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About This Book

This n{anual describes architecture features that are common to the system family.
Note: The information in this book can also be found in the CD-ROM Hypertext Information

Base Library. This online documentation is designed for use with the InfoExplorer
hypertext retrieval system.

Who Should Use This Book

This book is an overview of the operation of the system. It is intended for programmers and
engineers who understand computer architacture and programming concepts and who
develop hardware and software products for the system family.

How to Use This Book

Overview of Contents
This book contains the following chapters:

o Chapter 1, “Processors,” describes the central electronics complex, the document

conventions, a general systems overview, instruction formats, and memory addressing.

Chapter 2, “System /O Structure,” describes bit and byte numbering conventions, /O bus
protocols, the programming model, ioad and store instructions, the translation, protection,
and TCW table, the bus master, the DMA slave, IOCC Commands, Buffer Flush
commands, /O interrupts, special facilities, the system 1/O and standard /O, exception
reporting and handling, and implementation details.

Chapter 3, “Vital Product Data,” contains the keyword descriptor summary, the hardware
VPD descriptor summary, the Micro Channel adapter requirements, and a sample layout
of the Micro Channel adapter VPD.

Chapter 4, “Initial Program Load (IPL) ROM,” describes IPL ROM components, |IPL ROM
functional characteristics, and error codes.

Overview of Reference Library Contents
This general information manual, is one part of the hardware technical information library.
This manual describes features that are common to the system family. Since the last edition,
new products have evolved that feature economy of cost and size. Check the front of each
chapter in this manual for a note specifying which models are covered in the chapter. The
General Architectures manual should be used in conjunction with the following hardware
technical information manuais:

POWERSstation and POWERserver Hardware Technical Information-Options and Devices
(SA23-2646)

7011 POWERstation and POWERserver Hardware Technical Information (SA23-2666)

7012 POWERSstation and POWERserver Models 34x, 35x, 36x, and 37x Hardware
Technical Information (SA23-2680)

7013 POWERstation and POWERserver Models 550L, 57x, 58x, 58H, and 590 Hardware
Technical Information (SA23-2684)

7015 POWERserver Models 97x, 98x, and 99x Hardware Technical information
(SA23-2686).
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Highlighting
The following highlighting conventions are used in this book:

Bold Identifies commands, keywords, files, directories. and other items whose
names are predefined by the system.

halics Identifies parameters whose actual names or values are to be supphed by
the user.

Monospace Identifies examples of specific data values, exampies of lext simdar 10 what
you might see displayed, exampies of porbons of program code simiar 10
what you might write as a programmer, messages from the system, or
information you should actually type.

Related Publications
The following is a list of related publications. For information on ordering these publications,
contact your authorized dealer or marketing representative.
¢ IBM RISC System/8000 System Overview (GC23-2408)
¢ Personal Systemv2 Hardware Interface Technical Reference: Architectures (S84F-9808)

o AIX Version 3.2 Assembier Language Reference (SC23-2197)

o AIX Version 3.2 Kemel Extensions and Device Support Programmeng Concepts
(SC23-2207)

e AIX Version 3.2 Problem Solving Guide and Reference (SC23-2204).

Ordering Publications
You can order |BM publications from your IBM sales representatrve or, in the U.S., from IBM
Customer Publications Support at 1 800 879-2755. H you believe you are entitied 10
publications that were not shipped with your RISC System/8000 or ALX purchases. contact
your |BM sales representative or Customer Publications Support for assastance.

To order additional copies of this book, use Order Number SA23-2643.
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Description

This section describas the central electronics complex (CEC) for the POWER2 and POWER
Implementations of the RISC System/6000, the document conventions, a general systems
overview, instruction formats, and memory addressing.

A POWER processor is used in this system family. Like earlier processors, the POWER
processor employs a simple register-oriented instruction set that is complstely hardwired,
and features a pipslined implemsntation and an efficient storage hierarchy. This enables the
processor chip set to run an instruction almost every cycle. Unlike earlier processors,
however, this unit employs several advanced architectural and implementation features
including separate instruction and data caches, zero-cycle branches, multiple instruction
dispatch, simultaneous running of fixed- and fioating-point operations, and overlapped
running of register-register (RR) operations and load and store commands. As such, the unit
combines the simplicity of an instruction set with sophisticated hardware design techniques
to achieve a short cycle time and a low cycles-per-instruction (CPI) ratio.

In the POWERZ2 implementation, six instructions can be executed in a single cycle: a
branch, two fixed-point, two floating-point, and a Condition register logical instruction.
Counting the fioating-point multiply-add instruction as two operations, this yields a peak run
rate of eight operations per cycle. In the POWER implementation, four instructions can be
executed In a single cycle: a branch, a fixed-point, a floating-point, and a Condition register
logical instruction. Counting the ficating-point multiply-add instruction as two operations, this
yields a peak run rate of five operations per cycle.

Note: This chapter provides information for system models 32x, 34x, 35x, 36x, 37X, 52x,
53x, 540, 55x, 56x, 57x, 58x, 58H, 59x, 730, 930, 95x, 97x, 88x, and 99x.
Information for other system models can be found in the product-specific technical
information manual for those models.

The processor chip sets described in this chapter are representative of the chip sets used in
the models mentioned in the preceding paragraph. The megahertz number of the processor
chip set varies depending on the system model.

Central Electronics Complex

The POWER and POWER2 processor chip sets form the central electronics complex (CEC)
and have up to eleven semi-custom chips: a fixed-point unit (FXU), a floating-point unit
(FPU), an instruction cache and branch processing unit (ICU), four data cache units (DCU),
a memory control unit (MCU), an Input/Output (/O) Channel controlier a Serial Optical
Channel converter, and a clock chip (CLK). Every memory board contains two data
multiplexing modules and one control module for interleaving.

There are four basic processor chip sets in this family of system units. The first chip set
shown in Figure 1 on page 1-6 is the POWER2 implementation having the following
characteristics:

¢ Fixed-point unit with two execution units

¢ Floating-point unit with two multiply add units
o 32K-byte instruction cache

o 258K-byte data cache.

System Processors 15



This implementation supports configurations with two, four, or eight memory boards. A two
memory board configuration supports a 128K-byte data cache and a 128-bit memory
interface. A four or eight board configuration supports a 256K-byte data cache and a 256-bit
memory interface. The eight chips (ICU, FXU, FPU, 4X DCU, and MCU) are packaged on a
multichip carrier. The VO subsystem can contain up to two extended input/output (XIO)

modules.
Multi-Chip CPU Module
ICache
Reload Bus
(Quad Word) | PBUS
cu Micro
Channel
Instruction Bus
Dispatch Bus cm
(Quad Word) — 1 Bus
FPU || FXU MCU
FPU Data FXU Data X110 XiO || ROM
(2 Quad Words)| | (2 Single Words)
DCU || DCU || DCV || DCU SI0 Bus
ROM Dats Bus

Memory Data Bus (8 Words)

Note: Some systems have only two memory boards.
Some systems have only one XIO module.

