
Confidential - Advance Information

AMD-K7
Processor Module

Technical Brief

Notice: This document has been released under a 
Non-Disclosure Agreement to:

Name: _______________________________________

Company: _______________________________________

NDA #: _______________________________________

Copy #: _______________________________________

Publication Identification Number: 22054 Rev B-1
March 1999

TM

Publication # 22054-B-1
Issue Date: March 1999

Version Created Wednesday, March 10, 1999



Confidential - Advance Information

Trademarks

AMD, the AMD logo, 3DNow!, and combinations thereof, and AMD-K7 are trademarks of Advanced Micro
Devices, Inc.

MMX is a trademark of Intel Corporation.

Digital and Alpha are trademarks of Digital Equipment Corporation.

Other product names used in this publication are for identification purposes only and may be trademarks of
their respective companies.

© 1999 Advanced Micro Devices, Inc. All rights reserved.

The contents of this document are provided in connection with Advanced
Micro Devices, Inc. (“AMD”) products. AMD makes no representations or
warranties with respect to the accuracy or completeness of the contents of
this publication and reserves the right to make changes to specifications and
product descriptions at any time without notice. No license, whether express,
implied, arising by estoppel or otherwise, to any intellectual property rights
is granted by this publication. Except as set forth in AMD’s Standard Terms
and Conditions of Sale, AMD assumes no liability whatsoever, and disclaims
any express or implied warranty, relating to its products including, but not
limited to, the implied warranty of merchantability, fitness for a particular
purpose, or infringement of any intellectual property right. 

AMD’s products are not designed, intended, authorized or warranted for use
as components in systems intended for surgical implant into the body, or in
other applications intended to support or sustain life, or in any other applica-
tion in which the failure of AMD’s product could create a situation where per-
sonal injury, death, or severe property or environmental damage may occur.
AMD reserves the right to discontinue or make changes to its products at any
time without notice.



22054B-1/0—March 1999 AMD-K7™ Processor Module Technical Brief

Confidential - Advance Information
Revision History

Date Rev Description

August 1998 A Initial release

Dec 1998 B Revised entire document with new information and block diagram (see Figure 1 on page 4).

March 1999 B-1
Revised Figure 1 on page 4.

Revised information in “The AMD-K7™ Processor” on page 1 and “AMD-K7™ Processor 
Microarchitecture” on page 2.
Revision History iii



AMD-K7™ Processor Module Technical Brief 22054B-1/0—March 1999

Confidential - Advance Information
iv Revision History



22054B-1/0—March 1999 AMD-K7™ Processor Module Technical Brief

Confidential - Advance Information
AMD-K7™ Processor Module

Technical Brief
Introduction

The AMD-K7™ processor is the newest microprocessor in the
AMD K86™ family of microprocessors. This document briefly
describes the microarchitecture of the AMD-K7 processor. It is
targeted at system designers and system logic designers. It is
assumed that the reader possesses an in-depth knowledge of
the x86 architecture.

The AMD-K7™ Processor

The AMD-K7 processor brings superscalar RISC performance to
desktop systems running industry-standard x86 software. This
processor implements advanced design techniques such as:

■ Three out-of-order, superscalar, pipelined Multimedia Units
■ Three out-of-order, superscalar, pipelined Integer Units
■ Three x86 instruction decoders
■ Fixed-sized internal instruction formats (Macro-Ops)
■ 72-entry Instruction Control Unit
■ AMD 3DNow!™ technology
■ Large L1 and L2 caches and TLB structures
■ Register renaming and data-forwarding
■ Dynamic branch prediction
■ S2K Interface Technology
Introduction 1
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The AMD-K7 processor is capable of decoding, issuing,
executing, and retiring multiple x86 instructions per cycle,
resulting in superior scaleable performance. The AMD-K7
processor is the first x86 processor ever to incorporate the S2K
interface technology to deliver unprecedented system
performance. The S2K interface technology is based on the EV6
bus technology from Digital/Compaq and provides 1.6 Gbytes
per second bandwidth to the system. 

The AMD-K7 processor executes MMX™ instructions, the
enhanced 3DNow! instructions, and x87 instruction in the three
multimedia execution unit pipelines. 3DNow! technology was
created based on suggestions from leading graphics and
software vendors. Using a data format and single-instruction
multiple-data (SIMD) operations based on the MMX instruction
model, the AMD-K7 processor can produce up to four, 32-bit,
single-precision floating-point results per clock cycle resulting
in two GFlops at 500 MHz. In addition, the enhanced 3DNow!
technology includes new integer multimedia instructions, a new
instruction to allow the prefetching of data under software
control, and a faster enter/exit multimedia-state instruction. 

AMD-K7™ Processor Microarchitecture
The AMD-K7 processor microarchitecture includes large
instruction and data caches, branch prediction tables,
instruction decoders, and multiple integer and floating-point
schedulers for execution resources that support superscalar
execution—multiple decode, execution, and retirement—of
x86 instructions. These elements are packed into an aggressive
and very efficient nine-stage processing pipeline. 

