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Abstrad

Human requirements are unlimited. Human beings want to adieve those unlimited
requirements in a limited time. As a @nsequence, they want to doall works as fast as
possble with highest degreeof reliability. This in turn requires some sort of automation
(i.e. work with less human intervention). Computer is the maor thing needed for this
automation process The computer had payed a mgjor role for revolution o civili zation.
We find the use of computers in al aspeds of our day-to-day life. Various sgnificant
applicaions of computer being ATM, Laptop, Pamtop, World Wide Web, e-mail, e
commerce and so on. The red entity that does al the work in the wmputer is the
microprocesor. The computers have undergone generations after generations with the
growth various eledronic devices and software & well. There ae various different
computers and microprocessor developed by different manufadurers. Intel is one of the
leading manufadurers. This work gives overal study of various microprocessors
developed by Intel. More detail ed study of Pentium procesor isdore. Various hardware
and software aspeds of the Pentium procesor are studied in detail .
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1. Introduction

The computing history starts well badk from 3000 BC with the invention d abacus in
Babylonia and consequently with the use of algorithms to solve numericd problems in
1800 BC. With the rapid development of civilization and consequent increase in the
demand for faster and corred cdculations human beings have tried to develop various
computing madines that can med their requirements. The different forms computing
machines developed are dlide rules, mechanica cdculators, anayticd madhines and so
on. In 1890, eledromedianicd cdculator was used in US census. In 1940 Complex
Numericd Calculator (the first Digital Computer) was demonstrated in Bell Labs. The
first general purpose wmputer cdled “Eledronic Numericd Integrator and Computer”
(ENIAC) was made in 1946and (unfortunately) used extensively in World War Il. With
the invention d vacuum tubes in 1951 there was few rapid development in computer
designs. The modern computer age redly started with invention o transistors in 1959in
the Bell Lab. After that the computers have undergone rapid changes in sped, size and
other feaures what even might have never been imagined by the grea pionees of the
computers. The mmputers sze has changed from the dimensions of square fed as big as
a bedroom to the size of pam. The present age is of the aye of microcomputers leaving
behind the mainframes and the minicompuiters, etc.
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The five comporents of a @mmputer are:

* inpu,

« output

* memory

* datapath and
» control.

The procesor is the mmbination d last two i.e. datapath and control. People cdl this
procesor as the CPU stands for “Central Processng Unit”. The “microprocesor” means
the CPU on a single dip. Of course, with the development of more modern designs this
terminology has beame more or lessfuzzy.

The microprocessor is the most adive part of the mmputer. This consists of datapath and
control. The datapath performs the aithmetic operations and the ontrol tells the
datapath, memory, and 1/O devices what to do acording to the instructions of the
program. The hardware is made to perform the desired task with the help of software.
Both hardware and software ansists of different layers or abstradions. That helps the
hardware & well as ftware designers to cope with the complexity of the cmputer
systems. The key interfacebetween level of abstradion isthe instruction set architedure,
(or architedure), of a computer. The instruction set architedure includes anything
programmers need to know to make the binary machine language work corredly. Thus
computer architedure can be defined as the atributes of a computer as visible to the
programmer or those dtributes that affed the exeaution d the program.

The first microprocessor was built in 1971 known as Intel 4004. This had oy 2300

transistors. The first commercially available microprocessor is Intel 8086 in 1979.

Microprocessor has undergone rapid changes now we ae going to have mmputers with 1
GHz microprocesrs having millions of transistors padked in it, thanks to VLS
techndogy. The speed of the microprocessors is governed by the well-known Moore's
Law, which states that the processor speed doulbes every 18 months.

There ae various microprocesr giants who have played important roles for this fastest
growth of the cmpute industry, to name afew Motorola, Intel, and so on.The Intel Inc.
is considered as the most successul commercially avail able microprocessor company.