POWER2 System Configuration, 8 Word Memory Bus
Figure 1.  First Processor Chip Set

General Architectures



The second chip set has two data cache units and a system memory interface that is 64 bits
wide.

The third chip set uses the same modules, but has four data cache units and a 128-bit bus
to system memory.

The second and third chip sets a have an instruction cache unit with 8K bytes. It has an
input and output unit (IOU) that combines the I/O channel controller (for Micro Channel bus)
and the serial link logic. Figure 2 shows the chip sets described previously with four data
cache units like the second chip set.

o LTy
@ e ' |ocul| | M
- R
IcU Bus (2W) i DCUI :. . ?
: ‘ : M-Bus d
L « |DCU : (4W) 2

] |
] ! a
] ] r

P-BUS (1W) E pcu| | d r-g
| 1 | a
__l_

tem /O Bus

0

IPL

ROM[—" Mcu |j¢—>

System O Bus (2W)

R T

O Channel Controller
and Serial Optical
Channel Converter

x::‘lﬁm Control Optical Channel Converter
VO Intertace Loglc Optical Fiber

Micro Channel Prime
Figure 2. Second and Third Processor Chip Sets
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The fourth chip set is shown in Figure 3. This chip set has an instruction cache unit with 32K
bytes of chip memory. The IO subsystem can contain up to two XIO modules and a serial
link logic for system serial optical channels. The XIO module, contains the VO channel
control unit that generates the Micro Channel interface.

I I-Bus (2W) r_l__

ICU FXU FPU
P-Bus (1W)
MCU
System /O
ROM Bus (2W)
Xio Xio* Serial*
Number 1 Number 2 :-'c""l l'-°9n'°
TCW Local TCW
Memoryle— vo
o .
Micro Channel Micro Channel Serial
Prime to the Prime to the gm
Combination Optional VO
Board Board Converters

*The serial link logic is optional on some modeis.
"*The XIO Number 2 Iis only avaliable on some models.

Figure 3. Fourth Processor Chip Set
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The POWER2 and POWER implementations have an ICU that contains a two-way
set-associative instruction cache. It runs branch instructions and Condition register logical
instructions, and supports interrupts. In many cases, branches cost zero cycles because the
ICU looks ahead in the instruction stream and removes branches from the stream. In a
given cycle, the ICU in the POWER implementation can dispatch two instructions (two to the
FXU, or two to the FPU, or one to the FXU and one to the FPU) by way of the I-bus shown
in Figure 1 on page 1-6. The ICU in the POWER2 Implementation can dispatch four
instructions. The fioating-point unit contains a full 64-bit double-precision fioating-point data
fiow and conforms to the IEEE 754 binary floating-point standard with software support.
Floating-point instructions can run in parallel with fixed-point instructions for maximum
performance. The FXU contains the general purpose registers and the arithmetic logic units,
and runs all fixed-point instructions. The FXU includes an address transiation and data
protection unit that makes precise interrupts easier to implement with minimal performance
penalty. The FXU also provides the directories and control for the data cache, and controls
the running of fixed-point load, floating-point load, and store instructions.

In the POWER2 implementation four DCUs provide a four-way set-associative data cache.
The DCUs form an eight-word (four or eight memory boards) and a four-word (two memory
boards) interface to memory, two four-word (4W) interfaces to FPU, and two single-word
(1W) interfaces to FXU. In the POWER implementation four DCUs provide a four-way
set-agsociative data cache. The DCUs form a four-word (4W) interface to memory, a
two-word (2W) interface to FPU, and a single-word (1W) interface to FXU. DCUs contain
error checking and correction (ECC) and bit steering logic. They provide the data path for
Direct Memory Accesses (DMA), and supply the path for instruction cache (I-cache) reloads.
The MCU contains the controls and configuration registers for systemn memory. The MCU
provides the data path between /O and processor chip set for 1/O load and store
instructions. The MCU also interfaces to the ROM that contains the system inltialization
code for tha processor chip set, also referred to as the initial program load read-onty
memory (IPL ROM).

The processor bus (P-bus) shown in Figure 1 on page 1-6 is used to send the address to
the MCU for D-cache (data cache) reloads (by FXU) and for I-cache reloads (by ICU). It is
used for |-cache translation look-aside buffar (TLB) reloads (by FXU), and for /O loads and
stores (by FXU). The P-bus is also used for moves to and from special registers (for
example, Segment registers, Link register, and Machine State register) between FXU and
ICU. The system L/O bus is used to transfer the DMA data between the IOU and system
memory by way of the DCU, and provides a path for I/O load and store operations between
the FXU and the IOU by way of the MCU.

The /O unit contains an /O channel control unit that generates the Micro Channel interface.
The /O channel control unit uses the data stored in transiation control word (TCW) and tag
tables for address translation and data protection during I/O operations.
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Document Conventions
The following conventions are used throughout this document:

¢ Quadwords are 128 bits, doublewords are 64 bits, words are 32 bits, halfwords are
16 bits, bytes are 8 bits.

¢ All numbers are decimal uniess specified in some special way.
e b'nnn’ means a number expressed in binary format.

e X'nnn’ means a number expressed in hexadecimal format.

* nx b'0' means n zeros.

o n xb'1’ means nones.

» (RAIO) means the contents of register RA if the RA field has the value 1 through 31, or
the value O if the RA field is 0.

¢ (Rx) means the contents of register Rx.

¢ (FRx) means the contents of register FRx.

o X(p) means bit p of register or field X.

* X sub , means bit p of register or field X.

¢ X(p—q) means bits p through q of register or field X.

e X(p..q) means bits p through q of register or fieid X.

e Xsub, 4 means bits p through q of register or field X.

e —(RA) means the ones complement of the contents of register RA.
e [,/ /.. means a field that is ignored by the hardware.

o The symbol |l is used to describe two fields that are appended or concatenated to each
other. For example, 01011111 is the same as 010111.

» All bits in registers that are raserved are 0 on read and can be either 0 or 1 on write.
e 2"*"means 2 raised to the n** ¥ power.

o Field i refers to bits 4 x i to (4 x i) + 3 of a register.

¢ Positive means greater than 0.

¢ Negative means less than 0.

* Instructions are assumed to be nonprivileged unless stated otherwise in the instruction
description.
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Systems Overview

The processor or processor unit contains the sequencing and processing controls for
instruction fetch, instruction execution, and interrupt action. The following classes of
instructions can be executed by the processing unit:

¢ Branch processor instructions
o Fixed-point processor instructions
« Floating-point processor instructions.

Refer to AIX Version 3.2 Assembler Language Reference for information on a specific
instruction.

See Figure 4 for a representation of the logical partitioning provided by the system
architecture. The processing unit is a word-oriented fixed-point processor and in a
doubleword-oriented floating-point processor. The system architecture uses 32-bit
word-aligned instructions and provides for byte, halfword, word, and doubleword operand
fetches and stores between system memory and a set of 32 general purpose registers
(GPRs), and between system memory and a set of 32 floating-point registers (FPRs).

