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PREFACE

The VAX-11 is a family of upward-compatible computer systems. It is a
natural outgrowth of and is heavily compatible with the PDP-11 family.
We believe that these systems represent a significant departure from
traditional methods of computer design. VAX~11 represents the
culmination of years of analysis of the needs of software, and
compilers in particular.

For readers interested in just a summary of the family, please refer
to the VAX-11/780 Technical Summary. It contains a 30 page summary of
this manual which is suitable for marketing and sales use, but is not
sufficiently detailed for software or hardware implementation.

This manual explains the machine language programming and operation of
any member of the VAX-11 family, for both instructional and reference
purposes. Basically the manual defines in detail how the central
processor functions, exactly what its instructions do, how it handles
data, what its control and status information means, and what
programming techniques and procedures must be employed to utilize it
effectively. The programming is given in machine language, in that it
uses only the basic instruction mnemonics and symbolic addressing
defined by the assembler. The treatment relies neither on any other
Digital software nor on any of the more sophisticated features of the
assembler. Moreover, the manual is completely self-contained -~ no
prior knowledge of the assembler is required. '

The text of the manual 1is devoted almost entirely to functional
description and programming. Chapter 1 discusses the goals of the
system and the notational conventions used throughout the manual,
Chapter 2 defines the formats of the various forms of data and
instructions. Chapter 3 discusses the addressing modes used in
instructions. Chapter 4 gives the definition and detailed description
of all instructions generally available to users of the systenm.
Chapter 5 defines the memory management aspects of the system.
Chapter 6 discusses the interrupt and exception handling in the
system. Chapter 7 covers process structure and context switching.
Chapter 8 defines those interactions between processor, memory, and
1/0 devices which are true of any member of the family. Chapter §
defines the specifics of interacting with processor registers.
Chapter 10 documents the PDP-11 Compatibility Mode of operation.

Appendix A (not included in this release) contains the Glossary of all
terms wused in VAX-11. Appendix B details the assembler notation
sufficiently for a full understanding of the examples in the manual.
Appendix C includes the software calling sequence standard. Appendix
D documents the condition handling facility. Appendix E details the
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rules for subsetting instructions in various implementations of the
VAX~-11 family. Appendix F is a summary of the instructions, their
operands, and the encoding. It is suitable to be used to construct an
"instruction card". Appendix G (not included in this release)
documents the notation wused in the formal instruction descriptions.
Appendix h includes examples of how to use the VAX-11 instruction set
to build multi-precision integer arithmetic. Appendix 1 is a
conversion guide for converting PDP-11 machine language programs to
VAX-11. Appendix J is the rules which the operating system must obey
to use the memory management system without introducing protection
holes. Appendix K gives programming examples.

In addition to being a manual for programmers, this manual is also the
architectural control document for all machines built in the VAX-11
family. It delineates the permitted variations between processor
implementations. These decisions were reached taking into account
tradeoffs between software development costs and hardware
manufacturing costs over a wide range of technologies.

In using the System Reference Manual as a reference, there is a
possible ambiguity because a single specification may occur several
times. Although every effort has been made to ensure that the
specifications are consistent, conflicting specification is possible.
In order to resolve any conflicts, the following precedence order is
established:

1. Appendix F

2. Formal description in chapters 1-11 in that order

3. English description in chapters 1-11 in that order

4. Appenaices A-E and G-K in that order
Any errors, inconsistencies, or ambiguitities should be brought to the

attention of': '

Ted Taylor
Tw/ 808
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CHAPTER 1

INTRODUCTION

28-0ct-78 -- Rev 5

1.1 INTRODUCTION

VAX-11 represents a significant extension of the PDP-11 family
architecture. It shares with the PDP-11 byte addressing, similar 1/0
and interrupt structures, and identical data formats. Although the
instruction set is not strictly compatible with the PDP-11, it is
related, and can be mastered easily by a PDP-11 programmer. Likewise
the similarity enables straightforward manual conversion of existing
PDP-11 programs to VAX-11. Existing user mode PDP-11 programs which do
not need the extended features of VAX-11 can run unchanged in the PDP-11
compatibility mode provided in VAX-11.

As compared to the PDP-11, VAX-11 offers a greatly extended virtual
address space, additional instructions and data types, and new
addressing modes. Also provided is a sophisticated memory management
and protection mechanism, and hardware assisted process scheduling and
synchronization.

