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Introduction

(This introduction is not a part of IEEE Std 1754-1994, IEEE Standard for a 32-bit Microprocessor Architecture.)

The purpose of Std 1754-1994 is to define a 32-bit microprocessor architecture based on version 8 of the
SPARC microprocessor architecture. The standard is intended for chip implementors and system software
developers.

Structure of the standard

This standard comprises the following:

• Seven clauses

— Clause 1, Overview, describes the IEEE 1754 architecture in high-level terms and explains the con-
ventions used in this standard.

— Clause 2, Definitions, special word usage, abbreviations, and acronyms, defines terms used through-
out the standard.

— Clause 3, Architectural overview, describes the IEEE 1754 processor, its instructions set, and its
trap-handling capability.

— Clause 4, Data formats, introduces the data formats supported by IEEE 1754.
— Clause 5, Registers, describes the IEEE 1754 register set including integer unit (IU) registers, float-

ing-point unit (FPU) registers, and coprocessor (CP) registers.
— Clause 6, Instructions, describes the IEEE 1754 instruction set, including instruction formats and the

various instruction categories.
— Clause 7, Traps, describes the IEEE 1754 trap model.

• Four normative annexes

— Annex A, Instruction definitions, defines each IEEE 1754 instruction, including its opcode, sug-
gested assembly language syntax, and any traps it can generate.

— Annex B, ISP descriptions, presents the required semantics of each IEEE 1754 instruction in instruc-
tion set processor (ISP) notation.

— Annex C, IEEE 754 implementation requirements for IEEE 1754, describes the required IEEE 1754
floating-point implementation.

— Annex D, IEEE 1754 implementation dependencies, describes the allowed implementation depen-
dencies of the IEEE 1754 standard.

• Nine informative annexes

— Annex E, Opcodes and condition codes, presents all IEEE 1754 opcodes and condition codes.
— Annex F, IEEE 1754 Reference MMU architecture, describes the architecture of the IEEE 1754 Ref-

erence MMU, an optional memory management unit (MMU) that can support the IEEE 1754 archi-
tecture.

— Annex G, Suggested ASI assignments, documents suggested address space identifier (ASI) assign-
ments for IEEE 1754.

— Annex H, Example integer multiplication and division routines, presents software multiplication and
division routines for IEEE 1754.

— Annex I, Suggested assembly language syntax, suggests assembly language for each IEEE 1754
instruction.

— Annex J, Software considerations, discusses various software considerations when implementing
system software to run on IEEE 1754-based processors.

— Annex K, Instruction set summary, graphically summarizes the IEEE 1754 instruction set.
— Annex L, Non-IEEE 1754 architectural extensions, describes the mechanisms provided for extend-

ing the IEEE 1754 instruction set.
— Annex M provides a bibliography.

• An informative index
iii
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Conventions

• Fonts in standard 

In this standard, fonts are used as follows:

— Italic is used for names of general-purpose registers, instruction fields, and read-only register status
fields. For example, “The rs1 field contains the address of the r register.”

— Typewriter font is used for literals throughout the annexes.
— Bold is used for emphasis. For example, “. . .the delay instruction is not executed. . . .”
— UPPERCASE items are acronyms, instruction names, or register mode fields that can be written by

software. Some common acronyms appear in Clause 2, “Definitions, special word usage, abbrevia-
tions, and acronyms.” Note that names of some instructions contain both uppercase and lowercase
letters.

— Underbar characters join words in register, register field, exception, or trap names. For example,
“The integer_condition_code field. . . .”

— Square brackets [ ] indicate an addressed field in a register or a numbered register in a register file.
For example, “r[0] is zero.”

— Angle brackets < > indicate a bit number or colon-separated range of bit numbers within a field; for
example, “Bits FSR<29:28> and FSR<12> are unused.”

— Reduced-size font is used for notes.
— Italic Helvetica font is used for names of processor exceptions and floating-point trap types.

• References to implementation dependencies

Definitions of IEEE 1754 architecture implementation dependencies are preceded by the notation “ Impl.
Dep. #nn:”. The number nn is used to enumerate the dependencies in Annex D, “IEEE 1754 implementation
dependencies.” References to IEEE 1754 architecture implementation dependencies are followed by the
notation “(impl. dep. #nn)”.

• Number base notation

Numbers throughout this standard are decimal (base-10) numbers unless otherwise indicated. Within the
text, numbers in other bases are followed by a numeric subscript indicating their base (for example, 110012,
FFFF000016). Within C and assembly language examples, numbers may be preceded by “0x” to indicate
base-16 (hexadecimal) notation (for example, 0xffff0000).

• Notes

This manual provides several different types of information in notes. This information appears in a reduced-
size font with the word “NOTE” or “NOTES” in the left-hand margin.

— Programming notes contain incidental information about programming for the IEEE 1754
architecture.

— Implementation notes contain information that may be specific to an implementation, or that may
differ in different implementations.

Previously copyrighted and patented material

The IEEE Standards Board calls attention to the fact that it is claimed that IEEE Std 1754-1994 is the subject
of patents owned by Sun Microsystems, Inc. The IEEE takes no position with respect to patent validity. Sun
Microsystems, Inc., has assured IEEE that it is willing to grant a license on these patents on reasonable and
iv
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nondiscriminatory terms to anyone wishing to obtain such a license. The undertakings of Sun Microsystems,
Inc., in this respect are on file with the IEEE Standards Department, and the license details may be obtained
from Sun Microsystems, Inc., 2550 Garcia Avenue, Mountain View, CA 94043-1100.

Committee lists

At the time this standard was approved, the membership of the IEEE 1754 Working Group was as follows:

Phillip W. Huelson, Chair
David L. Weaver, Editor

Stephen L. Diamond, Secretary (1990–91)
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David Ditzel Bruce McKeever Armando Viteri
Martin Eisenmann James Monaco James J. Whelan
Doug Finke Craig Nelson Mike Williams

Joan Pendleton

Charles Abernathy Graham Connolly Frances Habib
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IEEE Standard for a 32-bit
Microprocessor Architecture

1. Overview

IEEE Std 1754-1994 defines a 32-bit microprocessor architecture (referred to herein as IEEE 1754) that is
derived from SPARC and other existing architectures. This standard includes, but is not limited to, the defi-
nition of the instruction set, register model, data types, instruction opcodes, and coprocessor interface for
this architecture. IEEE Std 1754-1994 is relevant to microprocessor applications for which the attributes
described in 1.1.1 are desirable.

IEEE 1754 is not intended to be the only IEEE standard microprocessor architecture; other standards may be
defined in the future.

1.1 Scope

1.1.1 IEEE 1754 attributes

IEEE 1754 is a CPU instruction set architecture (ISA) derived from a reduced instruction set computer
(RISC) lineage. As an architecture, IEEE 1754 allows for a spectrum of chip and system implementations
at a variety of price/performance points for a range of applications including scientific/engineering, pro-
gramming, real-time, and commercial. 

IEEE 1754 is designed to be a target for optimizing compilers and easily pipelined hardware implementa-
tions. 

IEEE 1754 is derived from SPARC, which was formulated at Sun Microsystems in 1985. SPARC is based on
the RISC I & II designs engineered at the University of California at Berkeley from 1980 through 1982.
RISC I & II, SPARC, and IEEE 1754 make use of register windows. 

One difference between IEEE 1754 and the Berkeley RISC I & II is that IEEE 1754 provides greater flexibil-
ity to a compiler in its assignment of registers to program variables. IEEE 1754 is more flexible because reg-
ister window management is not tied to procedure call and return instructions, as it is on the Berkeley
machines. Instead, separate instructions (SAVE and RESTORE) provide register window management. 

Note that supervisor software, not user software, manages the register windows. A supervisor can save a
minimum number of registers (approximately 24) at the time of a context switch, thereby keeping context
switch latency low. 

1.2 IEEE 1754 system components

The architecture allows for a spectrum of input/output (I/O), memory management unit (MMU), and cache
system subarchitectures. IEEE 1754 assumes that these elements are optimally defined by the specific
requirements of particular systems. Note that they are invisible to nearly all user programs and the interfaces
to them can be limited to localized modules in an associated operating system.

1.2.1 Reference MMU

The IEEE 1754 ISA does not mandate that a single MMU design be used for all system implementations.
Rather, designers are free to use the MMU that is most appropriate for their application, or no MMU at all, if
1
uthorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:05:50 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 1754-1994

http://www.avadocuments.com/doc/ieee-1754-1994
http://www.avadocuments.com/doc/ieee-1754-1994


 

IEEE
Std 1754-1994 IEEE STANDARD FOR A 32-BIT

             

A

Full document det
they wish. An IEEE 1754 Reference MMU is specified, which is appropriate for a wide range of applica-
tions. See Annex F, “IEEE 1754 Reference MMU architecture,” for more information.