In this work, extensive survey of Intel Pentium is dore. Pentium is the most popuar
procesor family developed by Intel. The work consists of various ®dions. One sedion
is fully dedicaed to the history of the microprocessors developed by Intel. The next
sedion dedswith hardware related isaues of the Pentium procesors. Then the work talks
abou the instruction set architedure of the Pentium processors. A speda sedion is
dedicaed to the Pentium Il processors, the fastest commercialy avallable
microproces9or till date.
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2. Various Intel Processors

Intel invented the first microprocessor in the 1971, the Intel 4004, It had ory 2300
transistors. Thus darting the microcomputer revolution. It was a 4-bit microprocesor.
The 8021, 8022, 8041, 804&ll were Intel’s 8-bit microcomputer chips. These had
around 810 registers ead. Then Intel developed 808A and 8083 8-hit
MIiCroprocesors.

In the yea 1979Intel developed 80838088 16bit microprocesors (8088 rad 8-bit data
bus). Both had 20-hit address line, had speels ranging from 4-16 MHz. NEC cloned
these to V20-V30 cesigns.

The revolution o Intel continued with the introduction o 80186 and 80188.

Unfortunately, this chip ddnt cach on with many hardware manufadurers,;. however,
this chip has enjoyed a tremendows siccessin the world of embedded processors. The
spedl of the chips wasin the range 6-40 MHz.

Intel introduced the 80286microprocessor in 1982.This had 24 addresslines, thus16MB
of addresshbility. The speels ranged from 6-25 MHz.

In 1985, Intel introduced the 80386 (renamed to 80386 DX). It was a 32-bit

microprocesor with 4GB addresshility. Intel introduced 80386SX shortly after 80386.

This had 16-bit data bus & 24-bit addressbus. Intel introduced the mncept of a cabe.
Then came 80386L microprocesor integrated with core logic, chipset functionality, and
power saving fedures. The speal of al these microprocessors ranged from 16-40 MHz.

The last Intel microprocessor with x86 namenclature was the 8048. This was aso a 32-
bit microprocessor with clock speed of 50-75 MHz. This is the first chip to contain ore
million d transistors. The Intel marketed this microprocessor in various forms. The
80486 DX was the wst-reduced version d 80486, the 80486 SX had bah data and
address bus compatibility with its DX courterpart, the “math coprocessor” of this being
the 80487 SX. The 80486L was the low power version ore. Then the 80486DX2 and
DX4 were introduced which had clock speed of 2-3 times than the original 80486.

The introduwction d Pentium in 1993 Ibought the end d its x86 namenclature. This chip
contains around 3 million transistors in it. The speeds varied from 90-133 MHz , of
course the original product ran at 60-66 MHz. The Pentium was a Sugerscalar processor.
The Pentium processor still has CISC architedure, bu the high performanceis achieved
by using many if the organizational feaures of RISC architedure.

Then came the Pentium Pro procesor in 1995.It had speeds in the range 100-200 MHz.
It had a large 2"%level (L2) cache to make the procesor faster, but dynamic branch
prediction was implemented here @& in the cae of original Pentium. The 2" level cache
increased the st of the macdhine to agreaer extent.

The Pentium Il is an extension d Pentium Pro with MM X (multimedia Extension) for
modern multimedia gplicaions. The padkage of Pentium Il (cdled dlotl) is different
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from Pentium Pro. The spead with a full speed 2" level cadhe is claimed to be aound
400 MHz. It can address up to 64 GB of main memory, bu has a cate limitations
preventing memory use dove 512 MB.

Then Intel introduced the Celeron. This is a Pentium I MM X but without the 2™ level
cade. The am of Intel was to make available deger processors, at the st of reduced
Spedl.

The Xeon is a Pentium Il procesor with a ¥ speed 2" level cade. Xeon is not slot
compatible with Pentium I, instead uses a slot named Slot-2. Price of Xeon is higher
than Celeron a Pentium II.

The fastest Intel procesor avail able till date is Pentium Il processor. Thisis avail able up
to spead o 1.0GHz. This is manufadured with Intel’s new 0.18micron tedindogy,
resulting better performance This has got two more new fedaures. First of al thisisa
SIMD (Single Instruction and Multi ple Data) madcine unlike its predecessors which were
SISD (Single Instruction Single Data) madhines. The other significant feaure in Pentium
[l is that eatr procesor has unique processor serial ID (or chip ID) to enhance
manageability and asset trading.