A number of specific goals guided the VAX-11 design:

1. Maximal compatibility with the PDP-11 consistent with a
significant extension of the virtual address space, and a
significant functional enhancement.

‘2. High bit efficiency. This is achieved by a wide range of data
types and new addressing modes. PDP-11 programs naively
translated to VAX-11 should not grow significantly in size;
while programs redesigned to exploit VAX-11 should get smaller
despite the extended virtual address space.

3. A systematic, elegant instruction set with orthogonality of
operators, data types, and addressing modes. This enables the
instruction set to be exploited easily, particularly by high
level language processors.
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4. Extensibility. The instruction set is designed so that new
data types and operators can be included efficiently in a
manner consistent with the currently defined operators and data
types. '

5. Range. The architecture should be suitable over the entire
range of PDP-11 computer system implementations currently sold
by Digital Equipment Corporation.

The VAX-11 System Reference Manual describes the architecture of VAX-11
and applies to all implementations of VAX-11 systems.

1.2 TERMINOLOGY AND CONVENTIONS

A general glossary of VAX-11 terminology appears in Appendix A.
However, several important terms and conventions are outlined here.

1.2.1 Numbering

All numbers unless otherwise indicated are decimal. Where there is

ambiguity, numbers other than decimal are indicated with the base in
English following the number in parentheses (e.g., FF (hex)).

1.2.2 UNPREDICTABLE And UNDEFINED

Results specified as UNPREDICTABLE may vary from moment to moment,
implementation to implementation, and instruction to instruction within
implementations. Software can never depend on results specified as
UNPREDICTABLE. Operations specified as UNDEFINED may vary from moment
to moment, implementation to implementation, and instruction to
instruction within implementations. The operation may vary in effect
from nothing to stopping system operation. UNDEFINED operations must
not cause the processor to hang i.e. reach an unhalted state from which
there is no transition to a normal state in which the machine executes
instructions. Note the distinction between result and operation.
Non-privileged software can not invoke UNDEFINED operations.

1.2.3 Ranges And Extents

Ranges are specified in English and are inclusive (e.g., a range of
integers 0 through 4 includes the integers 0, 1, 2, 3, and 4.) Extents
are specified by a pair of numbers separated by a colon and are
inclusive (i.e. bits 7:3 specifies an extent of bits including bits 7,
6, 5, 4, and 3). ’
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1.2.4 MBZ

Fields specified as MBZ (Must Be Zero) should never be filled by
software with a non-zero value. If the processor encounters a non-zero
value in a field specified as MBZ, a reserved operand fault or abort
occurs (see Chapter 6, Exceptions and Interrupts) if that field is
accessible to non-privileged software. MBZ fields that are accessible
only to privileged software (kernel mode) may not be checked for
non-zero value by some or all VAX-11 implementations. Non-zero values
in MBZ fields accessible only to privileged software may produce
UNDEFINED operation.

1.2.5 Reserved

Unassigned values of fields are reserved for future use. 1n many cases,
some values are indicated as reserved to CSS/customers. Only these
values should be used for non-standard applications. The values
indicated as reserved to DEC and all MBZ fields are to be used only to
extend the standard architecture in the future.

1.2.6 Figure Drawing Conventions

Figures which depict registers or memory follow the convention that
increasing addresses run right to left and top to bottom.

\A note on the manual format: At certain points
in the manual comments on why certain decisions
were made, unresolved issues, etc., are included
between a pair of back slants.\

[End of Chapter 1]
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CHAPTER 2

BASIC ARCHITECTURE

31-Jan~-79 -~ Rev 5

2.1 ADDRESSING

The basic addressable unit in VAX-11 is the 8-bit byte. Virtual
addresses are 32 bits long: hence the virtual address space is 2¥#32
(approximately 4.3 billion) bytes. Virtual addresses as seen by the
program are translated into physical memory addresses by the memory
management mechanism described in Chapter 5.

2.2 DATA TYPES

2.2.1 Byte

A byte is 8 contiguous bits starting on an addressable byte boundary.
The bits are numbered from the right 0 through 7:

A byte is specified by its address A. When interpreted arithmetically,
a byte is a twos complement integer with bits of increasing significance
going 0 through 6 and bit 7 the sign bit. The value of the integer is
in the range -128 through 127. For the purposes of addition,
subtraction, and comparison, VAX-11 instructions also provide direct
support for the interpretation of a byte as an unsigned integer with
bits of increasing significance going 0 through 7. The value of the
unsigned integer is in the range 0 through 255.