If an MMU other than the Reference MMU is used, it is recommended that it supports at least the following
features:

— Supervisor versus user access privileges
— Writeable protection
— A page size of at least 4 Kbytes

1.2.2 Supervisor software

IEEE 1754 does not assume that all implementations will execute identical supervisor software. Thus, cer-
tain supervisor-visible traits of an implementation can be tailored to the requirements of the system. For
example, IEEE 1754 allows for implementations with different instruction concurrency and different excep-
tion trap hardware.

1.3 Binary compatibility

IEEE 1754 provides an ISA. It is intended that when this architecture is combined with an operating envi-
ronment, the resulting system should be able to provide binary compatibility of user programs across imple-
mentations. Furthermore, this allows a system developer to implement binary interfaces for application
programs in either the IEEE 1754 hardware or in the operating system.

Although different IEEE 1754 systems will execute user programs at different rates, it shall otherwise be
possible to generate the same results barring time dependencies in the programs.

This standard provides one possible architecture that could be used as a basis for transfer of binary applica-
tions between equivalent (“clone”) systems. Additional standards required to accomplish this must include
the following:

— Standards for all necessary system interface services.
— Standards for all interfaces available to applications that are not part of the binary image of the

application. This includes database access (e.g., SQL), graphics services (e.g., GKS or PHiGS), win-
dowing/display services, network access services, data encoding/formatting (e.g., ODIF, STEP,
EDI), services, management services, shell and utility services, and language-specific services (e.g.,
keyed record access), etc.

— Standards for service access (trap, call, exception, shared library, etc.) and all parameter passing
(register use, stack, pointers) for all of the services and interfaces previously mentioned.

— Standards for all interface-defined data types (including strings) and interface-supported data for-
mats (for example, ISO 10646 [B8]1 character set for character/string data) used by all of the ser-
vices above.

— Standards for application (binary) accessible hardware capabilities, such as MMU, floating-point
hardware, implementation-dependent elements (number of registers, coprocessor access, I/O access,
etc. [see Annex D, “IEEE 1754 implementation dependencies”]) are some examples that may also
be required.

— Standard test methods and assertions for the above (including the interactions between each of the
above service interfaces) to ensure that the specifications are sufficiently unambiguous to permit
independent implementation and conformance testing.

1The numbers in brackets preceded by the letter B correspond to those of bibliography in Annex M.
2
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Application binary interface (ABI) specifications tend to require a specific licensed (proprietary) operating
system with a number of explicit (and some implicit) specifications of the above elements. Dependence on
specifications that are outside the control of a public consensus process is inconsistent with the open, non-
proprietary objectives of this standard. The IEEE definition for “open system” (IEEE P1003.0 [B5]) indi-
cates that only properly engineered applications can obtain the benefits of interoperability and portability.
Additional engineering discipline and investment is needed to obtain an application that is portable and
interoperable in conformance to source code level standards (such as ISO/IEC 9945-1:1990 [B7]) as well as
transferable among ABI equivalent systems. Without such discipline, and conformance to the higher (source
code) level standards, applications will not be any more portable to future generations of technology than
other proprietary, implementation-dependent applications today.

1.4 IEEE 1754 features

IEEE 1754 includes the following principal features:

— A linear address space with 32-bit addressing. 
— Few and simple instruction formats. All instructions are 32 bits wide and are aligned on 32-bit

boundaries in memory. There are only three basic instruction formats and they feature uniform
placement of opcode and register address fields. Only load and store instructions access memory and
perform I/O.

— Few addressing modes. A memory address is given as either “register + register” or “register +
immediate.”

— Triadic register addresses. Most instructions operate on two-register operands or one register and a
constant, and place the result in a third register.

— A “windowed” register file. At any one instant, a program sees 8 global integer registers plus a 24-
register window of a larger register file. The windowed registers often are used as a cache of proce-
dure arguments, local values, and return addresses.

— Floating-point. The architecture provides an IEEE 7542 compliant floating-point instruction set,
operating on a separate register file that provides 32 single-precision (32-bit) operands.

— Delayed control transfer. The processor always fetches the next instruction after a delayed control-
transfer instruction. It either executes it or not, depending on the control-transfer instruction’s
“annul” bit.

— Fast trap handlers. Traps are vectored through a table and cause allocation of a fresh register win-
dow in the register file.

— Tagged instructions. The tagged add/subtract instructions assume that the two least-significant bits
of the operands are tag bits.

— Multiprocessor synchronization instructions. One instruction performs an atomic read-then-set-
memory operation; another performs an atomic exchange-register-with-memory operation; another
is used to synchronize the order of shared memory operations as observed by processors.

— Coprocessor. The architecture defines a straightforward coprocessor instruction set, in addition to
the floating-point instruction set.

1.5 Conformance to IEEE 1754

An implementation that conforms to the definitions and algorithms given in the normative parts of this docu-
ment (including all clauses and all normative annexes) is an implementation of the IEEE 1754 ISA.

The IEEE 1754 architecture is a model that specifies unambiguously the behavior observed by user-pro-
vided software on IEEE 1754 systems. Therefore, it does not necessarily describe the operation of the hard-
ware in any actual implementation.

2Information on references can be found in 1.7.
3
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Some elements of the architecture are defined to be implementation-dependent. These elements include cer-
tain registers and operations that may vary from implementation to implementation, and are explicitly iden-
tified as such in this document using the notation “Impl. Dep. #nn:” (see “References to implementation
dependencies” in the Introduction). Annex D, “IEEE 1754 implementation dependencies,” explains and
describes all of these references.

A collection of components compliant to IEEE 1754 shall

— Provide a complete enumeration of implementation choices made that correspond to the list of per-
mitted choices in Annex D of this standard. See 1.6, “Conformance document.”

— Fully implement each nonprivileged instruction or trap such that it is possible to emulate it. Note
that it is not required for every nonprivileged instruction to be emulated, only that it be possible to
emulate it.

Impl. Dep. #1: Each privileged instruction in an implementation may

— Be fully implemented,
— Cause a trap and be emulated, or
— Be unimplemented.

Implementation elements (such as instructions or registers) that appear in an implementation but are not
defined in this document (or its updates) are not considered to be IEEE 1754 elements of that implementa-
tion.

It is the responsibility of the implementor to ensure conformance to this standard.

1.6 Conformance document

For every implementation claiming conformance to this standard, a conformance document shall be made
available to the IEEE-specified Registration Authority. The conformance document shall

— Reference the name, number, and date of this standard.
— Contain a list of choices for all implementation dependencies listed in Annex D, “IEEE 1754 imple-

mentation dependencies.” In particular, assigned values must be documented (see D.3, “Categories
of architectural implementation dependencies”).

— Specify how non-IEEE 1754 extensions (if any) have been provided, as recommended in Annex L,
“Non-IEEE 1754 architectural extensions.”

— Specify how any aspect marked in the standard as “undefined” behaves in that implementation.

1.7 References

This standard shall be used in conjunction with the following publications. When they are superseded by an
approved revision, the revision shall apply:

IEEE Std 754-1985 (Reaff 1990), IEEE Standard for Binary Floating-Point Arithmetic (ANSI).3

3IEEE publications are available from the Institute of Electrical and Electronics, Inc., 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ
08855-1331, USA.
4
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2. Definitions, special word usage, abbreviations, and acronyms

The following subclauses define the most important terms, abbreviations, and acronyms used in this stan-
dard. Terms within definitions that are highlighted in bold are defined in 2.1. 

2.1 Definitions

2.1.1 address space identifier (ASI): An 8-bit field appended to the address by the integer unit. It identifies
the address space being accessed and typically encodes whether the processor is in user or supervisor mode.

2.1.2 annul bit: A bit in a delayed control-transfer instruction that can cause the delay instruction to have no
effect.

2.1.3 application program: A program executed with the processor in user mode. 

NOTE—Statements made in this document regarding application programs may be inapplicable to programs (for exam-
ple, debuggers) that have access to privileged processor state (e.g., as stored in a memory-image dump).

2.1.4 byte: Eight consecutive bits of data.

NOTE— A byte is not necessarily equivalent to a character.

2.1.5 coprocessor (CP): An optional processing unit (impl. dep. #4), the operation of which is partially
defined by this standard.

2.1.6 coprocessor operate (CPop) instructions: Instructions that perform coprocessor calculations, as
defined by the CPop1 and CPop2 opcodes. CPop instructions do not include CBccc instructions, nor loads
and stores between memory and the coprocessor.

2.1.7 current window: The block of 24 r registers to which the current window pointer (CWP) points.

2.1.8 delay instruction: The instruction following a delayed control-transfer instruction. The delay instruc-
tion is always fetched, even if the delayed control transfer is an unconditional branch. However, the annul
bit in the delayed control-transfer instruction can cause the delay instruction to be annulled (that is, to have
no effect) if the branch is not taken (or in the branch-always case, if the branch is taken).

2.1.9 dispatch: Issue a fetched instruction to one or more functional units for execution.

2.1.10 doublet: Two bytes (16 bits) of data.

2.1.11 doubleword: An aligned octlet.
NOTE—The definition of this term is architecture-dependent, and so may be different from that used in other processor
architectures.

2.1.12 f register: One of the floating-point registers.