Merced is going to be the future generation procesor of Intel with speed ranging from
600-1000 MHz. It is not going to have CISC architedure rather it will have RISC
architedure. It will have dl feaures VLIW (Very Long Instruction Formats) design
termed as EPIC (Explicitly Parallel Instruction Computing).

Table 1. Summary of different Intel procesors

SL HPName | BusBits MHz Special Features
1 4004 4 - 2300transistors, 1% p P
2 802, 804 8 - p Computers, 8-10registers
3 8080A/8085A 8 - -
4 80868088 16 4-16 Cloning started
5 | 80186and 80188 - 6-40 Fault tolerance, DMA controll er
6 80286 24 6-25 Proteded mode
7 80386 32 16-40 Cadheintroduced
8 80486 32 50-75 1 milli ontransistors, math processor
9 Pentium 32 90-133 3 milli ontransistors, superscdar
10 Pentium Pro 32 100-200 L2 cade
11 Pentium Il 32 400 MM X, Slot-1
12 Celeron 32 - No L2 cade, chegoer
13 Xeon 32 - Y spead L2 cade, Slot-2
14 Pentium Il 32 1000 SIMD, chip ID, 0.18u tech
15 Merced - 1000 VLIW, RISC
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3. Detail s of the Pentium Pro Microarchitedure

The Pentium Pro has advanced superscdar, pipelined architedure manufadured using
0.6u techndogy. The superscalar factor (the maximum number of instructions that can
be completed in a dock cycle) is threein the Pentium Pro processor, compared to two in
Pentium procesor. To handle the instruction throughpu properly the processor uses a
demuded, 12stage superpipeline. Pipeline depth in the multiple exeaution urnits is
twelve, compared to five in Pentium, and the datapath width inside the procesr is 64-
bits, doube that of the Pentium. Dynamic branch prediction is implemented in Pentium
Pro that is smilar to the Pentium procesor. Fig.1 shows functional block diagram of the
Pentium Pro processor microarchitedure.
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Figure 1. Functional block diagram of Pentium Pro processor

Referring to the @owve diagram, we can dvide the achitedure into four processng units
and the memory subsystem as foll ows:

®* Memory subsystem: This consists of, system bus, L2 cade, bus interface unit,
instruction cadhe (L1), data cade unit (L1), memory interfaceunit, and memory
reorder buffer.

® Fetch/Demde unit: This unit comprises of instruction fetch unt, branch target
buffer, instruction deaoder, microcode sequencer, and register aliastable.

® |nstruction pod: Thisis made up d the reorder buffer
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® Digpatch/Exeaute unit: This has a reservation station, two integer units, two
floating-paint units, and two addressgeneration unts.

® Retireunit: Thisconsists of the retire unit and retirement register file.

These processng units are discused in littl e more detail i n the foll owing subsedions.
Memory Subsystem

The memory subsystem for the Pentium Pro processor consists of main system memory,
the primary cade (L1), and the secondary cade (L2). The bus interface unit accesses
system memory through the external system bus. The external system busis a 64-bit bus
that handles ead bus access as eparate request and resporse operations (transadion
oriented buws). Whil e the bus interfaceunit is waiting for a resporse to ore bus request, it
can issue numerous additional requests. The bus interface unit accesses the L2 cade
through a 64-bit cade bus. This bus is also transadional oriented, suppating up to four
concurrent cadhe access, and operates at the full clock speed of the processor. Bus
interfaceunit gets accessto the L1 cadies is through interna buses. The L1 cade dso
operates at full clock spead. The 8-KByte L1 instruction cadie is four-way set associative
wheress the 8-KByte L1 data cade is two-way set associative, and dual-ported
suppating one load and ore store operation per cycle. Coherency between the cates and
system memory are maintained using the MESI (modified, exclusive, shared, invalid)
cade protocol. Procesor's exeadtion unts request memory through the memory
interfaceunit and the memory order buffer. These units have been designed to suppat a
smooth flow of memory accessrequests through the cate and system memory hierarchy
to prevent memory access blocking. The L1 data cate automaticdly forwards a cade
misson to the L2 cade. Memory requests to the L2 cadie or system memory go through
the memory reorder buffer. The memory reorder buffer functions as a scheduling and
dispatch station. This unit kegos tradk of all memory requests and is able to reorder some
requests to prevent blocks and improve throughput.

