1027 #
1.AB_R18RCLI..QA-KL1] 1028 %
LLAER_RL] 1029 %
L.AST .REF? 1679 #%
LA_RCOST) &LE.R(SRC) 1031 %
1.A.R(SP2)ALE_R(SF1) 1032 %
LA-RALI] 1033 #1808
L.C.RC(SC) 1034 #
LC.RCL] 1035 % 1783
I.C.RCLIZR1._(LA+LE) LLEFT 1036 %
LC_RCCIGRLI. (LAHLRHFSL.C)Y LLEFT 1037 #
LC.RCEIGRI(LAMLE.RLOG) (LEFT 1038 #
LC.RCTISRL .. (LA-LR) LEFT 1039 #
LC.RCLIGRY.L(LA-LR.RLOG) JLEFT 1040 %
1.C.RCLI&R1..ALU 1041 #
L.C.RCLIRR1.D 1042 %
LC.RCCIBRILLAKE] 1043 #
1.C.RCL ISR .LA-KE] 1044 %
1.C..RCLCIZRL..LE 1045 &
L.C.RCLIGRL..Q 1046 ¥
L.OAD.ACC.CC 1577 #
L.OAD IR 1578 %
LLOADR IR, 11 1579 #
L.ONG 1580 % 1788 1807 1831
MEMORY . NOF 1582 #
MODE.L.68.ASTLVL? 1681 %
MUL.. OXT 1583 #
MUL . 1XT 15684 ¥
MUL.? 1682 %
MULM . DONE 16585 ¥
MULPFP . IONE 1586 %
N&Z._.ALU 1048 %
N&Z..ALU,VEC.0 1049 %
NEST.ERRT 1684 %
N.AMX L Z.TST 1050 #
FC&VA.ALU 1052 %

E

FCEVA.D 1053
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i NEWSAM.MCR MICRO2 1L(02) 18-JAN-82 16115106 Pade 52
3 Cross Referernce Listindg ~ Macro Names
FCRVA_D+KC] 1054 #
FCEVA_D-KL] 1055 #
FCEVA_D-FC 1056 %
FCEVA._I.OXTL] 1057 %
PCEVA. I OXTLI+FC 1058 #
FCEVA_I.SXTLI+PC 1059 #
FCRVA_KL] 1060 #
FCIVA.FC 1061 #
FCAVA.Q 1062 %
FC3VA_Q+FC 1063 #
FCEVA_Q-D 1064 %
FFCAVA..Q-KL1] 1065 #
FCEVA_Q.SXTLIHFC 1066 #
PCEVALRCL ] 1067 #
FCEVA..RLCI.ANIINOT .KLC ] 1048 #
FC.MODES? 1686 #%
FC.FC+1 1070 & 1789 1832
FC..PC+2 1071 #
FC..PC+4 1072 ¥
FC..FC+N 1073
FC.Q+FC 1074 %
FC_VA 1075 #
FC_VIRA 1076 #*
F*OLY « DONE 1568 #
5. C7 1487 #
8L .CC? 1688 #
FSL «MODE? 1689 ¥
F*SL. N7 14690 #
8L . U? 1691 #
F8L.Z7? 1692 #
FSLCr . .AMXO 1077 #
FTE.VALID? 1693 ¥
QEVA_ALU 1079 #
QEVA_D 1080 #%
QEVA_D+HLC 1081 #
QRVA_LA 1082 #
RSVA_Q+LE.FC 1083 #
Q317 1690 #
QD (QHLE)D.RIGHT2 1085 #
QD_(Q+LCOD.RIGHTZ 10846 ¥
Q. (Q-LE)D.RIGHTZ2 1087 #%
QU (Q-LCIDRIGHTZ2 1088 ¥
QDAL RIGHT2 1089 #
QAUADTY 1696 #
Q. (LA+Q) JRIGHT 1091 % 1775
Q. (Q+LR) ,RIGHT 1092 ¥ 1836
Q.o 1093 #
Q.0+LC+1 1094 ¥
Q.. 0+MASK+] 1095 #
Q.0+FC.RLOG 1096 #
Q..0-n 1097 #
Q.0-KE7 1098 %
Q.-0-L.C 1099 #
.0-0 1100 ¥
QA-ACCELZSYNC 1101 ¥
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$ NEWSAM.MCR MICRO2  1L(02) 18-JAN~B82 1611%2:06 Fade 53
H Cross Reference Listing - Macro Names
(_ALU 1102 %
A-ALUCFRAC) 1103 %
QA-ALULLEFT 1104 #
(..ALUJLEFT2 110% &
(A-ALU.LEFT3 1106 %
Q..ALURIGHT 1107 #
Q.ALUJRIGHT2 1108 #
Q.n 1109 %
Q.IFRAC) (B 1110 %
Q.D+RED 1i11 &
QLDHRE TS 1112 %
ADERETLEFT 1113 %
(A THHLC 1114 %
(3. 00-KL2 1115 %
Q.-n-LC 1116 #
(A.0-Q 1117 %
Q0. 0XTL] 1118 4
(LD, OXTLI+KEDLLEFT 1119 #
Q-0 OXTLDORFACK FF 1120 %
(1.0 ANDLKED 1121 %
(1.0 AND KL T W RIGHT 1122 %
QD AND KL I RIGHT2 1123 %
QI ANDGRCED 1124 %
(LD ANUNOT RCC T 1125 %
Q.0 LEFT3 1126 %
QLI ORWKRED 1127 %
Q.IORWRECD 1128 ¥
Q.0 RIGHT 1129 %
QA NRIGHT2 1130 %
(-D.SXTL] 1131 #
QLD XOR.Q 1132 %
Q_DEC.CON 1133 %
(. IB.BOEST 1134 %
QTR 0ATA 1135 %
Q. INBC) 1136 %
(._INE3 1137 %
(1.KL3 1138 %
QKL+ 1139 &
(A.KL3.CTX 1140 #
Q.KCIRIGHT 1141 %
QR.KLI.RIGHT2 1142 %
QLA 1143 %
Q.LAKE] 1144 %
QA.LA+Q 1145 #
A..LA-KL2] 1146 %
(.LAANDKL] 1147 #%
(..LAANDNOT . RCE 1148 %
Q.LEB 1149 #
Q.LC 1150 #
(L_NDT.Q 1151 %
(A.NOT R 1162 %
(A-FACK.FF 1153 #
Q-FC 1154 #
(A-Q({FRAC) 1155 #
(Q_Q(FRAC) (B) 1156 #
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¥ NEWSAM.MCR MICRO2 1L(02) 18-JAN-82 16115:06 Fade 54
H Cross Reference Listing - Macro Names
Q..Q+D 1157 #
Q.Q+KLC] 1158 # 1820
Q-Q+KCLI+1 1159 %
QA-Q+LC 1160 #
QA-Q+PC 1161 #
Q.Q-D 1162 %
Q-0-D-1 1163 &
Q.G-KC1] 1164 # 1825
Q-Q-KC31-1 1165 #
Q.@-LC 1166 #
Q.Q-LC-1 1167 #
Q.Q-MASK~1 1168 #
Q.Q.0XTCI~-KC] 1169 &
Q.Q.OXTLI.LEFT 1170 #
Q.Q.0XTLI,0R.D 1171 %
Q-Q.AND.KL] 1172 #
(A_-Q+AND.KLI.RIGHT 1174 #
Q_.Q.AND.KLJ.RIGHT2 1173 #
Q-Q.AND.RCL] 1176 %
Q_.Q.AND.RC] 1175 #

Q0. ANDNOT . 1177 #
Q.Q.ANONOT,.KL] 1178 & 1781
(A..Q.ANDNOT.RCL] 1179 %
Q-Q.LEFT 1180 #
Q-Q.LEFT2 1181 #
(G.Q.0R.KL] 1182 #
(-Q.ORNOT . MASK 1183 #
Q_.Q.RIGHT 1184 #
Q.Q.RIGHT2 1185 #
(N.-0.8XTL] 1186 %
Q-Q.X0R.KC] 1187 %
Q_R(FRN) . ANDNOT.Q 1188 #
Q_.R(PRN+1) 1189 #
(.R(PRN+1) .AND.Q 1190 ¢
Q_R(SC) 1191 #
Q_R(SRC!1).AND.KLC] 1192 #
(A.-.RC(SC) 1193 #
Q.RCL1] 1194 %
Q.RCLICFRAC) 1195 #

(-RC1] . 1196 & 1763
Q.RLI(FRAC) 1197 #
(A_-RCI.AND.KC] 1198 #
(A_RLI+AND.KCIRIGHT 1199 &
(.RLJIANDNOT KL 1200 #
(A-RL1.0R.KL] 1201 #

Q.8C 1202 #
(A..SHF 1203 #
R(DST) ..ALU 1205 #
R(DST) .. 1206 ¥
R(DST) .. DeSXTCI+RIGHT 1207 &
R(FRN).O0+D.RLOG 1209 #
R(PRN).ALU 1210 #
R(PRN)_.I 1211 %
R(FRN)_.D+KL1.RLOG 1212 &
R(FRN).D-KLCJ1.RLOG 1213 #
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$ NEWSAM,.MCR MICRO2 1L(02) 18-JAN-B2 162:1%5:06 Faste 55
$ Cross Reference Listing - Macro Names
R(PRN)..D.OR.Q 1214 #
R(FRND .LOCIQ 1215 ¥
FROPRN) LKL 1216 #
ROPRN) .LA+KL D .RLOG 1217 #*
ROFRN)..LAHQ 1218 #
ROPRN) .LLA-KEILRLOG 1219 #
ROFPRN) LLALIMASGK 1220 #
FRCOFRN) LG 1221 #
RFRN) FACK +FF 1222 #%
R(FRN)..Q 1223 #
R(PRN)..QFKET.RLOG 1224 %
REFRN) ..Q-KL 1. RLOG 1225 #
ROFRNFL) LALLY 1226 #
ROFPRN+1)Y D 1227 %
ROPRN+1)Y.ILOR.Q 1228 ¥
[R(FRN+1)..KL1] 1229 %
ROPRN+1) LA 1230 #
RCFRN+1)..1.C 1231 #
ROPFRN+1) ..Q 1232 #
R(8C) ..ALU 1234 %
R(SCH .1 1235 #
R(8C)..KL2 1236 %
R(8C)..LA 1237
R(SC) .LA+D 1238 #
R(SC)..LA~D 1239 #
R(SCH .L.C 1240 #
RCSGY ..Q 1241 #
RC(SF1)..ALY 1243 #
R(SF1)..D 1244
R(8F1).KL1 1245 %
R(8F1)..FACK.FF 1246 #
R(SF1)..Q 1247 %
R(SF1+1).LC 1248 #
RSF1+1)..Q 1249 %
R(SRC!'1)..ALU 1251 #
R(SRCI1)_D(R) 1252 %
R(SRC)..ALU 1253 %
R(SRC)Y..DO 1254 #
R(SRC)Y..I(E) 1258 #
ROSRE) DKL D RLOG 1256 %
R(SRC) ..0~KLCI1.RLOG 1257 %
R(SRC) .LC 1258 %
R(BRE) ..Q 1259 #
Ré6.D+KLC1.RLOG 1261 %
R6_LA+KET.RLOG 1262 #
Ré6..LA-KLI.RLOG 1263 #
RC(SC)..0~LC 1265 #
RC(SC)..ALL 1266 #
RC(SC)..ALURIGHT 1267 ¥
RCCSCH..D 1268 %
RC(SC)..Q 1269 ¥
RCLI&VA_D+Q 1271 %
RCE]..0 1272 %
RCCI..OHKLI+1 1273 %
RCL1.O+L.C+L 1274 %
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RCCI..Q.LEFT3 1328
RCCI.Q.RIGHT 1329

¥ NEWSAM.MCR MICRO2 1L(02) 18-JAN-B82 16115106 Fade 56
i Cross Reference Listing -~ Macro Names
RCCI..0+MASK+1 1275 #%
RCL1..0+HASK+1 (RIGHTZ 1276 #
RCLI.O-It 1277 #
RCEI..ALU 1278 %
RCCI_ALULLEFT 1279 #
RCCIALU.LEFT2 12680 #
RCCI.ALULLEFT3 1281 %
RCCI..ALU.RIGHT 1282 #
RCED.ALUCRIGHT2 1283 %
RCED.D 1284 #
RCC1.0CRD 1285 %
RCCILOHRED 1286 #
RCL1.0~KLC3 1287 #
RCCI.D.OXTLD 1288 ¥
RCCI1..0ANDKLD 1289 ¥
RCCI..D. AND . MAGK 1290 #
RCCI..It. ANDNOT . Q 1291 #
RCLC..X,CTX 1292 %
RCCILDLLEFT 1293 #
RCCI_DLLEFT3 1294 #%
RCLI.N.ORWKED 1295 #
RCLI.D.OR.G 1296 %
RCCI.D.ORNOT WKL 1297 %
RCLI.LDWSXTL] 1298 #
RCCIKED 1299 ¥
RCLI.KCI+1 1300 #
RCLIKCILEFT2 1301 %
RCLILKEY.LEFT3 1302 #
RCEI.KCILRIGHT2 1303 #
RCCI.LA 1304 *
RCCILLAHLE.CTX 1305 #
RCLCI.LA-KL] 1306 #
RCCILLACANDLKL] 1307 #
RCCILALCTX 1308 #
RCCILLE 1309 *
RCECILR.LEFT 1310 #*
KRCLC3.LC 1311 #
RCLCILNOT.Q 1312 #
RCCI.PACK.FF 1313 %
RCLI.FC 1314 #
RCCI..Q 1315 #
RCCD.Q+1 1316 *
RCCI.Q+KED 1317 %
RCED..QHLC 1318 #
RCCI_Q+FC 1319 #
RCCI..Q+FPCHL 1320 %
RCL1..Q-KLC2 1321 %
RCLCI.Q~-LC 1322 #
RCLI.Q-MASK~1 1323 #
RCLI..Q.OXTL 1324 #
RCLCI..Q.AND KL 1325 #
RCEI_Q.ANDNOT KL 1326 #
RCLCI.OLEFT 1327 #
+
*
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RCI.KLC] 1361
RC1.LA : 1362