2.1.13 floating-point exception: An fp_exception of one of the following floating-point trap types, caused
by execution of an FPop: unfinished_FPop, unimplemented_FPop, sequence_error, hardware_error, invalid_
fp_register, or floating-point IEEE_754_ exception that occurs while the corresponding bit in FSR.TEM is
set to 1. 

2.1.14 floating-point IEEE-754 exception: A floating-point exception, as specified by IEEE Std 754-1985. 

2.1.15 floating-point trap type: The specific type of floating-point exception that has occurred, encoded in
the FSR.ftt field. 
5
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2.1.16 floating-point operate (FPop) instructions: Instructions that perform floating-point calculations, as
defined by the FPop1 and FPop2 opcodes. FPop instructions do not include FBfcc instructions, nor loads
and stores between memory and the FPU.

2.1.17 floating-point unit (FPU): A processing unit that contains a set of floating-point registers and per-
forms floating-point operations, as defined by this standard.

2.1.18 halfword: An aligned doublet. 
NOTE—The definition of this term is architecture-dependent, and so may differ from that used in other processor archi-
tectures.

2.1.19 hexlet: Sixteen bytes (128 bits) of data.

2.1.20 ignored: Used to describe an instruction field, the contents of which are arbitrary and have no effect
on the execution of the instruction. The contents of an ignored field will continue to be ignored in future ver-
sions of the architecture. See also: reserved; unused.

2.1.21 implementation: Hardware and/or software that conforms to all the specifications of an ISA.

2.1.22 implementation-dependent: Describes an aspect of the architecture that may legitimately vary
among implementations of the architecture. In many cases, the permitted range of variation is specified in
the standard. When a range is specified, compliant implementations shall not deviate from that range. Com-
pliant implementations shall not add to or deviate from this standard except in aspects described as imple-
mentation-dependent. (See Annex D, “IEEE 1754 implementation dependencies.”)

2.1.23 informative annex: An annex that is included in the standard for information only and is not an offi-
cial part of the standard itself.

2.1.24 instruction field: A bit field within an instruction word.

2.1.25 instruction set architecture (ISA): An ISA defines instructions, registers, instruction and data mem-
ory, the effect of executed instructions on the registers and memory, and an algorithm for controlling instruc-
tion execution. An ISA does not define clock-cycle times, cycles per instruction, data paths, etc. This
standard defines an ISA.

2.1.26 integer unit: A processing unit that performs integer and control-flow operations and contains gen-
eral-purpose integer registers and processor state registers, as defined by this standard.

2.1.27 next program counter (nPC): Contains the address of the instruction to be executed next (if a trap
does not occur).

2.1.28 normative annex: An annex that is an official part of the standard but is placed after the clauses of
the standard for convenience or to create a hierarchical distinction.

2.1.29 octlet: Eight bytes (64 bits) of data. Not to be confused with an “octet,” which has been used to
describe 8 bits of data. In this document, the term byte, rather than “octet,” is used to describe 8 bits of data.

2.1.30 opcode: A bit pattern that identifies a particular instruction.

2.1.31 privileged: An instruction (or register) that can only be executed (or accessed) when the processor is
in supervisor mode (PSR.S = 1). See also: supervisor mode. 

2.1.32 processor: The combination of the IU, FPU, and CP (if present).
6
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2.1.33 program counter (PC): Contains the address of the instruction currently being executed by the IU.

2.1.34 quadlet: Four bytes (32 bits) of data.

2.1.35 quadword: An aligned hexlet.
NOTE—The definition of this term is architecture-dependent, and so may differ from that used in other processor archi-
tectures.

2.1.36 r register: One of the integer registers.

2.1.37 rs1, rs2, rd: The register operands of an instruction. rs1 and rs2 are the source registers; rd is the des-
tination register.

2.1.38 reserved: Used to describe an instruction field or register field that is reserved for definition by future
versions of the architecture. A reserved field should only be written to zero by software. A reserved register
field shall read as zero in hardware; software intended to run on future versions of IEEE 1754 should not
assume that the field will read as zero. See also: ignored; unused.

2.1.39 supervisor mode: A processor state that is active when the S bit of the PSR is set (PSR.S = 1). See
also: privileged. 

2.1.40 supervisor software: Software that executes when the processor is in supervisor mode.

2.1.41 trap: A vectored transfer of control to supervisor software through a table, the address of which is
specified by a privileged integer unit register referred to as the trap base register (TBR). 

2.1.42 unassigned: Describes a value (for example, an address space identifier [ASI] number), the seman-
tics of which are not architecturally mandated and may be determined independently by each implementa-
tion (preferably within any guidelines given).

2.1.43 undefined: Describes an aspect of the architecture that has deliberately been left unspecified. Soft-
ware should have no expectation of, nor make any assumptions about, such an architectural feature or behav-
ior. Use of such a feature may deliver random results, may or may not cause a trap, may vary among
implementations, and may vary with time on a given implementation. Notwithstanding any of the above,
undefined aspects of the architecture shall not cause security holes, such as allowing user software to access
supervisor state, put the processor into supervisor state, or put the processor into an unrecoverable state.

2.1.44 unpredictable: Describes an aspect of the architecture that in nondeterministic. This term is used
only to describe the targets of branches and the occurrence of certain traps in unusual situations. See also:
undefined.

2.1.45 unused: Used to describe an instruction field or register field that is not currently defined by the
architecture. When read by software, the value of an unused register field is undefined. However, since an
unused field could be defined by a future version of the architecture, an unused field should only be written
to zero by software. See also: ignored; reserved.

2.1.46 user mode: A processor state that is active when the S bit of the PSR is not set (when PSR.S = 0).

2.1.47 user application program: See: application program; also referred to as “user program.”

2.1.48 word: An aligned quadlet.
NOTE—The definition of this term is architecture-dependent, and so may differ from that used in other processor archi-
tectures.
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2.2 Special word usage

2.2.1 may: An IEEE-defined word used to indicate a course of action permissible within the limits of the
standard. Synonym: is permitted.

2.2.2 shall: An IEEE-defined word indicating requirements strictly to be followed in order to conform to the
standard and from which no deviation is permitted. Synonym: is required.

2.2.3 should: An IEEE-defined word indicating that among several possibilities one is recommended as par-
ticularly suitable. Synonym: is recommended.

2.3 Acronyms and abbreviations

ABI: application binary interface

ASI: address space identifier

ASR: ancillary state register

CP: coprocessor

CPop: coprocessor operate

CQ: coprocessor deferred-trap queue

CSR: coprocessor state register

CTI: control-transfer instruction

CWP: current window pointer

DCTI: delayed control-transfer instruction

EC: enable coprocessor

EF: enable floating-point unit

FPop: floating-point operate

FPU: floating-point unit

FQ: floating-point deferred-trap queue

FSR: floating-point state register

I/O: input/output

IRL: interrupt request level

ISA: instruction set architecture

IU: integer unit

MMU: memory management unit

nPC: next program counter

PC: program counter

PIL: processor interrupt level

PSR: processor state register

RDASR: read ancillary state register

RISC: reduced instruction set computer

TBA: trap base address

TBR: trap base register

TEM: trap enable mask

WIM: window invalid mask

WRASR: write ancillary state register

Y: multiply/divide register
8
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3. Architectural overview

IEEE 1754 is an instruction set architecture (ISA) with principal data types of 32-bit integer and 32-, 64-,
and 128-bit IEEE 754 floating point. IEEE 1754 defines general-purpose integer, floating-point, and special
state/status registers and basic instruction operations, all encoded in 32-bit instruction formats. The load/
store instructions address a linear, 232-byte address space. In addition to the basic instructions, IEEE 1754
also provides instruction set support for an optional implementation-defined coprocessor (impl. dep. #4).

3.1 IEEE 1754 processor

A IEEE 1754 processor logically consists of an integer unit (IU), a floating-point unit (FPU), and an
optional coprocessor (CP) (impl. dep. #4), each with its own registers. This organization allows for imple-
mentations with concurrency between integer, floating-point, and coprocessor instruction execution. The IU
and FPU may be implemented by any combination of hardware and software in conformance with the provi-
sions specified in 1.5, “Conformance to IEEE 1754.”

All of the registers—with the possible exception of the coprocessor’s—are 32 bits wide. Instruction oper-
ands are single registers, register pairs, register quadruples, or immediate constants.

When in execute_state (see B.6, “Processor states and instruction dispatch”), the processor can be in
either of two modes: supervisor or user. In supervisor mode, the processor can execute any instruction,
including the privileged (supervisor-only) instructions. In user mode, an attempt to execute a privileged
instruction shall cause a trap to supervisor software. User application programs execute while the processor
is in user mode.

3.1.1 Integer unit (IU) 

The IU contains the general-purpose registers and controls the overall operation of the processor. The IU
executes the integer arithmetic instructions and computes memory addresses for loads and stores. It also
maintains the program counters and controls instruction execution for the FPU and the CP.

