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Introduction

The AMD Athlon™ processor is the newest microprocessor in
the AMD K86 family of microprocessors. The advances in the
AMD Athlon processor take superscalar operation and out-of-
order execution to a new level. The AMD Athlon processor has
been designed to efficiently execute code written for previous-
generation x86 processors. However, to enable the fastest code
execution with the AMD Athlon processor, programmers should
write software that includes specific code optimization
techniques.

About This Document

This document contains information to assist programmers in
creating optimized code for the AMD Athlon processor. In
addition to compiler and assembler designers, this document
has been targeted to C and assembly-language programmers
writing execution-sensitive code sequences.

This document assumes that the reader possesses in-depth
knowledge of the x86 instruction set, the x86 architecture
(registers and programming modes), and the IBM PC-AT
platform.

This guide has been written specifically for the AMD Athlon
processor, but it includes considerations for previous-

Chapter 1

Introduction 1
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generation processors and describes how those optimizations
are applicable to the AMD Athlon processor. This guide covers
the following topics:

Section

Topic

Description

Chapter 1

Introduction

Outlines the material covered in
this document. Summarizes the
AMD Athlon™ microarchitecture.

Chapter 2

Top Optimizations

Provides convenient descriptions
of the most important optimiza-

tions a programmer should take

into consideration.

Chapter 3

C Source-Level Optimizations

Describes optimizations that
C/C++ programmers can imple-
ment.

Chapter 4

Instruction Decoding Optimizations

Describes methods that will make
the most efficient use of the three
sophisticated instruction decod-

ers in the AMD Athlon processor.

Chapter 5

Cache and Memory Optimizations

Describes optimizations that
make efficient use of the large L1
and L2 caches and high-band-
width buses of the AMD Athlon
processor.

Chapter 6

Branch Optimizations

Describes optimizations that
improve branch prediction and
minimize branch penalties.

Chapter 7

Scheduling Optimizations

Describes optimizations that
improve code scheduling for effi-
cient execution resource utiliza-
tion.

Chapter 8

Integer Optimizations

Describes optimizations that
improve integer arithmetic and
make efficient use of the integer
execution units in the

AMD Athlon processor.

Chapter 9

Floating-Point Optimizations

Describes optimizations that
make maximum use of the super-
scalar and pipelined floating-
point unit (FPU) of the

AMD Athlon processor.

Introduction

Chapter 1
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Section Topic Description

Describes code optimization
Chapter 10 | 3DNow!™ and MMX™ Optimizations | guidelines for 3DNow!, MMX, and
Enhanced 3DNow!/MMX.

Lists generic optimization tech-
Chapter 11 | General x86 Optimization Guidelines | niques applicable to x86 proces-
sors.

- . .| Describes in detail the microar-
Appendix A AMD Athlon™ Processor Microarchi- chitecture of the AMD Athlon

tecture
processor.

Describes in detail the execution
unit and its relation to the instruc-
tion pipeline.

Pipeline and Execution Unit

Appendix B Resources Overview

Describes the algorithm used by
Appendix C | Implementation of Write Combining | the AMD Athlon processor to
write-combine.

Describes the usage of the perfor-
Appendix D | Performance-Monitoring Counters | mance counters available in the
AMD Athlon processor.

Describes the steps needed to
program the Memory Type Range

Appendix E | Programming the MTRR and PAT Registers and the Page Attribute

Table.
. Instruction Dispatch and Execution | Lists the instruction execution
Appendix F L F -
Resources/Timing resource usage and its latency.

AMD Athlon™ Processor Family

The AMD Athlon processor family uses state-of-the-art
decoupled decode/execution design techniques to deliver next-
generation performance with x86 binary software
compatibility. This next-generation processor family advances
x86 code execution by using flexible instruction predecoding,
wide and balanced decoders, aggressive out-of-order execution,
parallel integer execution pipelines, parallel floating-point
execution pipelines, deep pipelined execution for higher
delivered operating frequency, dedicated cache memory, and a
new high-performance double-rate 64-bit local bus.

As an x86 binary-compatible processor, the AMD Athlon
processor implements the industry-standard x86 instruction set

Chapter 1
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by decoding and executing the x86 instructions using a
proprietary microarchitecture. This microarchitecture allows
the delivery of maximum performance when running x86-based
PC software.

AMD Athlon™ Processor Microarchitecture Summary

The AMD Athlon processor brings superscalar performance
and high operating frequencies to computer systems running
industry-standard x86 software. A brief summary of the next-
generation design features implemented in the AMD Athlon
processor is as follows:

m High-speed double-rate local-bus interface

Large, split 128-Kbyte level-one (LL1) cache

External level-two (L2) cache on Models 1 and 2

On-die L2 cache on Models 3, 4, and 6

Dedicated level-two (L2) cache

Instruction predecode and branch detection during cache-
line fills

Decoupled decode/execution core

Three-way x86 instruction decoding

Dynamic scheduling and speculative execution
Three-way integer execution

Three-way address generation

Three-way floating-point execution

3DNow!™ technology and MMX™ single-instruction multi-
ple-data (SIMD) instruction extensions

Super data forwarding
Deep out-of-order integer and floating-point execution

Register renaming

Dynamic branch prediction

The AMD Athlon processor communicates through a next-
generation high-speed local bus that is beyond the current
Socket 7 or Super7™ bus standard. The local bus can transfer
data at twice the rate of the bus operating frequency by using
both the rising and falling edges of the clock (see

4 Introduction Chapter 1
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“AMD Athlon™ System Bus” on page 214 for more
information).

To reduce on-chip cache-miss penalties and to avoid subsequent
data-load or instruction-fetch stalls, the AMD Athlon processor
has a dedicated high-speed L2 cache. The large 128-Kbyte L1
on-chip cache and the L2 cache allow the AMD Athlon
execution core to achieve and sustain maximum performance.

As a decoupled decode/execution processor, the AMD Athlon
processor makes use of a proprietary microarchitecture, which
defines the heart of the AMD Athlon processor. With the
inclusion of all these features, the AMD Athlon processor is
capable of decoding, issuing, executing, and retiring multiple
x86 instructions per cycle, resulting in superior scalable
performance.

The AMD Athlon processor includes both the industry-standard
MMX SIMD integer instructions and the 3DNow! SIMD
floating-goint instructions that were first introduced in the
AMD-K67-2 processor. The design of 3DNow! technology is
based on suggestions from leading graphics vendors and
independent software vendors (ISVs). Using SIMD format, the
AMD Athlon processor can generate up to four 32-bit, single-
precision floating-point results per clock cycle.

The 3DNow! execution units allow for high-performance
floating-point vector operations, which can replace x87
instructions and enhance the performance of 3D graphics and
other floating-point-intensive applications. Because the
3DNow! architecture uses the same registers as the MMX
instructions, switching between MMX and 3DNow! has no
penalty.

The AMD Athlon processor designers took another innovative
step by carefully integrating the traditional x87 floating-point,
MMX, and 3DNow! execution units into one operational engine.
With the introduction of the AMD Athlon processor, the
switching overhead between x87, MMX, and 3DNow!
technology is virtually eliminated. The AMD Athlon processor
combined with 3DNow! technology brings a better multimedia
experience to mainstream PC users while maintaining
backward compatibility with all existing x86 software.

Chapter 1
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Although the AMD Athlon processor can extract code
parallelism on-the-fly from off-the-shelf, commercially available
x86 software, specific code optimization for the AMD Athlon
processor can result in even higher delivered performance. This
document describes the proprietary microarchitecture in the
AMD Athlon processor and makes recommendations for
optimizing execution of x86 software on the processor.

The coding techniques for achieving peak performance on the
AMD Athlon processor include, but are not limited to, those for
the AMD-K6®, AMD-K6-2, Pentium®, Pentium Pro, and Pentium
II processors. However, many of these optimizations are not
necessary for the AMD Athlon processor to achieve maximum
performance. Due to the more flexible pipeline control and
aggressive out-of-order execution, the AMD Athlon processor is
not as sensitive to instruction selection and code scheduling.
This flexibility is one of the distinct advantages of the
AMD Athlon processor.