Programmed
Vo N J
Fixed-Point
Processor ‘__J—
Branch
Processor T GPRs
XER MQ
Data
CR SRRO Cache
LR SRR1
CTR MSR L_J
Floating-Point
instruction Processor
Cache
FPRs
I FPSCR
Main Memory

!

Direct Memory Access

Figure 4. System Architecture View
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Instruction Formats
All instructions are 4 bytes long and are located on word boundaries. Thus, whenever
instruction addresses are presented to the processing unit (as in branch instructions) the
two low-order bits are ignored. Similarly, whenever the processing unit develops an
instruction address, its two low-order bits are 0.

Bits O through 5 always specify the opcode. For XO-form instructions, an extended opcode
is specified in bits 22 through 30. For all other X-form instructions, an extended opcode is
specified in bits 21 through 30. For A-form instructions, an extended opcode is specified in
bits 26 through 30.

The remaining bits contain one or more altemative fields for the different instruction formats.

Forms
D Form
(] 6 1 16
OPCD RT RA D
RS s
FRT ul
TO
BF
FRS
DS Form
0 6 1 16 30
OPCD RT RA DS x0 |
RS RA
B Form
0 6 1 18 0 31
OPCD BO Bl BD AA| LK
| Form
0 8 30 31
OPCD u AA L]
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SC Form

0 6 1 16 20 27 30 31
OPCD /] /] FL1 LEV FL2|SA | LK
sV
X Form
0 8 1 16 21 31
OPCD RT RA RB EO Rc
FRT FRA FRB
BF BFA SH
RS SPR NB
FRS |
TO
BT
XL Form
0o . 11 16 21 31
OPCD BT BA BB EO LK
BO Bl
XFX Form
0 1 21 31
OPCD RT FXM EO Rc
XFL Form
0 6 16 21 31
OPCD FLM FRB | EO Rc
XO Form
0 6 1 16 21 22 31
OPCD RT RA RB OE | EO- Re
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A Form
A-form instructions are used for four operand instructions. The operands, all fioating-point
registers, are specified by the FRT, FRA, FRB, and FRC fields. The short extended opcode,

XO, is in bits 26 through 30.

0 6 1 16 21 26 31
OPCD FRT FRA FRB FRC X0 Rc
M Form
0 6 11 16 21 28 31
OPCD RS RA RB MB ME Re¢
SH
Instruction Fields

The following instruction fields are defined for the various instruction formats:

Fields Description

AA (30) Following is the description of the Absolute Address bit.

Bit Description

0 The immediate field represents an address reiative to the
current instruction address. For I-form branches, the
effective address of the branch is the sum of the LI field
sign extended to 32 bits and the address of the branch
instruction. For B-form branches, the effective address of
the branch is the sum of the BD field sign extended to
32 bits and the address of the branch instruction.

1 The immediate field represents an absolute address. For
I-form branches, the effective address of the branch is the
LI field sign extended to 32 bits. For B-form branches, the
effective address of the branch is the BD field sign
extended to 32 bits.

BA (11-15) Field used to specify a bit in the Condition register (CR) to be used as a
source.

BB (16-20) Field used to specify a bit in the CR to be used as a source.

BD (16-29) Immediate field specifying a 14-bit signed twos complement branch
displacement, which is concatenated on the right with b'00’ and sign
extended to 32 bits.

BF (6-8) Field used to specify one of the CR compare result fields or one of the
FPSCR fields as a target. If i = BF(6-8), then field i refers to bits i x 4 to
(i x 4) + 3 of the register.

BFA (11-13)  Field used to specify one of the CR compare result fields, one of the
FPSCR fields, or one of the XER fields as a source. If j = BFA(11-13), then
field j refers to bits j x 4 to (j x 4) + 3 of the register.

Bl (11-15) Field used to specify the bit in the CR to be used as the condition of the
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Fields Description

BO (6-10) Field used to specify different options that can be used in conditional branch
instructions. Following is the encoding for the BO field:

BO Description

0000x Decrement the CTR, then branch if the decremented
CTR # 0 and condition is false.

0001x Decrement the CTR, then branch if the decremented
CTR = 0 and condition is false.

001xx Branch if condition is false.

0100x Decrement the CTR, then branch if the decremented
CTR = 0 and condition is true.

0101x Decrement the CTR, then branch if the decremented
CTR = 0 and condition is true.

011xx Branch if condition is true.

1x00x Decrement the CTR, then branch if the decremented
CTR=0.

1x01x Decrement the CTR, then branch if the decremented
CTR=0.

1x1xx Branch always.

BT (6-10) Field used to specify a bit in the CR as the target of the result of an
instruction.
D (16-31) immediate field specifying a 16-bit signed twos complement integer sign
extended to 32 bits.

DS (16-29) Immediate field specifying a 14-bit signed twos complement integer to
which a b'00’ is concatenated on the right.

EO (21-30) A 10-bit extended opcode used in X-form instructions.
EO’ (22-30) A 8-bit extended opcode used in XO-form instructions.
FL1(16-19) A 4-bit field in the Supervisor Call (SVC) instruction.
FL2(27-29) A 3-bit field in the SVC instruction.

FXM (12-19) Field mask, identifies which CR field is to be updated.

Bit Description

12 CR Field 0 (bits 00-03)
13 CR Field 1 (bits 04-07)
14 CR Field 2 (bits 08-11)
18 CR Field 3 (bits 12-15)
16 CR Field 4 (bits 16-19)
17 CR Field 5 (bits 20-23)
18 CR Field 6 (bits 24-27)
19 CR Field 7 (bits 28-31).
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Flelds Description
FLM (7-14)  Field mask, identifies which FPSCR field is to be updated.

Bit Description

7 FPSCR Field 0 (bits 00-03)
8 FPSCR Field 1 (bits 04—07)
9 FPSCR Field 2 (bits 08—11)
10 FPSCR Field 3 (bits 12-15)
1 FPSCR Field 4 (bits 16—18)
12 FPSCR Field 5 (bits 20—-23)
13 FPSCR Fieid 6 (bits 24-27)
14 FPSCR Field 7 (bits 286—31).

FRA (11-15) Field used to specify an FPR as a source of an operation.

FRB (16-20) Field used to specify an FPR as a source of an operation.

FRC (21-25) Field used to specify an FPR as a source of an operation.

FRS (6-10)  Field used to specify an FPR as a source of an operation.

FRT (6-10) Field used to specify an FPR as the target of an operation.

1(16-18) Immediate field used as the data to be placed into a field in the FPSCR.

LEV (20-26) Immediate field in the SVC instruction that addresses the SVC routine by
b*1* Il LEV Il b'00000’ if SA = 0.

Ll (629 Immediate field specifying a 24-bit signed two's complement integer that is
concatenated on the right with b'00' and sign extended to 32 bits.

LK (31) Following is the description of the Link bit.
Bit Description
0 Do not set the Link register.