An implementation of the IU shall contain from 40 to 520 general-purpose 32-bit r registers. This corre-
sponds to a grouping of the registers into 8 global r registers, plus a circular stack of from 2 to 32 sets of 16
registers each, known as a register window. Impl. Dep. #2: Since the number of register windows present
(NWINDOWS) is implementation-dependent, the total number of integer registers is implementation-depen-
dent. An implementation could have differing numbers of register windows, provided that a run-time mech-
anism for determining NWINDOWS is provided.

At a given time, an instruction can access the 8 globals and a register window into the r registers. The 24-
register window consists of a 16-register set—divided into 8 in and 8 local registers—together with the 8 in
registers of an adjacent register set, addressable from the current window as its out registers. 

The current window is specified by the current window pointer (CWP) field in the processor state register
(PSR). Window overflow and underflow are detected via the window invalid mask (WIM) register, which is
controlled by supervisor software. With appropriate support in supervisor software, the actual number of
windows in a IEEE 1754 implementation is invisible to a user application program. 

When the IU accesses memory, it appends an address space identifier (ASI) to the address. The ASI identi-
fies the address space being accessed, and typically encodes whether the processor is in supervisor or user
mode and whether the access is to instruction memory or to data memory.
9
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3.1.2 Floating-point unit (FPU)

The FPU has thirty-two 32-bit floating-point f registers. Double-precision values occupy an even-odd pair of
registers, and quad-precision values occupy a quad-aligned group of four registers. Thus, the floating-point
registers can hold a maximum of either 32 single-precision, 16 double-precision, or 8 quad-precision values.

Floating-point load/store instructions are used to move data between the FPU and memory. The memory
address is calculated by the IU. Floating-point operate (FPop) instructions perform the floating-point arith-
metic operations and comparisons.

The floating-point data formats and instruction set conform to IEEE Std 754-1985. However, IEEE 1754
does not require that all aspects of the standard, such as gradual underflow, be implemented in hardware.
Impl. Dep. #3: An implementation may indicate that a floating-point instruction did not produce a correct
IEEE Std 754-1985 result by generating a special floating-point unfinished or unimplemented exception.
Privileged-mode software shall emulate any functionality not present in the hardware.

If an FPU is not present or if the enable floating-point (EF) bit in the PSR is 0, an attempt to execute a float-
ing-point instruction generates an fp_disabled trap. In any of these cases, privileged-mode software shall
either enable the FPU and re-execute the trapped instruction, or emulate the trapped floating-point instruc-
tion.

3.1.3 Coprocessor (CP)

Impl. Dep. #4: The instruction set includes support for a single, implementation-dependent coprocessor.
The coprocessor may contain its own set of registers, the actual configuration of which is implementation-
defined but is nominally some number of 32-bit registers (impl. dep. #26). Coprocessor load/store instruc-
tions are used to move data between the coprocessor registers and memory. For each floating-point load/
store in the instruction set, there is an analogous coprocessor load/store instruction.

If a CP is not present or if the enable coprocessor (EC) bit in the PSR is 0, an attempt to execute a coproces-
sor instruction generates a cp_disabled trap. 

This standard describes a model of coprocessor operation in terms of an independent functional unit with an
independent register set. Other models are possible and the actual operation is implementation-dependent
(impl. dep. #4).

3.2 Instructions

Instructions fall into the following six basic categories, which are described in 3.2.1–3.2.6:

— Memory access
— Arithmetic/logical/shift
— Control transfer 
— State register access
— Floating-point operate
— Coprocessor operate

3.2.1 Memory access

Load-store instructions are the only instructions that access memory. They use two r registers or an r register
and a signed 13-bit immediate value to calculate a 32-bit, byte-aligned memory address. The IU appends to
this address an ASI that identifies the address space being accessed. Normal loads and stores encode whether
10
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the processor is in supervisor or user mode, and that it is a data access. Loads and stores to alternate space
supply an arbitrary ASI value.

The destination field of the load/store instruction specifies either an r register, a pair of r registers, an f regis-
ter, a pair of f registers, or a coprocessor register that supplies the data for a store or receives the data from a
load.

Integer load and store instructions support byte, halfword (16-bit), word (32-bit), and doubleword (64-bit)
accesses. There are versions of integer load instructions that perform sign-extension on 8- and 16-bit values
as they are loaded into a 32-bit destination register. Floating-point and coprocessor load and store instruc-
tions support word and doubleword memory accesses.

3.2.1.1 Memory alignment restrictions

Halfword accesses shall be aligned on 2-byte boundaries, word accesses (which include instruction fetches)
shall be aligned on 4-byte boundaries, and doubleword accesses shall be aligned on 8-byte boundaries. An
improperly aligned address in a load, store, or load-store instruction shall cause a trap to occur.

Quadword quantities in memory should be aligned on 16-byte boundaries. Since there are no quadword
memory access instructions, no trap occurs if quadwords are not so aligned. Sixteen-byte alignment of quad-
words in memory is recommended for compatibility with future versions of this standard, which may pro-
vide quadword memory access instructions requiring such alignment.

3.2.1.2 Addressing conventions

IEEE 1754 shall use a memory addressing convention in which the address of a doubleword, word, or half-
word is the address of its most significant byte (sometimes referred to as big-endian byte order). Increasing
the address means decreasing the significance of the unit being accessed. Addressing conventions are illus-
trated in Clause 6, “Instructions.”

For information about also supporting the little-endian addressing convention, see L.2.1, “Support for little-
endian addressing.”

3.2.1.3 Load/store alternate

There are special, privileged versions of the load/store integer instructions, the load/store alternate instruc-
tions, that directly specify an arbitrary 8-bit address space identifier for the load/store data access. Impl.
Dep. #5: Privileged load/store alternate instructions may be used by supervisor software to access special
protected registers, such as MMU, cache control, and processor state registers, and other processor- or sys-
tem-dependent values.

3.2.1.4 Separate instruction and data memories

Most specifications in this manual are written as if store instructions write to the same memory from which
instructions are accessed. However, a system implementation containing an IEEE 1754 processor may
explicitly partition instructions and data into independent instruction and data memories (caches), com-
monly referred to as a “Harvard architecture” or “split I & D caches.” If software that modifies its own
instruction stream (self-modifying code) executes on a system where writes to data memory do not immedi-
ately appear in instruction memory, the software shall issue FLUSH instructions (or supervisor calls that
have an equivalent effect) for the addresses to which new instructions were written. See J.10, “Self-modify-
ing code.” A FLUSH instruction ensures that the data previously written by a store instruction is seen by sub-
sequent instruction fetches from the given address.
11
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In implementations with separate, noncoherent instruction and data memories, the processor must execute
appropriate FLUSH instructions before any changes to data memory by that processor or any external device
can be reliably fetched as instructions.

Although some processors define cache-control instructions, to provide flexibility to implementations,
cache-control instructions are not specified in this standard. However, IEEE 1754 implementations with sep-
arate instruction and data memories are expected to provide appropriate control mechanisms for them.

3.2.1.5 Input/output (I/O)

IEEE 1754 assumes that I/O registers are accessed via load/store alternate instructions, normal load/store
instructions, coprocessor instructions, or read/write ancillary state register (RDASR/WRASR) instructions.
In the load/store alternate instructions case, the I/O registers can only be accessed by supervisor software.
Impl. Dep. #6: If normal load/store instructions, coprocessor instructions, or RDASR/WRASR instructions
are used, whether or not the I/O registers can be accessed outside of supervisor code is implementation-
dependent. Impl. Dep. #7: The addresses and contents of I/O registers are implementation-dependent. 

3.2.1.6 Memory synchronization

Two special instructions are used for synchronization of memory operations: FLUSH and STBAR. Their
operation is explained in Annex A, “Instruction definitions.”

3.2.2 Arithmetic/logical/shift

Arithmetic/logical/shift instructions perform arithmetic, tagged arithmetic, logical, and shift operations.
With one exception, these instructions compute a result that is a function of two source operands; the result
is either written into a destination register or discarded. The exception is a specialized instruction, SETHI,
which (along with a second instruction) can be used to create a 32-bit constant in an r register.

Shift instructions can be used to shift the contents of an r register left or right by a given distance. The shift
distance may be specified by a constant in the instruction or by the contents of an r register.

Integer multiply instructions perform a signed or unsigned 32 × 32 → 64-bit operation. Integer divide
instructions perform a signed or unsigned 64 ÷ 32 → 32-bit operation. There are versions of multiply and
divide that set the condition codes. Division by zero causes a trap.

Tagged arithmetic instructions assume that the least significant two bits of the operands are data-type “tags.”
These instructions set the overflow condition code bit upon arithmetic overflow or if any of the operands’ tag
bits are nonzero. There are also variants of these instructions that trap (in addition to setting the overflow
condition code bit) when either of these conditions occurs.

3.2.3 Control transfer

Control-transfer instructions (CTIs) include PC-relative branches and calls, register-indirect jumps, and
conditional traps. Most of the control-transfer instructions are delayed control-transfer instructions
(DCTIs); that is, the instruction immediately following the DCTI is executed before the control transfer to
the target address is completed.

