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Preface

This manual provides information about the architecture, internal design, external
interface, and specifications of the 21164 Alpha microprocessor (referred to as the
21164) and its associated software.

Audience

This reference manual isfor system designers and programmers who use the 21164 .

Manual Organization

This manual includes the following chapters and appendixes, and an index.

Chapter 1, Introduction, introduces the 21164 and provides an overview of the
Alpha architecture.

Chapter 2, Internal Architecture, describesthe major hardware functions and the
internal chip architecture. It describes performance measurement facilities, cod-
ing rules, and design examples.

Chapter 3, Hardware Interface, lists and describes the external hardware inter-
face signals.

Chapter 4, Clocks, Cache, and External Interface, describes the external bus
functions and transactions, lists bus commands, and describes the clock func-
tions.

Chapter 5, Internal Processor Registers, lists and describes the 21164 internal
processor register set.

Chapter 6, Privileged Architecture Library Code, describes the privileged archi-
tecture library code (PALcode).

Chapter 7, Initialization and Configuration, describes the initialization and con-
figuration sequence.

Chapter 8, Error Detection and Error Handling, describes error detection and
error handling.
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Chapter 9, Electrical Data, provides electrical dataand describessignal integrity
issues.

Chapter 10, Thermal Management, provides information about thermal manage-
ment.

Chapter 11, Mechanical Data and Packaging Information, provides mechanical
data and packaging information, including signal pin lists.

Chapter 12, Testability and Diagnostics, describes chip and system testability
features.

Appendix A, Alphalnstruction Set, summarizes the Alphainstruction set.

Appendix B, 21164 Microprocessor Specifications, summarizes the 21164 spec-
ifications.

Appendix C, Seria Icache Load Predecode Values, provides a C code example
that calculates the predecode values of a serial Icache load.

Appendix D, Errata Sheet, lists changes and revisions to this manual.

The Glossary lists and defines terms associated with the 21164.

The companion volume to this manual, the Alpha AXP Architecture Reference Man-
ual, contains the Alpha architecture information.

Conventions

XX

This section defines product-specific terminology, abbreviations, and other conven-
tions used throughout this manual.

Abbreviations

Binary Multiples

The abbreviationsK, M, and G (kilo, mega, and giga) represent binary multiples
and have the following values.

K = 210(1024)
M = 2%0(1,048,576)
G = 2%0(1,073,741,824)
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For example:

2KB = 2kilobytes = 2x 210 pytes
AMB = 4megabytes = 4x 220 bytes
8GB = 8gigabytes = 8x 230 pytes
Register Access

The abbreviations used to indicate the type of accessto register fields and bits
have the following definitions:

IGN — Ignore

Reqgister bits specified as IGN are ignored when written and are UNPRE-
DICTABLE when read if not otherwise specified.

MBZ — Must Be Zero

Software must never place a nonzero value in bits and fields specified as
MBZ. Reads return unpredictable values. Such fields are reserved for future
use.

RAO — Read As One
Register bits specified as RAO return a 1 when read.
RAZ — Read As Zero
Register bits specified as RAZ return a 0 when read.
RC — Read To Clear

A register field specified as RC is written by hardware and remains
unchanged until read. The value may be read by software, at which point,
hardware may write a new value into the field.

RES — Reserved

Bits and fields specified as RES are reserved and should not be used; how-
ever, zeros can be written to reserved fields that cannot be masked.

RO — Read Only

Bits and fields specified as RO can be read and are ignored (not written) on
writes.
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RW — Read/Write
Bits and fields specified as RW can be read and written.
WOC — Write Zero to Clear

Bits and fields specified as WOC can be read. Writing a zero clears these bits
for the duration of the write; writing a one has no effect.

W1C — Write One to Clear

Bits and fields specified as W1C can be read. Writing a one clears these bits
for the duration of the write; writing a zero has no effect.

WO — Write Only
Bits and fields specified as WO can be written but not read.

Addresses

Unless otherwise noted, all addresses and offsets are hexadecimal.

Aligned and Unaligned

The termsaligned andnaturally aligned are interchangeable and refer to data objects
that are powers of two in size. An aligned datum of sizie &tored in memory at a

byte address that is a multiple df 2hat is, one that haslow-order zeros. For ex-

ample, an aligned 64-byte stack frame has a memory address that is a multiple of 64.
A datum of size 2is unaligned if it is stored in a byte address that is not a multiple

of 2",

Bit Notation

Multiple-bit fields can include contiguous and noncontiguous bits contained in angle
brackets (<>). Multiple contiguous bits are indicated by a pair of numbers separated
by a colon (:). For example, <9:7,5,2:0> specifies bits 9,8,7,5,2,1, and 0. Similarly,
single bits are frequently indicated with angle brackets. For example, <27> specifies
bit 27.