The AMD Athlon processor uses the latest in processor
microarchitecture design techniques to provide the highest x86
performance for today’s computer. In short, the AMD Athlon
processor offers true next-generation performance with x86
binary software compatibility.
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Top Optimizations

Group I-Essential
Optimizations

Group lI-Secondary
Optimizations

This chapter contains descriptions of the best optimizations for
improving the performance of the AMD Athlon™ processor.
Subsequent chapters contain more detailed descriptions of
these and other optimizations. The optimizations in this chapter
are divided into two groups and listed in order of importance.

Group I contains essential optimizations. Users should follow
these critical guidelines closely. The optimizations in Group I
are as follows:

m Memory Size and Alignment Issues—Avoid memory size
mismatches—Align data where possible

m Use the PREFETCH 3DNow!™ Instruction

m Select DirectPath Over VectorPath Instructions

Group II contains secondary optimizations that can
significantly improve the performance of the AMD Athlon
processor. The optimizations in Group II are as follows:

m Load-Execute Instruction Usage—Use Load-Execute
instructions—Avoid load-execute floating-point instruc-
tions with integer operands

Take Advantage of Write Combining

Optimization of Array Operations With Block Prefetching
Use 3DNow! Instructions

Recognize 3DNow! Professional Instructions

Avoid Branches Dependent on Random Data

Avoid Placing Code and Data in the Same 64-Byte Cache
Line

Chapter 2
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Optimization Star

The top optimizations described in this chapter are flagged
with a star. In addition, the star appears beside the more
detailed descriptions found in subsequent chapters.

Group | Optimizations—Essential Optimizations

Memory-Size and Alignment Issues
Avoid Memory-Size Mismatches

Avoid memory-size mismatches when different instructions
operate on the same data. When an instruction stores and
another instruction reloads the same data, keep their operands
aligned and keep the loads/stores of each operand the same
size. The following code examples result in a store-to-load-
forwarding (STLF) stall:

Example 1 (Avoid):

MOV DWORD PTR [FOO], EAX
MOV DWORD PTR [FOO+4], EDX
FLD  QWORD PTR [F0O0]

Avoid large-to-small mismatches, as shown in the following
code:

Example 2 (Avoid):

FST ~ QWORD PTR [F0O0]
MOV EAX, DWORD PTR [F0O0]
MOV EDX, DWORD PTR [F00+4]

8 Top Optimizations Chapter 2
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Align Data Where Possible

Avoid misaligned data references. All data whose size is a
power of two is considered aligned if it is naturally aligned. For
example:

m Word accesses are aligned if they access an address divisible
by two.

m Doubleword accesses are aligned if they access an address
divisible by four.

m Quadword accesses are aligned if they access an address
divisible by eight.

m TBYTE accesses are aligned if they access an address divisi-
ble by eight.

A misaligned store or load operation suffers a minimum one-
cycle penalty in the AMD Athlon processor load/store pipeline.
In addition, using misaligned loads and stores increases the
likelihood of encountering a store-to-load forwarding pitfall.
For a more detailed discussion of store-to-load forwarding
issues, see “Store-to-Load Forwarding Restrictions” on page 86.

Use the 3DNow!™ Prefetching Instructions

For code that can take advantage of prefetching, use the
3DNow! PREFETCH and PREFETCHW instructions to increase
the effective bandwidth of the AMD Athlon processor, thereby
significantly improving performance. All the prefetch
instructions are essentially integer instructions and can be used
anywhere, in any type of code (for example, integer, x87,
3DNow!, MMX). Use the following formula to determine
prefetch distance:

Prefetch Distance = 200 x (DS/C)

m Round up to the nearest cache line.
m DS is the data stride per loop iteration.

m Cis the number of cycles per loop iteration when hitting in
the L1 cache.

See “Use the PREFETCH 3DNow!™ Instruction” on page 79 for
more details.

Chapter 2

Top Optimizations 9



AMDZ\
AMD Athlon™ Processor x86 Code Optimization Guide 22007K  February 2002

Select DirectPath Over VectorPath Instructions

Use DirectPath instructions rather than VectorPath
instructions. DirectPath instructions are optimized for decode
and execute efficiently by minimizing the number of operations
per x86 instruction, which includes ‘register<«register op
memory’ as well as ‘register<«register op register’ forms of
instructions. Up to three DirectPath instructions can be
decoded per cycle. VectorPath instructions block the decoding
of DirectPath instructions.

The AMD Athlon processor implements the majority of
instructions used by a compiler as DirectPath instructions.
Nevertheless, assembly writers must still take into
consideration the usage of DirectPath versus VectorPath
instructions.

See Appendix F, “Instruction Dispatch and Execution
Resources/Timing,” for tables of DirectPath and VectorPath
instructions.

Group Il Optimizations—Secondary Optimizations

Load-Execute Instruction Usage

Use Load-Execute Instructions

Most load-execute integer instructions are DirectPath
decodable and can be decoded at the rate of three per cycle.
Splitting a load-execute integer instruction into two separate
instructions—a load instruction and a “reg, reg” instruction—
reduces decoding bandwidth and increases register pressure,
which results in lower performance. Use the split-instruction
form to avoid scheduler stalls for longer executing instructions
and to explicitly schedule the load and execute operations.

10 Top Optimizations Chapter 2
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Use Load-Execute Floating-Point Instructions with Floating-Point Operands

When operating on single-precision or double-precision
floating-point data, wherever possible use floating-point load-
execute instructions to increase code density.

Note: This optimization applies only to floating-point
instructions with floating-point operands and not to
integer operands, as described in the next section.

This coding style helps in two ways. First, denser code allows
more work to be held in the instruction cache. Second, the
denser code generates fewer internal MacroOPs, allowing the
FPU scheduler to hold more work, which increases the chances
of extracting parallelism from the code.

Example 1 (Avoid):

FLD QWORD PTR [TEST1]
FLD QWORD PTR [TESTZ2]
FMUL ST, ST(1)

Example 1 (Preferred):

FLD QWORD PTR [TEST1]
FMUL QWORD PTR [TESTZ2]

Avoid Load-Execute Floating-Point Instructions with Integer Operands

Do not use load-execute floating-point instructions with integer
operands: FIADD, FISUB, FISUBR, FIMUL, FIDIV, FIDIVR,
FICOM, and FICOMP. Remember that floating-point
instructions can have integer operands, while integer
instructions cannot have floating-point operands.

Use separate FILD and arithmetic instructions for floating-
point computations involving integer-memory operands. This
optimization has the potential to increase decode bandwidth
and OP density in the FPU scheduler. The floating-point load-
execute instructions with integer operands are VectorPath and
generate two OPs in a cycle, while the discrete equivalent
enables a third DirectPath instruction to be decoded in the
same cycle. In some situations, this optimization can also
reduce execution time if the FILD can be scheduled several
instructions ahead of the arithmetic instruction in order to
cover the FILD latency.

Chapter 2
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Example 2 (Avoid):

FLD QWORD PTR [fool
FIMUL DWORD PTR [bar]
FIADD DWORD PTR [baz]

Example 2 (Preferred):

FILD DWORD PTR [bar]
FILD DWORD PTR [baz]
FLD  QWORD PTR [foo0]
FMULP ST(2), ST
FADDP ST(1),ST

Take Advantage of Write Combining

This guideline applies only to operating-system, device-driver,
and BIOS programmers. In order to improve system
performance, the AMD Athlon processor aggressively combines
multiple memory-write cycles of any data size that address
locations within a 64-byte cache line aligned write buffer.

See Appendix C, “Implementation of Write Combining,” for
more details.

Optimizing Main Memory Performance for Large Arrays

Reading Large Arrays
and Streams

To process a large array (200 Kbytes or more), or other large
sequential data sets that are not already in cache, use block
prefetch to achieve maximum performance. The block prefetch
technique involves processing the data in blocks. The data for
each block is preloaded into the cache by reading just one
address per cache line, causing each cache line to be filled with
the data from main memory.