The instruction following a delayed control-transfer instruction is called a delay instruction. The delay
instruction is always fetched, even if the delayed control transfer is an unconditional branch. However, a bit
in the delayed control-transfer instruction can cause the delay instruction to be annulled (that is, to have no
effect) if the branch is not taken (or in the branch always case, if the branch is taken).
12
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Branch and CALL instructions use PC-relative displacements. The jump and link (JMPL) and return from
trap (RETT) instructions use a register-indirect target address. They compute their target addresses as either
the sum of two r registers, or the sum of an r register and a 13-bit signed immediate value. A branch instruc-
tion provides a displacement of ± 8 Mbytes, while the CALL instruction’s 30-bit word displacement allows
a control transfer to an arbitrary address in the 4 Gbyte address space.

3.2.4 State register access

The read/write state register instructions read and write the contents of software-visible state/status registers.
Impl. Dep. #8: Software can use RDASR/WRASR to read/write unique implementation-dependent proces-
sor registers. Impl. Dep. #9: Whether or not each of the implementation-dependent RDASR/WRASR
instructions is privileged is implementation-dependent.

3.2.5 Floating-point operate (FPop)

FPop instructions perform all floating-point calculations. They are register-to-register instructions that oper-
ate upon the floating-point registers. Like arithmetic/logical/shift instructions, FPop’s compute a result that
is a function of one or two source operands. Specific floating-point operations are selected by a subfield of
the FPop1/FPop2 instruction formats.

3.2.6 Coprocessor operate (CPop)

CPop instructions are defined by the implemented coprocessor, if any. These instructions are specified by the
CPop1 and CPop2 instruction formats.

3.3 Traps

A trap is a vectored transfer of control to the operating system through a trap table that contains the first four
instructions of each trap handler. The base address of the table is established by software in the trap base reg-
ister (TBR). The displacement within the table is encoded in the type number of each trap. One half of the
table is reserved for hardware traps; the other half is reserved for software traps generated by trap (Ticc)
instructions. 

A trap causes the current window pointer (CWP) to advance to the next register window and the hardware to
write the program counters into two registers of the new window. The trap handler can access the saved PC
and nPC and, in general, may freely use the 6 other local registers in the new window.

A trap may be caused by a Ticc instruction, an instruction-induced exception, or an interrupt request not
directly related to a particular instruction. The processor behaves as though, before executing each instruction,

a) It determines if there are any pending exceptions or interrupt requests, and 

b) If there are pending exceptions or interrupt requests, the processor selects the highest-priority excep-
tion or interrupt request and causes a trap. 

See Clause 7, “Traps,” for a complete description of traps.
13
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4. Data formats

4.1 Overview

The IEEE 1754 architecture recognizes three fundamental data formats or types:

— Signed integer: 8, 16, 32, and 64 bits

— Unsigned integer: 8, 16, 32, and 64 bits

— Floating-point: 32, 64, and 128 bits

The format widths are defined as follows:

— Byte: 8 bits

— Halfword: 16 bits

— Word: 32 bits

— Tagged word: 32 bits (30-bit value plus 2 tag bits)

— Doubleword: 64 bits

— Quadword: 128 bits

The signed integer formats encode two’s-complement whole numbers. The unsigned integer formats are
general-purpose in that they do not encode any particular data type; they can represent a whole number,
string, fraction, Boolean value, etc. The floating-point formats conform to IEEE Std 754-1985. In tagged
words, the least significant two bits are treated as tag bits.

For consistency with the documentation for many big-endian architectures, especially SPARC, bits are num-
bered right to left (the least significant bit of a data item is numbered “0”) in this standard. Note, however,
that compilers assign bit fields in big-endian data items left to right; that is, starting with the most significant
bit. For a more consistent big-endian bit numbering scheme, see IEEE Std 1596.5-1993 [B6].

Subclauses 4.2–4.11 illustrate the signed integer, unsigned integer, and tagged formats. Subclauses 4.12–
4.14 illustrate the floating-point formats. In subclauses 4.5, 4.9, 4.13, and 4.14, the individual subwords of
the multiword data formats are assigned names. The arrangement of the subformats in memory and proces-
sor registers based on these names is shown in table 1. Tables 2–5 define the integer and floating-point for-
mats.

4.2 Signed integer byte

Figure 1 illustrates the signed integer byte format.

Figure 1—Signed integer byte data format

7 6 0

s

0
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4.3 Signed integer halfword

Figure 2 illustrates the signed integer halfword format.

Figure 2—Signed integer halfword data format

4.4 Signed integer word

Figure 3 illustrates the signed integer word format.

Figure 3—Signed integer word data format

4.5 Signed integer double

Figure 4 illustrates the signed integer double format.

Figure 4—Signed integer double data format

4.6 Unsigned integer byte

Figure 5 illustrates the unsigned integer byte format.

Figure 5—Unsigned integer byte data format
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4.7 Unsigned integer halfword

Figure 6 illustrates the unsigned integer halfword format.

Figure 6—Unsigned integer halfword data format

4.8 Unsigned integer word

Figure 7 illustrates the unsigned integer word format.

Figure 7—Unsigned integer word data format

4.9 Unsigned integer double

Figure 8 illustrates the unsigned integer double format.

Figure 8—Unsigned integer double data format

4.10 Unsigned tagged word

Figure 9 illustrates the unsigned tag word format.

Figure 9—Unsigned tag word data format
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unsigned_dbl_integer[63:32]UD–0
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unsigned_dbl_integer[31:0]
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tag

2 13
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4.11 Signed tagged word

Figure 10 illustrates the signed tag word format.

Figure 10—Signed tag word data format

4.12 Floating-point single precision

Figure 11 illustrates the floating-point single-precision format.

Figure 11—Floating-point single-precision data format

4.13 Floating-point double precision

Figure 12 illustrates the floating-point double-precision format.

Figure 12—Floating-point double-precision data format
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s exp[7:0] fraction[22:0]
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s exp[10:0] fraction[51:32]
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fraction[31:0]
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0 1 2 3
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4.14 Floating-point quad precision

Figure 13 illustrates the floating-point quad-precision format.

Figure 13—Floating-point quad-precision data format

* This alignment is recommended for compatibility with possible future extensions to this standard (see 3.2.1.1), although quad-
words are only required to be doubleword-aligned.

Table 1—Arrangement of doublewords and quadwords in memory and registers

Sub-
format 
name Subformat field

Required 
memory 
address 

alignment
Memory 
address

Register 
number 

alignment
Reg 
nbr

SD-0 signed_dbl_integer[63:32] 0 mod 8 n 0 mod 2 r

SD-1 signed_dbl_integer[31:0] 4 mod 8 n + 4 1 mod 2 r + 1

UD-0 unsigned_dbl_integer[63:32] 0 mod 8 n 0 mod 2 r

UD-1 unsigned_dbl_integer[31:0] 4 mod 8 n + 4 1 mod 2 r + 1

FD-0 s:exp[10:0]:fraction[51:32] 0 mod 8 n 0 mod 2 f

FD-1 fraction[31:0] 4 mod 8 n + 4 1 mod 2 f + 1

FQ-0 s:exp[14:0]:fraction[111:96] 0 mod 16* n 0 mod 4 f

FQ-1 fraction[95:64] 4 mod 16* n + 4 1 mod 4 f + 1

FQ-2 fraction[63:32] 8 mod 16* n + 8 2 mod 4 f + 2

FQ-3 fraction[31:0] 12 mod 16* n + 12 3 mod 4 f + 3

31 30 0

s exp[14:0] fraction[111:96]

1516

FQ–0

FQ–1

FQ–2

FQ–3

31 0

fraction[95:64]

31 0

fraction[63:32]

31 0

fraction[31:0]

0 1 2 3

0 1 2 3

0 1 2 3

0 1 2 3
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Table 2—Signed/unsigned integer, and tagged format ranges