§ NEWSAM.MCR MICRD2 1L€02) 18-JAN-82 16315206 Fadge 57
¥ Cross Reference Listing -~ Macro Names
RCCI-Q.RIGHT2 1330 %
RCL1..Q.8XTL] 1331 %
RCEILRLOGRIGHT 1332 #
RETURNO 1590 #¥
RETURN1 1591 %
RETURN1O 1592 %
RETURN100 1593 #
RETURN10OC 1594 #
RETURN10OE 1595 #
RETURN12 1596 %
RETURN18 1597 %
RETURN1F 1598 #
RETURNZ2 1599 %
RETURN20 1600 #
IRETURN24 1601 ¥
RETURN3 1602 %
RETURNA 1603 #
RETURNAO 1604 %
RETURNGO 1605 #
RETURNG1 1606 #
IRETURNS 1607 #
RETURNY 1608 #
RETURNF 1609 #
RETURNL] 1610 %
RLOG.EMFTY? 1698 #
ROR? 1699 #
RCISVALA+KE] 1334 %
KCIZVA.LA-KE] 1335 #
RCIGVALLA-KLI.RLOG 1336 #
KRLI8VA.Q-KL] 1337 %
RL2-0 1338 #
RECILO+HLE+HD 1339 #
RCD..0=~1 1340 #
RC1..0-D 1341 %
RC3.O0-KL] 1342 %
RCI.0~L.B 1343 %
KEJ..0-Q 1344 %
KRC3..ALU 1345 % 1821 1826
RCI.ALU.LEFT 1346 %
KEI.ALULLEFT3 1347 #
REI.LALUGRIGHT 1348 #
REJ.ALURIGHT2 1349 #
RED.LD 1350 #
RCIDHKED 1351 #
RC1..04HQ 1352 #
REID+HQ+1 1353 &
RC1..0-KE] 1354 %
RCI.D~LC-1 1359 #
RCI_D-Q 1356 #
RCI.D.ANDLKED 1357 %
REI-D.OR.LC 1358 %
REI-D.OR.FACK.FF 1359 #
RLI.D.OR.Q 1360 #
*
¥
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i NEWSAM.MCR MICRO2 1L.¢02) 18-JAN-82 16:15:06 Fade 58
[ Cross Reference Listing - Macro Names
RLI_LA+D 1363 #
RCI.LA+D+HL 13464 #
REJ.LAHKE] 1365 #
REI-LA+KLI+1 1366 #%
REI_LAHKLD WRLOG 1367 #
RCI-LAHLC 1368 #
RCI.LA+MASK+H1 1369 #
REJ_LAHQ 1370 %
REI_LA-T 1371 #
RLI_LA-KL] 1372 #%
RCI_LA-KCI.RLOG 1373 *%
RLJ_LA-MASK-1 1374 #%
RLI.LA-Q 1375 #
REI.LACAND.KL] 1376 #%
RLI.LALOR D 1377 %
RLI.LALORNOT . MASK 1378 %
RED.LE 1379 #
RCY..LC 1380 #
REILCRIGHT 1381 #
RLI-NOT.O 1382 #
RCI.NOT. D 1383 #
KL1..NOT . MASK . 1384 #
RLCI-NOT.Q 1385 #
REJ..PACK FF 1386 #
RC1.-Q 1387 # 1830
REI.QHL 1388 *
RCI_Q+5 1389 #
RCI.QHRED 1390 #
RLI_Q4LE 1391 %
REI.QHLC 1392 #
RLCI1.Q-D 1393 %
RCI.Q-D~1 1394 #
RCI..Q~KL] 1395 #
RLI.Q-KET.RLOG 1396 #
RCI_Q-1.0 1397 %
REI_Q.ANDLKL] 1398 *
RCI..Q.ANDNOT.KED 1399 #*
RCI-Q.OR.I 1400 #
RCI_Q.ORNOT.KL] 1401 #
REILQ.RIGHT .1 1402 #
RECILRLOG.RIGHT, 1 1403 #
GSCESTATE.STATE-RLICEXF) 1405 #
GBC.GT.OP 1701 #
GC.NE .07 1702 #
SCP 1703 #
GBC.0(A) 14046 *
$C..0-KL1 1407 #
GC..ALY 1408 #
HSCALUCEXF) 1409 %
GC_I 1410 #
SC.DCEXF) 1411 #
WDCEXF) (A) 1412 %
GCLDCEXF) (R) 1413 #
HC..0-KL1 1414 %
GC.D.OXTLI-KL] 1415 #
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i NEWSAM.MCR MICRO2  1L¢02) 18~JAN-82 16315806 Fade 59
3 Cross Reference Listind - Macro Names
SGC_D.OXTLIXORKCI 1416 %
GC.DeANDL KL 1417 #*
HC_D.ORLKED 1418 #
GC.D.BXTLD 1419 #
GC.EALU 1420 *
GC..FE 1421 #
HC.KLC1 1422 %
SC.KCI1.ALU 1423 #
GC.lA 1424 %
GC..LAJANDLKL] 1425 #
GC_LCCEXF) 1426 #
HBC..NARS(SC~FE) 1427 *
GC..FSLADDR 1428 #
se.q 1429 %
GC.QEXF) 1430 #
SC_QCEXF) (R) 1431 %
GC_Q+KLI 1432 #
GC..Q-KL1 1433 #
GC_Q.ANDLKL] 1434 %
SC.Q.O0RLKL] 1435 %
GC_Q.8XTLCI 1436 #
GC..RCL] 1437 #
BC.RCLICEXP) 1438 #
GC..RC1 1439 #
GC.RCICEXF) 1440 #
GCLRCIANDGKE] 1441 %
GC.8C+1 1442 #
GCSCHEXF(Q)I (A) 1443 #
GC..SCHFE 1444 3%
GC.SCHKL] 1445 #
GC.SCHSHF + VAL 14446 #
GC..8C~FE 1447 %
$C.8C~KL 12 1448 %
$C.8C~-SHF VAL 1449 %
HBC..8CANDNOT .FE 1450 %
HC..6C.ANDINOT KL 1451 #
GC.8C.0RKL1 1452 %
GC..SHF VAL 1453 %
GC..8TATE 1454 %
GC..STATE . ANOINOT .KL 1 1455 #
BC.STATE.OR KL 1456 %
SO_NOT.SD 1457 %
HO_88 1458 ¥
GETCC(RYTE) 1612 %
GET.CCCINST) 1613 #%
HBET.CC(LONG) 14614 %
GET.CCC(ROR) 161% #
HET.CCCWORD) 1616 #
GETFFD 1617 #
BET.NEST.ERR 1618 %
SETFSL.CCAMX) 1619 %
GET.V 1620 #
GIGNG? 1704 %
GFEC 1621 %
HGFPECG 1622 #



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 17

i NEWSAM.MCR
V

GRC.FC?

Hev

$S5..088D..0

GS._ALU1S

[ O
HS_6S.X0R.ALULSESD. ALULS
GTART . IR

STATE(7)?

STATEO?

GTATE1-0?

STATEL?

GTATE2?

HYTATE3-07

STATE3?

HSTATEA?

GSTATES?

GTATEST

STATE7-47

STATE.OCA)
STATE..AMX . EXF
STATE.DCEXF)

STATE.FE

STATE.FIRST
STATE..INNEROERJ
STATE..INNERSRC
STATE..KLC3J

STATE.OUTER
STATE.FRELEC
STATE..QCEXF)
GTATE.SC.VIAKMX

STATE .SKFLONG
GTATE.STATE+1
GTATE.STATE+FE
STATE_STATE+KL]
STATE.STATE~FE
SBTATE_STATE--KLC]
STATE.STATE.AN.5T00
GTATE.STATE.AN.4T04
GSTATE..STATE .AN.IESTDERL
ATE_STATE . AN.NOTFREDEC
ATE.STATE .AN.FREDECZERO
ATE.STATE . AN . SKFL.ONG
STATE..STATE . ANDNOT .FE
STATE.STATE .ANIINOT .KLC 1]
STATE.STATE .ANINOT . SHF , VAL,
STATE.STATE.OR.ADJINF
STATE-STATE.OR.DEST

GTATE . STATE.OR.DESTOEL
GSTATE.STATE.OR.FE
GTATE.STATE.OR.FILL
STATE .STATE.OR.FLOAT
STATE_STATE.OR.KC]
STATE.STATE.OR . MOVE
STATE.STATE.OR.FATT1
STATE.STATE.OR.FATT2

MICRO2

1705
1706
1459
1460
1461
1462
1623
1707
1708
1709
1710
1711
1712
1713
1714
1715
17164
1717
1463
1464
1465
1466
14467
1468
1449
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1482
1483
1484
1485
1486
1481
1487
1488
1489
1492
1493
1494
1490
1495
1496
1491
1497
1498
1499

1L¢(02)
Cross Reference Listing - Macro Names

#*#####*#####ﬁ#**##*#**#*#&##0#####*##*###ﬁ**#‘###**##*

1777

1764

18-JAN-82

1838

1815

16315206

Fade

Page B-28
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

3 NEUWSAM.MCR
H]

STOF.IE
SWAFD
TR.TEST?
TEST« TR+ RCHK
TEST TR WCHK
TRAF.ACCL]
VA31-307
VAJZL?

VA_ALU

VA_D
VALIHKLE]
VA_D+L.C
VA.D+Q
VA.D.OXTLI4Q
VA.D.ANDNOT.KLC]
VALKI]

VA.LA
VA_LA+D
VA_LA+KL]
VA.LAKLI+1
VA.LA+FC
va_LA+a
VA_LA-I
VALLA-KL]
VA_LA-KL1-1
VA_LA-Q
VA_LAANDLLC
VA_LA.ANDNOT KL
VALLE+D.OXT
VA.FC

VA.Q

VA..Q+D
VA.Q+KC]
VA_Q+LE
VA.Q+LE.FC
vA.Q+.C
VA._Q+FC
VA..Q-KC2]
VA._Q-LE
VA..Q.ANONOT.KL]
VA_RCL]
VA_RL]
VA..VA+4

WORD
WRITE.DEST
WRITE.G.DEST
27

ZONED?

MICRO2

1624
1500
1719
1626
1627
1628
1721
1722
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1519
1516
1817
1518
1519
1520
1521
1522
1523
1524
1528
1526
1527
1528
1529
1530
1531
1532
1633
1534
1535
1536
1630
1631
1632
1724
172%

1L¢02)
Cross Reference Listing —~ Macro Names

LR R R B B R B LB E RS EEELEELELEEELEELELELERERERRZIERZEXERESEXRES’]

1782

1809

18-JAN-82

16115306

Fade

Page B-29
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i NEWSAM.MCR MICRO2 10L¢02) 18~JAN-82 14:15:04,

Fade 62
1 Cross Reference Listind - Exsrression Names



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

§ NEWSAM.MCR
H

sLocation o/8

t} 0000 - 1BFF Unused
1600 1784:=
U 1cos 1771

MICRDO2 11.(02) 18-JAN-82 163115306
Location / Line Number Indesx
1/9 2/A 3/R 4/C 5/n 6/E
1790= 1812= 1816= 1764 1767 1796=
1777 1822= 1827:= 1809 1838

Page B-31

Fadge 63

7/F

1799=
1833=
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$ NEWSAM.MCR MICRO2 1L(02) 18-JAN-82 16115806 Fade 64
$ U-code Microward Summarwy

BSERCH Words not
1C00—-1FFF in bounds

VAXDEF (/] (V]
HSERCH 15 0
Used 15 0
Remainindg 1009

Total microwords used in memorw U?! 15
Total microwords remaining in memorw U! 1009
Highest address used in memors U! 1COF (hex)
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# NEWSAM.MCR MICRO2 1L(02) 18~JAN-82 16115806 Fade 65
$ Error Summary
Fass 1 warninsgs? 0 Fass 2 warnings! (o}

I*ass 1 errors? (] Fass 2 errors? 0



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 17

B.3 THE OBJECT FILE (.ULD)

FRTOL.
SRADIX 14
[1C047=0000003C19COFAL1014047C05
L1C051=0800003C0180FA0000001C08
21C083=0001003C01 8OFROBO0001509
E1C091=00%5C171401C0FB0040001C00
L1C001=00192E2400C0F90802001C06
I21C011=:01800381 980F80440%500062
11C061=001C00200180421000101COC
L1C071=0000003C0180F800000004F8
L1C0CI1=001101000180F88800101C02
L1C021=00001B3CO180F80000001C0A
L1C031=00001 E3COSBOF 8001404 7C0A
L1C0AT=0019201411C0FABB00001C0N
L1COEI=0019200011C0FAY000001C09
L1COF1=C001203C0180FABCA0500062
E1CODIA=0040%71401C0FB0040001C00
FIELIN ACF=<71370

CONTROL.