Filling the cache lines in this manner, with a single read
operation per line, allows the memory system to burst the data
at the highest achievable read bandwidth.

Once the input data is in cache, the processing can then
proceed at the maximum instruction execution rate, because no
memory read accesses will slow down the processor.

12
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If data needs to be written back to memory during processing, a
similar technique can be used to accelerate the write phase.
The processing loop writes data to a temporary in-cache buffer,
to avoid memory-access cycles and to allow the processor to
execute at the maximum instruction rate. Once a complete data
block has been processed, the results are copied from the in-
cache buffer to main memory, using a loop that employs the
very fast streaming store instruction, MOVNTQ.

See “Optimizing Main Memory Performance for Large Arrays”
on page 66 for detailed optimization examples, where the
block-prefetch method is used for simply copying memory, and
also for adding two floating-point arrays through the use of the
x87 floating-point unit.

Also see the complete optimized memcpy routine in “Use
MMX™ Instructions for Block Copies and Block Fills” on
page 174. This example employs Block Prefetch for large size
memory blocks.

Use 3DNow!™ Instructions

When single precision is required, perform floating-point
computations using the 3DNow! instructions instead of x87
instructions. The SIMD nature of 3DNow! instructions achieves
twice the number of FLOPs that are achieved through x87
instructions. 3DNow! instructions also provide for a flat register
file instead of the stack-based approach of x87 instructions.

See Table 23 on page 298 for a list of 3DNow! instructions. For
information about instruction usage, see the 3DNow!™
Technology Manual, order no. 21928.

Chapter 2
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Recognize 3DNow! Professional Instructions

AMD Athlon™ processors that include 3DNow! Professional
instructions indicate the presence of Streaming SIMD
Extensions (SSE) through the standard CPUID feature bit 25.
See Table 25 on page 301 for a list of the additional SSE
instructions introduced with 3DNow! Professional technology.

Where SSE optimizations already exist, or are planned for
future development, feature-detection code using CPUID
should be checked to ensure correct CPU vendor independent
recognition of SSE on AMD processors. For a full description of
CPU feature detection on AMD processors, please refer to the
AMD Processor Recognition Application Note, order no. 20734.

Avoid Branches Dependent on Random Data

Avoid conditional branches depending on random data, as these
are difficult to predict. For example, a piece of code receives a
random stream of characters “A” through “Z” and branches if
the character is before “M” in the collating sequence. Data-
dependent branches acting upon basically random data cause
the branch-prediction logic to mispredict the branch about 50%
of the time.

If possible, design branch-free alternative code sequences,
which result in shorter average execution time. This technique
is especially important if the branch body is small. See “Avoid
Branches Dependent on Random Data” on page 93 for more
details.
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Avoid Placing Code and Data in the Same 64-Byte Cache Line

Sharing code and data in the same 64-byte cache line may cause
the L1 caches to thrash (unnecessary castout of code/data) in
order to maintain coherency between the separate instruction
and data caches. The AMD Athlon processor has a cache-line
size of 64 bytes, which is twice the size of previous processors.
Avoid placing code and data together within this larger cache
line, especially if the data becomes modified.

For example, consider that a memory indirect JMP instruction
may have the data for the jump table residing in the same
64-byte cache line as the JMP instruction. This mixing of code
and data in the same cache line would result in lower
performance.

Although rare, do not place critical code at the border between
32-byte aligned code segments and a data segments. Code at
the start or end of a data segment should be executed as
seldomly as possible or simply padded with garbage.

In general, avoid the following:
m Self-modifying code

m Storing data in code segments

Chapter 2
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C Source-Level
Optimizations

This chapter details C programming practices for optimizing
code for the AMD Athlon™ processor. Guidelines are listed in
order of importance.

Ensure Floating-Point Variables and Expressions are of

Type Float

For compilers that generate 3DNow!™ instructions, make sure
that all floating-point variables and expressions are of type
float. Pay special attention to floating-point constants. These
require a suffix of “F” or “f” (for example: 3.14f) to be of type
float, otherwise they default to type double. To avoid automatic
promotion of float arguments to double, always use function
prototypes for all functions that accept float arguments.

Use 32-Bit Data Types for Integer Code

Use 32-bit data types for integer code. Compiler
implementations vary, but typically the following data types are
included—int, signed, signed int, unsigned, unsigned int, long,
signed long, long int, signed long int, unsigned long, and unsigned
long int.

Chapter 3
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Consider the Sign of Integer Operands

In many cases, the data stored in integer variables determines
whether a signed or an unsigned integer type is appropriate.
For example, to record the weight of a person in pounds, no
negative numbers are required, so an unsigned type is
appropriate. However, recording temperatures in degrees
Celsius may require both positive and negative numbers, so a
signed type is needed.

Where there is a choice of using either a signed or an unsigned
type, take into consideration that certain operations are faster
with unsigned types while others are faster for signed types.

Integer-to-floating-point conversion using integers larger than
16 bits is faster with signed types, as the x86 architecture
provides instructions for converting signed integers to floating-
point, but has no instructions for converting unsigned integers.
In a typical case, a 32-bit integer is converted by a compiler to
assembly as follows:

Example 1 (Avoid):

double x; ==== MOV [temp+4], O
unsigned int 1; MOV EAX, i

MOV [temp], EAX
X = 1i; FILD QWORD PTR [temp]

FSTP QWORD PTR [x]

The previous code is slow not only because of the number of
instructions, but also because a size mismatch prevents store-to-
load forwarding to the FILD instruction. Instead, use the
following code:

Example 1 (Preferred):

double x; ==== FILD DWORD PTR [i]
int 1; FSTP QWORD PTR [x]

X = 1;
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Computing quotients and remainders in integer division by
constants are faster when performed on unsigned types. The
following typical case is the compiler output for a 32-bit integer

divided by four:

Example 2 (Avoid):

int i; ——— MOV
cDbQ

i=1 7/ 4; AND
ADD
SAR
MOV

Example 2 (Preferred):

unsigned int 1i; ==== SHR

i=1/4;
In summary:

Use unsigned types for:

m Division and remainders
m Loop counters

m Array indexing

Use signed types for:

m Integer-to-float conversion

EAX,

EDX,
EAX,
EAX,

i,

EDX

EAX

Chapter 3
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Use Array-Style Instead of Pointer-Style Code

The use of pointers in C makes work difficult for the optimizers
in C compilers. Without detailed and aggressive pointer
analysis, the compiler has to assume that writes through a
pointer can write to any place in memory. This includes storage
allocated to other variables, creating the issue of aliasing, i.e.,
the same block of memory is accessible in more than one way.

To help the C compiler optimizer in its analysis, avoid the use of
pointers where possible. One example where this is trivially
possible is in the access of data organized as arrays. C allows the
use of either the array operator [] or pointers to access the
array. Using array-style code makes the task of the optimizer
easier by reducing possible aliasing.

For example, x[0] and x[2] cannot possibly refer to the same
memory location, while *p and *q could. It is highly
recommended to use the array style, as significant performance
advantages can be achieved with most compilers.