Copyright(c) 1979 Digital Equipment Corp.,Maynard,Mass. DO NOT COPY

VAX-11 System Reference Manual COMPANY CONFIDENTIAL

Basic Architecture 31-Jan-79 -~ Rev 5 Page 2-2
DATA TYPES

2.2.2 . Word

A word is 2 contiguous bytes starting on an arbitrary byte Dboundary.
The bits are numbered from the right 0 through 15:

- - e e o e o o o +

A word is specified by its address A, the address of the byte containing
bit 0. When interpreted arithmetically, a word is a twos complement
integer with bits of increasing significance going 0 through 14 and bit
15 the sign bit. The value of the integer is in the range -32,768
through 32,767. For the purposes of addition, subtraction and
comparison, VAX-11 instructions also provide direct support for the
interpretation of a word as an unsigned integer with bits of increasing
significance going O through 15. The value of the unsigned integer is
in the range 0 through 65,535.

2.2.3 Longword

A longword is 4 contiguous bytes starting on an arbitrary byte boundary.
The bits are numbered from the right 0 through 31:

A longword is specified by its address A, the address of the byte
containing bit 0. When interpreted arithmetically, a longword is a twos
complement integer with bits of increasing significance going 0 through
30 and bit 31 the sign bit. The value of the integer is in the range
-2,147,483,648 through 2,1“7,“831647. For the purposes of addition,
subtraction, and comparison, VAX-11 instructions also provide direct
support for the interpretation of a longword as an unsigned integer with
bits of increasing significance going 0 through 31. The value of the
unsigned integer is in the range 0 through 4,294,967,295.

Note that the longword format is different from the longword format
defined by the PDP-11 FP-11. In that format, bits of increasing
significance go from 16 through 31 and O through 14. Bit 15 is the sign
bit. Most DEC software and in particular PDP-11 FORTRAN and COBOL use
the VAX-11 longword format.
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2.2.4 Quadword

A quadword is 8 contiguous bytes starting on an arbitrary byte boundary.
The bits are numbered from the right 0 through 63:

3

1 0
o e e e e e e B e R +

i HEEY
e e e e e e e e o e O e O e +

: i A+l
o e e e e e e e e e e e e e e e O e e +

6 3

3 2

A quadword is specified by its address A, the address of the byte
containing bit 0. When interpreted arithmetically, a quadword is a twos
complement integer with bits of increasing significance going 0 through
62 and bit 63 the sign bit. The value of the integer is in the range
~2%#%63 to 2%%#53-1. The quadword data type is not fully supported by
VAX-11 instructions. i e e s ;o
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2.2.5 Octaword

A octaword is 16 contiguous bytes starting on an arbitrary byte
boundary. The bits are numbered from the right 0 through 127:

3

1 0
o o e e e e o o O e e e o e e +

i | A
o e e e e e e e P e B e e O e e o +

! | tA+4
e o o e e e e e e e e B e e +

| | tA+8
o e e e e . +

! i 1A+12
o e e e e 0 2 o o +

1 9

2 6

7

A octaword is specified by its address A, the address of the byte
containing bit 0. When interpreted arithmetically, a octaword is a twos
complement integer with bits of increasing significance going 0 through
126 and bit 127 the sign bit. The value of the integer is in the range
~2%¥%#127 to 2#%127.1., The octaword data type is not fully supported by
VAX-11 instructions.
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2.2.6 F_floating

A F_floating datum is U4 contiguous bytes starting on an arbitrary byte
boundary. The bits are labelled from the right 0 through 31.

11

54 76 0
ot e ——— o mm e ——— +

1S} exp { fraction | :A
D O S SSSH S . +

i fraction | tA+2
o e e e e e e e e +

A F_floating datum is specified by its address A, the address of the
byte containing bit 0. The form of a F_floating datum is sign magnitude
with bit 15 the sign bit, bits 14:7 an excess 128 binary exponent, and
bits 6:0 and 31:16 a normalized 2U-bit fraction with the redundant most
significant fraction bit not represented. Within the fraction, bits of
increasing significance go from 16 through 31 and 0 through 6. The
8-bit exponent field encodes the values O through 255. An exponent
value of 0 together with a sign bit of 0, is taken to indicate that the
F_floating datum has a value of 0. Exponent values of 1 through 255
indicate true binary exponents of -127 through +127. An exponent value
of 0, together with a sign bit of 1, is taken as reserved. Floating
point instructions processing a reserved operand take a reserved operand
fault (See Chapter 4 and 6). The value of a F_floating datum is in the
approximate range .29%10%¥-38 through 1.7¥10%**38, The precision of a
F_floating datum is approximately one part in 2%¥23, i.e., typically 7
decimal digits.