RN ]
ARORT =1
FOLY + NONE =&

FWR, UF=0
FIELD ADS=<47847
IRA=1

VA=Q
FTIELD ALU=69366
A= QF

AtR=5

AtR+1=4

AtEHPSL  C=0R

AR KLOG=6

A
a-ReR
AND=0I
ANINOT =9
B=QE
INST . DEFP=3

F1ELD AMX=<81 ¢80
I.A=0

RAMY =1
RAMX + OX T

ACCEL =6
ALU=1R
ALUL1-0=15
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C31=3

T RYTES:=],
LK B k4
TATYPE=8
DEC IMAL =OF
EAL U=

C..AMX
INST . DE
LOADN URG
'o,' 0 F‘ = ( )
NLLALLULYEG
NZ.. AUV 235 dy

N AMX, 2. TST  VE..VG=3

e 4

WRIT
WRITE.,
FIELD X 91388

<0
SWAREOR



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

NOF=0

Q=0C

RIGHT=6

RIGHT2=2

SHF =8

SHF FL=9
FIELD DT=<79378>
RYTE=2
INGT.DEP=3
LONG=0

WORD=1

FIELD EALU=<15313>
A=0

Atl=6

AtE=4

A~R=5

ANDNOT=2

B=3

NARS . A~-B=7

OR=1
FIELD EBMX=<19318>
AMX  EXF=2

FE=0

KMX=1

SHF VAL =3
FIELD FEK=<24824>
LOAD=1

NOP=0

FIELD F8=<423425
CIh=1

MCT=0
FIELD IRC=+95:92
BLOEGT=7

CLR,0=0C
CLR.O~3=0E
CLR.0.1=4
CLE1=0D

CLR« 18+ COND=0OF
CLR.2.3=5
FLUSH=2

NOF=0

START=3

STOF=1
FIELD ID.ADDR=<63358
ACC.0=14

ACC. 2
ACC.CH=17
CES=00
CLEK.CS5=0A
COMP=1C

D, 8Y=2E
DAY, TIME=1
ESF=29
FAULT=1R
FPUA=2I
IBUF =0
INTERVAL =0B
ISF=2C
KSFP=28
MAINT=1D
NXT.FER=9
FORR=24
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BEIVERR=19
SBR=26

ENT o = AF 6
TRO=62
HRCH=1C04

BRCH. 1=1009

BROMH. 21000
He3=1006
H.4=1C0C
H.5=1C0A
CHeb6=10C00

1D KMX=2 638585
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+1F=23
+1F00=24
o 22
«20=1D

+ 24=3A
+28=0R

e 3=3

+ 30=1E

+ 3030=32
+ 34=0A
CAF=10
EFF=20
A4
+40=0C
+4000=2C
«50=0D
+6=33

» 629

e 7=17
L70=27

+ 7E=3E

e 7F=16

+ 7FFO=0E
«8=0
+80=10
+8000=11
+88=31
P36
LAEAN
H0=F
JEBO=20
=21
+CO=34
=22
+OFCF=2B
E003=26

+FF00=13
+FFEO=28
FFE8=1A
FFFO=1R
JFIFL=2D
JFFF5=38
+FFF6=37
+FFF8=1C
+«FFF9=2F
+FFFC=3C
+FFFF=30

BL=7

SF1.CON=3
GF2.CON=6

ZERO=6
FIELD MCT=<47342
ALLOW.IR.READ=3E
EXTWRITE.F=28
INVALIDATE=24
LOCKREAD.F=3A
LOCKREAD,V,.NOCHK=1A
LOCKREAL .V WCHK=1C
LOCKWRITE,.F=2E



SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

LOCKWRITE +V o XCHK=0E
MEM o NOF =2
READINT . SUM=36
READF=32
READV.TRCHK=16
READ .V NEWFC=18
READ Yo NOCHK=12
NeVsRCHK=10
0.V, WCHK=14
SR HOLD=20
GELHOLOHUNJAM=22
TE S 0

TEST WEH
VAL TDAT :
WRITE F=2A

CLTE Vo NOCHR=0A

e CHM:= 1,
CHRFLT . OFR=2
CHK . ODD  ADDR=3
CLEFFD=8

(. ST ERR=0A
INHL CML ADDR=OF
IRD=4
LOADACE . CO=6
LOAL . STATE=S
NOF=0
EAD . RLOG=7

TRY « NOW TRAF=0D
RETRY s TRAF=0E
SECOND REF =00
SET FFD=9
+ERR=0R
343325

¥
LERES:
FIELD

ACCE

RIGHT=4
RIGHT

FYELD REMX=277877x

L=,
Q=0
FIELD SOK

L2312
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SAMPLE MICROPROGRAM FOR SYSTEM

LOAD=1

NOF=0

FIELI' SGN=+503483
AL, SUB=6
CLR.SI465=7
LOAD. 58=1

NOF:=0

. NOT.80=3
SD.FROM,S55=4

G8 FROM. SD=2

86« XOR W ALU=T
FIELI SHF=287885

ASHL =2
ASHR:=1,
nIYv=5
LR (Ede]
MUL+=6
MLL,
ZERQ=
LI

7
<3
SMX=517 3163

ALU=2
ALY EXF=3
EALU=0
FE=1
FIELD SFO
LOAD.LC.SC
NOF=0
WRITE (RC.SC=7
FIELD SFPO.AC=<41138:
LOAD  LA=2
LOAD LAR=1
WRITE .RAB=3
FIELD S$F0.ACN=<37335
RN

1335
=6

ST SRC=2
5C=5

SRC.OR, 14

$RC 4 BRC=0

FIELD SFO.R=<41339:
LOAD,LAR=4
LOAD.LABL . WRITE \RC=6
LOAD . LC=2
LOAD.LC . WRITE (RAK1=7
WRITE . RAB=S
WRITE,RC=3

FIELL SFO,RAB=%38335>
AF=0C

FF=0I

REVISION > 7
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION > 7

RO=0
Rim3
R15=0F

E
IELD SFO.RC=<38¢35>
1.C,SV=8

MBIT.VA=OF

FC . U=0C
FTE . MASK=0F
PTE . FA=OR

FTE . VA=0A

SC+8Y=0D

T0=0

= —

VA REF=0E

VA, 5U=9

FIELD SUB=: 653645
H 1
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APPENDIX C

SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

This appendix contains a sample VAX 11/780 microprogram, which performs
an unsigned binary search on a vector of longwords in main memory. The
parameters of the routine, the value to be searched for and the
beginning and end of the vector, are passed in registers.

A command file that assembles, loads, and executes this sample
microprogram is provided in the VAX 11/788 WCS kit. To invoke this
file in the VMS environment, type:

@[SYSEXE]WCSTOLTST

This command file assembles the input 1listing (Section C.1) and
produces the listing file (Section C.2) and the object file (Section
C.3) which are written to [VAXWCSTOL] SAMPLE .MCR and
[VAXWCSTOL] SAMPLE.ULD. It then loads the object file into the extended
WCS and runs the test program BSTEST (Appendix D). BSTEST executes an
XFC instruction, which causes the sample microprogram loaded in the WCS
to be executed. If the microprogram executes properly, BSTEST prints
the following message on the terminal:

"Successful Test Completion"



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

C.1 THE INPUT FILE (.MIC)

TP T W ) ws B W WH 62 W MG S SR Y R L3 > R ) > WS MR €S € e

+TOC "Binarwy search routine”

+REGION /14005 17FF ilUser wcs srace.

+BOUNDS/BSERCH: 1400y 17FF $This defines the rerort boundries
ifor the U-code microword summary rade
jand names the rerort boundarw KSERCH.

Samrle microcode to rerform an unsidgned binsry search throush
3 vector of alidned londwords in main memorwu.

INFUTS
RO - Search comrarand. Routine succeeds by findindg a
memory cell containing same data as RO.
R1 - Lower address bound. Alisned longword address of
lowest address of vector to be searched,
R2 ~ Urrer address bound. Alidgned lonsword address of
highest address of vector to be searched.
It is imrlied that R1 lssu R2y and that the memory between the
addresses in R1 and R2? contains a sorted vectorr in ascending
unsidried order,

Outruts if search finds a match.
CeaZ> - Clear

RO - Search comrarand,
Rl - Match address. Address of longword containing same data as RO,
R2 ~ Used by search for temrorary address values.

Outruts if search does rmot find a match,
CC«Z> - Set
RO ~ Search comparand.
R1 ~ Used by search for temrorary address values.
R2 = Used by search for temrorary address values.

Page C-2



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

SRCHS §——~ i
Q.RCR21» iGET UFPER BOUND ADDR TO Q
STATE.KLZEROIJIFINITIALIZE STATE REGISTER

2

p———
14

I.RCROJZGET COMFARAND TO HOLD IN RC

; — -

’
ALU.Dy PREFARE TO WRITE COMFARAND TO RC
LAB..R1ERCCT1I.ALUSWRITE COMFARANDy GET LOWER EOUND

SRCH. 135~ -

Q. (LA+Q) +RIGHT» $COMPUTE MIUFOINT ADDRESS
INTRFT.STROBE» i TEST FOR INTERRUFT REQUESTS
STATEO?HIS IT TIME TO STOFP?

=0

SRCH.2:50 - PSTATEO=0Q, KEEF LOOKING FOR MATCH.
R..Q¢ANINOT KL+ 31y i FORCE LONGWORD AL IGNMENT

VA..ALUy $GET READY TO READY MIDFOINT OF VECTOR

LC..RCLT11»sLATCH COMFARANL INTO LC

INT?»J/SRCH. 3318 THERE AN INTERRUFT REQUEST®?

il- =i BTATEO=1, SEARCH FAILED. NO MATCH.
ALU..KLZERO1y

CCR/NZ_ALUVC_0rLONG» FRETURN Z=1 TO FLAG FAILURE.
CLR.IBJOPCYyFC.PC+1y $MOVE ON TO THE NEXT INSTRUCTION

J/IRDG

=110
SRCH. 327110 - e §NO - INTERRUFT REQUESTS

DCLONGI..CACHE » JREADY MIDPOINT ENTRY OF VECTOR
ALU_.RLR21.XOR+Qy 3 COMFARE MIDFOINT EQL UFFER BOUND
CLK URCCy»J/SRCH. 44

P11l FINTERRUFT REQUEST I8 UF
JZINTWBPTARE IT., RESUME FROM REG’S A8 IS,

Page C-3



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-4

i WE HAVE ALSO SET THE MICROERACH Z BIT ACCORDING TO A COMPARE OF
# THE MEMORY ADDRESS WITH THE CURRENT UFFER ROUND. IF THEY ARE

3 EQUAL,» THIS IS THE LAST POSSIELE COMFARISOM. A MATCH FAILURE

# HERE IMFLIES THAT THERE IS NO MATCH TO EE FOUND. .

SRCH.4%3-- ¥
ALU_D-LC» $ COMPARE MEMORY TO COMPARAND
LONG»CLK,URCCy sRECORD COMFARE RESULT
LA_RACR1J,LATCH LOWER ROUND INTO LA (LE HAS 777
Z?318 MIDFOINT EQL UPFER BOUND?

=030 jAlLU Z=0. NOT END OF SEARCH
ALU?» J/SRCH.STEST RESULT OF COMFARE

Pl e JALU Z=1., ENI OF SEARCH
STATE_KL.11»3SET STATEO TO MARK END OF SEARCH.
ALUTICHECK FOR LAST CHANCE MATCH

=1010

SRCH: G2 31010~ —mmmmm e e e ALY Z=0y C=1. RO GTRU MEM
Q_Q+KL.4],$LOWER LIMIT MUST BE GREATER THAN THIS
RCR1J_ALU»REMEMBER IN R1.

J/SRCH. 64

iloll =3ALU Z=0y C=0., RO LESU MEM
Q_.Q-KC.41yUFFER LIMIT MUST BE LESS THAN THIS
RCLR21_ALUy iREMEMBER IN R2

J/SRCH.13G0 TRY AGAIN

=11113111 1 m e e e pALU Z=1, C=1, RO EQL MEM
RCR11..Qy FOUND IT!

CCK/NZ_ALU.VC_O0yLONGy SET Z=0 TO INDICATE MATCH
CLR.IB,OFCyPC_FC+1y360 TO NEXT INSTRUCTION

J/ZIRD

SRCH o &8 § = mmm or oo e i .
0 (Q+LE) RIGHT, i COMFUTE NEW MIDFOINT, L.OOF

INTRPT,STROBE» §

STATEO?»J/SRCH, 23 CHECK FOR ENDy LOOP

# DEFINE LARLES TO INTERFACE WITH FCS
00623 IRD?

OAFBIINT.B?

*

$



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

C.2 THE LISTING FILE (.MCR)

i OLINSAM.MCR

2

S5é
?7
150
205
255
330
405
452
487
529
568
617
624
1528
1634
1729

3 P W WP I T W TI T W W € 6 € e

Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Machine definition
Macro definition
Macro definition
Macro definition
Rinary search routine

MICRO2 1L(02)

18-JAN-82 16119140

Table of Contents

s 20 20 4 4 to So so o 46 o 2o T4 Se o e

Control word chart

ACFy ACMy ANSy ALUy AMX

BENy EMX

CCKy CIDs DKy DT

EALUy EEMXy FEKy FS» IEKy IEC
IN.AODRy J

KMX

MCTy» MSC

FCKy QK» RAMX» REMX

SCK» 8GNy SHFy 85Iy SMX

SPOr SPO.ACy SFO.ACNy SFO.ACN11ly SPO.R

SFO.RARy SFOL.RCy» SUBy VAK
Validity checks

Redister transfer macros
Non~transfer macros
Branch enable macros

Page C-5

Fade

1



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-6

# OLISAM.MCR MICRO2 1L(02) 18-JAN-82 16119140 Fade
# VAXDEF .MIC

il +MOLIST fInhibit listing for VAXIEF.MIC
1728 SLIST



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-7

OLI'SAM . MCR
BSERCH.MIC

MICRO2 1L(02)

Binarw search routine

31729
#1730
$1731
11732
31733
$1734
$1735
31736
31737
91738
#1739
$1740
1741
#1742
#1743
31744
#1745
11746
31747
31748
$1749
$1750
#1751
#1752
#1753
$1754
#1755
#1756
#1757
$1758
$1759
$1760

18-JAN-82 16:19:40 Fade

T W W W W W W W W W W W N W R W N W W W W W W e e

+TOC "Binarw search routine®
+REGION /1400y17FF iUser wcs srace.
+BOUNDS/BRSERCH: 14005 1 7FF $This defines the rerort boundries

39

ifor the U-code microword summars radge
fand names the rerort boundary RSERCH.