Example 1 (Avoid):

typedef struct {
float x,y,z,w;
} VERTEX;

typedef struct {
float m[4]1[4];

} MATRIX;
void XForm (float *res, const float *v, const float *m, int
numverts) {
float dp;
int i;
const VERTEX* vv = (VERTEX *)v;
for (i = 0; 1 < numverts; i++) {
dp = vv->x * *mt+;
dp += vv->y * *mt++;
dp += vv->z * *mt++;
dp += vv->w * *mt++;

*res++ = dp; /* write transformed x */

dp = vv->Xx * *mt++;
dp += vv->y * *mt++;
dp += vv->z * *mt++;
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dp += vv->w

*res++ = dp;

dp = vv->x
dp += vv->y
dp += vv->zZ
dp += vv->w

dp = vv->x
dp += vv->y
dp += vv->z

dp += vv->w

*res++ = dp;

AMD Athlon™ Processor x86 Code Optimization Guide

xRkt
/* write transformed y */

*m++;
*m++;
*m++;
*m++;

* % % of

/* write transformed z */

*m++;
*m++;
*m++;
*m++;

* % % of

/* write transformed w */

++vv; /* next input vertex */
m -=16; /* reset to start of transform matrix */

}

Example 1 (Preferred):

typedef struct {
float x,y,z,w;
} VERTEX;

typedef struct {
float m[4]1[4];
} MATRIX;

void XForm (float
numverts) {

int i;

const VERTEX*

*res, const float *v, const float *m, int

vv = (VERTEX *)v;

const MATRIX* mm = (MATRIX *)m;
VERTEX* rr = (VERTEX *)res;

for (i = 0; 1
rr->x =

vv->x*mm->m[0][0] + vv->y*mm->m[0][1]

< numverts; i++) |

+

vv->z*mm->m[0][2] + vv->w*mm->m[0][3];

rr->y = vv->x*mm->mL1100] + vv->y*mm->m[1][1]

+

vv->z*mm->m[1102] + vv->w*mm->m[1]1[3];

rr->z = vv-
VV->Z
rr->w = vv-
VV->Z

+

>x*mm->m[2100] + vv->y*mm->m[2][1]
*mm->m[2102] + vv->w*mm->m[2][3];
>x*mm->m[3100] + vv->y*mm->m[3][1]
*mm->m[3]1[2] + vv->w*mm->m[3][3];

+
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Reality Check

Note that source code transformations interact with a
compiler’s code generator and that it is difficult to control the
generated machine code from the source level. It is even
possible that source code transformations for improving
performance and compiler optimizations “fight” each other.
Depending on the compiler and the specific source code, it is
therefore possible that pointer style code will be compiled into
machine code that is faster than that generated from equivalent
array style code. It is advisable to check the performance after
any source code transformation to see whether performance
really has improved.

Completely Unroll Small Loops

Take advantage of the large 64-Kbyte instruction cache in the
AMD Athlon processor and completely unroll small loops.
Unrolling loops can be beneficial to performance, especially if
the loop body is small, which makes the loop overhead
significant. Many compilers are not aggressive at unrolling
loops. For loops that have a small fixed loop count and a small
loop body, completely unroll the loops at the source level.

Example 1 (Avoid):

// 3D-transform: multiply vector V by 4x4 transform matrix M
for (i=0; i<4; i++) {
rfi] = 0;
for (j=0; j<4; j++) {
rli] += MLJILiI*VIJ];
}
}

Example 1 (Preferred):
// 3D-transform: multiply vector V by 4x4 transform matrix M

rf0] = MLOJLOI*V[LO] + ML11[01*V[1] + M[2][0]*V[2] +
ME3T[01*V[3];

rf1] = MEOJL11*V[LO] + ML1I[11*V[1] + M[L2][1]*V[2] +
ME3T[11*V[3];

rl2] = MEOJ[21*V[L0] + M[11[2]*V[1] + M[2][2]*V[2] +
M[31[21*V[3];

rf3] = MEOJL31*V[LO] + ML11[31*V[1] + M[2][3]*V[2] +
ML3J[31*v[3];

22
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Avoid Unnecessary Store-to-Load Dependencies

A store-to-load dependency exists when data is stored to
memory, only to be read back shortly thereafter. See “Store-to-
Load Forwarding Restrictions” on page 86 for more details. The
AMD Athlon processor contains hardware to accelerate such
store-to-load dependencies, allowing the load to obtain the
store data before it has been written to memory. However, it is
still faster to avoid such dependencies altogether and keep the
data in an internal register.

Avoiding store-to-load dependencies is especially important if
they are part of a long dependency chains, as may occur in a
recurrence computation. If the dependency occurs while
operating on arrays, many compilers are unable to optimize the
code in a way that avoids the store-to-load dependency. In some
instances the language definition may prohibit the compiler
from using code transformations that would remove the store-
to-load dependency. It is therefore recommended that the
programmer remove the dependency manually, e.g., by
introducing a temporary variable that can be kept in a register.
This can result in a significant performance increase. The
following is an example of this.

Example 1 (Avoid):

double x[VECLEN], y[VECLEN], z[VECLEN];
unsigned int k;

for (k =1; k < VECLEN; k++) {
x[k] = x[k-11 + y[k];
}

for (k =1; k < VECLEN; k++) {
x[k] = z[k] * (y[k] - x[k-11);
}

Example 1 (Preferred):

double x[VECLEN], y[VECLEN], z[VECLEN];
unsigned int k;

double t;

t = x[0];

for (k = 1; k < VECLEN; k++) {
t =t + ylk];
x[k] = t;

Chapter 3
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t = x[0];

for (k = 1; k < VECLEN; k++) {
t = z[k] * (y[k] - t);
x[k] = t;

}

Always Match the Size of Stores and Loads

The AMD Athlon processor contains a load/store buffer (LS) to
speed up the forwarding of store data to dependent loads.
However, this store-to-load forwarding (STLF) inside the LS
occurs in general only when the addresses and sizes of the store
and the dependent load match, and when both memory
accesses are aligned (see section “Store-to-Load Forwarding
Restrictions” on page 86 for details).

It is impossible to control load and store activity at the source
level as to avoid all cases that violate restrictions placed on
store-to-load-forwarding. In some instances it is possible to spot
such cases in the source code. Size mismatches can easily occur
when different sized data items are joined in a union. Address
mismatches could be the result of pointer manipulation.

The following examples show a situation involving a union of
differently sized data items. The examples show a user defined
unsigned 16.16 fixed point type, and two operations defined on
this type. Function fixed_add() adds two fixed point numbers,
and function fixed_int() extracts the integer portion of a fixed
point number. Example 1 (Avoid) shows an inappropriate
implementation of fixed_int(), which when used on the result of
fixed_add() causes misalignment, address mismatch, or size
mismatch between memory operands, such that no STLF in LS
takes place. Example 1 (Preferred) shows how to properly
implement fixed_int() in order to allow store-to-load-forwarding
in LS.

Example 1 (Avoid):

typedef union {
unsigned int whole;
struct {
unsigned short frac; /* lower 16 bits are fraction */
unsigned short intg; /* upper 16 bits are integer */
} parts;
} FIXED_U_16_16;

24

C Source-Level Optimizations Chapter 3



AMDA\

22007K  February 2002

__inline FIXED_U_16_16 fixed_add

{

}

AMD Athlon™ Processor x86 Code Optimization Guide

(FIXED_U_l6_16 x,

FIXED_U_16_16 y)

FIXED_U_16_16 z;
z.whole = x.whole + y.whole;
return (z);

__inline unsigned int fixed_int (FIXED_U_16_16 x)

{
J
[

]

FIXED_U_16_16 y, z;

unsigned int g;

[.

L]

labell:
= fixed_add (y,
qg = fixed_int (y);

label?2:

[..

.

zZ);

return ((unsigned int)(x.parts.intg));

The object code generated for the source code between $labell
and $label2 typically follows one of these following two

variants:

;variant 1

MOV EDX, DWORD PTR
MOV EAX, DWORD PTR
ADD EAX, EDX

MOV DWORD PTR [y1],
MOV EAX, DWORD PTR
AND EAX, OFFFFh
MOV DWORD PTR [ql,
;variant 2

MOV EDX, DWORD PTR
MOV EAX, DWORD PTR
ADD EAX, EDX

MOV DWORD PTR [y1],

MOV ZX

MOV

[z]
Ly]

EAX

[y+2]

EAX

[z]
Ly]

EAX

EAX, WORD PTR [y+2]

DWORD PTR [q],

EAX

-+
|
|

;<+ misaligned/address
; mismatch, no forwarding in LS

:<{+ size and address mismatch,
: no forwarding in LS
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Example 1 (Preferred):
typedef union {

}

unsigned int whole;
struct {
unsigned short frac; /* lower 16 bits are fraction */
unsigned short intg; /* upper 16 bits are integer */
} parts;
FIXED_U_16_16;

inline FIXED_U_16_16 fixed_add (FIXED_U_16_16 x,

FIXED_U_16_16 y)

{

}

{
J
[

FIXED_U_16_16 z;
z.whole = x.whole + y.whole;
return (z);

inlTine unsigned int fixed_int (FIXED_U_16_16 x)

return (x.whole >> 16);

]

FIXED_U_16_16 y, z;

unsigned int g;

[..
labell:

.

y = fixed_add (y, z);
qg = fixed_int (y);

label?2:

[..