1 Set the Link register. If the instruction is a branch, the
addrass of the instruction following the branch instruction is
placed into the Link register. if the instruction is an SVC, the
address of the instruction following the SVC instruction is
placed into the Link register.
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Flelds

Description

MB (21-25) & ME (26-30)

NB (16-20)

OPCD (0-5)
OE (21)

RA (11-15)
RB (16-20)
Re (31)

RS (6-10)
RT (6-10)

Fields used to specify a 32-bit string, consisting of either a substring of ones
surrounded by zeros or a substring of zeros surrounded by ones. The
encoding is as follows:

Fields Deacription

MB (21-25) Index to start bit of substring of ones.

ME (26-30) Index to stop bit of substring of ones.
Let mstart = MB and mstop = ME.

It mstart < mstop +1
then mask (mstart..mstop) = ones
mask (all other) = zeroes.

If mstart= mstop + 1 then
mask (0—31) = ones.

If mstart > mstop + 1 then
mask (mstop + 1..mstart—1) = zeros
mask (all other) = ones.

Field used to specify the number of bytes to move in a load or store string
immediate.

The basic opcode field of the instruction.

Used for extended arithmetic to inhibit the setting of OV and SO in XER.
Field used to specify a GPR to be used as a source or as a target.

Field used to specify a8 GPR to be used as a source.

Following is the description of the Record bit.

Setting Description

0 Do not set the Condition register (CR).
Set the Condition register to refiect the result of the
operation.

For fixed-point instructions, CR bits (0 to 3) are set to reflect the result as a
signed quantity. The result as an unsigned quantity or a bit string can be
deduced from the EQ bit.

For floating-point instructions, CR bits (4 to 7) are set to reflect
Floating-Point Exception, Floating-Point Enabled Exception, Floating-Point
Invalid Operation Exception, and Floating-Point Overflow Exception.

Field used to specify a GPR to be used as a source.
Field used to specify a GPR to be used as a target.
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Fields
SA (30)

SH (16-20)
Sl (16-31)
SPR (11-15)

TO (6-10)

Ul (16-31)
X0 (26-30)
X0 (30, 31)
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Description

The following describes the SVC Absolute.

Setting Description

0 SVC routine at address ‘1’ Il LEV 1l b'00000".
1 SVC routine at address X'1FEQ'.
Field used to specify a shift amount.

Immediate field used to specify a 16-bit signed integer.
Special Purpose register.

SPR Special Purpose Reglater
00000 (00) MQ

00001 (01) XER

00100 (04) from RTCU

00101 (05) from RTCL

00110 (08) from DEC

01000 (08) LR

01001 (08) CTR

10100 (20) to RTCU

10101 (21) to RTCL

10110 (22) to DEC

11010 (26) SRR O

11011 (27) SRR 1.

TO bit ANDed with condition.

TO bit ANDed with Condition

6 Compares less than.

7 Compares greater than.

8 Compares equal.

9 Compares logically less than.

10 Compares logically greater than.

Immediate field used to specify a 16-bit unsigned integer.
A-form instructions contain a 5-bit extended opcode.
DS-form instructions contain a 2-bit extended opcode.



Memory Addressing

Within the context of a program executing on the processing unit (PU), system memory is
organized into doublewords, words, halfwords, and bytes, which are constrained to lie on
boundaries that are multiples of their sizes. See Figure 5 for an example of byte, halfword,
word, doubleword, and quadword memory addressing.

Bits Addresses
Byte Haliword Word Doubleword | Quadword
0000
0001
0-31 0000
0010
0010
0011
0000
0100
0100
0101
31-63 0100
0110
0110
0111
0000
1000
1000
1001
32-63 1000
1010
1010
101
1000
1100
1100
1101
64-127 110 1100
110 ’
1M1

Figure 5. Memory Organization

Bytes in system memory are consecutively numbered starting with 0. Each number is the
address of the corresponding byte. The 32-bit addresses computed for system memory
access are termed effective addresses and specify a byte in memory. System memory
address arithmetic wraps around from the maximum byte address, 232 — 1, to address Q.

System memory can be accessed by quadword, doubleword, word, halfword, or byte. The
required number of bytes are fetched from a property aligned area of memory. The rules
when the operands are not properly aligned are controlled by a mode bit, MSR(AL). See
“Machine State Register” on page 1-22.

System Processors 1-19



The mapping to real memory addresses is controlled by relocate (address translation)
facilities. When the relocate facility is active, effective addresses generated by program
execution are first transformed to 52-bit virtual address, which in turn are mapped to real
memory.

In general, the terms memory and address are used within the context of the effective
addresses generated by the PU.

All processor computations are performed in registers in the processing unit (PU). There are
no instructions, for instance, to add two numbers, one of which is in memory.

Effective Address Calculation
Effective addresses (EAs) are generated by instructions that reference data in system
memory and by taken branch instructions. Address calculations use 32-bit two's
complement binary arithmetic. A carry from bit 0 is ignored.

A value of 0 in the RA field indicates the absence of the corresponding address component.
For the absent component, a 0 value is used in forming the address. This is shown in the

instruction descriptions as (RAIO).

X-form instructions are used for data references. Address computation adds the GPR
contents designated by the RA field or the value 0 if RA equals a value of 0 with the GPR
contents designated by the RB field. The computation is shown as (RAIO) + (RB).

With D-form instructions, the 16-bit D field Is sign extended to form a 32-bit address
component. In computing the effective address of a data element, this address component is
added to the GPR contents designated by the RA field or the value 0 if RA equals a value

of 0.

With DS-form instructions, the 2-bits of zeros are added to the 14-bit DS field which is then
sign extended to form a 32-bit address component. In computing the effective address of a
data element, this address component is added to the GPR contents designated by the RA

field or the value 0 if RA equals a value of 0.

With I-form branch instructions, the 24-bit LI field is concatenated on the right with b'00' and
sign extended to form a 32-bit address. When AA equals a value of 0, this address is added
to the address of the branch instruction to form the effective address. If AA equals a value
of 1, this 32-bit value is the effective address.

With B-form branch instructions, the 14-bit BD field is concatenated on the right with b'00’
and sign extended to form a 32-bit value. If AA equals a value of 0, this 32-bit value is added
to the address of the branch instruction to form the effective address. If AA equals a value

of 1, this 32-bit value is the effective address.

With XL-form branch instructions, bits 0 to 29 of the Link register or the Count register are
concatenated on the right with b‘00’ to form the effective address.

1-20 General Architectures



Branch Processor

This section describes the registers and instructions that make up the branch processor
facilities.

Branch Processor Registers
This section describes the branch processor registers and their bit definitions.

Condition Register
The Condition register (CR) is a 32-bit register that reflects the result of certain operations
and provides a mechanism for testing (and branching).

0 31
CR

Bits Name

00-03 CRField 0

04-07 CR Field 1

08-11 CR Field 2

12-15 CR Field 3

16-19 CRField 4

20-23 CRField 5

24-27 CR Field 8

28-31 CR Field 7.