Samrle microcode to rerform an unsisned binary search throush
a vector of slidned longwords in main memory.

INPUTS
RO - Search comrarand, Routine succeeds bw finding a
memory cell containing same data as RO,
R1 ~ Lower address bound. Aligned longword address of
lowest address of vector to be searched.
R2 - Urrer sddress bound. Alidgned longword address of
highest address of vector to be searched.
It is implied that R1 lssu R2,» and that the memory between the
sddresses in R1 and R2 contains a sorted vectors in ascending
unsisned order.

Outruts if search finds a match.
CC<Z» - Clear

RO - Search comrarand.
R1 - Match address. Address of longword containing same data as
R2 - Used by search for temroraruy address values.

Outruts if search does not find a match.

CC<2Z> - Set

RO - Search comparand.

R1 -~ Used bw search for temrorary address values.
R2 - Used bw search for temrorary address values.

RO.



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

# OLDSAM.MCR
BSERCH.MIC

L

1404,

1405,

1408,

1409,

1400,

1401,

1406,

1407,y

MICRO2

0000,003C»19C0»FA10+1404,7405

0800,003C»0180+,FA00,0000,1408

0001,003C»0180/,FB0OB,0000y1409

005C»1714,01C0,F800+400051400

0019,2E24,00CO»FP08,020051406

CO18,0038,1980,FB8045,4050,0062

001C»0020,0180,4210,00105140C

0000,003Cy0180sF80050000,04F8

1L¢02)
Binary search routine

$1761
1762
#1763
117464
$1765
31766
31767
#1768
31769
#1770
1771
$1772
31773
31774
31775
11774
31777
31778
#1779
$1780
#1781
#1782
#1783
#1784
41785
1786
#1787
31788
11789
$1790
#1791
11792
11793
11794
31795
31796
1797
$1798
$1799

18-JAN-82

SRCH?

SRCH. 1!

=0
SRCH. 2}

=110
SRCH. 33

16319340

’
Q_RLR21»
STATE_KLZERO]

Page C-8

Fade

-4
$GET UPPER BOUND ADDR TO Q
$INITIALIZE STATE REGISTER

2
D_RCRO]

]

'
$GET COMPARAND TO HOLD IN RC

ALU_D»
LAB_R1&RCLT11_ALU

’
SFREFPARE TO WRITE COMFARAND TD RC
SWRITE COMFARANDy GET LOWER BROUND

[

Q_(LA+Q) +RIGHT»
INTRFT.STROEE»
STATEO?

30

$COMPUTE MIDFOINT ADDRESS
$TEST FOR INTERRUFT REQUESTS
318 IT TIME TO STOP?

$STATEO=0, KEEF LOOKING FOR MATCH.

Q.Q.ANDNOT.KL.31»
VA_ALUy
LC_RCLT12»
INT?»J/SRCH,3

$FORCE LONGWORD ALIGNMENT

¥GET READY TO READY MIDFOINT OF VECTOR
SLATCH COMFARAND INTO LC

$IS THERE AN INTERRUFT REQUEST?

(2}
ALU_KLZERO]»
CCK/NZ_ALU,VC..O,LONG»
CLR.IR.OPCyFPC.PC+1v
J/IRD

#1110

)8TATEO=1., SEARCH FAILED. NO MATCH.
4
JRETURN Z=1 TO FLAG FAILURE.

JMOVE ON TO THE NEXT INSTRUCTION
s .

DCLONG]_.CACHE»
ALU_RLR21.XOR.Qy
CLK.UBCCyJ/SRCH. 4

INO INTERRUPT REQUESTS

SREADY MIDFOINT ENTRY OF VECTOR
$COMFARE MIDPOINT EQL UFFER BOUND
i

111
J/INT.B

JINTERRUFT REQUEST IS UP
$TAKE IT, RESUME FROM REG’S AS IS.

40



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-9

# OLDSAM.MCR MICRO2 1L(02) 18-JAN-82 16:119!40 Pade 41
# BSERCH.MIC Binary search routine

#1800 $ WE HAVE ALBO SET THE MICROBRACH Z BIT ACCORDING TO A COMPARE OF
#1801 # THE MEMORY ADDRESS WITH THE CURRENT UFFER BOUND. IF THEY ARE
#1802 # EQUAL» THIS IS THE LAST POSSIBLE COMFARISON. A MATCH FAILURE
#1803 # HERE IMFLIES THAT THERE IS NO MATCH TO BE FOUND.

#1804
#1805 SRCH.4: & [
#1806 ALU_D=-LCy $COMFARE MEMORY TO COMFARAND
11807 LONG»CLK.UBCCy SRECORD COMFARE RESULT
$1808 LA_RALR11, $LATCH LOWER BOUND INTD LA (LB HAS 7?77
U 140Cy 0011y0100,0180,F8688,0010,1402 41809 z? IS MIDPOINT EQL UFFER EOUND?
#1810
#1811 =0 $0 $ALU Z=0, NOT END OF SEARCH
U 1402y 0000,1B3C»0180,F800y0000y140A 31812 ALU?» J/BRCH.S $TEST RESULT OF COMFARE
41813
31814 Pl- $ALU Z=1, END OF SEARCH
1815 STATE.KC.11y $SET STATEO TO MARK END' OF SEARCH.
U 1403, 0000,1B3C»0580,F800,1404,740A #1816 ALU? 3CHECK FOR LAST CHANCE MATCH
#1817
i1818 =1010
31819 8RCH.5: #1010 $ALU Z=0y C=1. RO GTRU MEM
51820 Q.Q+KL 41, FLOWER LIMIT MUST RE GREATER THAN THIS
#1821 RCRLI..ALUY JREMEMBER IN R1.
U 140A» 0019,2014,11CO0sFABB»0000,1400 $1822 J/SRCH. 6 i
#1823
$1824 #1011 $ALU Z=0Qy C=0. RO LSSU MEM
#1825 Q..Q-KC. 41y JUFFER LIMIT MUST BE LESS THAN THIS
. $1826 RCR21_ALU, }REMEMBER IN R2
I} 140By 0019,2000511C0+FA?0y0000,1409 41827 J/SRCH. 1 G0 TRY AGAIN
#1828
1829 =1111 11l PALU Z=1, C=1, RO EQL MEM
$1830 RCR11_Q» $FOUND IT!
#1831 COK/NZ.ALU.VC..0rLONG» ISET Z=0 TO INDICATE MATCH
#1832 CLR.IR,OFCyFC.FC+1» #G0 TO NEXT INSTRUCTION
U 140Fy CO01,203Cy0180yFABCr4050,0062 71833 J/IRD
31834
#1839 SRCH.6% # ]
#1836 Q. (Q+LB) .RIGHT» JCOMFUTE NEW MIDFPOINT, LOOF
$1837 INTRPT .STROBE ¥
L) 1400y 004D1y3714y01C0»F800» 40001400 $1838 STATEQO?» J/SRCH. 2 $CHECK FOR END» LOOF
#1839

51840 # DEFINE LABLES TO INTERFACE WITH FCS
1841 00628 IRD:
$1842 04F 82 INT R



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-190

3 OLDSAM.MCR MICRO2 1L(02) 18-JAN-82 16119:40 Fade 42
’ Cross Reference Listind - Field Names and Defined Values
J 326 #

INT.E 1799 1842 %

IRD 1790 1833 1841 #

SRCH 1762 %

SRCH.1 1774 # 1827

SRCH.2 1780 # 1838

SRCH.3 1784 1793 &

SRCH. 4 1796 1805 #

SRCH.5 1812 1819 #

SRCH. & 1822 1835 #



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-11

# OLOSAM.MCR MICRO2 1L.¢02) 18-JAN-82 16219240 Fade 43
$ Cross Reference Listindg - Macro Names
ACLOW? | 1636 #
ACC.8YNC? 1637 #
ACCEL? 1638 #
ALIGNED? 1639 #
ALULNT 1640 #
ALUL-07 1641 #
ALU? 1642 % 1812 1816
ALY -1 b26 %
ALU.OC(A) &627 ¥
ALU_O+D 628 ¥
ALU_O+D+1 429 %
ALU.O+KE] 630 #
ALU_O+KEI+1 631 #
ALU_O+LE+H1 632 #
ALU.O+LC £33 %
ALU.O+LC+1 634 %
ALU_O+MASK+1 635 %
ALU.0+Q 636 #
ALULO+Q+L 637 %
ALU..O-Tt 638 %
ALU..O-T1~1 639 %
ALU_0-KE] 4640 #
ALULO~KE -1 641 %
ALU.O-LE 642 #
ALU.O0-LC 643 %
ALU_0-L.C-1 644 %
ALU.0-Q 6545 &
ALU_0-Q~1 b46 #
ALU_OLIN 647 %
ALU_OCLTI.C 648 #
ALU.D 649 # 1770
ALU_TI(R) 450 #
ALU_DHRL] 651 #
ALUDFKC T4 652 %
ALUDH+RLTRLOG 653 *
ALU_IHLE &654 %
ALULDHLE 4655 #
ALU_DHLCH1 656 ®
ALU_IHLCHFSL..C 657 %
ALY D4R LGB ¥
ALU.D+R+L 659 *
ALU_IHQ+FSL.C 660 #
ALU_D+RLOG 661 #
ALU_D-KL ] 662 %
ALU_D-KCI-1 663 ¥
ALU.D-LE b64 #*
ALU_D~LE.RLOG H65 #
ALU_D-1.C 666 % 1806
ALY D~L.C~1 b67 %
ALY.D-Q 668 *
ALU_D-Q-1 4669 #
ALU_D.OXTL ] 6570 *
ALULDOXTL I+KE D &71 %
ALU_DLOXTL I4L.C 673 %
*

ALUDLOXTLI4+Q 673



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLDSAM . MCR

a
y
a
t4

ALU.D.OXTLI-KL]
ALU.DOXTL1-Q
ALU.D.OXTLI+ANDWKRLD
ALU..D,OXTL I ANDNOT .KL]
ALU.D.OXTL1.0R.Q
ALU.D. AND WKL
ALU.I, ANDN, MASK
ALU.I. ANDNOT KL 2
ALY  ANDINDT « MASK
ALU_D.ANDNOT . Q
ALU_DOR.KRL]
ALU_L.OR.LC
ALU_DOR.Q
ALU.IO.OR.RCL]
ALU_D.ORNOT . MASK
ALU.DLSXTL]
ALU.DSXTLIHRLD
ALU.DSXTLI+Q
ALU_D.SXTCI+ANDRLD
ALU_D.SXTLI.ANDNOT.KL2
ALY..D. XOR KL}
ALU.DXOR.LC
ALU.D.XOR.Q
ALU.D.XORRCL]
ALU_I' XORRL1]
ALU.DCIKED
ALU..DLCILE
ALU.DCILC
ALU.DEIQ

ALU_KLC]

ALY LA

ALU_LA+KLCD
ALU_LA+KLI+1
ALU_LA+KL]1.RLOG
ALU.LA+LE
ALU.LAHLC
ALU-LAHLCHL
ALULAHLCHFPSL.C
ALU.LA+Q

ALU.LA-T!
ALU.LA-I-1
ALU.LA~KL]
ALU.LA-KLI~-1
ALU..LA-KLIRLOG
ALU.LA-LC
ALU-LA-Q
ALU.LA-Q-1
ALU_LA.ANDLKLD]
ALU.LALAND.ILC
ALU_LAANDNOT KL
ALU_LA+ANINOT . MASK
ALU.LA.ORWKL]
ALU..LA+XOR.L.C
ALU.LACID
ALU_LACILE

MICROZ2

1L.¢(02)

18-JAN-82

16819340

Cross Reference Listind - Macro Names

674
675
676
&77
678
679
680
681
682
683
684
685
686
687
688
689
690
691
693
692
694
695
696
697
698
4699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728

[ EEFTEREEEEETELEELELEEEEEEEERE R EEEELRENELLE RLEREERLEELENLLERELERES.X |

1787

Fade

Page C-12
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-13

i OLDSAM.MCR MICRO2 1L CO2) 18-JAN-82 146119240 Fade 45
H Cross Reference Listing ~ Macro Names
ALULALIQ 729
ALU.LR 730
ALYLLE 731
ALULNOT, I 732
ALUNOT LK) 733
ALUNOTRCLD 7354
ALU.FACK.FF 735
AlLY.PC 736
ALU.Q 737
ALU.Q(R) 738
ALU_QHKLD 739
ALU.LQHKE I+ 740
ALULQHLE 741
ALULQHLEL 742
ALU.A+HLC 743
ALULQHL.CHI 744
ALULQHL.CHPSLLC 745
ALY QHMASK 746
ALU.Q-I 747
ALU_Q-0-1 748
ALU.Q-KLD 749
Al.U.Q-LE 750
AlLy.Q-1.C 751
ALU_Q-MAGK~1 752
ALU_Q.OXTIL] 7%3
ALULQ.OXTLI+D 754
ALY Q. OXTL I+ 755

ALU.LG OXTUIHRLD
ALU.Q.OXTLI-I
ALYU..Q.OXTEI~KE]
ALULQOXTE I ANIINOT KT
ALUQOXTEILORWD
ALULQ OXTEDORKE]D
ALU.Q.AND O
ALUQ AND KT

ALU_Q. ANDNOT KL
ALULQR ANDNOT . MASK
ALU.LQ ANDNOT.RID
ALULQOR.KL]
ALU.Q.OR.LC
ALU.Q.ORNOT KD
ALULQ.SXTL ]
ALULQSXTLIHRED
ALULQSXTE+LE
ALULQ.SXTLI+HLR+L
ALU.Q.SXTLIHFC
ALULRLSXTLT . ANDNOT.KED
ALULQXOR I
ALULQXORWKID
ALU.Q XOR LG

ALU.Q XORRCL)
ALU.QLID

ALULRDST)

ALULR(SC) s ANDNOT KL ] 782
ALU_RGP1LYHRKLDRLOG 783

R R R X R L R B B L B R B R R A AL L EEEIEEIEESIERELE R L LEEEREEIEREERLELEDEITEREEREREE.]