Data type Width (bits) Range

signed integer byte 8 −27 to 27−1

signed integer halfword 16 −215 to 215−1

signed integer word 32 −231 to 231−1

signed integer tagged word 32 −229 to 229−1

signed integer double 64 −263 to 263−1

unsigned integer byte 8 0 to 28−1

unsigned integer halfword 16 0 to 216−1

unsigned integer word 32 0 to 232−1

unsigned integer tagged word 32 0 to 230−1

unsigned integer double 64 0 to 264−1

Table 3—Floating-point single-precision format definition

s = sign (1 bit)

e = biased exponent (8 bits)

f = fraction (23 bits)

u = undefined bit

normalized value (0 < e < 255): (−1)s × 2e−127 × 1. f

subnormal value (e = 0): (−1)s × 2−126 × 0. f

zero (e = 0) (−1)s × 0

signaling NaN: s = u; e = 255 (max); f = .0uu − uu
(at least one bit of fraction shall be nonzero)

quiet NaN: s = u; e = 255 (max); f = .1uu − uu

− ∞ (negative infinity): s = 1; e = 255 (max); f = .000 − 00

+ ∞ (positive infinity): s = 0; e = 255 (max); f = .000 − 00

Table 4—Floating-point double-precision format definition

s = sign (1 bit)

e = biased exponent (11 bits)

f = fraction (52 bits)

u = undefined bit 

normalized value (0 < e < 2047): (−1)s × 2e−1023 × 1.f

subnormal value (e = 0): (−1)s × 2−1022 × 0.f

zero (e = 0): (−1)s × 0

signaling NaN: s = u; e = 2047 (max); f = .0uu − uu
(at least one bit of fraction shall be nonzero)

quiet NaN: s = u; e = 2047 (max); f = .1uu − uu

− ∞ (negative infinity): s = 1; e = 2047 (max); f = .000 − 00

+ ∞ (positive infinity): s = 0; e = 2047 (max); f = .000 − 00
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Table 5—Floating-point quad-precision format definition

s = sign (1 bit)

e = biased exponent (15 bits)

f = fraction (112 bits)

u = undefined bit

normalized value (0 < e < 32767): (–1)s × 2e−16383 × 1.f

subnormal value (e = 0): (–1)s × 2−16382 × 0.f

zero (e = 0): (–1)s × 0

signaling NaN: s = u; e = 32767 (max); f = .0uu − uu
(at least one bit of fraction shall be nonzero)

quiet NaN: s = u; e = 32767 (max); f = .1uu − uu

− ∞ (negative infinity): s = 1; e = 32767 (max); f = .000 − 00

+ ∞ (positive infinity): s = 0; e = 32767 (max); f = .000 − 00
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5. Registers

An IEEE 1754 processor includes two types of registers: general-purpose (or “working”) data registers and
control/status registers. The IU’s general-purpose registers are called r registers; the FPU’s general-purpose
registers are called f registers. Coprocessor working registers are coprocessor-implementation-dependent
(impl. dep. #26).

IU control/status registers include the following:

— Processor state register (PSR)
— Window invalid mask (WIM)
— Trap base register (TBR)
— Multiply/divide register (Y)
— Program counters (PC, nPC)
— Implementation-dependent ancillary state registers (ASRs) (impl. dep. #8)
— Implementation-dependent IU deferred-trap queue (impl. dep. #16)

FPU control/status registers include the following:

— Floating-point state register (FSR)
— Implementation-dependent floating-point deferred-trap queue (FQ) (impl. dep. #24)

Coprocessor (CP) control/status registers, if present, may include the following:

— Implementation-dependent coprocessor state register (CSR) (impl. dep. #27)
— Implementation-dependent coprocessor deferred-trap queue (CQ) (impl. dep. #28)

5.1 IU r registers

An implementation of the IU shall contain from 40 to 520 general-purpose 32-bit r registers. They are parti-
tioned into 8 global registers, plus an implementation-dependent number of 16-register sets (impl. dep. #2).
A register window consists of the current 8 in registers, 8 local registers, and 8 out registers. See table 6.

5.1.1 Windowed r registers

At a given time, an instruction can access the 8 globals and a 24-register window into the r registers. A reg-
ister window comprises the 8 in and 8 local registers of a particular register set, together with the 8 in regis-
ters of an adjacent register set, which are addressable from the current window as out registers. See
figure 14.

The number of windows or register sets, NWINDOWS, is implementation-dependent and ranges from 2 to
32 (impl. dep. #2). The total number of r registers in a given implementation is 8 (for the globals), plus the
number of sets times 16 registers per set. Thus, the minimum number of r registers is 40 (2 sets plus 8 glo-
bals) and the maximum number is 520 (32 sets plus 8 globals).

Table 6—Window addressing

Windowed register address r register address

in[0] – in[7] r[24] – r[31]

local[0] – local[7] r[16] – r[23]

out[0] – out[7] r[  8] – r[15]

global[0] – global[7] r[  0] – r[  7]
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The current window into the r registers is given by the current window pointer (CWP) field in the processor
state register (PSR). The CWP is incremented by a RESTORE (or RETT) instruction and decremented by a
SAVE instruction or a trap. Window overflow and underflow are detected via the window invalid mask
(WIM) register, which is controlled by supervisor software.

The following algorithm is used to calculate the physical register number to which a windowed register n
refers:

((n – 8) + (CWP × 16)) modulo (NWINDOWS × 16)

5.1.2 Overlapping of windows

Each window shares its ins with one adjacent window and its outs with another. The outs of the CWP + 1
window are addressable as the ins of the current window, and the outs in the current window are the ins of
the CWP − 1 window. The locals are unique to each window.

An r register with address o, where 8 ≤ o ≤ 15, refers to exactly the same register as (o + 16) does after the
CWP is decremented by 1 (modulo NWINDOWS). Likewise, a register with address i, where 24 ≤ i ≤ 31,
refers to exactly the same register as address (i − 16) does after the CWP is incremented by 1 (modulo
NWINDOWS). See figure 14 and figure 15.

Since CWP arithmetic is performed modulo NWINDOWS, the highest numbered implemented window
overlaps with window 0. The outs of window 0 are the ins of window NWINDOWS − 1. Implemented win-
dows shall be contiguously numbered from 0 through NWINDOWS − 1.

NOTE—Since the procedure call instructions (CALL and JMPL) do not change the CWP, a procedure can be called
without changing the window. See Annex J, “Software considerations.”

Because the windows overlap, the number of windows available to software is one less than the number of implemented
windows, or NWINDOWS − 1. When the register file is full, the outs of the newest window are the ins of the oldest win-
dow, which still contains valid program data.

No assumptions can be made regarding the values contained in the local and out registers of a register window upon re-
entering the window through a SAVE instruction. If, with traps enabled, a program executes a RESTORE followed by a
SAVE, the resulting window’s locals and outs may not be valid after the SAVE, since a trap may have occurred between
the RESTORE and the SAVE.

5.1.3 Special r registers

The utilization of four r registers is fixed, in whole or in part, by the architecture:

— The value of r[0] is always zero. Note that r[0] is equivalent to global[0].

— The CALL instruction writes its own address into register r[15] (out register 7). 

— When a trap occurs, the program counters PC and nPC are copied into registers r[17] and r[18]
(local registers 1 and 2) of the trap’s new register window. 

5.1.4 Doubleword operands

Instructions that access a doubleword in the r registers assume even-odd register alignment. The least signif-
icant bit of an r register address in these instructions is reserved and should be supplied as zero by software.

When the r[0] – r[1] register pair is used as a destination, only r[1] is modified. When the r[0] – r[1] register
pair is used as a source, the more significant 32 bits of the doubleword are zero and the less significant 32
bits of the doubleword are the contents of r[1].
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Impl. Dep. #10: An attempt to execute a doubleword load or store instruction that refers to a misaligned
(odd) destination register number should cause an illegal_instruction trap. If a trap is not generated, the least
significant bit of the destination register number shall be ignored.

NOTES

1—Impl. Dep. #11: During execution of a load doubleword integer or coprocessor (LDD, LDDA, or LDDC) instruc-
tion, if an exception is generated during the memory cycle in which the second word is being loaded, the destination reg-
ister(s) may be modified before the trap is taken. A similar exception can occur during the store memory access but not
the load access of a LSTUB, LDSTUBA, SWAP, or SWAPA instruction. Thus, the destination register may be modified
before the trap is taken. See Clause 7, “Traps.”

2—Impl. Dep. #12: An implementation might cause a data_access_exception trap due to a “catastrophic” error during
the “effective address + 4” memory access of a store-doubleword (STD, STDA, STDF, STDFQ, STDC, or STDCQ)
instruction, even though the corresponding “effective address” access did not cause an error. Thus, memory data at the
effective memory address may be modified before the trap is taken. (This cannot happen across a page boundary because
of the doubleword-alignment restriction.) See Clause 7, “Traps.”

5.1.5 Register usage

See Annex J, “Software considerations,” for a description of conventional usage of the r registers.

Figure 14—Three overlapping windows and eight global registers
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In figure 15, NWINDOWS = 8. The register sets are indicated in italics. CWP = 0 and WIM[7] = 1. If the
procedure using window w0 executes a RESTORE, window w1 will become the current window. If the pro-
cedure using window w0 executes a SAVE, a window_overflow trap will occur. The overflow trap handler
uses the w7 locals.

Figure 15—The windowed r registers (for NWINDOWS=8)

5.2 IU Control/status registers

The 32-bit IU control/status registers include the processor state register (PSR), the window invalid mask
register (WIM), the trap base register (TBR), the multiply/divide (Y) register, the program counters (PC and
nPC), optional, implementation-dependent ancillary state registers (ASRs) (impl. dep. #8), and the IU
deferred-trap queue (impl. dep. #16).
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5.2.1 Processor state register (PSR) 

The 32-bit PSR contains various fields that control the processor and hold status information. The PSR can
be modified by the SAVE, RESTORE, Ticc, and RETT instructions, and by all instructions that modify the
condition codes. The privileged RDPSR and WRPSR instructions read and write the PSR directly. Figure 16
illustrates the fields in the PSR register.