The Fetch/Demde Unit

The fetch/deaode unit reads instructions from the L1 instruction cade and deaodes them
into a series of micro-operations (micro-ops). This micro-op stream is then sent to the
instruction pod. From the instruction cade the instruction fetch unit fetches one 32-byte
cade line per clock. It marks the beginning and end d the instructions in the cade lines
and transmits 16 aligned bytes to the decoder. Basing on inpus from the branch target
buffer, the interrupt status, and kranch prediction indicaions the instruction fetch unt
computes the instruction panter. The branch target buffer performs the branch prediction
(branch prediction means that the microprocessor tries to predict whether the branch
instruction will jump or not, based ona past history of the branch). The 512 entry branch
target buffer looks many instructions ahead of the retirement program courter. It is done
using Y eh'salgorithm. The instruction decoder contains threeparall €l decders:

» two simple-instruction decoders and

e 0one omplex instruction cecoder.
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Eadh deaoder converts an instruction into ore or more triadic micro-ops (two logicd
sources and ore logicd destination per micro-op). Micro-ops are primitive instructions
that are exeauted by the processr’'s gx parale exeaution unts. Many instructions are
converted dredly into single micro-ops by the simple instruction deders, and some
instructions are deaoded into from one to four micro-ops. The more mmplex instructions
are deaoded into sequences of preprogrammed micro-ops obtained from the microcode
instruction sequencer. The deding of instruction prefixes and loopng operations are
handled by instruction decoders. The instruction deaoder can generate up to six micro-
ops per clock cycle. The processor provides 40 internal, general-purpose registers, which
are used for the acua computations. These registers can handle bath integer and floating-
point values. The enqueued micro-ops from the instruction decoder are sent to the register
dias table unit, where references to the logicd architedure registers are mnwerted into
internal physicd register references. Then the dlocator in the register alias table unit adds
status bits and flags to the micro-ops to prepare them for out-of-order exeaution and
sends the resulting micro-ops to the instruction pod.

Instruction Poadl (Reorder Buffer)

The reorder buffer is an array of content-addressable memory, arranged into 40 micro-op
registers. It contains micro-ops that are waiting to be exeauted, as well as those that have
drealy been exeauted bu not yet committed to machine state. The dispatch/exeaute unit
can exeaute instructions from the reorder buffer in any order.

Dispatch/Exeaute Unit

The dispatch/exeaute unit schedules and exeautes the micro-ops gored in the reorder
buffer acording to data dependencies and resource avail ability. The reservation station
handles the scheduling and dspatching of micro-ops from the reorder buffer. The results
of a micro-op exeaution are returned to the reorder buffer and stored along with the
micro-op urtil it isretired. If two or more micro-ops of the same type ae available & the
same time, then the reorder buffer follows a FIFO agorithm to exeaute them. Two
integer units, two floating-point units, and ore memory-interfaceunit hande exeaution o
micro-ops. Thus up to five micro-ops can be scheduled per clock. The two integer units
can hande two integer micro-ops in paralel. One of the integer units is designed to
handle branch micro-ops. This unit deteds branch mispredictions and signas the branch
target buffer to restart the pipeline. The memory interfaceunit handles the load and store
micro-ops. The memory interfaceunit exeautes both aload and a store in paraléel in ore
clock cycle. The floating-point exeaution urits are similar to thase foundin the Pentium
procesor, few new floating-point instructions have been added to the Pentium Pro
processor.
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Retirement Unit

The retirement unit commits the results of speaulatively exeauted (dedded by branch
prediction mecdhanism) micro-ops to permanent madine state and removes the micro-ops
from the reorder buffer. The retirement unit continuowsly chedks the status of micro-ops
in the reorder buffer, similar to the reservation bufer. It then retires completed micro-ops
in their original program order, taking into ac@urts interrupts, exceptions, bred&kpaints,
and kranch mispredictions. The retirement unit can retire three micro-ops per clock. In
retiring a micro-op, it writes the results to the retirement register file and/or memory. The
retirement register file cntains the achitedure registers (eight general-purpose registers
and eight floating-point data registers). After the results have been committed to machine
state, the micro-op is removed from the reorder buffer.