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLDSAM . MCR

a
14
'
y

ALU_RC(SC)
ALU_RCL 1
ALU_RLOG
ALU_RL1
ALU.REI-KL ]
ALU-RCI.ANIL KL D
ALU_RCI.AND,LC
ALLU_RED . ANINOT .KE 3
ALU_REC 1. ANDNOT . MASK
ALU_RL.0R,KL]
ALU_KL . ORNOT KL 1
ALU_RL1.XOR,KC3
ALU_RCI.XOR.Q
B.FORK

HCIISGN?

BYTE

. FORK

0317 _
CACHE . INVALIDATE
CACHE.P_DC]
CACHEL1.D
CACHE..D(QUAD)
CACHE_D. INST . DEF
CACHE..DDL 1
CACHE.-DL1.LK
CACHE..D[ 1, NOCHK
CALL

CALLL]

CHK FLT . OFR

CHK . ODD . ADDR
CLK . UECC
CLR.FFD
(:LR.IF.COND
CLR.IB.OFC
CLR.IB.SPEC
CLR. IBO-1
CLR.IEO0-3
CLR.1B2-3
CLR.IB2-5
CLR.NEST .ERR
(LR .S0%SS
CONSOLE . MODE?
D2Q_04Q
DSRCLIFC
DEVA_ALU
LSVA_DHLC
[EVA_DHQA
NgVA_D-KL1
DEVA_LA

DSVA_LE

ngvA_Q
DEVA_G+LEFC
ne1)?

n.B0?

D.B1?

MICRO2 1L.(02)
Cross Reference listing - Macro Names

784
785
786
797
788
789
790
791
792
793
794
795
796
1540
1644
1541
1543
1646
1544
798
799
800
801
802
803
804
1545
1546
1547
1548
1549
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1647
806
807
808
809
810
811
812
813
a14
815
1449 #
1650 #
1451 #

LA R R A B L RN . X ¥ ¥

LR N N N N

LR B B L N N
L R B B E L N X R B ERE N RN ]

LE R X N N K N K N

1795

1796

1789

18-JAN-82

1807

1832

16219240

Fade

Page C-14
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

# OLDSAM.MCR
H

n.R2%?

N.RYTES?
IN«NE.O?

no?

na-o%

na2v

n3-o07?

n3ie

n3e

DATALTYFE?
DEL?

NC1..CACHE
NCI_CACHE  IRCHK
NCI.CACHE LK
NEI_CACHE « NOCHK
NE.CACHE . F
CI..CACHE  WCHK
1.0

M.0+KLC 41
N.O0+LCHI

I.0-I

0.0-KI1

n.o-Q

.0~Q=-1
D.ACCEL$SYNG
n.ALU
I_ALU(FRAC)

. ALU.LEFT
N.ALUJLEFT2
D.ALUWLEFT3
N.ALURIGHT
DoALURIGHTZ2
L. BLANK
IL.CACHE . INST, DEF
N.CACHE (LKL
N.CACHE WCHKE
N.CACHEL]
D_DCFRAC)
-I+KED
T-D+KCI+1

) (0% (B T ]

D.D+HLEC
D.DHLCHPSL . C
n.n+Q

0n.0+Q+1

KL

1I-LC

n.n-Q

.01
N.0.OXTL
N-DOXTEIHRED
LIOXTEIRQ
OXTIEIHQ+
1.0 OXTL 3+ ANDNOT WKL
N-0.OXTLI.OR.Q

MICRO2

14652
1653
1654
1655
16%6
1657
1658
1659
1660
1661
1662
817
818
819
820
821

LR R R A E R E L ER EREEEEREEELERLEEERESEREREENESETREE SRR R TR

1L¢02)
Cross Reference Listindg — Macro Names

LA K B L R B B K & B

1794

18-JAN-82

16319340

Fade

Page C-15
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SAMPLE MICROPROGRAM FOR vSYSTEM REVISION < 7 Page C-16

OLDSAM «MCR MICRO2 1L(O2) 18-JAN-82 16219140 Fade 48

§
3 Cross Reference Listing - Macro Names

n.o,OXTC1.X0R.Q 862 ¥
D.D.OXTLIXORWRCL] 863 ¥
I_D.AND.KL] 864 #%
0.DANDKLILLEFT2 86T #
N.DANDKLI RIGHT 866 ¥
D_D.AND.LC 867 #
D .AND, MASK 868 #
D_D.AND.Q 8469 %
N_D.AND.RCLC] 870 #
1D ANDNOT . KL 3] 871 #
D.D,ANDNOT.LC 872 %
N.D.ANDNOT . FSWZ 873 %
N0 ANDNOT . Q 874 %
D_D.ANONOT (RCLC] 875 %
D.D.LEFT 876 #
D_D.LEFT2 877 #
0-N.OR.ASCII 878 #
N_.D.OR.KL1 879 %
N.D0.OR.FSUWC 880 #
DL, OR.FEWY 8681 #
n.n.0rR.Q 862 #
n.D.0R.RCL] 883 #
n.0OR.RC] 884 #
1.1 ORNOT . MASK 885 ¥
N-0O.RIGHT 886 ¥
N.D.RIGHT(R) 887 ¥
N_D.RIGHT2 888 #
I.I, SWAF 889 ¥
D.D.SXTL] 890 #
D.D.SXTCI.RIGHT 891 ¥
DD XORKL] 892 #*
. XO0R.LC 893 #
Do X0R.Q 894 %
I..DAL . NORM 895 #
n.paL.sC 896 #
N.DCIKCT 897 #
N.-DLIMASK 898 #
) (0 (f ] e] 899 #
I.INT.SUM 200 *
N_KL1 901 #
N.KCI+RIGHT 202 #
I_.KLJ.RIGHT2 203 #
noLa 704 #
N_LA(FRAC) 205 ¥
IL.LA+D+HFSL.C 206 #
n_LA-D P07 #
N.LA-KLC] 208 #
D.LA.AND.KC] 209 #
N.LARIGHT 210 #
n.LB P11 #
I.LB.FC P12 #
n.LC 913 %
IL_LC(FRAC) ?14 %
N.NOT.D 215 #
N.NOT.KL] P16 #



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-17

# OLDSAM.MCR MICRO2 1L (02) 18-JAN-B2 16319240 Fade 49
H Cross Reference Listing - Macro Names
N.NOT.MASK 217 %
IL.NOT.Q 218 #
N-NOT.RC] ?19 ¥
N.FACK.FF 220 #
I'.FACK.FF .LEFT 921 #
n.-FC 922 %
N.FC.LEFT P23 ¥
n-aq 924 %
IL.Q(FRAC) 25 #
J el 3] P26 ¥
DLQ+KI] P27 %
I.Q+LE 228 *
n.Q+FC P29 #
.Q--n 230 *
n.Q-on-1 931 %
N.Q-KC31 P32 %
N_Q-Kci-1 933 ¥
n..Q-FCSV 934 ¥
N.Q.0XTL] P35 ¥
N.Q.AND.KLC] 936 #
N.Q.AND.LEC 937 %
0.0, AND . MASK P38 #
D.Q.ANDLRCLD P39 #
D.Q.ANDNOT . I 940 ¥
I.Q«ANINOT KL P41 #
Q. ANDNOT . MASK P42 %
IR ANDNOT . FSWE P43 ¥
IL.Q ANDNOT . FSWN P44 #
..Q+ANONOT . FSWZ 245 ¥
D.Q.LEFT P46 #
1..Q.0R.KI1D P47 %
N..0.0R.FSWE 248 #
1..Q.0KR.RCL] 249 #
1..Q ., ORNOT . MASK P50 #
.Q.RIGHT 51 ¥
N.Q.RIGHT2 G52 #
.Q.8XTL] P53 ¥
.Q.XOR.RCECD 954 *
0.QCID0 P4V
.QLIKCD %56 #
1..QL IMASK 957 #
LR (PRN+1) P58 #
N.R(SC) 959 #
DLRSFL+1) P60 #
N.RCCSC) P61 %
n.RCLY P62 ¥
.RLOG P63 #
D.RLOG.RIGHT P64 *
0.RLC] P65 # 1767
D-RLCICFRAC) P66 ¥
D_RLIAND KL P67 *
D-REITWORGKED P68 *
*

N.RCILORNOT.KED P49
FORIC 1562 %
EALULN? 1664 %




SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

i OLDSAM.MCR
§

EALU.Z?

EALU?
EALU_DCEXF)
EALU.FE
EALU.KLY
EALU._RLCICEXF)
EALU.SC
EALYU..SC+FE
EALU..SC+KE]D
EALU.SC-FE
EALU..SC~KED
EALU..SC.ANINOT KL
EALY..STATE
END.IF17
EXCEFT.ACK
FE&SC.KRL]
FE_O(A)
FE.D(EXF)
FE_EALU
FE_KL1
FE_LACEXF)
FE.NARS(SC~FE)
FE_NARS(SC-LACEXF))
FE.Q(EXF)
FE_RLICEXF)
FE..SC

FE.SC+H1
FE..SC+FE
FE.SCH+KL]
FE.SCHLAEXF)
FE..SC-FE
FE_SC~KL]
FE.SC-LACEXF)
FE.SC~-GHF . VAL
FE_SC.ANDNOT.FE
FE_.SC.ANIINOT.KL]
FE.SC.OR.KL]
FE_SHF . VAL
FE_STATE
FLUSH. IR

FPO?

(G.FORK
IB.TEST?
n¢sc).n
IoEl.n
ID_DENO.SYNC
ID..D.SYNC
INHIBIT.IR
INT?
INTERRUFT.REQ?
INTRFT.ACK
INTRFT.STRORE
IRO.C317

IROT

IR17?

MICRO2

1665

1L¢Co2)
Cross Reference Listing - Macro Names

*

1666 #

?71
972
973
974
7%
976
77
978
979
280
981

LR N X B B L X X X X J

1667 #
1563 #

983
284
?85
286
87
?88
289
290
991
?92
993
994
P95
996
997
298
999
1000
1001
1002
1003
1004
1005
1006
1565
1669
1567
1671
1008
1009
1010
1011
1569
1672
1673
1570
1571
1674
1675
1676

W dp e i ik R Ak W dk ke ek bk e

LR N W K N R R R R R R RN

1784

1776

18--JAN-82

1837

16319840

Faste

Page C-18
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

# OLDSAM.MCR

y

IR2-17
TRI

K2
LAR.RCDST)
LAB_R(FRN)
L.AR..R(FRN+1)
LAB.R(SC)
LAR.R(SF1)

LARLR1&RCLT..O-D
LLAB_R1&RCI1.ALY
L.AR_R1&RC ALUWRIGHT2
LAER.RL&RCLI.DHLT
L.AR..R1&R SOXTLIHRED
CETLQ-RED

1. o
LA.RIST) ALE.R(BRE)
1LALR(SP2) SLE.LR (8F1)
LARAL

RC(SC)

L.C.KRCE
.C.RCLI8KL . (LATLE) LEFT

.C..RCCIRRL.. (LA+LEHFSL . C) JLEFT

l
1

i

1.C.RCE 18K (LAFLERLOG) LEFT
1.C..RCE ISR .. (LA-LE) JLEFT
!

!

1

I

L.C.RCLIERL . (LA-LRRLOG) JLEFT
.C-RCL &R
L.C.RCLIGRL.LI
LC.RCLISR1.LAHKED
LC_RCLIZRY . LA-KIED
I.C..RCLCI&R1..LE
LC.RCLISRL..Q
LOARL. ACC. CC

L.OAD IR

L.OAL. IR, 11

1.ONG

MEMORY . NOF
MODE.L.SS.ASTLVL?
MUL . OXT

MUL  1XT

MUL?