2.2.7 Double Floating (D_floating)

A double floating or D_floating datum is 8 contiguous bytes starting on
an arbitrary byte boundary. The bits are labelled from the right 0
through 63:

11

5 4 76 0

Y S —— ——— - -+

i1si exp { fraction | :A
+=4 — SO LV, +

! fraction I sA+2
o —— ————— e m e ———e—————— +

' fraction | A+l
temc e m e r e, e, e — e, ——————— +

H fraction i 1A+6

o o o e o o - - i

A D_floating datum is specified by its address A, the "address of the
byte containing bit 0. The form of a D_floating datum is identical to a
floating datum except for an additional 32 low significance fraction
bits. Within the fraction, bits of increasing significance go 48
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through 63, 32 through 47, 16 through 31, and 0 through 6. The exponent
conventions, and approximate range of values is the same for D_floating
as F_floating. The precision of a D_floating datum is approximately one
part in 2%##55, j.e., typically 16 decimal digits.

2.2.8 G_floating

A G_floating datum is 8 contiguous bytes starting on an arbitrary byte
boundary. The bits are labelled from the right 0 through 63:

11

54 4 3 0
B T et e +

1S exp { fract | :A
totrmm e m e n—————-——-———— tecmcn—— +

i fraction | tA+2
e s r s n e —————————— +

! fraction | tA+l
e — e — e —m e —————————— +

i fraction | :A+6
o e e e e et o e +

A G_floating datum is specified by its address A, the address of the
byte containing bit 0. The form of a G_floating datum is sign magnitude
with bit 15 the sign bit, bits 1U4:4 an excess 1024 binary exponent, and
bits 3:0 and 63:16 a normalized 53-bit fraction with the redundant most
significant fraction bit not represented. Within the fraction, bits of
increasing significance go U8 through 63, 32 through 47, 16 through 31,
and 0 through 3. The 11-bit exponent field encodes the values 0 through
2047. An exponent value of 0 together with a sign bit of 0, is taken to
indicate that the G_floating datum has a value of 0. Exponent values of
1 through 2047 indicate true binary exponents of -1023 through +1023.
An exponent value of 0, together with a sign bit of 1, is taken as
reserved. Floating point instructions processing a reserved operand
take a reserved operand fault (See Chapter 4 and 6). The value of a
G_floating datum is in the approximate range .56%10%¥#-308 through
.Q¥10%%308, The precision of a G_floating datum is approximately one
part in 2%##52  ji.e., typically 15 decimal digits.

2.2.9 H_floating

A H_floating datum is 16 contiguous bytes starting on an arbitrary byte
boundary. The bits are labelled from the right 0 through 127:
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11

54 0

o o e o e e e +

1St exponent Y

ot e —————————————— +

| fraction ! tA+42

et —rr——————————— +

i fraction ! tA+l

. e e s e e e e +

H fraction i :hA+6

o s et e s o e e +

H fraction ! 1A+8

o e e et e e +

H fraction ! :A+10

e o e e e e e e +

| fraction I tA+12

e m e m e — e, ———————— +

i fraction i :A+14

o e e +

A H_floating datum is specified by its address A, the address of the
byte containing bit 0. The form of a H_floating datum is sign magnitude
with bit 15 the sign bit, bits 14:0 an excess 16384 binary exponent, and
bits 127:16 a normalized 113-bit fraction with the redundant most
significant fraction bit not represented. Within the fraction, bits of
increasing significance go 112 through 127, 96 through 111, 80 through
95, 64 through 79,48 through 63, 32 through 47, and 16 through 31. The
15-bit exponent field encodes the values 0 through 32767. An exponent
value of 0 together with a sign bit of 0, is taken to indicate that the
H_floating datum has a value of 0. Exponent values of 1 through 32767
indicate true binary exponents of -16383 through +16383. An exponent
value of 0, together with a sign bit of 1, 1is taken as reserved.
Floating point instructions processing a reserved operand take a
reserved operand fault (See Chapter 4 and 6). The value of a H_floating
datum is in the approximate range /au*1o** 4932 through .59%10%¥4932,
The precision of a H_floating datum isjapproximately one part in 2%#112,