.

The object code generated for the source code between $labell
and $label2 typically looks as follows:

MOV EDX, DWORD PTR [z]
MOV EAX, DWORD PTR [y]
ADD EAX, EDX
MOV DWORD PTR [yl, EAX s+
MOV EAX, DWORD PTR [y] ;<+ aligned, size/address
match,
; forwarding in LS
SHR EAX, 16
MOV DWORD PTR [qg], EAX
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Consider Expression Order in Compound Branch

Conditions

Branch conditions in C programs are often compound
conditions consisting of multiple boolean expressions joined by
the boolean operators && and Il. C guarantees a short-circuit
evaluation of these operators. This means that in the case of Il,
the first operand to evaluate to TRUE terminates the
evaluation, i.e., following operands are not evaluated at all.
Similarly for &&, the first operand to evaluate to FALSE
terminates the evaluation. Because of this short-circuit
evaluation, it is not always possible to swap the operands of Il
and &&. This is especially the case when the evaluation of one
of the operands causes a side effect. However, in most cases the
exchange of operands is possible.

When used to control conditional branches, expressions
involving Il and && are translated into a series of conditional
branches. The ordering of the conditional branches is a function
of the ordering of the expressions in the compound condition,
and can have a significant impact on performance. It is
impossible to give an easy, closed-form formula on how to order
the conditions. Overall performance is a function of a variety of
the following factors:

m Probability of a branch mispredict for each of the branches
generated

m Additional latency incurred due to a branch mispredict

m Cost of evaluating the conditions controlling each of the
branches generated

m  Amount of parallelism that can be extracted in evaluating
the branch conditions

m Data stream consumed by an application (mostly due to the
dependence of mispredict probabilities on the nature of the
incoming data in data dependent branches)

It is therefore recommended to experiment with the ordering of
expressions in compound branch conditions in the most active
areas of a program (so called hot spots) where most of the
execution time is spent. Such hot spots can be found through
the use of profiling. Feed a “typical” data stream to the
program while doing the experiments.
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Optimize Switch Statements

Switch statements are translated using a variety of algorithms.
The most common of these are jump tables and comparison
chains/trees. It is recommended to sort the cases of a switch
statement according to the probability of occurrences, with the
most probable first. This improves performance when the
switch is translated as a comparison chain. It is further
recommended to make the case labels small, contiguous integer
values, as this allows the switch to be translated as a jump table.
Most compilers allow the switch statement to be translated as a
jump table if the case labels are small and contiguous integer

values.

Example 1 (Avoid):

int days_in_month, short_months, normal_months,

switch
case
case
case
case

(days_in_month) {

28:

29: short_months++; break;
30: normal_months++; break;
31: long_months++; break;

default: printf ("month has fewer than 28 or

}

days\n");

Example 1 (Preferred):

int days_in_month, short_months, normal_months,

switch
case
case
case
case

(days_in_month) {

31: long_months++; break;
30: normal_months++; break;
28:

29: short_months++; break;

default: printf ("month has fewer than 28 or

days\n");

long_months;

more than 31

long_months;

more than 31
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Use Prototypes for All Functions

In general, use prototypes for all functions. Prototypes can
convey additional information to the compiler that might
enable more aggressive optimizations.

Use Const Type Qualifier

Use the “const” type qualifier as much as possible. This
optimization makes code more robust and may enable higher
performance code to be generated due to the additional
information available to the compiler. For example, the C
standard allows compilers to not allocate storage for objects
that are declared “const” if their address is never taken.
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Generic Loop Hoisting

To improve the performance of inner loops, it is beneficial to
reduce redundant constant calculations (i.e., loop invariant
calculations). However, this idea can be extended to invariant
control structures.

The first case is that of a constant if() statement in a for() loop.

Example 1:
for( 1 ... ) {
if( CONSTANTO ) {
DoWorkQ0( i ); // does not affect CONSTANTO
} else |
DoWorkl( i ); // does not affect CONSTANTO

}
}

Transform the above loop into:

if( CONSTANTO ) {
for( 1 ... ) {
DoWorkQ0( i );
}
} else |
for( 1 ... ) {
DoWorkl1( i );
}
}

This makes the inner loops tighter by avoiding repetitious
evaluation of a known if() control structure. Although the
branch would be easily predicted, the extra instructions and
decode limitations imposed by branching are saved, which are
usually well worth it.

Generalization for Multiple Constant Control Code

To generalize this further for multiple constant control code,
some more work may have to be done to create the proper outer
loop. Enumeration of the constant cases reduces this to a simple
switch statement.
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Example 2:
for(i ... ) {
if( CONSTANTO ) {
DoWork0( i ); //does not affect CONSTANTO
// or CONSTANTI1
} else {
DoWorkI( i ); //does not affect CONSTANTO

// or CONSTANTI1
}
if( CONSTANT1 ) {
DoWork2( i ); //does not affect CONSTANTO
// or CONSTANTI1
b oelse |
DoWork3( i ); //does not affect CONSTANTO
// or CONSTANTI1

}

Transform the above loop by using the switch statement into:

fidefine combine( cl, c2 ) (((cl) << 1) + (c2))
switch( combine( CONSTANTO!=0, CONSTANT1!=0 ) ) |
case combine( 0, 0 ):
for(C i ... ) |
DoWork0( i );
DoWork2( i );
}
break;
case combine( 1, 0 ):
forC i ... ) |
DoWorkl( i );
DoWork2( i );
}
break;
case combine( 0, 1 ):
for(C i ... ) |
DoWork0( 1 );
DoWork3( 1 );
}
break;
case combine( 1, 1 ):
for(C i ... ) |
DoWorkl( i );
DoWork3( 1 );
}
break;
default:
break;
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The trick here is that there is some up-front work involved in
generating all the combinations for the switch constant and the
total amount of code has doubled. However, it is also clear that
the inner loops are “if()-free”. In ideal cases where the
“DoWork*()” functions are inlined, the successive functions
will have greater overlap leading to greater parallelism than
would be possible in the presence of intervening if()
statements.

The same idea can be applied to constant switch() statements,
or combinations of switch() statements and if() statements
inside of for() loops. The method for combining the input
constants gets more complicated but are worth it for the
performance benefit.

However, the number of inner loops can also substantially
increase. If the number of inner loops is prohibitively high, then
only the most common cases need to be dealt with directly, and
the remaining cases can fall back to the old code in a “default:”
clause for the switch() statement.

This typically comes up when the programmer is considering
runtime generated code. While runtime generated code can
lead to similar levels of performance improvement, it is much
harder to maintain, and the developer must do their own
optimizations for their code generation without the help of an
available compiler.

Declare Local Functions as Static

Functions that are not used outside the file where they are
defined should always be declared static, which forces internal
linkage. Otherwise, such functions default to external linkage,
which might inhibit certain optimizations with some
compilers—for example, aggressive inlining.
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Dynamic Memory Allocation Consideration

Dynamic memory allocation (“‘malloc’ in C language) should
always return a pointer that is suitably aligned for the largest
base type (quadword alignment). Where this aligned pointer
cannot be guaranteed, use the technique shown in the following
code to make the pointer quadword aligned, if needed. This
code assumes the pointer can be cast to a long.

Example 1:

double* p;

double* np;

p = (double *)malloc(sizeof(double)*number_of_doubles+7L);
np = (double *)((((long)(p))+7L) & (-8L));

Then use ‘np’ instead of ‘p’ to access the data. ‘p’ is still needed
in order to deallocate the storage.

