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Synopsis: Intel, information brochure about the Pentium microprocessor.
Description:
The Pentium was Intel’s 5th generation 32-bit x86 microprocessor, introduced in 1993, instruction-set-compatible with the i80486, but with a new microprocessor architecture that Intel called their P5 microarchitecture. It was the first superscalar x86 microarchitecture, with separate instruction and data caches, branch prediction, built-in floating-point unit, and a 64-bit external bus.
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[image: image3.jpg]ntel’s Pentium™ processor combines
he performance traditionally associated
with minicomputers and wi
with the flexibility and compatibility that
characterize the personal computer plat-
form. Designed to meet the of

today’s and tomorrow’s so phisticated

, blurring previous distinctions

eights
between hardware platform:

rmance, continued software compatibili-

ty, and advanced functionality

THE WORLD’S BEST PERFORMANCE
FOR ALL PC SOFTWARE
ntium processor family includes
the highest performmg members of Intel’s
he nnf um

processor at iCOMP™ index 510\60 MHz,

Pentium processor at iCOMP index 567\66

possible by advances in semiconductor tech-

nology, the Pentium processor is fully soft-
ware compatible with previous members of

the Intel microprocessor family—thereby pre-

’ software invest-
ments which are worth billions of dollars.
The Pentium processor meets the demands of
computing in a number of areas: advanced
operating systems, such as Windows 4.0%,
UNIX*, Windows-NT*, OS/2*

*; compute-intensive gr.

, Solaris* and

aphics
applications such as 3-D modeling, computer-

aided design/engineering (CAD/CAE), large-
le fi 1al 1 3 hioh.th 1

g ghp
client/server, handwriting, and voice recogni-
tion; network applications; virtual realit
electronic mail that ¢ many of the
above areas; and new applications yet to be
developed.

he Pentium processor family was
designed using an advanced process techno-
logy and has features that are less than a

micron (one-millionth of a meter) in size.

The Pentium processor (510\60, 567\66) was

developed utilizing 5V, 0.8 micron technolo-
million transistors, while

Pentium processor (735\90, 815\100) was

designed using 3.3V, 0.6 micron technology

h 3.3 million transistors.

THE PENTIUM PROCESSOR:
TECHNICAL INNOVATIONS

There are a number of innovative product
features that contribute to the Pentium proces-
sor’s unique combination of high performance,
compatibility, data integrity and upgradability.
These include:

Q 1 e
s

> Separate code and data caches

> Branch prediction

pomt unit

ATy

Data mtegnty featurs

> SL technology power management

> Upgradability





Figure 3: Pentium information brochure page 3
[image: image4.jpg]SUPERSCALAR ARCHITECTURE
he Pentium processor’s superscalar
architecture enables the processor to
chieve new levels of performance
by executing more than one instruction per
clock cycle. The term “superscalar’ refers to
a microprocessor that contains more than one
execution unit. These execution units—or
pipelines—are where the chip processes the
and instructions that are fed to it by
the rest of the syst
The Pentium processor’s superscalar im-
plementanon represents a natural progression
from previous generations of processors in the
32-bit Intel architecture. The Intel486™ pro-
cessor, for example, is able to execute many
of its instructions in one clock cycle, while
previous generations of Intel microprocessors
require multiple clock cycles to execute a
single instruction.
This ability to execute multiple instruc-

tions per clock cycle is due to the fact that the

Q

Pentium processor’s two pipelines can exe-
cute two instructions simultaneously. As with

the Intel486 processor’s smgle pipeline, the

ecode 1, decode 2, execute and write-bac

is permits several instructions to be in
various stages of execution, thus increasing
processing perform
The Pentium processor also uses hard-
wired instructions to replace many of the
microcoded instructions used in previous

Microprocessor generatlons Hardwired in-

dual integer pipelines to execute instructions.