/

i.e., typically 33 decimal digits. L FIGE ES7% Tirp &15E 815G 257G €633 ' %on 45

‘SYoY 25 ¥ S VTR 0231 7St Sg¢a 4563 2

2.2.10 Variable Length Bit Field

A variable bit field is 0 to 32 contiguous bits located arbitrarily with
respect to Dbyte boundaries. A variable bit field is specified by 3
attributes: the address A of a byte, a bit position P which is the
starting 1location of the field with respect to bit 0 of the byte at A,
and a size S of the field. The specification of a bit field is
indicated by the following where the field is the shaded area.
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P+S P+3-1 P P-1 0
e ———-—————— frrn e n———-—————— trmmm e e ————————— +
i V11171777 77777771777/77] HEEY
b — e e~ trrr e c e re e ce e ——— terc e —r—r——————— +

S-1 0

The position is in the range -2%%¥31 through 2¥*31-1 and is conveniently
viewed as a signed 29-bit byte offset and a 3-bit bit-within-byte field:

The sign extended 29-bit byte offset is added to the address A and the
resulting address specifies the byte in which the field begins. The
3-bit bit-within-byte field encodes the starting position (0 through 7)
of the field within that byte. The VAX-11 field instructions provide
direct support for the interpretation of a field as a signed or unsigned
integer. When interpreted as a signed integer, it is twos complement
with bits of increasing significance going 0 through S-2; bit S-1 is
the sign bit. When interpreted as an unsigned integer, bits of
increasing significance go from 0 to S-1. A field of size 0 has a value
identically equal to 0.

A variable bit field may be contained in 1 to 5 bytes. From a memory
management point of view (Chapter 5) only the minimum number of bytes
necessary to contain the field is actually referenced.

2.2.11 Character String

A character string is a contiguous sequence of bytes in memory. A
character string is specified by 2 attributes: the address A of the
first byte of the string, and the length L of the string in bytes. Thus
the format of a character string is:

7 0
temrc e —————— +

: HEEY |
o —— +
trcmcrm e ——— +

! { tA+L-1
torncmrmcc e ——— +
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The address of a string specifies the first character of a string. Thus
"XYZ" is represented:

T ——— +

S 4 | :A
T T +

TS & Y T
T +
A | 1A+2
o ——————— +

The length L of a string is in the range 0 through 65,535.

2.2.12 Trailing Numeric String

A trailing numeric string is a contiguous sequence of bytes in memory.
The string is specified by 2 attributes : the address A of the first

byte (most significant digit) of the string, and the length L of the
string in bytes.

All bytes of a trailing numeric string, except the least significant
digit byte, must contain an ASCII decimal digit character (0-9). The
representation for the high order digits is:

digit decimal hex ASCII character
0 u8 30 0
1 49 31 1
2 50 32 2
3 51 33 3
b 52 34 4
5 53 35 5
6 54 36 6
7 55 37 7
8 56 38 8
9 57 39 9

The highest addressed byte of a trailing numeric string represents an
encoding of both the least significant digit and the sign of the numerie
string. The VAX numeric string instructions support any encoding;
however there are 3 preferred encodings used by DEC software. These are
(1) unsigned numeric in which there is no sign and the least significant
digit contains an ASCII decimal digit charactsr, (2) zoned numeric, and
(3) overpunched numeric. Because the overpunch format has been used by
compilers of many manufacturers over many years, and because various
card encodings are used, several variations in overpunch format have
evolved. Typically, these alternate forms are accepted on input; the
normal form is generated as the output for all operations. The valid

representations of the digit and sign in each of the later two formats
is:
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Representation of Least Significant Digit and Sign