Caution

Cautions indicate potential damage to equipment or loss of data.
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Data Units

The following data unit terminology is used throughout this manual.

Term Words Bytes Bits Other

Byte Yo 1 8 —

Word 1 2 16 —

Dword 2 4 32 Longword
Quadword 4 8 64 2 Dwords
External

Unless otherwise stated, external means not contained in the 21164.
Numbering

All numbers are decimal or hexadecimal unless otherwise indicated. The prefix 0x
indicates a hexadecimal number. For example, 19 is decimal, but 0x19 and 0x19A
are hexadecimal (also see Addresses). Otherwise, the base is indicated by a sub-
script; for example, 100, is a binary number.

Ranges and Extents

Ranges are specified by a pair of numbers separated by two periods(..) and areinclu-
sive. For example, arange of integers 0..4 includes the integers 0, 1, 2, 3, and 4.

Extents are specified by a pair of numbers in angle brackets (<>) separated by a
colon (:) and areinclusive. Bit fields are often specified as extents. For example, bits
<7:3> specifies bits 7, 6, 5, 4, and 3.

Security Holes

Security holes exist when unprivileged software (that is, software that is running out-
side of kernel mode) can:

» Affect the operation of another process without authorization from the operating
system.

* Amplify its privilege without authorization from the operating system.

e Communicate with another process, either overtly or covertly, without authori-
zation from the operating system.
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Signal Names

Signal names are printed in lowercase, boldface type. Low-asserted signals are indi-
cated by the _| suffix, while high-asserted signals have the _h suffix. For example,
osc_clk_in_hisahigh-asserted signal, and osc_clk_in_| isalow-asserted signal.

Unpredictable and Undefined

Throughout this manual, the terms UNPREDICTABLE and UNDEFINED are used.
Their meanings are quite different and must be carefully distinguished.

In particular, only privileged software (that is, software running in kernel mode) can
trigger UNDEFINED operations. Unprivileged software cannot trigger UNDE-
FINED operations. However, either privileged or unprivileged software can trigger
UNPREDICTABLE results or occurrences.

UNPREDICTABLE results or occurrences do not disrupt the basic operation of the
processor. The processor continues to execute instructionsin its normal manner. In
contrast, UNDEFINED operations can halt the processor or cause it to lose informa-
tion.

The terms UNPREDICTABLE and UNDEFINED can be further described as fol-
lows:

Unpredictable

* Resultsor occurrences 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.

* AnUNPREDICTABLE result may acquire an arbitrary value subject to afew
constraints. Such aresult may be an arbitrary function of the input operands or of
any state information that is accessible to the processin its current access mode.
UNPREDICTABLE results may be unchanged from their previous values.

Operations that produce UNPREDICTABLE results may also produce excep-
tions.

* An occurrence specified as UNPREDICTABLE may happen or not based on an
arbitrary choice function. The choice function is subject to the same constraints
asare UNPREDICTABLE results and, in particular, must not constitute a secu-
rity hole.
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Specifically, UNPREDICTABLE results must not depend upon, or be afunction
of the contents of memory locations or registers that are inaccessible to the cur-
rent process in the current access mode.

Also, operations that may produce UNPREDICTABLE results must not:

— Write or modify the contents of memory locations or registers to which the
current process in the current access mode does not have access.

— Halt or hang the system or any of its components.

For example, a security hole would exist if some UNPREDICTABLE result
depended on the value of a register in another process, on the contents of processor
temporary registers left behind by some previously running process, or on a
sequence of actions of different processes.

Undefined

*  Operations specified as UNDEFINED may vary from moment to moment,
implementation to implementation, and instruction to instruction within imple-
mentations. The operation may vary in effect from nothing, to stopping system
operation.

* UNDEFINED operations may halt the processor or cause it to lose information.
However, UNDEFINED operations must not cause the processor to hang, that is,
reach an unhalted state from which there is no transition to anormal state in
which the machine executes instructions. Only privileged software (that is, soft-
ware running in kernel mode) may trigger UNDEFINED operations.
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