Figure 16—PSR fields

The PSR provides the following fields:

5.2.1.1 PSR_implementation (impl)

Impl. Dep. #13: Bits 31 through 24 are hardwired to uniquely identify an implementation or class of soft-
ware-compatible implementations of the architecture. The hardware shall not change this field in response to
a WRPSR instruction. This value is assigned as described in D.3, “Categories of architectural implementa-
tion dependencies.” Values F016..FF16 are reserved and are not available for assignment.

5.2.1.2 PSR_integer_cond_codes (icc)

Bits 23 through 20 are the IU’s condition codes. These bits are modified by the arithmetic and logical
instructions whose names end with the letters cc (e.g., ANDcc), and by the WRPSR instruction. The Bicc
and Ticc instructions cause a transfer of control based on the value of these bits, which are illustrated in
figure 17.

Figure 17—Integer condition codes (icc) fields of the PSR

5.2.1.2.1 PSR_icc_negative (n)

Bit 23 indicates whether the 32-bit two’s complement ALU result was negative for the last instruction that
modified the icc field. A value of 1 indicates that the result was negative; a value of 0 indicates that it was
not negative.

5.2.1.2.2 PSR_icc_zero (z)

Bit 22 indicates whether the 32-bit ALU result was zero for the last instruction that modified the icc field. A
value of 1 indicates that the result was zero; a value of 0 indicates that it was nonzero.

5.2.1.2.3 PSR_icc_overflow (v)

Bit 21 indicates whether the ALU result was within the range of (was representable in) 32-bit two’s comple-
ment notation for the last instruction that modified the icc field. A value of 1 indicates that the result
overflowed; a value of 0 indicates that it did not overflow.
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5.2.1.2.4 PSR_icc_carry (c)

Bit 20 indicates whether a two’s complement carry-out (or borrow) occurred for the last instruction that
modified the icc field. The carry bit is set on addition if there is a carry out of bit 31 (see B.10.1). The carry
bit is set on subtraction if there is a borrow out of bit 31 (see B.10.22). A value of 1 indicates that the opera-
tion generated a carry-out/borrow; a value of 0 indicates that it did not generate a carry-out/borrow.

5.2.1.3 PSR_reserved

Bits 19 through 15 are reserved. When read by a RDPSR instruction, these bits shall read as zeros. Supervi-
sor software should only issue WRPSR instructions with zero values in this field. Software intended to run
on processors compliant with future versions of IEEE 1754 should not expect the values of these bits when
read to be undefined.

5.2.1.4 PSR_enable_extensions (EE)

Bit 14 determines whether non-IEEE 1754 extensions are enabled. If disabled (PSR.EE = 0), the processor
operation shall be compliant with IEEE 1754. If enabled (PSR.EE = 1), the value in the IER register (see
5.2.7, “Implementation-dependent extensions register”) determines the state of operational extensions in the
processor. A reset trap sets PSR.EE to 0.

Impl. Dep. #14: Whether or not PSR.EE is implemented is implementation-dependent. If it is not imple-
mented, PSR.EE shall read as 0 and writes to it shall be ignored.

5.2.1.5 PSR_enable_coprocessor (EC) 

Bit 13 determines whether the implementation-dependent coprocessor is enabled. If disabled, a coprocessor
instruction will trap. A value of 1 = enabled; a value of 0 = disabled. Impl. Dep. #4: If an implementation
does not support a coprocessor in hardware, PSR.EC should always read as 0 and writes to it should be
ignored.

NOTE—Software can use the EC bit to determine whether a particular process uses the CP. If a process does not use the
CP, coprocessor registers need not be saved across a context switch.

5.2.1.6 PSR_enable_floating-point_unit (EF) 

Bit 12 determines whether the FPU is enabled. It is set by software. If disabled, a floating-point instruction
shall trap. A value of 1 = enabled; a value of 0 = disabled. Impl. Dep. #15: If an implementation does not
support a hardware FPU, PSR.EF should always read as 0 and writes to it should be ignored.

NOTE—Software can use the EF bit to determine whether a particular process uses the FPU. If a process does not use
the FPU, floating-point registers need not be saved across a context switch.

5.2.1.7 PSR_proc_interrupt_level (PIL) 

Bits 11 (the most significant bit) through 8 (the least significant bit) identify the interrupt level above which
the processor will accept an interrupt. Note that interrupt level 15 cannot be disabled by setting PSR.PIL to
15; IR 15 can be disabled only by setting PSR.ET to 0. See Clause 7, “Traps.”

5.2.1.8 PSR_supervisor (S)

Bit 7 determines whether the processor is in supervisor or user mode. A value of 1 = supervisor mode; a
value of 0 = user mode. A reset trap sets PSR.S to 1 (supervisor mode).
28
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5.2.1.9 PSR_previous_supervisor (PS)

Bit 6 contains the value of the S bit at the time of the most recent trap.

5.2.1.10 PSR_enable_traps (ET)

Bit 5 determines whether traps are enabled. A trap automatically resets ET to 0. When ET = 0, an interrupt
request is ignored and an exception trap causes the IU to enter error_state, which typically results in a reset
trap that resumes execution at address zero. A value of 1 = traps enabled; a value of 0 = traps disabled. A
reset trap sets PSR.ET to 0 (traps disabled). See Clause 7, “Traps.”

5.2.1.11 PSR_current_window_pointer (CWP) 

Bits 4 (the most significant bit) through 0 (the least significant bit) comprise the current window pointer, a
counter that identifies the current window into the r registers. The hardware decrements the CWP on traps
and SAVE instructions and increments it on RESTORE and RETT instructions (modulo NWINDOWS). 

5.2.2 Window invalid mask register (WIM)

The window invalid mask register (WIM) is controlled by supervisor software and is used by hardware to
determine whether a window_overflow or window_underflow trap is to be generated by a SAVE, RESTORE,
or RETT instruction. Figure 18 illustrates the fields in the window invalid mask register.

Figure 18—WIM fields

There is an active state bit in the WIM for each register set or window in an implementation. WIM[n] corre-
sponds to the register set addressed when CWP = n. 

When a SAVE, RESTORE, or RETT instruction executes, the current value of the CWP is compared against
the WIM. If the SAVE, RESTORE, or RETT instruction would cause the CWP to point to an invalid register
set, that is, one whose corresponding WIM bit equals 1 (WIM[CWP] = 1), a window_overflow or window_
underflow trap is caused.

The WIM can be read by the privileged RDWIM instruction and written by the WRWIM instruction. Bits
corresponding to unimplemented windows read as zeros and values written to unimplemented bits are
unused. A WRWIM with all bits set to 1, followed by a RDWIM, yields a bit vector in which the imple-
mented windows (and only the implemented windows) are indicated by ones.

The WIM allows for implementations with up to 32 windows.

Although usual software convention sets a group of contiguous bits in WIM to 1, there is no requirement that
WIM bits be set contiguously. See J.8, “Other register window usage models.”
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5.2.3 Trap base register (TBR)

The trap base register (TBR) contains three fields that together comprise the address to which control is
transferred when a trap occurs. Figure 19 illustrates the fields in the trap base register.

Figure 19—TBR fields

The TBR contains the following fields:

5.2.3.1 TBR_trap_base_address (TBA) 

Bits 31 through 12 are the trap base address, which is established by supervisor software. It contains the
most significant 20 bits of the trap table address. The TBA field is written by the WRTBR instruction.

5.2.3.2 TBR_trap_type (tt) 

Bits 11 through 4 comprise the trap type (tt) field. This 8-bit field is written by the hardware when a trap
(except reset) occurs, and retains its value until the next trap. It provides an offset into the trap table. The
WRTBR instruction does not affect the tt field.

5.2.3.3 TBR_zero (0)

Bits 3 through 0 always read as zeros. The WRTBR instruction does not affect this field.

For compatibility with possible extensions to this architecture, supervisor software should only issue a
WRTBR instruction with a zero value in this field.

See Clause 7, “Traps,” for additional information.

5.2.4 Multiply/divide register (Y)

The 32-bit Y register contains the most significant word of the double-precision product of an integer multi-
plication, as a result of either an integer multiply (SMUL, SMULcc, UMUL, UMULcc) instruction, or of a
routine that uses the integer multiply step (MULScc) instruction. The Y register also holds the most signifi-
cant word of the double-precision dividend for an integer divide (SDIV, SDIVcc, UDIV, UDIVcc) instruc-
tion.

The Y register can be read and written directly with the RDY and WRY instructions.

5.2.5 Program counters (PC, nPC)

The 32-bit PC contains the address of the instruction currently being executed by the IU. The nPC holds the
address of the next instruction to be executed (assuming a trap does not occur).

For a delayed control transfer, the instruction that immediately follows the transfer instruction is known as
the delay instruction. Unless the control transfer instruction annuls it, this delay instruction is executed
before control is transferred to the target. During execution of the delay instruction, the nPC points to the tar-
get of the control transfer instruction, while the PC points to the delay instruction. See Clause 6, “Instruc-
tions.”
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The PC is read by a CALL, Bicc, FBfcc, CBccc, or JMPL instruction. The PC and nPC are written to two
local registers during a trap. See Clause 7, “Traps,” for details.