Zoned Numeric Format Overpunch Format
digit | decimal hex ASCII | decimal hex ASCII char .-
' char | norm alt.  ~°~°
1 1 .
| i TR
o |}  u8 30 o | 123 7B { 0/l ¥
1 ' 49 31 1 ' 65 41 A 11““**‘
2 ' 50 32 2 ' 66 42 B 2
3 i 51 33 3 i 67 43 c 3
i | 52 34 b ' 68 4y D m
5 : 53 35 5 H 69 is E 5
6 i 54 36 6 : 70 46 F 6
7 ' 55 37 7 ! 71 47 G T a5
8 1 56 38 8 1 72 48 H 8 7
9 4 57 39 9 1 73 49 I R
-0 i 12 70 p | 125 7D } T |
-1 i 113 71 q ! T4 4a J —
-2 11 72 r | 75 4B K 4.7, ‘
-3 H 115 73 s H 76 yc L
-4 i 116 T4 t ' 7 4p M
-5 R R Y 75 u ' 78 4E N
-6 i 118 76 v ' 79 4 0
-7 o119 7 W ' 80 50 P
-8 I 120 78 X ' 81 51 Q
-9 o121 79 y i 82 52 R

The 1length L of a trailing numeric string must be in the range 0 to 31
(0 to 31 digits). The value of a 0 length string is identically O.

The address A of the string specifies the byte of the string containing
the most significant digit. Digits of decreasing significance are
assigned to increasing addresses. Thus "123" is represented:
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Zoned Format or Unsigned Overpunch Format

T 4 3 0 7 43 0

- tomm————— + - tom—————— +

P03 1 b A V3 1 1 A

o —————— o m—————— + fem———- tommm———— +

3 b2 b s Aam i3 12 i A+

tom————— o e + L S LT tom————— +

P03 b3 s A+2 P4 b3 1 A2

L ST b ———— + Fomm———— o —— +

and "-123" is represented :

Zoned Format Overpunch Format

7 43 0 1 4 3 0
frm————— e ——— + Fom————— b ——— +
P31 i A P03 0 I A
fmm————— tm————— + e temccmm—— +
P32 A+1 P32 1 s an
trcm— - - ——— + trm————— e ——— +

VT 3 A+2 P4 1 C 1 o A+2
trme———— o m——— + tmmm———— Fmm————— +

2.2.12.1 Leading Separate Numeric String -

A leading separate numeric string is a contiguous sequence of bytes in
memory. A leading separate numeric string is specified by 2 attributes:
the address A of the first byte (containing the sign character), and a
length L, which is the length of the string in digits and NOT the length
of the string in bytes. The number of bytes in a leading separate
numeric string is L+1.

The sign of a separate leading numeric string is stored in a separate
byte. Valid sign bytes are:

Sign decimal hex ASCII character
+ 43 2B +
+ 32 20 <blank>
- 45 2D -

The preferred representation for "+" is ASCII "+%. All subsequent bytes
contain an ASCII digit character:
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digit decimal hex ASCII1 character

0 48 30 0

1 49 31 1

2 50 32 2

3 51 33 3

b 52 34 Y

5 53 35 5

6 54 36 6

7 55 37 T

8 56 38 8

9 57 39 9

The length L of a leading separate numeric string must be in the range 0

to 31 (0 to 31 digits). The value of a 0 length string is identically
0.

The address A of the string specifies the byte of the string containing
the sign. Digits of decreasing significance are assigned to bytes of
increasing addresses. Thus "+123" is:

T r—— b ———— +

i 2 | B | :A
jmm———— mm————— ]

H 3 1 1 [N VS
lmmm——— tm————— H

i3 12 ) i A+2
e R |

P03 b 3 1t A3
to———— tmm————— +

tm—————— tmm—————— +

i 2 4+ D } :A

R b ——— H

i3 It A+l
jmm————— et i

i3 12 1t Ae2
fmmm———— e i

P03 b3 1 & A+3
—————— D +
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2.2.13 Packed Decimal String

A packed decimal string is a contiguous sequence of bytes in memory. A
packed decimal string is specified by 2 attributes: the address A of
the first byte of the string and a length L which is the number of
digits in the string and NOT the length of the string in bytes. The
bytes of a packed decimal string are divided into 2 U-bit fields
(nibbles) which must contain decimal digits except the low nibble (bits
3:0) of the last (highest addressed) byte which must contain a sign.
The representation for the digits and sign is:

digit or sign decimal hex

0 0 0

1 1 1

2 2 2

3 3 3

y y )

5 5 5

6 6 6

7 7 7

8 8 8

9 9 9

+ 10,12,14 or 15 A,C,E, or F
- 11 or 13 B, or D

The preferred sign representation is 12 for "+" and 13 for "-", The
length L is the number of digits in the packed decimal string (not
counting the sign) and must be in the range 0 through 31. When the
number of digits is odd, the digits and the sign fit in L/2 (integer
part only) + 1 bytes. When the number of digits is even, it is required
that an extra "O" digit appear in the high nibble (bits 7:4) of the
first byte of the string. Again the length in bytes of the string is
L/2 + 1.