SEPARATE CODE AND DATA CACHES
nother significant advancement is
the Pentium processor’s innovative
hi . On-
chip caches increase performance by acting as

orary storage places for commonly-used
instructions and data, replacing the need to g0
off-chip to the system’s main memory to
fetch information. The Intel486 microproces-
sor, for example, contains a single 8 Kbyte
on-chip cache to handle both code and data

caching functions. Intel Pentium processor

designers improved on this implementation

caches each contain 8 Kbytes of information,
anized as two-way set
associative caches—meaning that they save
time by searching only pre-specified 32-byte

segments rather than the entire cache. This

tinually supplied with

The Pentium processor’s data cache uses
two other important techniques: “write-back”
caching and an algorithm called the MESI
(Modified, Exclusive, Shared, Invalid) proto-
col. The write-back method transfers data to
the cache without going out to main memory
(data is written to main memory only when it
is removed fi t he). In contrast,

7
previous-generation “write-through™ cache

implementations transfer data to the external
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[image: image6.jpg]mory each time the processor writes data

to the cache. The write-back techni

0 ensure that data in the cache and in
mory are consistent, the data cache
implements the MESI protocol. By obeyin
the rules of the protocol during reads/writes,
the Pentium processor can maintain cache
consistency and circumvent problems that
might be caused by multiple processors

using the same data.

BRANCH PREDICTION

) o/

1 that h o
15 1
1 th 11
I
tion plpelme ull. This i plished b

predetermining the most likely set of instruc-
tions to be executed. The Pentium processor
is the first PC-compatible mlcroprocessor to
use branch prediction, which ul

traditionally been associated with m

frame

computers.

T
=)

r a better understanding of this con-
cept, consider a typical application program

r each pass through a software loop, the

program performs a conditional test to deter-
mine whether to return to the beginning of the

loop or to exit and continue on to the next

nates the need for recompiling code, thus
increasing overall speed and application
software performance.

To efficiently predict branches, th

Pentium processor uses two prefetch buffers.

The Pentium processor’s prediction algo-
rithm not only forecasts simple bran
es, but also supports more complex branch

diction—f
redicCtl

This is accomplished by storing multiple

The Pentium™ processor is more thal
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branch addresses in the Branch Predictio
Buffer. The BTB’s des

algorithm can forecast up to 256 branches
HIGH-PERFORMANCE FLOATING-POINT UNIT

e emerging wave of 32-bit com-

pule intensive software applications

a high degree of floating-

integrate math coprocessing functions on-chip;

line is appended to the integer pipelines.

Most floating-point instructions begin execu-

tion in one of the integer pipelines, then move
on to the floating-point pipeline. In addition,

n floating-point functions—such as
add, multiply and divide—are hardwired for
faster execution

s a result of these innovations, the

applications such as CAD and 3D graphics.

ENHANCED 64-BIT DATA B
ata bus is the highway that
ies information between the

processor and the memory subsys-

an five-fold increase over the
cak transfer rate of the 66-MHz Inte]DX2T™
Micr oprocesso r (105
wider data bus facilitates high-speed
processing by maintain e flow of instruc-
tions and data to the processor’s superscala.r
xecution unit.

processor’s (815\100) overall performance is
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[image: image8.jpg]ver two and one-half times that of the 66-
MHz IntelDX2 microprocessor.

n to having a wider data bus, the

Pentium processor implements bus cycle pipe-

lining to increase bus bandwidth. Bus cycle

pipelining allows a second cycle to start

before the first one is completed. This gives
dec:

Furthermore, burst reads and writes, y O
address an a, and a simple cycle identifi-
bute to providing better

The Pentium processor also has two
write buffers, one corresponding to each pipe-
line, to enhance the performance of consecu-
tive writes to memory. uffers improve
performance by allowing the processor to pro-
ions, even

ceed with the next set of instructi

though one of the current instructions needs

DATA INTEGRITY FEATU
Protecting important data and ensuring its

asingly important as

=
(¢
=

integrated two advanced features traditionally

associated with mainframe-class designs—

internal error detection and functional redun-
dancy testing—to help preserve data integrity
in today’s evolving PC-based networks
Internal error detection places parity bits
on the internal code and data caches, transla-
tion look aside buffers, microcode, and
branch target buffer. This feature helps detect
errors in a manner that remains transparent to
both the use:

r and the system.
situations where data in

integrity is

especially crucial, the Pentium processor sup-
ports Functional Redundancy Checl

(FRC). FRC requires the u

chips, one acting as the master and the other
Th.

5
Ga

of two Pentium

as the “checker.”

TECHNOLOGY POWER
MANAGEMENT FEATURES

ntium processors (735\90, 815\100)
incorporate new SL technology features for

anagement capabilities.
Is: the

puter (including peripherals). This mode

provides intelligent system management that
all he

All members of the Pentium processor family

include SMM

dem, and the checker compares its output
with that of the master Pentium processor to

assure that errors have not occurred. If a dis-

crepancy is discovered, the system is notified.

entium processor is ideal for the

ntium processors are well

two or more
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served by the chip’s advanced architecture,
separate on-chip code and data caches, chip
sets for controlling external caches, and so-
phisticated data integrity features.