Introduce Explicit Parallelism into Code

Where possible, break long dependency chains into several
independent dependency chains that can then be executed in
parallel, exploiting the pipeline execution units. This is
especially important for floating-point code, whether it is
mapped to x87 or 3DNow! instructions because of the longer
latency of floating-point operations. Since most languages,
including ANSI C, guarantee that floating-point expressions are
not reordered, compilers cannot usually perform such
optimizations unless they offer a switch to allow ANSI non-
compliant reordering of floating-point expressions according to
algebraic rules.

Note that reordered code that is algebraically identical to the
original code does not necessarily deliver identical
computational results due to the lack of associativity of floating
point operations. There are well-known numerical
considerations in applying these optimizations (consult a book
on numerical analysis). In some cases, these optimizations may
lead to unexpected results. Fortunately, in the vast majority of
cases, the final result differs only in the least significant bits.
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Example 1 (Avoid):
double a[1l00],sum;
int i;

sum = 0.0f;
for (i=0; i<100; i++) {
sum += ali]l;

}

Example 1 (Preferred):
double all100],suml,sum2,sum3,sum4,sum;

int i;

suml = 0.0;
sum?2 = 0.0;
sum3 = 0.0;
sum4 = 0.0

for (i=0; i<100; i+4) {
suml += al[i];
sum2 += ali+1];
sum3 += al[i+2];
sumd += al[i+3];
}

sum = (sum4+sum3)+(suml+sum?);

Notice that the four-way unrolling was chosen to exploit the
four-stage fully pipelined floating-point adder. Each stage of
the floating-point adder is occupied on every clock cycle,
ensuring maximal sustained utilization.
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Explicitly Extract Common Subexpressions

In certain situations, C compilers are unable to extract common
subexpressions from floating-point expressions due to the
guarantee against reordering of such expressions in the ANSI
standard. Specifically, the compiler cannot rearrange the
computation according to algebraic equivalencies before
extracting common subexpressions. In such cases, the
programmer should manually extract the common
subexpression. Note that rearranging the expression may result
in different computational results due to the lack of
associativity of floating-point operations, but the results usually
differ in only the least significant bits.

Example 1 (Avoid):
double a,b,c,d,e,f;

e = b*c/d;
f = b/d*a;

Example 1 (Preferred):
double a,b,c,d,e,f,t;

t = b/d;

e = C*t;

f = a*t;

Example 2 (Avoid):
double a,b,c,e,f;
e = a/c;

f =b/c;

Example 2 (Preferred):
double a,b,c,e,f,t;

t =1/c;
e = a*t
f = b*t;
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C Language Structure Component Considerations

Many compilers have options that allow padding of structures
to make their size multiples of words, doublewords, or
quadwords, in order to achieve better alignment for structures.
In addition, to improve the alignment of structure members,
some compilers might allocate structure elements in an order
that differs from the order in which they are declared. However,
some compilers might not offer any of these features, or their
implementation might not work properly in all situations.
Therefore, to achieve the best alignment of structures and
structure members while minimizing the amount of padding
regardless of compiler optimizations, the following methods are
suggested.

Sort by Base Type Sort structure members according to their base type size,
Size declaring members with a larger base type size ahead of
members with a smaller base type size.
Pad by Multiple of Pad the structure to a multiple of the largest base type size of
Largest Base Type any member. In this fashion, if the first member of a structure is
Size naturally aligned, all other members are naturally aligned as
well. The padding of the structure to a multiple of the largest
based type size allows, for example, arrays of structures to be
perfectly aligned.
The following example demonstrates the reordering of
structure member declarations:
Example 1, Original ordering (Avoid):
struct {
char alb571;
long k;
double Xx;
} baz;
Example 1, New ordering with padding (Preferred):
struct {
double Xx;
long k;
char alb51;
char padl[71];
} baz;
See “C Language Structure Component Considerations” on
page 91 for a different perspective.
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Sort Local Variables According to Base Type Size

When a compiler allocates local variables in the same order in
which they are declared in the source code, it can be helpful to
declare local variables in such a manner that variables with a
larger base type size are declared ahead of the variables with
smaller base type size. Then, if the first variable is allocated for
natural alignment, all other variables are allocated
contiguously in the order they are declared and are naturally
aligned without any padding.

Some compilers do not allocate variables in the order they are
declared. In these cases, the compiler should automatically
allocate variables in such a manner as to make them naturally
aligned with the minimum amount of padding. In addition,
some compilers do not guarantee that the stack is aligned
suitably for the largest base type (that is, they do not guarantee
quadword alignment), so that quadword operands might be
misaligned, even if this technique is used and the compiler does
allocate variables in the order they are declared.

The following example demonstrates the reordering of local
variable declarations:

Example 1, Original ordering (Avoid):
short ga, qu, gi;

long foo, bar;
double x, vy, z[3];
char a, b;

float baz;

Example 1, Improved ordering (Preferred):

double z[3];
double x, y;
long foo, bar;
float baz;

short ga, gu, gi;

See “Sort Variables According to Base Type Size” on page 92
for more information from a different perspective.
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Accelerating Floating-Point Divides and Square Roots

Divides and square roots have a much longer latency than other
floating-point operations, even though the AMD Athlon
processor provides significant acceleration of these two
operations. In some codes, these operations occur so often as to
seriously impact performance. In these cases, it is
recommended to port the code to 3DNow! inline assembly or to
use a compiler that can generate 3DNow! code. If code has hot
spots that use single-precision arithmetic only (i.e., all
computation involves data of type float) and for some reason
cannot be ported to 3DNow! code, the following technique may
be used to improve performance.

The x87 FPU has a precision-control field as part of the FPU
control word. The precision-control setting determines what
precision results get rounded to. It affects the basic arithmetic
operations, including divides and square roots. AMD Athlon
and AMD-K6® family processors implement divide and square
root in such fashion as to only compute the number of bits
necessary for the currently selected precision. This means that
setting precision control to single precision (versus Win32
default of double precision) lowers the latency of those
operations.

The Microsoft® Visual C environment provides functions to
manipulate the FPU control word and thus the precision
control. Note that these functions are not very fast, so insert
changes of precision control where it creates little overhead,
such as outside a computation-intensive loop. Otherwise the
overhead created by the function calls outweighs the benefit
from reducing the latencies of divide and square root
operations.

The following example shows how to set the precision control to
single precision and later restore the original settings in the
Microsoft Visual C environment.
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Example 1:

/* prototype for _controlfp() function */

##include <float.h>

unsigned int orig_cw;

/* Get current FPU control word and save it */

orig_cw = _controlfp (0,0);

/* Set precision control in FPU control word to single
precision. This reduces the latency of divide and square
root operations.

*/

_controlfp (_PC_24, MCW_PC);

/* restore original FPU control word */

_controlfp (orig_cw, Oxfffff);
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Fast Floating-Point-to-Integer Conversion

Floating-point-to-integer conversion in C programs is typically a
very slow operation. The semantics of C and C++ demand that
the conversion use truncation. If the floating-point operand is of
type float, and the compiler supports 3DNow! code generation,
the 3DNow! PF2ID instruction, which performs truncating
conversion, can be utilized by the compiler to accomplish rapid
floating-point to integer conversion.

For double-precision operands, the usual way to accomplish
truncating conversion involves the following algorithm:

1. Save the current x87 rounding mode (this is usually
round to nearest or even).

2. Set the x87 rounding mode to truncation.

3. Load floating-point source operand and store out integer
result.

4. Restore original x87 rounding mode.

This algorithm is typically implemented through a C runtime
library function called ftol(). While the AMD Athlon processor
has special hardware optimizations to speed up the changing of
x87 rounding modes and therefore ftol(), calls to ftol() may still
tend to be slow.
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For situations where very fast floating-point-to-integer
conversion is required, the conversion code in the “Fast”
example below may be helpful. Note that this code uses the
current rounding mode instead of truncation when performing
the conversion. Therefore the result may differ by one from the
ftol() result. The replacement code adds the “magic number”
2524251 ¢4 the source operand, then stores the double precision
result to memory and retrieves the lower doubleword of the
stored result. Adding the magic number shifts the original
argument to the right inside the double precision mantissa,
placing the binary point of the sum immediately to the right of
the least significant mantissa bit. Extracting the lower
doubleword of the sum then delivers the integral portion of the
original argument.