The address A of the string specifies the byte of the string containing
the most significant digit in its high nibble. Digits of decreasing
significance are assigned to increasing byte addresses and from high
nibble to 1low nibble within a byte. Thus "+123" has length 3 and is
represented:

e tome——— +

i 1 P2 4 A
o - +

H 3 i12 Pt A+
Femmmeca ¥ +

and "-12" has length 2 and is represented:
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2.3 PROCESSOR STATE

The processor state consists of that portion of a process's state which,
while the process is executing, is stored in processor registers rather
than memory. The processor state described here consists of that
accessible to non-privileged software. Certain additional processor
state is described in Chapters 5, 6, and 7.

The non-privileged processor state includes 16 32-bit general purpose
registers denoted Rn where n is in the range 0 through 15 and a 16-bit
processor status word (PSW). Where there is ambiguity (e.g., n is an
arithmetic expression) the notation R[n] is also used to denote the
register. The general purpose registers are used for temporary storage,
accumulators, index registers, and base registers. A register
containing an address is termed a base register. A register containing
an address offset (in multiples of operand size, see Chapter 3) is
termed an index register.

The bits of a register are numbered from the right 0 through 31:

Certain of the registers are assigned special meaning by the VAX-11
architecture:

1. R15 is the program counter (PC). PC contains the address of
the next instruction byte of the program.

2. R14 is the stack pointer (SP). SP contains the address of the
top of the processor defined stack.

3. R13 is the current frame pointer (FP). The VAX-11 procedure
call convention (see Appendix C) builds a data structure on the
stack called a stack frame. FP contains the address of the
base of this data structure.

4. R12 is the argument pointer (AP). The VAX-11 procedure call
convention uses a data structure termed an argument list. AP
contains the address of the base of this data structure.

Note that these registers are all used as base registers. The
assignment of special meaning to these registers does not generally
preclude their use for other purposes. However, as will be seen in
Chapter 3, PC cannot be used as an accumulator, temporary, or index
register.

When a datum of type byte, word, longword, or F_floating is stored in a
register, the bit numbering in the register corresponds to the numbering
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in memory. Hence a byte is stored in register bits 7:0, a word in
register bits 15:0, and longword or F_floating, in register bits 31:0.
A byte or word written to a register writes only bits 7:0 and 15:0
respectively; the other bits are unaffected. A byte or word read from
a register reads only bits 7:0 and 15:0 respectively; the other bits
are ignored.

When a quadword, D_floating or G_floating datum is stored in a register
R[n], it is actually stored in 2 adjacent registers R[n] and R[n+1].
Because of restrictions on the specification of PC (see Chapter 3)
wraparound from PC to RO is UNPREDICTABLE. Bits 31:0 of the datum are
stored in bits 31:0 of register R[n] and bits 63:32 of the datum are
stored in bits 31:0 of register R[n+1].

When an octaword or a H_floating datum is stored in register R[n], it is
actually stored in adjacent registers R[n], R[n+1], R[n+2], and R(n+3].
Because of restrictions on the specification of PC (see Chapter 3)
wraparound from PC to RO is UNPREDICTABLE. Bits 31:0 of the datum are
stored in bits 31:0 of register R[n], bits 63:32 in bits 31:0 of
register R[n+1], bits 95:64 in bits 31:0 of register R[n+2], and bits
127:96 in bits 31:0 of register R[(n+3].

With one restriction, a variable length bit field may be specified in
the registers: the starting bit position P must be in the range 0
through 31. As for quadword and D_floating, a pair of registers R[n]
and R[n+1] is treated as a 64-bit register with bits 31:0 in register
R{n] and bit 63:32 in register R[n+1].

None of the string data types stored in registers can be processed by
the VAX-11 string instructions. Thus there is no architectural
specification of the representation of strings in registers.
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2.4 PROCESSOR STATUS WORD

The processor status word (PSW) contains t