The innovative AMD-K7 microarchitecture implements the x86
instruction set by internally translating x86 instructions into
Macro-Ops. The AMD-K7 microarchitecture enables higher
processor core performance and promotes straightforward
extensions in future designs. Instead of directly executing
complex x86 instructions, which have lengths of 1 to 15 bytes,
the AMD-K7 processor executes the simpler fixed-length
Macro-Ops, while maintaining the instruction coding
efficiencies found in x86 programs. Macro-Ops consist of up to
two Ops, which are independently executed in the integer or
multimedia pipelines.
2 AMD-K7™ Processor Microarchitecture
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Decoding of the x86 instructions into Macro-Ops begins when
the L1 instruction cache is filled. Predecode logic determines
the start, end, and opcode location of an x86 instruction on a
byte-by-byte basis. This predecode information is stored along
with the x86 instructions in a dedicated predecode cache, to be
used later by the decoders. The predecode data is essential to
the ability of the decoders to operate at high frequencies. 

The AMD-K7 processor categorizes x86 instructions into two
types of decodes—DirectPath and VectorPath. The decoders
process either three DirectPath, or one VectorPath decode at a
t ime.  The two types  of  decodes  have the  fo l lowing
characteristics:

■ DirectPath decode—Decodes all common x86 instructions
and delivers up to three Macro-Ops per cycle to the
processor core. 

■ VectorPath decode—Decodes complex or less common x86
instructions requiring multiple sequences of Macro-Ops.

The internal AMD-K7 processor instruction set consists of the
following types of Macro-Ops:

■ Memory load or store operations 

■ Address generation operations (AG)

■ Integer unit operations, including jumps (IU)

■ Integer multiply operations 

■ FPU/MMX/3DNow! load/store and misc. operations 

■ FPU/MMX/3DNow! multiply operations 

■ FPU/MMX/3DNow! arithmetic operations 

The following example shows a series of x86 instructions and
the corresponding decoded Macro-Ops.

x86 Instructions Macro-Ops (Ops)

MOV CX, [SP+4] 1 (AG)
ADD AX,BX 1 (IU)
CMP CX,[AX] 1 (AG,IU)
JZ foo 1 (IU)

The MOV instruction converts to an address generation
operation that requires indirect data be loaded from memory.
The ADD instruction converts to an Integer unit register
operation that can be sent to one of the three integer units. The
CMP instruction converts into one Macro-Op and two Ops. The
first Macro-Op is an address generation operation that requires
AMD-K7™ Processor Microarchitecture 3
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indirect data be loaded from memory. That value is then
compared (Integer unit function) with CX.

Once Macro-Ops are decoded, up to three Macro-Ops per cycle
are dispatched to the Integer and Floating-point unit
schedulers. Concurrently, the operands to these Macro-Ops are
sent to the Instruction Control Unit (ICU), which places the
operands into a 24x3 or 72-entry reorder buffer (ROB). Each
ROB line can contain the operands for up to three Macro-Ops.
The ICU manages integer instruction dispatch and all
exception and instruction retirement operations. The ICU
obtains all available operands or assigns register renames for
operands for each of the Macro-Ops. It then issues the Macro-Op
to the execution unit schedulers.

The AMD-K7 processor contains six execution units—three
integer and three Multimedia units. Figure 1 shows a block
diagram of these units within the processor. 

Figure 1.   AMD-K7™ Processor Block Diagram
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As mentioned, the ICU manages operands for up to 72
Macro-Ops at any given time. At every clock, the ICU can accept
up to three Macro-Ops from the decoders, can send operands for
up to nine Macro-Ops to execution units, and can retire up to six
Macro-Ops. 

The AMD-K7 processor offers sophisticated dynamic branch
prediction logic to minimize or eliminate the delays due to the
branch instructions (jumps, calls, returns) common in x86
software. The processor includes the following:

■ Branch prediction table

■ Branch target address table

■ Return address stack

The AMD-K7 processor implements a two-way, 2048-entry
branch prediction table. The branch prediction table stores
prediction information that is used for predicting the direction
of conditional branches. The branch target address table stores
target addresses of conditional and unconditional. The return
address stack optimizes CALL/RET instruction pairs by storing
the return address of each CALL within a nested series of
subroutines and supplying a return address as the predicted
target address of the corresponding RET instruction. 

As shown in Figure 1 on page 4, the high-performance,
out-of-order execution engine uses the split 128-Kbyte
writeback level-one cache (64 Kbytes of instruction cache and
64 Kbytes of data cache). The level-one instruction cache
provides instruction data to the decoders and subsequently, the
decoders dispatch Macro-Ops to the execution unit schedulers
and their operands to the ICU. The ICU controls the issue and
retirement of all Macro-Ops. The level-one data cache satisfies
most memory reads and writes by the load and store execution
units (LSU). The LSU buffers memory writes from the data
cache until they can safely be committed (that is, when all
preceding operations do not result in faults and all branch
prediction are resolved). The system interface unit supports
accesses to the system memory using the S2K interface
technology. The S2K interface provides 1.6 Gbytes per second
system bandwidth using a 200-MHz system clock and
source-synchronous clocking. In addition, the processor
contains an L2 cache controller and provides on-board tags to
AMD-K7™ Processor Microarchitecture 5
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support an L2 cache size of 512 Kbytes. The L2 cache controller
supports up to 8 Mbytes of industry-standard SRAMs. 

In summary, the AMD-K7 processor uses the latest in processor
microarchitecture techniques and system interface technology
to deliver the highest x86 performance ever. Furthermore, the
AMD-K7 processor provides this truly 7th-generation
performance and full x86 binary software compatibility at an
affordable cost.
6 AMD-K7™ Processor Microarchitecture
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