Note: This conversion code causes a 64-bit store to feed into a
32-bit load. The load is from the lower 32 bits of the 64-bit
store, the one case of size mismatch between a store and a
depending load specifically supported by the store-to-load-
forwarding hardware of the AMD Athlon processor.

Example 1 (Slow):

double x;
int i;

i = Xx;

Example 1 (Fast):

ffdefine DOUBLE2INT(i,d) \
{double t = ((d)+6755399441055744.0); i=*((int *)(&t));}

double x;
int i;

DOUBLEZINT(1,x);

Chapter 3

C Source-Level Optimizations 41



AMDAA\

AMD Athlon™ Processor x86 Code Optimization Guide 22007K  February 2002

Speeding Up Branches Based on Comparisons Between

Floats

Branches Dependent
on Integer
Comparisions are
Fast

Branches based on floating-point comparisons are often slow.
The AMD Athlon processor supports the FCOMI, FUCOMI,
FCOMIP, and FUCOMIP instructions that allow
implementation of fast branches based on comparisons
between operands of type double or type float. However, many
compilers do not support generating these instructions.
Likewise, floating-point comparisons between operands of type
float can be accomplished quickly by using the 3DNow! PFCMP
instruction if the compiler supports 3DNow! code generation.

With many compilers, the only way they implement branches
based on floating-point comparisons is to use the FCOM or
FCOMP instructions to compare the floating-point operands,
followed by “FSTSW AX” in order to transfer the x87 condition
code flags into EAX. This allows a branch based on the contents
of that register. Although the AMD Athlon processor has
acceleration hardware to speed up the FSTSW instruction, this
process is still fairly slow.

One alternative for branches based on comparisons between
operands of type float is to store the operand(s) into a memory
location and then perform an integer comparison with that
memory location. Branches dependent on integer comparisons
are very fast. It should be noted that the replacement code uses
a load dependent on an immediately prior store. If the store is
not doubleword aligned, no store-to-load-forwarding takes place
and the branch is still slow. Also, if there is a lot of activity in
the load-store queue forwarding of the store data may be
somewhat delayed, thus negating some of the advantages of
using the replacement code. It is recommended to experiment
with the replacement code to test whether it actually provides a
performance increase in the code at hand.

The replacement code works well for comparisons against zero,
including correct behavior when encountering a negative zero
as allowed by IEEE-754. It also works well for comparing to
positive constants. In that case the user must first determine
the integer representation of that floating-point constant. This
can be accomplished with the following C code snippet:
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float x;
scanf ("%g", &x);
printf ("%08X\n", (*((int *)(&x))));

The replacement code is IEEE-754 compliant for all classes of
floating-point operands except NaNs. However, NaNs do not
occur in properly working software.

Examples:

ffdefine FLOAT2INTCAST(f) (*((int *)(&f)))
ffdefine FLOAT2UINTCAST(f) (*((unsigned int *)(&f)))

// comparisons against zero

if (f < 0.0f) == if (FLOAT2UINTCAST(f) > 0x80000000U)
if (f <=0.0f) == if (FLOATZ2INCAST(f) <= 0)
if (f > 0.0f) == if (FLOATZ2INTCAST(f) > 0)
if (f >=0.0f) == if (FLOATZ2UINTCAST(f) <= 0x80000000U)
// comparisons against positive constant
if (f < 3.0f) == if (FLOATZ2INTCAST(f) < 0x40400000)
if (f <=3.0f) == if (FLOATZINTCAST(f) <= 0x40400000)
if (f > 3.0f) == if (FLOATZ2INTCAST(f) > 0x40400000)
if (f >=3.0f) == if (FLOATZINTCAST(f) >= 0x40400000)
// comparisons among two floats
if (fl < f2) ==> float t = fl - f2;

if (FLOAT2UINTCAST(t) > 0x80000000U)
if (fl <= f2) ==> float t = f1 - f2;

if (FLOAT2INTCAST(t) <= 0)
if (f1 > f2) ==> float t = fl - f2;

if (FLOAT2INTCAST(t) > 0)
if (fl1 >= f2) ==> float t = f1 - f2;

it (FLOATZUINTCAST(f) <= 0x80000000U)
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Avoid Unnecessary Integer Division

Integer division is the slowest of all integer arithmetic
operations and should be avoided wherever possible. One
possibility for reducing the number of integer divisions is
multiple divisions, in which division can be replaced with
multiplication as shown in the following examples. This
replacement is possible only if no overflow occurs during the
computation of the product. This can be determined by
considering the possible ranges of the divisors.

Example 1 (Avoid):

int i,J.k,m;
m=1i/ 3/ k;
Example 1 (Preferred):
int 1,3,k,1;
m=1i/ (j* k);

Copy Frequently Dereferenced Pointer Arguments to Local

Variables

Avoid frequently dereferencing pointer arguments inside a
function. Since the compiler has no knowledge of whether
aliasing exists between the pointers, such dereferencing cannot
be optimized away by the compiler. This prevents data from
being kept in registers and significantly increases memory
traffic.

Note that many compilers have an “assume no aliasing”
optimization switch. This allows the compiler to assume that
two different pointers always have disjoint contents and does
not require copying of pointer arguments to local variables.

Otherwise, copy the data pointed to by the pointer arguments
to local variables at the start of the function and if necessary
copy them back at the end of the function.
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Example 1 (Avoid):

//assumes pointers are different and gl=r

void isqrt ( unsigned long a,
unsigned long *q,
unsigned long *r)

—_

*q=a;

if (a > 0)

{

while (*q > (*r = a / *q))
{
*q = (*q + *r) >> 1;
}

}

*r:a_*q**q;

Example 1 (Preferred):

//assumes pointers are different and gl=r
void isqrt ( unsigned long a,
unsigned long *q,
unsigned long *r)
{
unsigned long qq, rr;
qq = a;
if (a > 0)
{
while (qq > (rr = a / qq))
{
qq = (qq + rr) >> 1;
}
}
re=-a - q4q * qq:
*q = qq;
*r o= rr;
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Use Block Prefetch Optimizations

Block prefetching can be applied to C code without using any
assembly level instructions.

This example adds all the values in two arrays of double
precision floating point values, to produce a single double
precision floating point total. The optimization technique can
be applied to any code that processes large arrays from system
memory.

This is an ordinary C++ loop that does the job. Bandwidth is
approximated for code execution on an AMD Athlon™ 4 DDR:

Example: Standard C code
(bandwidth: ~750 MB/sec )

for (int i = 0; i < MEM_SIZE; i +=8) { // 8 bytes per double
double summo += *a_ptr++ + *b_ptr++; // reads from
// memory

}

Using a block prefetch can significantly improve memory read
bandwidth. The same function optimized using block prefetch
to read the arrays into cache at maximum bandwidth follows.
The block prefetch is implemented in C++ source code, as
procedure BLOCK_PREFETCH_4K. It reads 4 Kbytes of data
per block. This version gets about 1125 Mbytes/sec on
AMD Athlon™ 4 processor DDR, a 50% performance gain over
the Standard C Code Example.
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Example: C code Using Block Prefetching
(bandwidth: ~1125 Mbytes/sec )

static const int CACHEBLOCK = 0x1000; // prefetch chunk size (4K bytes)

int p_fetch; // this "anchor" variable helps us
// fool the C optimizer

static const void inline BLOCK_PREFETCH_4K (void* addr) f{

int* a = (int*) addr; // cast as INT pointer for speed
p_fetch += al[0] + alle] + al[32] + al[48] // Grab every

+ al64] + al80] + al96] + alllZ] // 64th address,

+ all28] + all44] + all60] + all7/6] // to hit each

+ all192] + al208] + al224] + al240]; // cache line once.