MULM. DONE
MULF « DONE
N&Z._ALU
NESZ._ALL.VEC..0
NEST . ERR?
N.AMX 2. THT
FC&VA..ALU

FC&VALD

LU

MICRO2  1LCO2)

Cross Reference Ligting -

1771
1029
1679
1031
1032
: 1808
1783

1039
1040
1041
1042
1043
1044
104%
1046
1577
1578
1579
1580
1582
1681

1583
1584

1788 1807

1684
1050
1052
1053

L R R R R R R R R R R A R B L R R R R R R R E B E I B E N E R X B XEEE R R E R EE R R

18-JAN-82 16:19:40

Macro Names

Fase

S

Page C-19
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLIISAM . MCR

N
¥
$

FCEVALD+KL]
FC&VA.II-KL]
FCRVA.I-FC
PCEVA.IN.OXTL]
FCEVA.D.OXTLI+FC
FCAVA.D.SXTLI+FC
FCEVA_KL]
FC&VA_FC

FC3VA..Q
FCRVA_Q+FC
PC&VA.Q-D
FC8VA_Q—-KL]
FCEVALQ.SXTLI+FC
PC&VA.RCL]
FC8VA_RL] .ANDNOT . KL
FC MODES?
FC.PC+1

FC.FC+2

FC..FC+4

FC.FCHN

PC.Q+FC

FC.VA

FC_VIERA
FOLY . DONE

8L, C?

FSL.CC?

8L MODE?

FSL NP

FSL.V?

FSL.Z7?
FSL=Cx..AMXO
FTE.VALID?
QEVA_ALU

QA&VA.D

QEVA_D+HLC
(Q8VA_LA
QEVA_Q+LE.FC
Q317
QD_(Q+LEODRIGHT2
QD (Q+LCIDRIGHT2
QD (Q-LEYD.RIGHT2
QL. (Q-LCOYDRIGHT2
QD..QL.RIGHT2
QUAD?

Q. (LA+Q) .RIGHT
Q. (Q+LE) JRIGHT
Q.0

Q.0+LC+1
Q-0+MASK+1
Q-0+FC.RLOG
QA.-0-D

Q..0-KLC1]

Q.0-LC

1.0-Q
(A.ACCELESYNC

MICRO2

1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1686
1070
1071
1072
1073
1074
1075
1076
15688
1687
1688
14689
1690
1691
1692
1077
1693
1079
1080
1081
1082
1083
1695
1085
1086
1087
1088
1089
14696
1091
1092
1093
1094
1095
10946
1097
1098
1099
1100
1101

1L.¢02)
Cross Reference Listind - Macro Names

L KRR R R R R R N E R R R RN R R R R R RN E R R L KL NN E R R R B E R R R L LERLERLLRLEX.]

1789

1775
1836

18-JAN-82

1832

16319240

Fage

Page C-20
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-21

3 OLDSAM.MCR MICRO2 1L.€02) 18-JAN-82 16119140 Fade 53
1] Cross Reference Listing - Macro Names
Q.-ALU 1102
(A_ALU(FRAC) 1103
Q.ALULLEFT 1104
Q_-ALU.LEFT2 1108
Q_ALU.LEFT3 1106
Q.ALU.RIGHT 1107
Q_ALURIGHTZ 1108
Q.n 1109
Q_D(FRAC) (B) 1110
QLOHKLD 1111
Q-DHKC2+1 1112
Q.D+KCILLEFT 1113
Q.DHLC 1114
Q.I-KCD 1115
Q.D-LC 1116
Q.n-g 1117
Q.D.OXTL] 1118
QoD OXTLIHRLILLEFT 1119
QD OXTLT.ORFACKFF 1120
Q.-DeANDWKLED 1121

Q.DeAND KL T RIGHT 1122
QI AND KLY RIGHT2
QD ANDLRCED
Q.DANIONOT .RCI ]
Q.D.LEFT3

QLD ORWKIY
Q.ILORGRCED
R.DLRIGHT
QA.D.RIGHT2

QLI SXTL)

QD XOR .G
Q.NEC.CON
Q.LIB.RDOEST
Q.IRDATA

(£} § (1 4-op]

[RJg (Fagw} s
(1.KL3

Q.KLI+1

QA.KET.0TX
Q-KEIRIGHT
Q.KLCIRIGHT2

Q.l.A

Q.LA+KL]

Q.La+Q

Q.LA-KL1
Q.LAANDLKED
Q.LALANDNOTJRCLD
Q.R

Q.LC

Q.NOT.Q
Q.NOT. R

( :
(.QFRAC)
(Q.QFRAC) (k)

3 28 N g 3 H S 3 ¢ e > T N
*###%##ﬁ######*#*#*###*#*#ﬁ***ﬂ*##&######*##*#####**###




SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLDOSAM . MCR

¥
a
?

Q.Q+D

QR.Q+KL]

Q.Q+KLI+1

Q.Q+LC

Q.Q+FC

(A.Q-D

QA.Q-D0-1

Q.Q-KL]

(Q.Q~-KLI-1

Q.0-LC

Q.Q-LC~1
Q..Q--MASK-1
Q_-Q.0XTCI-KL]
(R.Q.OXTCI.LEFT
Q..Q.0XTCI.OR.I!
(A.Q.AND.KLC]
A.Q.AND.KLI.RIGHT
A_Q.AND.KLJ.RIGHT2
G_-R+AND.RCL]
(..Q.AND.RLC]
(A.QANIINOT . It
A_Q.ANINOT.KLC]
(.Q.ANDNOT.RCL]
Q-Q.LEFT
Q-Q.LEFT2
Q.-R.OR.KL]
Q-Q.0RNOT . MASK
A.Q.RIGHT
Q_Q.RIGHT2
(Q..Q.8XTL]
A..Q.XOR.KL]
Q_R(FRN) +ANIINOT . Q
A.R(FRN+1)
Q-R(FRN+1) .AND.Q
Q.-R(SC)
(A_R(SRC!'1) .AND.KL]
Q.RC(SC)

Q-RCL]
Q..RCLIC(FRAC)
(A.RLC1]

Q.RCIC(FRAC)
(-RLCI.ANDLKLE]
(_-RCI+AND.KCI.RIGHT
(R_RCI.ANDNOT,.KL]
Q.RCJIORWKLCD

Q..8C

(.. SHF

R(DST)..ALU
R(DST)Y_.O

RADST)..0L.SXTLI.RIGHT

R(FRN) .0+, RLOG
R(FRN)..ALU
R(PRN) ..V
R(PRN).0+KC1.RLOG
R(PRN) _[-KLJ.RLOG

MICRO2 1L(02)
Cross Reference Listindg - Macro Names

1157 #
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1174
1173
1176
1175
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1205
1206
1207
1209
1210
1211
1212

1213

LA B K B N B R B R B R A N B R L A E R B EREREN RN ENRELRERZS.E NI N B LR XL RENEELERELESNSENXDNN.

1820

1825

1781

1763

18-JAN-82

16119340

Fade

5
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-23

§ OLDSAMMCR MICRO2 1LCO2) 18-JAN-82 16119240 Fage 55
$ Cross Reference Listing - Macro Names
ROFRNDY ..DLOR.Q 1214

FROFRN)..DECQ 1215

FRCOPRN) LLKED 1216

RCPRN) LLAHKLE 1 RLOG 1217

ROFRN) .LAHQ 1218

KOFRN) _LA-KL: 1219

K(FRN) ..LAL IMASK

FROFRN) LG 1221

FOFRN) LFACK FF 1222

fROFRND ..Q 1223

ROPFRND) LQ+HRED W RLOG 1224

KOPRN) .Q~KLJ.RLOG
ROFRN+1) ALY
RCPRN+L)..D
ROFRN+1) .DL0R.Q
FROFRN+1) LKLCD
FKOPRN+1) LA
ROPRN+L) LLC
ROPRNF+1)..Q

REBEC) ALY

RESCH..I0

R(SC)H KLY

ROSC) LA

RABC)LLALD 1238
R(8C)...LA-D 1239
R(ESCH.L.C 1240
ROBCY.Q 1241
ROSFL)..ALY 1243
R(SFL) LI 1244
R(SF1).KL1 1249
KCSF1).LFACK.FF 1246
R(SF1)..Q 1247
ROBF1+1).LC 1248
R(BF1+1)..Q 1249
R(SRC! 1) ..ALU 1251
RESREC L) LDCR) 1252
R(SRE) ..ALY

R(SRC)..I

REBRE) LIHCR)
ROSRC)..DHRLD RLOG
RCSRC) LIKE . RLOG
R(SRC) .LLC
R(SRCH..Q

Ré.. DKL T RLOG

K6 LATKE T WRLOG
Ré6_LA-KL]RLOG
RC(SC)..0-L.C
RC(SC)..ALY

RC(SC) ..ALURIGHT
RECSC) .0

RC(SC)..Q
RCLISVAIHQ
RCC1..0
RCLCI.OHRTT+1
RCLD.OFLCHD

e A E E R EE R E R L EEE E S LELERELEEEEREEEENEERESEREERLEZ:RESR.]




SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLDSAM. MCR

s
14
2
¥

RCL]..0+HASK+1

RCLI_O+MASK+1 . RIGHT2

RCLI.0~D
RCLI.ALU
RCCI.ALU.LEFT
RCLI-ALULLEFT2
RCCI_ALU.LEFT3
RCC1.ALU.RIGHT
RCLCI-ALU.RIGHT2
RCEI.LD
RCCI_D(E)
RCCI_D4KL]
RCLI.D~KLCD
RCCI.D.OXTL]
RCCI.D.ANILKL]
RCLI.D.AND.MASK
RCLCI.DL,ANDNOT.Q
RCCI.D.CTX
RCCI-D.LEFT
RCCI.DWLEFT3
RCCI.D.OR.KLY
RCCI.D.OR.Q
RCLCI..D.ORNOT.KL]
RCCI.D.SXTL]
RCCI.KLC2
RCLCI_KCI+1
RCCI.KLCIWLEFT2
RCLI.KLCILLEFT3
RCCI_KLI.RIGHT2
RCLI.LA
RCLI-_LA+LE.CTX
RCCI_LA~KL]
RCCI..LAJAND.KL]
RCLI..LACTX
RCCI.LE
RCCILBJLEFT
RCLI.LC
RCLI.NOT.Q
RCLI.FACK.FF
RCLI-FC

RCL2.Q

RCC]..Q+1
RCLI..Q+KLC D
RCCI..Q+LC
RCLI.Q+FC
RCLCI-_Q+FC+1
RCCI-Q-KL]
RCCI-Q-LC
RCLJ1.Q-MASK-1
RCCI-Q.O0XTL]
RCLCI-Q.AND.KC]
RCL1_Q.ANDNOT KL
RCLCI-Q.LEFT
RCLI.Q.LEFT3
RCLI.Q.RIGHT

MICRO2

1Leo2)

18- JAN-82

16319140

Cross Reference Listing - Macro Names

1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329

LA R B B R B B L A B A B B L B B E N ELERLELELEEELENENENRLENIELERERERESE BN ENELERERERZEZN.]

Fage

S
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-25

RCI..D4Q+1
REID-KE]
REI.D-LC~1
KRCA..D-Q
RCI.D.ANDLKE]D
REIDLORLLC
RCID.ORFACK.FF
REJ.D.OR.Q
RC3..KC]

RE).LA

# OLDSAM.MCR MICRO2 1L(O2) 18-JAN-82 16119140 Fadge 57
$ Cross Reference Listing - Macro Names
RCLI.QA.RIGHT2 1330 #
RCLCI_Q.8XTL1 1331 #
RCL).RLOG.RIGHT 1332 %
RETURNO 1590 #
RETURN1 1591 #
RETURN10O 1592 #
RETURN100O 1593 %
RETURN1OC 1594 #
URN1OE 1595 %
URNL12 15946 #*
RETURN1S 1597 *%
RETURNI1F 1598 #
RETURNZ2 15699 *
RETURN20 1600 #
"TURNR2A 1601 %
RETURN3 1602 %
RETURN4 1603 #
RETURNA4O : 14604 %
RETURNGO 1605 #
RETURNG1 1606 #*
RETURNS 1607 %
RETURNS 1608 #
RETURNF 146409 #
RETURNLE 1 1610 #
RILOGEMPTY? 1698 %
ROR? 1699 *
REIGVALLAHKRE] 1334 %
RCISVA.LA-KE] 1335 #
REIZVALLA-KLI.RLOG 1336 #%
RLCIZVA.Q-KL] 1337 #
KRC1..0 1338 %
RCJ.O+LE+1 1339 *
RCI..0-1 1340 #
RE1..0~I 1341 #*
RECY..0-KL 1 1342 #
RLCI-O-LE 1343 *
REI.0-Q 1344 *
RED.ALY 1345 #1821 1826
REILALULLEFT 1346 *
REILALULLEFT3 1347 %
RCI-ALU.RIGHT 1348 #*
REIALULRIGHTZ 1349 %
RCI.D ¥
REILOHRT)D . #
RE).DHQ 2 ¥
*
*
-
K
£
¥
¥
*
¥
! ¥




SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-26

¥ OLUSAM.MCR MICRO2 1L(02) 18-JAN-82 16119840 Fade 58
y Cross Refererce Listing — Macro Names
RCI_LA+D 1363 #
RLI.LA+D4L 1364 #
REJI..LAHKED 1365 ¥
REJ.LAFKL I+ 1366 #
RCI_LA+KL 1. RLOG 1367 #
RCILAHLC 1368 #
RLCI_LA+MASK+1 13469 *
RLJ.LAQ 1370 *
REJ.LA-D 1371 #%
RCI_LA-KL] 1372 %
RCI_LA-KL].RLOG 1373 #
RLI_LA-MASK-1 1374 *
RCOJ-LA-Q 137% #
RLCILALANDGKLY 1376 #
RCI-LA.OR.D 1377 %
RCI_LA.ORNOT . MASK 1378 %
KRLCI_LE 1379 %
RCI.LC 1380 #
RCLI-LC.RIGHT 1381 #
IRCI_NOT,.O 1382 #%
RCINOT . I 1383 %
REJ-NOT . MASK 1384 #
RLCI-NOT.Q 1385 #
RCI_FPACK.FF 1386 #
RCI.Q 1387 # 1830
RC1-Q+1 1388 %
REI.Q+S 1389 #*
RCI.QFKL D 1390 %
RCI.Q4LE 1391 #
RLI-Q+HLC 1392 #
RLI.Q-D 1393 %
REI.Q-D~1 1394 *
RCI..Q-KLD 1395 *
RCI-Q~KCI.RLOG 1396 #
kC1..Q-LC 1397 #
RLCI.Q.AND.KED 1398 #
RCI.Q+ANONOT KL ] 1399 #
RCI..Q.OR. O 1400 #
REI.Q.ORNDT.KL] 1401 *
RCI.Q.RIGHT.1 1402 %
RCILRLOG.RIGHT .1 1403 #%
GCESTATE_STATE~RLIC(EXF) 1405 #
GC.GT. 07 1701 #
GCNE.O? 1702 %
1703 %
1406 #
1407 *
1408 #
SC_ALUCEXFP) 1409 #
$C.I 1410 #
HC.D(EXF) 1411 #
HC_DCEXF) (A) 1412 #
SC_D(EXF) (R) 1413 #
$C..0-KC2] 1414 #
*

GBC.I,OXTLI-KL] 1415



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7

OLDSAM . MCR

s
¥
a
¥

SC.D.OXTLI1.XORWKE]
SC.DAND.KL]
SC..IOR.KED
GC..D.SXTL]
SC..EALLU

HC..FE

GC.LKL]
GC.KLI.ALU
GC.l.A
GC..LAJANDGKE]D
HC.LCCEXF)
HC_NARS(SC-FE)
SC.FSLADDR
He-a

HBC..QEXF)
GC.LAEXF) (R)
GC.A+KRLD
HC..Q-KL1
GC_Q.ANDILKL]
GC.Q,ORWKT]

SC..RCL]
GC.RCLICEXF)
$C..RL]
HC.RLICEXF)
SC..RLIANDLRL]
HC..8CH1
GC..B8CHEXF(Q) (A)
GC..BCHFE
HC..ECHKL]
GC.ECHSHF VAL
GC.8C~FE
HC.EC~-KLT
HBC..6C-SHF VAL
GC.8C.ANDNOT FE
GCLBC.ANDNOT (KL
GC..8CORWKED

GC.STATE . ANDINOT KL
SC.8TATE.OR WKL
GOLNOT . GD

T.CCCRYTE)
T.CCCINGT)
«CCCLONG)
GET.CC(ROR)
BET . CCCWORI
SET.FFD
SEToNEST JERR
SETPOL . CCAMX)
GET .V

HIGNG?

SFEC

GSFECE

MICRO2

1LCO2)

18-JAN-B2

16319840

Cross Reference Listing - Macro Names

1416
1417
1418

1419

1420

1617
1618
1619
1620
1704
1621
1622

LR ] We e e e e oAb e e e R e e e e e e e e e e e e e e e e dk ol Bk e e e o o 3k o i Wt otk Nk MR W Y W o W W W TR W

Fase

[
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SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-28

STATE.STATE.OR.FATTL 1498
GTATE.STATE.OR.PATT2 1499

i OLDSAM.MCR MICRO2 1L.(O2) 18- JAN-82 148119840 Faste 6H0
$ Cross Reference Listinms - Macro Names
GRCFC? 1720% #
687 1706 #
$H8._08&50..0 1459 %
GE_ALULE 1460 %
GS.80 1461 ¥
$B8.68.XOR, ALULSESD ALULS 14462 %
START . TR 1623 %
HTATE(7)? 1707 *
GTATEO? 1708 # 1777 1838
STATEL1-07 1709 %
STATEL? 1710 #
GTATE2? 1711 #
GTATE3-07 1712 ¥
GTATE3? 1713 #
STATEA? 1714 %
GSTATES? 1715 #
HTATEST 1716 *
STATE7--4%7 17217 #
GTATE_O(A) 1463 %
STATE..AMX . EXF 14464 %
STATE.DCEXF) 1465 %
GBTATE..FE 1466 %
SBTATE ; 1467 #*
GTATE.. INNERDK.) 1468 #
STATE.. TNNERSRC 1469 *
GTATE..KL] 1470 % 1764 1815
STATE.OUTER 1471 %
STATE.FREDEC 1472 %
GTATE.QCEXF) 1473 %
GTATE.SC.VIAKMX 1474 %
STATE..SKFLONG 1475 #
STATE.STATE+1 1476 %
GTATE.STATE+FE 1477 #
STATE.STATE+KEL] 1478 %
GTATE..STATE-FE 1479 #%
STATE_STATE~K[L] 1480 #*
BTATE..STATE.AN.5T00 1402 %
STATE..STATE.AN.ATO4 1483 %
GTATE..STATE . AN .DESTHRL 1404 %
STATE _STATE . AN NOTFREDIEC 1485 %
STATE..STATE.AN.PREDECZERD 1484 #
ATE..STATE . AN. SKFLONG 1481 #
STATE_STATE . ANDNOT.FE 1487 *
GSTATE.STATE .ANDNOT KL 1488 *
STATE .STATE . ANDNOT . SHF . VAL 1489 %
STATE_STATE .OR.ALDLIINF 1492 #*
GSTATE.STATE.OR.DEST 1493 %
STATE_STATE .ORDESTORL 1494 ¥
GTATE_STATE.OR.FE 1490 *
GSTATE.STATE.OR.FILL 1495 #
STATE..STATE.OR.FLOAT 1496 *
GTATE-STATE.OR.KL] 1491 *
STATE.STATE . OR . MOVE 1497 %
*
¥
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# OLOGAM . MCR MICRO2 1L.¢C02) 18-JAN-82 161192140 Fagde 61
$ Cross Reference Listind - Macro Names
GTOF IR 1624 %
GWAFD 1500 #
TR TEST? 1719 #
TEST TRRCHK 1626 #
TEST TR WCHK 1627 %
TRAF.ACCE] 1628 *
VAZL1-307 1721 %
VA3ZLT 1722 %
VAL.ALU 1502 #1782
VALD 1503 #
VA.DHKED 1504 #
VA_DIH.C 1505 #
VA_DHR 1506 *
VAL OXTLI4+Q 1507 #
VA.D«ANDNOT WKL 1508 #
VA.KE] 1509 %
VA LA 1510 #
VALLA+D 1511 #
VA LAHKRL ] 1512 %
VALLAHKETHL 1513 #
VA.LATFC 1514 #
VALLA+Q 1515 %
VA_LA~D 1516 *
VALLA-KED 1517 #%
UA._LA-KEI~1 1518 ¥
VA_LA-Q 1519 %
VALLAANDL.LC ¥
VA_LAANINOT KL ¥
VA_LE+D.OXT #
VA_FC *
VA..0 ¥
VA_Q+D ¥
VALQHKI] #
VALQ+HLE ¥
VA QHLE.FC #
VALG+HLEC *
VA_Q+FC *
VA..Q-KIL1] *
VAa..Q-LR 1
VA..Q.ANDNOT .KI' ] 1533 %
VA_RCL] 1534 #
VA.RL] 1535 %
VA_VAH4 1536 %
WORT 1630 %
WRITE.DEST 1631 %
WRITE.G.DEST 14632 #
ze 1724 ¥ 1809
ZONED? 1725 %
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i OLDSAM.MCR MICROZ 1L CO2) 18-JAN-82 16119240 Fade 62
H Cross Reference Listing ~ Exrression Names
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§ OLDSAM.MCR MICRO2 1L (02) 18~-JAN-82 16119840 Fade 63
$ Location / Line Number Index

slLocation 0/8 179 /A 3/R 4/C S/n 4/E 7/F

t} 0000 - 13FF Unused
L} 1400 1784= 17920= 1812= 1816= 1764 1767 1796= 1799=

)
U 1408 1771 1777 1822= 1827= 1809 1838 1833=



SAMPLE MICROPROGRAM FOR SYSTEM REVISION < 7 Page C-32

# OLDSAM.MCR MICRO2 1L.(02) 18-JAN-B82 146:19:40 Fade 64
» U-code Microword Summary

BSERCH UWords not
1400-17FF in bounds

VAXDEF 0 0
BSERCH 15 0
Used 15 0
Remaining 1009

Total microwords used in memorwy U! 15
Total microwords remaining in memory U! 1009
Highest address used in memorw U! 140F C(he:)
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# OLLSAM.MCR MICRO2 1LCO2) 18-JAN-82 16119340 Faste 65
13 Error Summary

Fass 1 warnings? 0 Fass 2 warnings? o]
I*ass 1 errors? 0 Fass 2 errors? Q
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C.3 THE OBJECT FILE (.ULD)

FRTOL

FRADIX 16
[14041=0000003C19COFAL1014047405
114051=0800003C0180FA0000001408
1214081=0001003C0180FR0800001409
[14091=005C171401C0F80040001400
[14001=00192E2400CO0F 20802001406
014011=001800381980F80440500062
1114061=001C0020018042100010140C
[14071=0000003C0180F800000004F
£140C1=001101000180F 88800101402
[£14022=00001B3C0180F80000001404
[£14031=00001K3COSB0FB0014047400
11140A3=0019201411COFA8800001400
C140B1=001920001100FAS000001409
[140F1=C001203C0180FABCA0S00062
11400 ]= OOQD3/14OIFOF80040001400
FIELD ACF==71370%

CONTROL.=3

NOF=0

SYNC=1

TRAF =2

FIELI ACM=57 855

ARDRT=1

FOLY «IONE =6

FWR . UF=0
FIELDI AUS=<473475

IRA=)

VA=
FIELD ALU=<&964
A=OF

Atl, RIU
AR

A-R. RIOU
AND=0
ANDNOT =%
B=0E
INGT  QET
NOTA=(p
OR=0C

ORNOT=7

X0OR=8
FIELD AMX=:81 R0
LLA=0

RAMX =1
RAMX . OXT=3
RAMX . SXT
FIELD REN
ACCEL=4
ALU=1FR
ALUL-~0:=1%
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CA1=3
ILBYTES=18
n3-0=19
DATA.TY
DECIMA
EALU-
END'DF 1=
IR, 0=
IR.TEST=0R
INTERRUFT:=0F
TR2-1=9

e}

B

IRC . ROM=
LAGT  REF:
MUL.=0C
NOF=0

FC. MODES=9
Gl o 1A

F8L. « MODE =

6C=14

SIGNS=
SRCF
STATE

z=1
FIELD
KMX: 6

FCLOR LR

REMX=7
FIELD COK=
C.AMXO=6
INST JNEF=7
LOAT, URCE =1,
NOF=0
NZ.ALU.VC..
NZ..ALUVC.VC

é
NLAMX L Z..TST VC. VC=S

ROR:=4
GET, V=2

FIELD CYD=s45s 420
ACK=

READ « KMX=0OR
READ . 8C=9
WRITE « KMX=0F
WRITE.SC=0D
FIELD DK:=913860%
ACCEL=0A
BYTE . SWAF=0R
CLR=0F

DAL, SC=0D
nAL . SV=0F
NIV=4

LEFT=5
LEFT2=1
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NOF=0
0=0C

RIGHT=6
RIGHT
SBHF =0

%
NAKS (&R

L.0AD:

63158



SAMPLE MICROPROGRAM FOR SYSTEM

FOLR=3C
F1R
FiLR=3D
FARITY=1E
FCER=J3A
FSL=0F

Q. 8V=2F

RXInlt=
SEI.ERR=19
SBR=26

SLR=3E
S6F=24
SYG e L=

TRUF =10
TIME . ADDR=1A
TXCS=6

NOF'=Q
ADDRESS J=41230%
INT B=4F8
TRImO2
SRCH=1404
SRECH, 1=1409

SRCH 1400
SRCH, 31404
BROH.A=140C0
SRCH.G=1404A
BRCH. 6=14001
FIELD KMX=<63:58x
ol=1
+10=19
v 1428

« 19=R2E
+1A=39
s LR=3R
J1E=14

REVISION < 7
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JAF=23
«1F00=24
e

PReLs .