The Condition register bits are grouped info eight 4-bit fields, named CR Field 0 through
CR Field 7, which are set in one of the following ways:

» A load or copy operation into a specific CR field.

¢ CR Field O can be set as the implicit result of a fixed-point operation.

¢ CR Field 1 can be set as the implicit result of a floating-point operation.

o As the result of either a fixed or floating-point compare operation into a specified CR fieid.

Instructions are provided to test these bits singly and in combination.

When the record bit (Rc) is set to 1 in most fixed-point instructions, the first three bits of CR
Field 0 are set by a comparison of the result, which is interpreted as a signed integer, to a
value of 0. The fourth bit of CR Field 0 Is copied from the SO field of the XER. Add
Immediate, Add Immediate Lower, and Add Immediate Upper Instructions set these four bits
implicitly. These bits are interpreted as shown in the following list:

Bit Description

0 Compares Less Than, Negative (LT). For arithmetic operations, the result is
negative or less than a value of 0. For compare operations, (RA) < S|, Ul,
or (RB).

1 Compares Greater Than, Positive (RB). For arithmetic operations, the resuft
is positive or greater than a value of 0. For compare operations, (RA) > S,
Ul, or (RB).

2 Compares Equal, Zero (EQ). For arithmetic operations, the result is a value
of 0 or equal to a value of 0. For compare operations, (RA) = Si, U|, or (RB).

3 Summary Overfiow (SO). This is a copy of the final state of XER(SO) at the

completion of the instruction.
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When the Rc bit equals a value of 1 in all floating-point instructions except the Floating-Point
Compare instruction, CR Field 1 (Condition register bits 4 to 7) is set to the floating-point
exceptions status. These bits are interpreted as shown in the following list:

Bit Description

4 Floating-Point Exception (FX). This is a copy of the final state of
FPSCR(FX) at the completion of the instruction.

5 Floating-Point Enable Exception (FEX). This is a copy of the final state of
FPSCR(FEX) at the completion of the instruction.

6 Floating-Point Invalid Operation Exception (VX). This is a copy of the final
state of FPSCR(VX) at the completion of the instruction.

7 Floating-Point Overflow Exception (OX). This is a copy of the final state of

FPSCR(OX) at the completion of the instruction.

Condition register bits 4 to 7 are copies of bits 0 to 3 in the Floating-Point Status and Control
register.

Link Register
The Link register (LR) is a 32-bit register. The Link register provides the branch target
address for the Branch Conditional Register instruction and holds the return address (link
address) for branch and link type instructions and SVC instructions.

0 31
LR

Count Register
The Count register (CTR) is a 32-bit register. The Count registsr contains a loop count and
is automatically decremented during execution of the branch and count instructions,
wrapping from X‘00000000' around through X'FFFFFFFF'. The Count register also provides
the branch target address for the Branch to Count Register instruction. The Count register
contains a copy of bits 16 to 31 of MSR and bits 16 to 31 of the SVC instruction after
execution of that SVC instruction. Both registers can be copied to and from any GPR.

0 31
CTR

Machine State Register
The Machine State register (MSR) is a 32-bit register that defines the modal state of the
processor. When the RFI instruction is executed, bits 16 to 31 of SRR 1 are placed into bits
16 to 31 of the MSR. The MSR can also be modified by the Move to Machine State Register

instruction.

0 31
MSR

Bit Name Description

00-15 Reserved

16 EE External interrupt Enable

17 PR Problem State

18 FP FP Avallable

19 ME Machine Check Enable

20 FE FP Exception Enable
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21
22
23
24
25
26
27
28

29
30-31

SE
BE
FE
AL
P

IR

DR

PM

Single-Step Enable

Branch and Trap Enable

FP Imprecise Enable
Alignment Check

Interrupt Prefix

Instruction Relocate

Data Relocate

Reserved

Performance Monitor Control
Reserved.

The following are the Machine State register bit definitions and settings:

Bits
0-15
16

17

18

19

Description

Reserved

External Interrupt Enable (EE)

Setting Description

o The processor is disabled against extemal interrupts.

1 The processor is enabled to take extemal interrupts.

Problem State (PR)

Setting Description

o The processor is privileged to execute any instruction.

1 The processor can only execute the nonprivileged
instructions.

Floating-Point (FP) Available

Setting Description

0 The processor cannot execute any floating-point
instructions, including floating-point loads, stores and
moves.

1 The processor can execute fioating-point instructions.

Machine Check Enable (ME)

Setting Description

0 Machine check interrupts are disabled.

1 Machine check interrupts are enabied.

Floating-Point Exception Interrupt Enable (FE)

Setting Description

o Program interrupts on floating-point enabled exception are
disabled.

1 Program interrupts on fioating-point enabled exception are
enabled.
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Bits
21

24
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Description

Single-Step Enable (SE)

Setting Description

0 The processor executes instructions normally.

1 The processor generates a Single-Step type Trace Interrupt
upon the successful execution of an instruction (the
instruction does not cause any other type of interrupt).

Branch and Trap Enable (BE)

Setting Description

0 The processor executes branch instructions normally.

1

The processor generates a Branch and Trap type Trace
Interrupt after completing the execution of a branch

instruction.

FP Imprecise Enable (FE)

Setting Description

0 FP Imprecise interrupts are disabled.

1 FP Imprecise interrupts are enabled if MSR(FE) = 0.

Alignment Check (AL)

Setting Deacription

0 Alignment checking is off and the low-order bits of the
address are ignored.

1 Alignment checking is on; alignment checking proceeds as

follows:

If bits 29, 30, or 31 of an address generated by a
doubleword data memory reference instruction are nonzero,
an alignment interrup! is generated if the hardware cannot

perform the unaligned access.

if bits 30 or 31 of an address generated by a word data
memory reference instruction are nonzero, an alignment
interrupt is generated if the hardware cannot perform the
unaligned access.

If bit 31 of an address generated by a halfword data
memory reference instruction is nonzero, an alignment
interrupt is generated if the hardware cannot perform the
unaligned access.

This checking does not apply to the load and store
string-type instructions since these instructions always
perform the unaligned access. Load and store multiple-type
instructions always generate an alignment interrupt if bits
30 to 31 of the effective address are nonzero.

When the memory reference is to an /O segment, the
address is sent to /O unmodified, regardless of the setting
of the MSR(AL).



Bits Description

25 Interrupt Prefix (IP)
Setting Description
0 Interrupts vectored to the effective address X'000x0000¢
where »oo0x is the interrupt offset.
1 Interrupts vectored to the effective address X'FFF o0

where x00x is the interrupt offset. This is intended to direct
the interrupt to read only memory (ROM).

26 Instruction Relocate (IR)
Setting Description
0 Instruction address translation is off.
1 Instruction address translation is on.
27 Data Relocate (DR)
0 Data address translation is off.
1 Data address translation is on.
28 Reserved
29 Controls performance monitoring functions.
30-31 Reserved.

Fixed-Point Processor Registers
This section describes the registers in the fixed-point processor facility.