As previously discussed, the Pentium
processor family uses the MESI protocol to
maintain cache consistency among several

r also

—
=

processors. The Pentium processo
ensures that instructions are seen by the sys-
tem in the order that they were programmed.
This strong ordering helps software designed
to run on a single-processor system to work
correctly in a multiprocessing environment.
he Pentium processors (735\90,
815\100) also include two new multiprocessor
(MP) features: a multiprocessor interrupt
controller on-chip and the dual processor

m

mode. Th P iulcuupl

controller can support up to 60 processors.
The dual processor mode enables two proces-

sors to share a single second-level cache,

allowing the development of low-cost shared-
cache multiprocessor systems for workstations

and low-end servers.

implified measure of relative

p., 1992,





Figure 9: Pentium information brochure page 9
[image: image10.jpg]PERFORMANCE MONITORING
Tmance monitoring is a feature of
the Pentium processor that enables system

designers and application developers to

host system, and application software.

MEMORY PAGE SIZE F
Pentium processor offers the option

of supporting either the traditional memory
M

page size of 4 Kbytes, or a larger 4 Mbyte
is e—which is transparent to
the application software—was provided t

and operating system kernels, where the

increased page size allows users to map large,

previously unwieldy objects. The larger page
enables an increased page hit rate, which

results in higher performance

UPGRADABILITY

Pentium processor has been des y
upgradablllty using Intel’s upgrade technology.
This innovation protects user investments by
ding performance that helps to maintain the
productivity levels of Intel processor-bas

systems over their entire lifes
Upgra

=)
UQ

Span

nology makes it possible for
users to take advantage of more advanced
processor technology in their existing systems
with an easy-to-install, smgle chip perfor-

ance upgrade. F ample, Intel’s first
upgrade options, the Ove e™ processors
developed for Intel486 SX and Intel486 DX
processors, apply the same speed-doubling

hi

technolo;

sed in the development of the
IntelDX2 microprocessol

Intel’s upgrade processors will also be
available for systems based on the Pentium
processor family, ensuring an easy future

upgrade path based on even more advanced

processor technology In addition, Pentium

1 1 £
TOCESSOr [ECNNOIOgY

upgrade processors now being developed for

Intel486 processor-based systems.

INCREASED PERFORMANCE!:
BY THE NUMBERS

Pentium processor stands alone on
the performance ladder when compared to all

other PC—compatible MiCroOprocessors.

formance, three different examples are offered

here to demonstrate the Pentium processor’s

Spee
index, the SPECint92 UNIX benchmark, and
the SPECfp92 UNIX benchmark
One indication of the Pentium processor’s

high performance is provided by Intel’s
ICOMP (Intel COmparative Microprocessor
Performance) index. The iCOMP index,
which measures the performance of the mem-
bers of the Intel 32-bit architecture, was creat-
ed so that computer u
identify relative performance differen

Intel’s microprocessors. The index is
based on four distinct aspects of processor
performance: integer, floating-point, graphics

and video performance. Each of the four
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[image: image12.jpg]elements is considered for both 16- and 32-bit

software, and is welghted relative to the

processor’s attentio ed on a mix of
toda ommonly used application software).
As shown in Figure 1, Penti 0)

2.7 times the relative p
MHz InteIDX2 microprocessor, which has an
iCOMP rating of 297.

SPECint92 is a processor-intensive UNIX
benchmark (Figure
performance using a representative
With a SPECint92

e/

e 2) that evaluates desktop

rating of 100.0, the Pentium processor at
iCOMP index 815\100 MHz outperforms
rkstation-class, RISC-based proces-

sors, including members of the he IBM, MIP

more than 4.3 times that of the 66-MHz

IntelDX?2 processor.

HiGH PERFORMANCE WHILE
MAINTAINING COMPATIBILITY
The Pentium processor family provides
extremely high-performance because it incor-
porates the latest state-of-the-art des

tecture

principles.

=

15
d dat hes, branch predic-

tion, and enhanced floating-point unit, the

Pentium processor can meet the performance

needs of today’s—and

tions software. %

uunuyna CO!

base of software currently running on Intel

erformance
tions it to meet the needs of the emerging

wave of notebook, desktop, and server appli-

cati

cations.
dramatic performance 1mpr0vements while

even further advantage of the Pentium proces-
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