7F=1A

« 7FFQ=0F;
«B=0
+B0=10
«8000:=211

+88=31

JFFEO=28
FFEB=1A
+FFFO=1E
JFFF1=2D
JFFFG=38
FFF6=37
JFFFB=1C
JFFE9=2F
FFFC=3C
+FFFF=30

SCm7

GF1, CON=S

SF2, CON=6

ZERO=&

FIELD MGTw=473420
ALLOW, IE. R
EXTWRITE . F
INVALIDATE
LOCKREAT, F=3%A
LOCKREAD V. NOCHK=1A
LOCKREAD .V, WCHK=1 0
LOCKWRITE ,F=2
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LOCKWRITE V¢ XCHR=0E

READINT.SUN=36
READ . F=32

READ .V, [BCHK=16
READ V. NEWFC=18
READ «V NOCHK==12

READ.V.RCH 0
READ .V WOHK=14
SRIHOLD=20
SRIHOLDHUNJAM=22
TEST  RCHR=0

TEST « WEHK=
VALIDATE=26é
WRITE F=2a
WRITE + Vo NOCHK=0A
WRITE s V. WCHK=0C
FIELI M ;
CHK + CHMs
CHK W FLT.OF
CHI, O ADTE
CLRFP D=8
CLR.NEST.ERR=0A
INH.CMADDR=0F
IRD=4
LOALLACC,.C
LOAD . STATE:
NOF=0
READ «RLOG=7
RETRY «NO+ TRAF=0L
RETRY « TRAF=0E
SECONI REF =
SBET.FFD=9
SET.NESTE
FIELD FOK==<

PC42=S
FCHa=d
PCAN=7
FC.TBA=2

P VA=l

VA+4=3 -
FIELD QK=543510%

ACCEL =0

CLR=0F

n=00

DEC . CON=0A

RIGHT2=2

SHF =8

SHF JFL.=9

FIELD RAMX=778770
p=0
Q=1

FIELD REMX=<771775
0=l
Q=0

FIELD SCK==23823%



SAMPLE MICROPROGRAM FOR SYSTEM

1.0AD=1

NOF=0
FIELD SGN=:50148x
ADD . SUR=6

CLR. SIS
LOA. 56=1
NOF'=0
NOT . 80=3%

=7

S8 .FROM. S
S8 XOR . AL
FIELD SHF
ALLI=0

7385

ALUOT=3

FIELD 81

ALY
ALUEXF=3
EALU=0
FE=1
FIELD SPO=<41335%
LOAD LG, SC=6
NOF=0
WRITE JRC ., §C=7
FIELD SFO.AC
LOAD ., LA=2
LOAD . L AE=1
WRITE . RAB=
FIELI SFO,AC
FRN=3
FRN+1=4
8C=5
SPIt1=6
SP1.8F1=0
SF2,5F1=2
SF2, GFR=1,
FIELD SFO.ACN11=<37835:
OST IS T=1
DST . SRC=2
SC=5
SRC.OR . 1=4
SRC . SRC=0
FIELD SPO.R=:41839%
LOAD . L AR=4
LOAL. LARL  WRITE RC=6
LOAD, LC=2
LOALLC WRITE sRAEL=7
WRITE . RAR=S
WRITE .RC=3
FIELD SFO.RAR=-383385
AF=0C
FP=0D

AL38:

AR

REVISION < 7
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GF = 0F
FIELD S0 RC=<38135%

MEIT.VA=0F
FC.8V=00
FTE . MASK=0F
FTE.FA=OR
FTE.VA=0A
8C.5V=00

1757
VAL REF=0E

FIELD Va RV
LOAD:=Y
NOF=0

ENIt
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APPENDIX D

THE TEST PROGRAM

+TITLE ESTEST -~ FROGRAM TO EXERCISE RSERCH TEST MICROCODE
+FSECT RBSTEST

i0ren the terminal for outrut

BEGIN: FUSHL *1 FAllow writes
FUSHL *0 iNO rname
FUSHL. *0 iName length = 0
FUSHL. #-1 FTTY chanel
caLLS #4,FIL.OFN $0ren terminal for outrut. 4 rFraresmeters

$Gave current XFC SCE vector.
$CMRRNL...S  ST_VEC

BLES

ROy INITA

$EXIT.S RO

$lnitialize each londword in

INITA?  CLRL RO
MOVAL ARRAYsR1
292 MOVL R1sC(R1L)+
AQBLSS  #1000yR0» 28

sStart with
$ARRAY snd check that search rroduced the correct re

sand re—-search ARRAYy checking the resultsy until RO is one more than the

$highest value in ARRAY

Set XFC vector to 2 for access to user microcode

iChange mode to kernal & set vector.
sBranch if rno error setting vector.
YExit with error status,

ARRAY with with its address.

RO eaual to the address of ARRAY minus one. Do binagry searvch on

1t. Increment RO by one

MOVAL ARRAY-1yRO FINIT COMFARAND
1.O0F ¢ MOVAL ARRAY PR 1 FLOWER BOUND
MOVAL. ARRAY+3996yR2 SUPFER ROUND
+BYTE “XFC $ INVOKE THE SFECIAL MICROCODE
REQL. NOMCH FERANCH TF NO MATCH FOUND

§ Match. See

if it should have matched

.

MATCH: RITL $3yRO iShould have matched if RO is
KEQL. R1CHK slongword alligned.
FUSHAER EBDOFND $Fush address of error messade
FUSHL EOFNIL, sFush lendgth of error messade
ERW ENDIT yand do rerort error

$ Matoeh., See

if R1 has the correct value.

R1CHK? CMFL RO» (R1) FSEE IF R1 HAS THE CORRECT VALUE
REQL. RUMF pall. OK
FUSHAR  RDALDD $Fush address of error messade
FUSHL BOADDL sFush lendgth of error messade
ERW ENDIT sand ¢o rerort errvor

$ No match.

See if it should not have

matched.

NOMCH? RITL *3yRO $Should not match if RO is not
ENEQ RUMF ilongword alligned.
FUSHAE NOMAT iFush address of error messasde
FUSHL. NOMATL. $Fush lendth of error messade
ERW ENDIT yand do rerort error

$Increment RO and branch to tor if not done.

BUMP 3

AOELEQ #ARRAY+3997yROrI.O0F



THE TEST PROGRAM ' Page

+ FAGE

$All dore with no errors. Rerort successful comeletiorn.,
FUSHAER DONE iFush address of comsletion messade
FUSHL DIONEL. iFush length of comrletion messade

$0utrut ending messadger restore oridinal XFC vectory and exit.
ENDITS FUSHL #-1
CALLS #3,FILOUT

PUSHL ¥l

CALLS #1yFILCLS

$CMKRNL..8 RSTOR iChande mode to kernal & restore vector
$EXIT.S RO sExit with status

$Routine to save and set a new XFC SCR vector.
GT..VEC? WORD 0

MOVL. EXE$GL..SCRsR4 iR4 dets SCRE

MOVL “X14C¢(R4) »OLIV $Save the vector at SCERR+14(hesx).

MOVL. #2y"X14(R4) iMake the new vector at SCEEt14(hew)=2
MOVL ¥1yRO tIndicate success and

RET ireturn

$Routirne to restore oridgimal XFC SCR vextor.
HRSTOR: JWORD [}

MOVL EXE$GL..SCEByR4 iR4 dets SCRE

MOVL. OLDIVy "X14(RA) tRestore aridinal vector
MOVL, *#1»RO ilndicate success arnd
RET freturn

+FAGE

RUOFNI?  LASCII ‘*"Search rerorts a match when it should not.,"
ROFNDL S LONG +~ROFND

BROADD:  LASCIT  “*Search rerorts wrond address an match.®
BDADDL S . LLONG «BOADT

NOMAT: +ASCII ‘*Search does not find match when it should,®
NOMATL ¢ LONG +-NOMAT

DONE ¢ +ASCIT  “BSTEST successful comrletion,®
NONEL ¢ +LONG + ~NONE

+FSECT ARRAYLONG
o.ov: +LONG 0

+LONG 0
+ BLKL. 1

ARRAY?! . RBLKL 1000 FELOCK OF 1000 LONGWORIDS
+L.ONG 0

YEND REGIN
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in constraints, 2-13

. (Period), 2-9
.ADDRESS, 2-5
.BIN' 2_15
.CASE, 2-7
.CCODE, 2-3
.CHANGE, 2-15
.CREF, 2-15
.DCODE, 2-3

. DEFAULT, 2-5
.ECODE, 2-3
.ENDIF, 2-14
.hexadecimal, 2-2
.IF, 2-14
.IFNOT, 2-14
.LIST, 2-15
.LTOR, 2-2
.MCODE, 2-3
.NBIN, 2-15

. NCREF, 2-15
«NEXTADDRESS, 2-5
«NLIST, 2-15
.OCODE, 2-3
.OCTAL, 2-2
OPAGE, 2_3

« PARITY, 2-7

. RANDOM, 2-12
«REGION, 2-11
«RTOL, 2-2
.SELECT, 2-7
.SET, 2-7, 2-15
«SHIFT, 2-7
.TITLE, 2-3
.TOC, 2-3
.UCODE, 2-3
.VALIDITY, 2-6
/INITIAL, 3-6
/LIST, 2-17
/NOLIST, 2-17
/NOULD, 2-17
/ULD, 2-17

Address sets, 2-12
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INDEX

Address space, 2-11
Address-spaces

disjoint ranges, 2-11
Allocation

method of, 2-11

random,. 2-12

sequential, 2-11
Arithmetic functions, 2-7
Assembler

description of, 2-1
functions, 2-1
Assembler user interface, 2-16
Assembly

microprogram, 2-1
Asterisk characters

in constraints, 2-13

Base

of numbers, 2-2
Bit direction, 2-2
Bit numbering, 2-2
Blocks

in conditional assembly, 2-15
Boolean functions, 2-7

Case function, 2-7
Changing expression names, 2-15
Characters

in names, 2-4
Command line

MICLD' 3_5

MICRO2, 2-16
Comments, 2-4
Communication

for programs, 2-14
Comparison functions, 2-7
Conditional assembly, 2-14
blocks, 2-15
Constraints, 2-12

characters in, 2-13

inner, 2-13

terminating, 2-13

Contents

adding entry to, 2-3

field indicator, 2-9
Continuation character, 2-10
Controlling listing format, 2-15
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Counters, 2-9 qualifiers
in value-definition, 2-6 MICLD, 3-6
MICRO2, 2-17
Defaults, 2-5 Functions, 2-7
for jump field, 2-5 MICLD, 3-1
Defining MICRO2, 2-1
address space, 2-11
field-names, 2-4 Initialization
value-names, 2-6 pattern, 3-2
Definitions default, 3-2
field, A-1 Initializing
macro, A-12 WCS, 3-2
Direction Initialization
of bit numbering, 2-2 pattern
Disjoint ranges file qualifier, 3-6
in address space, 2-11 Instruction
XFC, 4-1
Entry vector, 4-2 Interface
Error messages MICLD, 3-5
MICLD, 3-10 MICRO2, 2-16
Examples
using MICLD, 3-6 Jump field, 2-5
using MICRO2, 2-18
Exceptions, 4-2 Keywords
Execution . (Period), 2-15
microprogram, 4-1 .BIN, 2-15
Expression-names, 2-7 .CCODE, 2-3
changing, 2-15 : .CHANGE, 2-15
setting, 2-15 .CREF, 2-15
Expressions, 2-7 .DCODE, 2-3
expression-names, 2-7 .ECODE, 2-3
field contents indicator, 2-9 .ENDIF, 2-14
function calls, 2-7 -.HEXADECIMAL, 2-2
numbers, 2-7 .ICODE, 2-3
predefined names, 2-9 +IF, 2-14
value names, 2-8 .IFNOT, 2-14
Extended function call, 4-1 «LTOR, 2-2
, .MCODE, 2-3
Faults, 4-2 +NBIN, 2-15
Field contents indicator, 2-9 .NCREF, 2-15
Field definitions, A-1 .NLIST, 2-15
Field name, 2-4 .OCODE, 2-3
Field-definitions .0CTAL, 2-2
form of, 2-4 .PAGE, 2-3
File . RANDOM, 2-12
multiple input .REGION, 2-11
MICLD, 3-5 «RTOL, 2-2 -
MICR@2, 2-17 +.SEQUENTIAL, 2-11
parameters +SET, 2-15
MICLD, 3-5 +TITLE, 2-3



Left-bit, 2-4
Listing controls, 2-15
Listing file

qualifier, 2-17
Loader

functions, 3-1

user interface, 3-5
Loading

microprogram, 3-3

Macro body, 2-9
Macro definitions, A-12
parameters, 2-10
Macro names, 2-9
Memories
communication among, 2-13
Memory-indicator, 2-3
Messages
error
MICLD, 3-19
MICLD
error messages, 3-1¢
functions, 3-10
user interface, 3-5
MICRO2
description of, 2-1
functions, 2-1
MICRO2 user interface, 2-16
Microinstructions
continuation character, 2-1¢
form of, 2-1¢
Microprogram
assembling the, 2-1
executing the, 4-1
loading the, 3-3
Microwords, 2-11
creation of, 2-11
field-definitions, 2-4

Names, 2-4
characters in, 2-4
macro, 2-9
predefined, 2-9
value, 2-6

Number a field, 2-4

Number base, 2-2

Number, 2-7
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Operands
function, 2-7
Over-loading, 3-3

Paging, 2-3
Parameters
file
MICLD, 3-5
MICRO2, 2-17
Parity, 2-6
Parity function, 2-7
Patching
entry vector, 4-2
Pattern
initialization, 3-2
Pointer field, 2-5
Predefined names, 2-Y
Predefined language, 1-2
Predefinitions
fields
VAX 11/780, A-1
macros
VAX 11/780, A-1
Program radix, 2-2
Program title, 2-3

Qualifiers, 2-5
.ADDRESS, 2-5
.DEFAULT, 2-5
.NEXTADDRESS, 2-5
«VALIDITY 2-5

Radix, 2-2
Random allocation, 2-12
Right-bit, 2-4

Select function, 2-7
Separators
MICLD command line, 3-5
MICRO2 command line, 2-17
Sequential, 2-11
Setting expression-names, 2-15
shift function, 2-7
Sub-programs, 2-2
Subtitle
or program, 2-3

Table of contents
adding to, 2-3



Title
of program, 2-3

ULD file
qualifier, 2-17

User interface
MICLD, 3-5
MICRO2, 2-16

validity, 2-6
Value names, 2-6
use in expressions, 2-8
Value-definitions, 2-6
Vectors
entry
patching, 4-2
interpretation of, 4-2
Verifying
installation of board, 3-1
loading procedure, 3-4

WCs, 1-1
initialization of, 3-2

WCS verification of board, 3-1

Word
initialization, 3-2
Word width, 2-4
Writable control store, 1-1
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