General Purpose Registers
All manipulation of information is done in registers intemnal to the processing unit (PU).The
principal storage within the fixed-point processor is a set of 32 general purpose registers
(GPRs). Each GPR consists of 32 bits. See Figure 6 for an example of the general purpose

registers.
0 31
GPR 00
GPR 01
GPR 30
GPR 31

Figure 6. General Purpose Registers
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Fixed-Point Exception Register
The Fixed-Paint Exception register (XER) is in the fixed-point unit and is 32 bits wide.

N

XER

Bit

3-156
16-23

24
25-31

Description
Summary Overfiow (SO)

The Summary Overflow bit is set to 1 whenever an instruction sets the
Overfiow bit to indicate overfiow and remains set until software resets it.
The SO bit is not altered by the compare instructions.

Overfiow (OV)

The Overtlow bit is set to indicate that an overflow has occurred during an
instruction operation. in the case of add and subtract instructions, it is set to
1 if the carry out of bit 0 is not equal to the carry out of bit 1. Otherwise the
OV bit is set to 0. The OV bit is not altered by the compare instructions.

Carry (CA)

The Carry bit is set to indicate a carry from bit 0 of the computed result. In
the case of add and subtract instructions, it is set to 1 if the operation
generates a carry out of bit 0. Otherwise, the CA bit is set to 0. The CA bit is
not altered by the compare instructions.

Reserved

Used by the Load String and Compare Byte Indexed instructions as the
byte being compared against.

Reserved

Used by Load String Indexed, Load String and Compare Byte Indexed, and
Store String Indexed instructions to indicate the number of bytes loaded or

stored.

Multiply Quotient Register
The Muitiply Quotient (MQ) register is a 32-bit register that provides a register extension to
accommodate the product for the multiply instructions and the dividend for the divide
instructions. The MQ register is also used as an operand of long rotate and shift instructions
and as a temporary storage facility for store string instructions.

0

K]

MQ
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Floating-Point Processor Overview

The fioating-point processor (FPP) provides high-performance execution of floating-point
operations. Instructions are provided to perform arithmetic operations in floating-point
registers and move floating-point data between memory and these registers.

This architecture provides for hardware to implement a floating-point system as defined in
ANSINEEE Standard 754-1985, IEEE Standard for Binary Floating Point Arithmetic, but is
dependent on supporting software to be in conformance with that standard.

A fioating-point number consists of a signed exponent and a signed significand. The quantity
expressed by this number is the product of the significand and the number 2**exponent.
Encodings are provided in the data format to represent finite numeric values, + Infinity and
Not-a-Number (NaN) values. Operations involving infinities produce results obeying
traditional mathematical conventions. NaN values have no mathematical interpretation. Their
encoding permits a variable diagnostic-information field. They can indicate such things as
uninitialized variables and can be produced by certain invalid operations.

There are two classes of exceptional events that occur during instruction execution that are
unique to the FPP:

¢ FPP unavalilable
¢ Floating-point exception.

The FPP unavailable event is signaled with a Floating-Point Not Available Interrupt.
Floating-point exceptions are signaled with bits set in the Floating-Point Status and Control
register and can generate a precise interrupt with the proper bits enabled.

The Floating-Point Available bit is defined to enhance context switching performance for
programs that do not require the use of FPP. The Floating-Point Available bit is defined in
“Machine State Register,” on page 1-22.

if the Machine State Register (Floating-Point) (MSR(FP)) bit equals 1, the FPP is available
for use and fioating-point instructions can be successfully executed. If the MSR(FP) bit
equals 0, the FPP is unavailable for use, execution of any fioating-point instruction is
suppressed, and a Floating-Point Unavailable Interrupt is generated to signal the attempted
use of the FPP in the unavailable state.

The following fioating-point exceptions are detected by the hardware:

¢ Invalid Operation Exception
SNaN

Infinity - Infinity

Infinity x Zero

Infinity + Infinity

Zero + Zero

f. Ordered Compare With a NaN
Zero Divide Exception
Overflow Exception
Underfiow Exception
Inexact Exception.

cooop
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Each floating-point exception and exception sub-class (in the case of invalid Operation
Exception) has an Exception bit defined in the Floating-Point Status and Control Register.
Each floating-point exception has an Enable bit defined in the Floating-Point Status and
Control Register. See “Floating-Point Status and Control Register” on page 1-29 for
definitions of these bits. A bit is defined in the MSR, Floating-Point Exception Interrupt
Enable, or MSR(FE), which allows a precise program interrupt to be generated when an

enabled fioating-point exception occurs.

Floating-Point Registers
Implementations of this architecture provide 32 floating-point registers (FPR). The
fioating-point instruction formats provide a 5-bit field for specifying the FPRs used in the
instruction execution. The FPRs are numbered 0 to 31. See Figure 7 for a representation of
the flioating-point registers. A Floating-Point Status and Control register controis the handling
of fioating-point exceptions and records status resulting from the floating-point operations.

FPR 00
FPR 01

FPR 30
FPR 31

Figure 7. Floating-Point Registers

Each FPR contains 84 bits, which support the double-precision floating-point format. All
operations that interpret the contents of an FPR as a fioating-point value use the
double-precision floating-point format for this interpretation.

All floating-point operations other than load and store operations are performed on operands
located In FPRs and place the result value in an FPR. Status information is placed in the
Floating-Point Status and Control register and in some cases in the Condition register.

Load and store double instructions are provided that transfer 64 bits of data between
memory and the FPRs in the FPP with no conversion. Load single instructions are provided
to transfer and convert floating-point values in single floating format from memory to the
same value in double fioating format in the FPRs. Store single instructions are provided to
transfer and convert fioating-point values in double floating format from the FPRs to the
same value in single-floating format in memory.
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Floating-Point Status and Control Register

The Floating-Point Status and Control register (FPSCR) contains the status and control flags
for floating-point operations. Bits 0 to 19 are Status bits. Bits 20 to 31 are Control bits.

0 31
FPSCR
Bit Name Description
00 FX Floating-Point Exception Summary
01 FEX Floating-Point Enabled Exception Summary
02 vX Floating-Point invalid Operation Exception Summary
03 OX Floating-Point Overflow Exception
04 UX Floating-Point Underflow Exception
05 ZX Floating-Point Zero Divide Exception
06 XX Floating-Point inexact Exception
07 VXSNAN Floating-Point Invalid Operation Exception (SNaN)
08 VXISI Floating-Point Invalid Operation Exception INF — INF)
09 VXIDI Floating-Point Invalid Operation Exception (INF + INF)
10 VXzZDZ Floating-Point Invalid Operation Exception (0 + 0)
1" VvXIMZ Floating-Point Invalid Operation Exception (INF x 0)
12 VXVC Floating-Point Invalid Operation Exception
(Invalid Compare)
13 FR Floating-Point Fraction Rounded
14 Fl Floating-Point Fraction Inexact
15 C Floating-Point Result Class Descriptor
16 FL Floating-Point Less Than
17 FG Floating-Point Greater Than
18 FE Floating-Point Equal
19 FU Floating-Point Unordered
20 Reserved
21 Reserved
22 VXSQRT Floating-Point Invalid Operation Exception
(Invalid Square Root)
23 VXCVI Floating-Point Invalid Operation Exception
(Invalid Integer Convert)
24 VE Floating-Point Invalid Operation Exception Enable
25 OE Floating-Point Overflow Exception Enable
26 UE Floating-Point Underflow Exception Enable
7 ZE Floating-Point Zero Divide Exception Enable
28 XE Floating-Point Inexact Exception Enable
29 Reserved
30 RN Floating-Point Rounding Control
31 RN Floating-Point Rounding Control.
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The format of the FPSCR follows:

Bit
o

10

1"

12

13

14
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Description

Floating-Point Exception Summary (FX). Every floating-point arithmetic
instruction, floating-point compare instruction, and the Floating Round to
Single instruction shall implicitly set FPSCR(FX) if that instruction causes
any of the Floating-Point Exception bits in the FPSCR to transition from
0 to 1. Also, use of the mifsb1 instruction, which causes any of the
Floating-Point Exception bits in the FPSCR to transition from O to 1 shall
implicitly set FPSCR(FX). The mcris instruction shall be able to implicitly
reset the FPSCR(FX). And finally, the mtfsf, mtfsfi, mtfsb1, and mifsb0
instructions are able to set or clear FPSCR(FX) explicitly.

Floating-Point Enabled Exception Summary (FEX). This bit signals the
occurrence of any of the enabled exception conditions. It is the ‘OR’ of all
the floating-point exceptions masked with their respective enable.

Floating-Point Invalid Operation Exception Summary (VX). This bit signals
the occurrence of any invalid operation axceptions. It is the ‘OR’ of all the
invalid operation exceptions.

Floating-Point Overflow Exception (OX). See “Overflow Exception” on
page 1-42 for information about this register.

Floating-Point Undertiow Excaption (UX). See “Underflow Exception” on
page 1-44 for information about this register.

Floating-Point Zero Divide Exception (ZX). See *Zero Divide Exception” on
page 1-41 for information about this register.

Floating-Point Inexact Exception (XX). See “Inexact Exception™on page 1-44
for information about this register.

Floating-Point Invalid Operation Exception (SNaN) (VXSNAN). See “Invalid
Operation Exception” on page 1-40 for information about this register.

Floating-Point Invalid Operation Exception (INF — INF) (VXISI). See “Invalid
Operation Exception” on page 1-40 for information about this register.

Floating-Point Invalid Operation Exception (INF + INF) (VXIDI). See “Invalid
Operation Exception” on page 1-40 for information about this register.

Floating-Point Invalid Operation Exception (0 + 0) (VXZDZ). See “Invalid
Operation Exception” on page 1-40 for information about this register.

Floating-Paint Invalid Operation Exception (INF x 0) (VXIMZ). See “Invalid
Operation Exception” on page 1-40 for information about this register.

Floating-Point Invalid Operation Exception (Invalid Compare) (VXVC). See
“Invalid Operation Exception” on page 1-40 for information about this
register.

Floating-Point Fraction Rounded (FR). The last floating-point instruction that
rounded the intermediate resuilt incremented the fraction.

Floating-Point Fraction Inexact (FI). The last floating-point instruction that
rounded the intermediate result produced an inexact fraction or a disabled
exponent overfiow.



Bit
15-19

Description
Floating-Point Result Flags (FPRF).
Bit Description
15 Floating-Point Result Class Descriptor (C)
16-19 Floating-Point Condition Code (FPCC).
Bit Description
16 Floating-point less than or negative
(FL or <)
17 Floating-point greater than or positive
(FG or >)
18 Floating-point equal or zero (FE or equals)
19 Floating-point unordered or NaN (FU).
Floating-point compare instructions always
set one of the FPCC bits to 1 and the other
three FPCC bits to 0. Other instructions
can set the FPCC bits with the C bit to
encode these 5 bits to indicate the class of
the stored result. See the following table for
the floating-point result flags. Notice that in
this case the three high-order bits of the
FPCC retain their relational significance
indicating that the value is less than,
greater than, or equal to zero.
Floating-Point Resuit Flags
Result Flags
Cc>=7? Result Value Class
10001 - Quiet NaN
01001 - Infinity
01000 - Normalized number
11000 - Denomalized number
10010 - 2Zero
00010 + Zero
10111 + Denormalized number
00100 + Normalized number
00101 + Infinity
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Bit Description

20-21 Reserved.

22 Floating-Point Invalid Square Root Exception. See “Invalid Operation
Exception” on page 1-40 for information about this register.

23 Floating-Point Invalid Integer Convert Exception. See “Invalid Operation
Exception” on page 1-40 for information about this register.

24 Floating-Point Invalid Operation Exception Enable (VE). Ses “invalid
Operation Exception” on page 1-40 for information about this register.

25 Floating-Point Overflow Exception Enable (OE). See “Overflow Exception®
on page 1-42 for information about this register.

26 Floating-Point Underflow Exception Enable (UE). See “Underflow
Exception™ on page 1-44 for information about this register.

27 Floating-Point Zero Divide Exception Enable (ZE). See “Zero Divide
Exception” on page 1-41 for information about this register.

28 Floating-Point Inexact Exception Enable (XE). See “Inexact Exception™ on
page 1-44 for information about this register.

29 Reservaed.

30-31 Fioating-Point Rounding Control (RN). See “Rounding” on page 1-37 for
information about this register.

Setting Description

00 Round to Nearest

01 Round toward Zero

10 Round toward +Infinity
1 Round toward —Infinity.

Note: Every exception bit in the FPSCR Is sticky (bits O to 12) except the Floating-Point
Enabled Exception Summary and Floating-Point Invalid Operation Exception
Summary bits. That is, once set they remain set until one of the following instructions
possibly changes them: mtfsf, mtfsfi, mtfsb0, and meris.
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Floating-Point Data Representation
This section describes how data is represented in the Fioating-Point Procassor.

Data Format
This architecture defines the representation of a floating-point vaiue in two different binary
fixed-length formats. The format can be a one-word format for a single-precision fioating-
point value or a two-word format for a double-precision fioating-point value. The single
format (see Figure 8) can be used for data in memory. The double format (see Figure 9) can
be used for data in memory and for data in Floating-Point registers. The length of the
exponent and the fraction fields differ between these two formats.

S| EXP FRACTION
0 1 ) 31
Figure 8. Floating-Point Single Format

S EXP FRACTION
0 1 12 a3

Figure 8. Floating-Point Double Format
Values in fioating-point format are composed of the following fields:

Fleld Description
S Sign bit
EXP Exponent + Bias

FRACTION  Fraction.

Bit 0 is the Sign bit. The xMSB bit is the most significant bit of the EXP field, the xL.SB bit Is
the least significant bit of the EXP field. The fMSB bit is the most significant bit of the
FRACTION field. The fLSB bit is the least significant bit of the FRACTION field.