5.2.6 Ancillary state registers (ASR) 

IEEE 1754 provides for up to 30 ancillary state registers (ASRs), numbered from 2 to 31.

ASRs numbered 2..15 are reserved for future use by the architecture and should not be referenced by soft-
ware. The result of referencing one of these ASRs is undefined.

ASRs numbered 16..31 are available for implementation-dependent uses (impl. dep. #8) such as timers,
counters, diagnostic registers, self-test registers, and trap-control registers. An IU may implement from zero
to sixteen of these ASRs. The semantics of accessing any of these ASRs is implementation-dependent.
Whether or not access to a particular ASR is privileged is implementation-dependent (impl. dep. #9).

An ASR is read and written with the RDASR and WRASR instructions. A read or write ASR instruction is
privileged if the accessed register is privileged.

5.2.7 Implementation-dependent extensions register

Impl. Dep. #14: The existence of the IER register and the meaning of specific values contained in the IER
register are implementation-dependent.

If the enable extensions (EE) bit of the PSR (bit 14) is inactive (0), the value of the IER register is ignored
and the processor is in standard IEEE 1754 mode.

If PSR.EE is active (1), then the IER shall be implemented. In this case, the mode of the processor is deter-
mined by the value in the IER register.

— If the IER register contains 0000000016, the processor is in standard IEEE 1754 mode, memory is
addressed using the big-endian convention, and all operations shall adhere to this standard. See
6.3.1.2 for information about the big-endian addressing convention.

— If the IER register contains any other value, all aspects of processor operation are implementation-
dependent and no aspect of its operation is required to adhere to this standard. See Annex L, “Non-
IEEE 1754 architectural extensions.” For information about also supporting the little-endian
addressing convention, see L.2.1, “Support for little-endian addressing.”

A conforming implementation shall provide to user mode software a means to set the processor into a state
where at least one of PSR.EE or IER is zero. Typically, the WRIER instruction will serve this purpose. See
A.46, “Write state register instructions.”

5.2.8 IU deferred-trap queue

An implementation may contain zero or more deferred-trap queues. Such a queue contains sufficient state to
implement resumable deferred traps caused by the IU. Note that fp_exception and cp_exception deferred
traps are handled by the floating-point and coprocessor deferred-trap queues, respectively.

An IU deferred-trap queue can be read and written via privileged load/store alternate or read/write ancillary
state register instructions.

Impl. Dep. #16: The contents and operation of an IU deferred-trap queue are implementation-dependent and
are not visible to user application programs. 
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5.3 FPU f registers

The FPU contains thirty-two 32-bit floating-point f registers, which are numbered from f[0] to f[31]. Unlike
the windowed r registers, at a given time an instruction has access to any of the 32 f registers. The f registers
can be read and written by FPop (FPop1/FPop2 format) instructions, and by load/store single/double float-
ing-point instructions (LDF, LDDF, STF, STDF). See figure 20. 

Figure 20—The f registers

5.3.1 Double and quad operands

A single f register can hold one single-precision operand. A double-precision operand requires an aligned
pair of f registers, and a quad-precision operand requires an aligned quadruple of f registers. Thus, at a given
time, the f registers can hold a maximum of 32 single-precision, 16 double-precision, or 8 quad-precision
values.

Instructions that access a floating-point double in the f registers assume double alignment. The least-signifi-
cant bit of a doubleword f register address specifier is reserved and shall be set to zero by software. Similarly,
the least-significant two bits of a quadword f register address are reserved and shall be set to zero by soft-
ware. See table 1.

Impl. Dep. #17: An attempt to execute an instruction that refers to a misaligned floating-point register oper-
and (double-precision operand in a register whose number is not 0 mod 2, or quadruple-precision operand in
a register whose number is not 0 mod 4) should cause an fp_exception trap, with FSR.ftt = 6 (invalid_fp_reg-
ister). 

5.4 FPU control/status registers 

The 32-bit FPU control/status registers include a floating-point state register (FSR) that contains mode and
status information about the FPU, and an optional, implementation-dependent, floating-point deferred-trap
queue (FQ) (impl. dep. #24).

31 0

f [0]

•
•
•
•

f [1]

f [30]

f [31]

•
•
•
•
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5.4.1 Floating-point state register (FSR)

The FSR register fields contain FPU mode and status information. The FSR is read and written by the
STFSR and LDFSR instructions. Figure 21 illustrates the FSR.

Figure 21—FSR fields

The FSR provides the following fields:

5.4.1.1 FSR_rounding_direction (RD) 

Bits 31 and 30 select the rounding direction for floating-point results according to IEEE Std 754-1985.

5.4.1.2 FSR_unused (u1, u2)

Bits 29, 28, and 12 are unused. Software should only issue a LDFSR instruction with zero values in these
bits, unless the values of these bits are exactly those derived from a previous STFSR. The values of these bits
as read by an STFSR are undefined. 

5.4.1.3 FSR_trap_enable_mask (TEM) 

Bits 27 through 23 are enable bits for each of the five IEEE 754 floating-point exceptions that can be indi-
cated in the current exception field (cexc). See figure 22. If a floating-point operate instruction generates one
or more exceptions and the TEM bit corresponding to any of the exceptions is 1, an fp_exception trap is
caused. A TEM value of 0 prevents that exception type from generating a trap.

5.4.1.4 FSR_nonstandard_fp (NS) 

Impl. Dep. #18: Bit 22, when set to 1, causes the FPU to produce implementation-defined results that may
not correspond to IEEE Std 754-1985. For instance, to obtain higher performance, implementations may
convert a subnormal floating-point operand or result to zero when FSR.NS is set. IEEE 1754 implementa-
tions are permitted but not encouraged to deviate from IEEE 754 requirements when the nonstandard mode
bit of the FSR is 1. In an implementation where the nonstandard floating-point mode operates identically to
standard IEEE 1754 mode, the NS bit of the FSR should always read as 0, and writes to it should be ignored.
FSR.NS has no effect on non-FPU operations. FSR.NS can be set or cleared by software.

Table 7—Rounding direction (RD) field of FSR

RD Round toward

0 nearest (even, if tied)

1 0

2 + ∞
3 − ∞

31 141923 13 12 11 5 4 091017 162730 29 28 22 21 20

RD u1 TEM NS resv ver ftt qne u2 fcc aexc cexc
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5.4.1.5 FSR_reserved (resv)

Bits 21 and 20 are reserved. When read by an STFSR instruction, these bits shall read as zero. Software
should only issue LDFSR instructions with zero values in these bits, unless the values of these bits are
exactly those derived from a previous STFSR.

5.4.1.6 FSR_version (ver)

Impl. Dep. #19: Bits 19 through 17 identify a particular implementation of the FPU architecture. For each
IEEE 1754 IU implementation (as identified by its PSR.impl field), there may be one or more FPU imple-
mentations, or none. This field identifies the particular FPU implementation present. The values of this field
are assigned by the Registration Authority for IEEE 1754, and should only be referenced by system soft-
ware. Version number 7 is reserved to indicate that no hardware floating-point controller is present.

5.4.1.7 FSR_floating-point_trap_type (ftt)

One of several conditions can cause a floating-point exception trap. When an fp_exception trap occurs, bits
16 through 14 of the FSR identify the cause of the exception, the floating-point trap type. After a floating-
point exception occurs, the ftt field encodes the type of floating-point exception until an STFSR or another
FPop is executed. 

The ftt field can be read by the STFSR instruction. An LDFSR instruction does not affect ftt. 

Supervisor-mode software that handles floating-point traps can execute an STFSR to determine the floating-
point trap type. Impl. Dep. #20: Whether STFSR explicitly sets ftt to zeros is implementation-dependent; if
STFSR does not set ftt to zeros, then the trap software shall ensure that a subsequent STFSR from user mode
shows a value of zero for ftt. 

NOTE—LDFSR cannot be used for this purpose since it leaves ftt unchanged, although executing a non-trapping FPop
such as “fmovs %f0,%f0” prior to returning to user mode will zero ftt. ftt remains valid until the next FPop instruction
completes execution.

The ftt field encodes the floating-point trap type according to table 8. Note that the value “7” is reserved for
future expansion.

The sequence_error and hardware_error trap types are unlikely to arise in the normal course of computation.
They are essentially unrecoverable from the point of view of user application software.

In contrast, IEEE_754_exception, unfinished_FPop, and unimplemented_FPop will likely arise occasionally
in the normal course of computation and shall be recoverable by supervisor software. Execution of a float-
ing-point instruction causing an fp_exception trap of type unfinished_FPop shall be completed by software.

Table 8—Floating-point trap type (ftt) field of FSR

ftt Trap type

0 (none)

1 IEEE_754_exception

2 unfinished_FPop

3 unimplemented_FPop

4 sequence_error

5 hardware_error

6 invalid_fp_register

7 (reserved)
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