a += 256; // point to second 1K stretch of addresses

p_fetch += al[0] + allée] + al[32] + al[48]
+ al64] + al80] + al96] + alll2]
+ all28] + all44] + al[l60] + all76]
+ all192] + al208] + al224] + al2401];

a += 256; // point to third 1K stretch of addresses

p_fetch += al[0] + alle] + al[32] + al[48]
+ al64] + al80] + al96] + alll2]
+ all28] + all44] + al[l60] + all76]
+ all192] + al208] + al224] + al24017;

a += 256; // point to fourth 1K stretch of addresses

p_fetch += al0] + all6] + al32] + al48]
+ al64] + al80] + al96] + alll2]
+ all128] + all44] + al[l60] + all76]
+ all192] + al208] + al224] + al240];
}

for (int m = 0; m < MEM_SIZE; m += CACHEBLOCK) { // process in blocks

BLOCK_PREFETCH_4K(a_ptr); // get next 4K bytes of "a" into cache
BLOCK_PREFETCH_4K(b_ptr); // get next 4K bytes of "b"™ into cache

for (int i = 0; i < CACHEBLOCK; i += 8) {

double summo += *a_ptr++ + *b_ptr++; // reads from cache!
}
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Caution: Since the prefetch code does not really do anything,
from the compiler point of view, there is a danger that it might
be optimized out from the code that is generated. So the block
prefetch function BLOCK_PREFETCH_4K uses a trick to
prevent that from happening. The memory values are read as
INTs, added together (which is very fast for INTs), and then
assigned to the global variable p_fetch. This assignment should
“fool” the optimizer into leaving the prefetch code intact.
However, be aware that in general, the compiler might remove
block prefetch code.

For a more thorough discussion of block prefetch, see
“Optimizing Main Memory Performance for Large Arrays” on
page 66, and the optimized memory-copy code in the section
“Use MMX™ Instructions for Block Copies and Block Fills” on
page 174.
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Instruction Decoding
Optimizations

Overview

This chapter describes ways to maximize the number of
instructions decoded by the instruction decoders in the
AMD Athlon™ processor. Guidelines are listed in order of
importance.

The AMD Athlon processor instruction fetcher reads 16-byte
aligned code windows from the instruction cache. The
instruction bytes are then merged into a 24-byte instruction
queue. On each cycle, the in-order front-end engine selects for
decode up to three x86 instructions from the instruction-byte
queue.

All instructions (x86, x87, 3DNow!™, and MMX™ instructions)
are classified into two types of decodes—DirectPath and
VectorPath (see “DirectPath Decoder” and “VectorPath
Decoder” under “Early Decoding” on page 207 for more
information). DirectPath instructions are common instructions
that are decoded directly in hardware. VectorPath instructions
are more complex instructions that require the use of a
sequence of multiple operations issued from an on-chip ROM.

Up to three DirectPath instructions can be selected for decode
per cycle. Only one VectorPath instruction can be selected for
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decode per cycle. DirectPath instructions and VectorPath
instructions cannot be simultaneously decoded.

Select DirectPath Over VectorPath Instructions

Use DirectPath instructions rather than VectorPath
instructions. DirectPath instructions are optimized for decode
and execute efficiently by minimizing the number of operations
per x86 instruction, which includes ‘register<«register op
memory’ as well as ‘register<«register op register’ forms of
instructions. Up to three DirectPath instructions can be
decoded per cycle. VectorPath instructions block the decoding
of DirectPath instructions.

The AMD Athlon processor implements the majority of
instructions used by a compiler as DirectPath instructions.
However, assembly writers must still take into consideration the
usage of DirectPath versus VectorPath instructions.

See Appendix F, “Instruction Dispatch and Execution

Resources/Timing,” for tables of DirectPath and VectorPath
instructions.

Load-Execute Instruction Usage

Use Load-Execute Integer Instructions

Most load-execute integer instructions are DirectPath
decodable and can be decoded at the rate of three per cycle.

Splitting a load-execute integer instruction into two separate
instructions—a load instruction and a “reg, reg” instruction—
reduces decoding bandwidth and increases register pressure,
which results in lower performance. Use the split-instruction
form to avoid scheduler stalls for longer executing instructions
and to explicitly schedule the load and execute operations.
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Use Load-Execute Floating-Point Instructions with Floating-Point

Operands

When operating on single-precision or double-precision
floating-point data, use floating-point load-execute instructions
wherever possible to increase code density.

Note: This optimization applies only to floating-point
instructions with floating-point operands and not to
integer operands, as described in the next section.

This coding style helps in two ways. First, denser code allows
more work to be held in the instruction cache. Second, the
denser code generates fewer internal MacroOPs and, therefore,
the FPU scheduler holds more work increasing the chances of
extracting parallelism from the code.

Example 1 (Avoid):

FLD QWORD PTR [TEST1]
FLD QWORD PTR [TESTZ2]
FMUL ST, ST(1)

Example 1 (Preferred):

FLD QWORD PTR [TEST1]
FMUL QWORD PTR [TESTZ2]

Avoid Load-Execute Floating-Point Instructions with Integer Operands

Do not use load-execute floating-point instructions with integer
operands: FIADD, FISUB, FISUBR, FIMUL, FIDIV, FIDIVR,
FICOM, and FICOMP. Remember that floating-point
instructions can have integer operands while integer
instructions cannot have floating-point operands.

Floating-point computations involving integer-memory
operands should use separate FILD and arithmetic instructions.
This optimization has the potential to increase decode
bandwidth and OP density in the FPU scheduler. The floating-
point load-execute instructions with integer operands are
VectorPath and generate two OPs in a cycle, while the discrete
equivalent enables a third DirectPath instruction to be decoded
in the same cycle. In some situations this optimizations can also
reduce execution time if the FILD can be scheduled several
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instructions ahead of the arithmetic instruction in order to
cover the FILD latency.

Example 2 (Avoid):

FLD QWORD PTR [foo]
FIMUL DWORD PTR [bar]
FIADD DWORD PTR [baz]

Example 2 (Preferred):

FILD DWORD PTR [bar]
FILD DWORD PTR [baz]
FLD QWORD PTR [fool
FMULP ST(2), ST
FADDP ST(1),ST

Use Read-Modify-Write Instructions Where Appropriate

The AMD Athlon processor handles read-modify-write (RMW)
instructions such as “ADD [mem], reg32” very efficiently. The
vast majority of RMW instructions are DirectPath instructions.
Use of RMW instructions can provide a performance benefit
over the use of an equivalent combination of load, load-execute
and store instructions. In comparison to the load/load-
execute/store combination, the equivalent RMW instruction
promotes code density (better I-cache utilization), preserves
decode bandwidth, and saves execution resources as it occupies
only one reservation station and requires only one address
computation. It may also reduce register pressure, as
demonstrated in Example 2 on page 53.

Use of RMW instructions is indicated if an operation is
performed on data that is in memory, and the result of that
operation is not reused soon. Due to the limited number of
integer registers in an x86 processor, it is often the case that
data needs to be kept in memory instead of in registers.
Additionally, it can be the case that the data, once operated
upon, is not reused soon. An example would be an accumulator
inside a loop of unknown trip count, where the accumulator
result is not reused inside the loop. Note that for loops with a
known trip count, the accumulator manipulation can frequently
be hoisted out of the loop.
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Example 1 (C code):
/* C code */

int accu, increment;
while (condition) {
/* accu is not read and increment is not written here */

accu += increment;

}

Example 1 (Avoid):

MOV EAX, [increment]
ADD EAX, [accul
MOV [accul, EAX

Example 1 (Preferred):

MOV EAX, [increment]
ADD [accul, EAX

Example 2 (C code):
/* C code */

int iterationcount;

iteration_count = 0;
while (condition) {

/* iteration count is not read here */

iteration_count++;
}

Example 2 (Avoid):

MOV EAX, [iteration_count]
INC EAX

MOV [iteration_count], EAX
Example 2 (Preferred):

INC [iteration_count]
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