Representation of numerical values in the floating-point formats consist of a Sign bit S, a
blased exponent EXP, and the fraction portion FRACTION, of the significand. The
significand consists of a Leading Implied bit concatenated on the right with the FRACTION
field. This Leading Implied bit is a 1 for normalized numbers and a 0 for denormalized
numbers and is located in the Unit bit position (the first bit to the left of the binary point).
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Values represented within the two floating point formats can be specified by the parameters
listed in Figure 10.

Parameter Format
Single Double
Exponent bias +127 +1023
Maximum exponent +127 +1023
Minimum exponent -126 -1022
Widths (bits)
Format 32 64
gsn X 1 1
ponen 8 11
Fraction 23 52
Significand 24 53

Figure 10. |EEE Floating-Point Fleids

The architecture requires that the FPRs of the FPP support the arithmetic instructions on
values in the double-precision fioating-point format only.

Value Representation
This architecture defines numerical and nonnumerical values representable within each of
the two supported formats. The numerical values are approximations to the real numbers
and include the normalized numbers, denormalized numbers, and zero values. The
nonnumerical values representable are the infinities and the NaN values. The infinities are
adjoined to the real numbers but are not numbers themselves, and the standard rules of
arithmetic do not hold when they appear in an operation. They are related to the real
numbers by order alone. Restricted operations among numbers and infinities can be
defined. Figure 11 shows the relative location on the real number line for each of the defined

entities.
;INF] —NOR |-DEN| -0 ] +0 | +DEN | +NOR [+IN5
] | 1 | I |

Figure 11, Approximation to Real Numbers

The NaN values are not related to the numbers or infinities by order or value, but are
encodings used to convey diagnostic information such as the representation of uninitialized

variables.
The following sections describe the different floating-point values defined in the architecture.

Binary Floating-Point Numbers
Machine-representable values are used as approximations to real numbers. Three
categories of numbers are supported: normalized numbers, denormalized numbers, and

zero values.
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Normalized Numbers (+NOR)

The following are values that have a biased exponent value in the range:

» 1to 254 in single format
e 1 to 2048 in double format.

They are values in which the implied Unit bit is 1. Normalized numbers are interpreted as
follows:

NOR equals (—1)**8 x 2**E x (1.fraction)

where s is the sign, E is the unbiased exponent, and 1.fraction is the significand that is
composed of a leading Unit bit (implied bit) and a fraction part.

The ranges covered by the magnitude (M) of a normalized fioating-point number are
approximately equal to:

Single format:

1.2x10**-38 s M 5 3.4x10"38
Double format:

2.2x10"*-308 < M < 1.8x10**08

Zero Values (+0)
Zero values are values that have a biased exponent value of 0 and a fraction value of O.
Zeros can have a positive or negative sign.

Denormalized Numbers (+DEN)
Denomnalized numbers are values that have a biased exponent value of 0 and a nonzero
fraction value. They are nonzero numbers smaller in magnitude than the representable
normalized numbers. They are values in which the implied Unit bit is 0. Denormalized
numbers are intarpreted as follows:
DEN equals (—1)**8 x 2**Emin x (0.fraction)

where Emin is the minimum representable exponent value (-1286 for single precision, —1022
for double precision).

Infinities (+INF)

Infinities are values that have the maximum biased exponent value of:

e 255 in the single format
e 2047 in the double format.

The fraction value of an infinity is zero. They are used to approximate values greater in
magnitude than the maximum normalized value.

Infinity arithmetic is defined as the limiting case of real arithmetic, with restricted operations
defined among numbers and infinities. Infinities and the real numbers can be related by
ordering in the affine sense:

—INF < every finite number < + INF

Arithmetic on infinities is exact and usually does not signal an exception. Exceptions occur
because of invalid operations. See “Invalid Operation Exception® on page 1-40 for
information.
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Not a Numbers (NaNs)
NaN values are values that have the maximum biased exponent value and a nonzero
fraction value. The Sign bit is ignored (NaN values are neither positive nor negative). If the
high-order bit of the fraction field is 1, it is defined as a quiet NaN (QNaN); otherwise, it is
defined as a signaling NaN. Quiet NaNs are used to represent the result of certain invalid
operations. When the Invalid Operation Exception is disabled, FPSCR(VE) equals 0.
Examples include undefined arithmetic operations on infinities or NaNs. NaNs used in this
manner can convey diagnostic information to help identify results from these invalid
operations. Signaling NaNs are used to signal exceptions when they appear as arithmetic
operands, while quiet NaNs propagate through most operations without signaling exceptions
regardiess of the condition of the operation. Specific encoding can thus be preserved
through a number of arithmetic operations for its intended use as dlagnostic information.
When a QNaN is the result of an operation because one of the operands is a NaN or
because a QNaN was generated due to a disabled Invalid Operation Exception, then the
following rule is applied to determine the NaN with the High-Order Fraction bit set to 1 that is

to be stored as the result.

if (FRA) is a NaN
Then (FRT) « (FRA)
Else if (FRB) is a NaN
Then (FRT) « (FRB)
Eise if (FRC) is a NaN
Then (FRT) « (FRC)
Else if generated QNaN
Then (FRT) « generated QNaN

If the operand specified by the FRA is a NaN, that NaN is stored as the result. If the operand
specified by the FRB is a NaN (if the instruction specifies an FRB operand), that NaN is
stored as the result. If the operand specified by the FRC is a NaN (if the instruction specifies
an FRC operand), that NaN is stored as the result. If a QNaN was generated due to a
disabled Invalid Operation Exception, that QNaN is stored as the result. If a QNaN is to be
generated as a result, the QNaN generated has a Sign bit of 0, an exponent field of all ones
and a High-Order Fraction bit of 1 with all other fraction bits 0. Any instruction that generates
a QNaN as the result of a disabled invalid Operation generates this QNaN.

Normalization and Denormalization
When an arithmetic operation produces an intermediate result, consisting of a Sign bit, an
exponent, and a nonzero significand with a 0 leading bit, it is not a normalized number and
must be normalized before it is stored.

To normalize a number, the significand is shifted left while the exponent is decremented by
one for each bit shifted, until the leading significand bit becomes 1. The Guard bit and the
Round bit (See “Execution Model for IEEE Operations” on page 1-45) participate in the shift
with zeros shifted into the Round bit. The exponent is regarded as if its range were
unlimited. If the resulting exponent value is less than the minimum value that can be
represented in the format specified for the result, the intermediate result is said to be Tiny.
The stored result is determined by the rules described in “Underflow Exception” on

page 1-44. The sign of the number does not change.

When an arithmetic operation produces a nonzero intermediate result with an exponent
value less than the minimum value that can be represented in the format specified for the
result, the stored result is determined by the rules described in “Underfiow Exception” on
page 1-44. This process may require denormalization.
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Precision

Rounding

To denormalize a number, the significand is shifted right while the exponent is incremented
by one for each bit shifted until the expon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>