4. Instruction Set Architedure Fedures

To make a omputer hardware work we must spe&k to the hardware in its language. The
words of this macdine language ae cdled instructions, and the vocabulary is cdled an
instruction set. The Pentium procesor is a CISC architedure, bu it adchieves high
performance by using many organizational feaures of RISC architedure. CISC stands for
complex-instruction-set-computer wheress RISC stands for reduced-instruction-set-
computer. Table.2 shows few popuar to give fed of number of instructions avail able in
CISC or RISC architedures.
Table.2 Instruction Set
SL | Instruction Set = Number |

1 80x86 50,000,000
2 MIPS 5,500,000
3 PowerPC 3,300,000
4 SPARC 700,000
5 HP PA-RISC 300,000
6 DEC Alpha 200,000

As is well clea from Table.2 the Pentium processor family suppats huge number of
instructions. Few of them will be discussed in this sdion.

All the Intel Architedure instructions divided into threemajor groups:
* integer,
* MMX techndogy,
» floating-point, and
e system instructions.
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Integer Instructions

Integer instructions perform the integer arithmetic, logic, and pogram flow control
operations that programmers commonly use to write gplicaion and system software to
run onan Intel Architedure procesr. The integer instructions include different types of
instructions like, data transfer instructions (PUSH, POP, MOV etc.); binary arithmetic
instructions (ADD-integer add, ADC -Add with cary, SUB-Subtrad, SBB-Subtrad with
borrow etc.); Dedmal Arithmetic (DAA-Dedamal adjust after addition, DAS-Dedmal
adjust after subtradion, etc.); Logic Instructions (AND, OR, XOR, NOT); Shift and
Rotate Instructions (SAR-Shift arithmetic right, SHR-Shift logicd right, etc.)

MM X™ Techndogy Instructions

The MM X instructions exeaute on those Intel Architedure procesors that implement the
Intel MMX techndogy. These instructions operate on paded-byte, padked-word,
padked-douldeword, and quadword operands. All of the MM X techndogy instructions
are grouped as MMX™ Conwversion Instructions, MMX™  Padked Arithmetic
Instructions, MM X™ Comparison Instructions, MM X™ Logic Instructions, MMX™
Shift and Rotate Instructions, or MM X™ State Management.

Floating-Point Instructions

The floating-point instructions are those that are exeauted by the procesor's floating-
point unit (FPU). These instructions operate on floating-point (red), extended integer,
and hbnary-coded dedma (BCD) operands. These instructions include different types
like, Data Transfer (FLD-Load red, FST-Store red, etc.); Basic Arithmetic (FADD-Add
red, FADDP-Add red and pop, €etc.); Comparison (FCOM-Compare red, FCOMP-
Comparered and pop,etc.)

System Instructions

These instructions are used to control thase functions of the processor that are provided to
suppat for operating systems and exeautives.

5. Intel Pentium Il Processor

The Pentium Il is essentially a Pentium 1l running at higher speed, with two interesting
and wseful fedures:

* Theprocesor serial number and

» Streaming SIMD Extensions (SE).

The processor serial number (or chip ID) is aunique identifier ‘burned’ into the Pentium
[l processor that can be accesed ower the internet, all owing e-commerce sites and ahers
to knav which machine is visiting a site or using a service This has drag Intel Inc to a
major controversy. But Intel claims that procesor serial number can add value to a wide
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range of applicaionsin bah businessand consumer computing. The alvantages that the
procesor serial number can provide ae discussed below.

* Seaurity: The ecommerce depends on the aaurance that only only the
authorized people access the @nfidential information. Applicaions that
take alvantage of the processor serial number can use that as another
element of identificaion thus increasing confidentiaity. Similarly,
processor seria number can strengthen the data seaurity for the cnsumer
web sites who wants to maintain a sedion open ony to their family
members or so. It can also be used in bwsinesses for adding a level of
validation to eledronic signature gprovals.

* Manageadility: IT departments use various ways to tradk assets auch as
MAC addressor BIOS's GUID. But Intel claims that all these could be
erased, so lessreliable. But, processor serial number can be reliably used
asaonceit is burn onthe dip at the time of manufadure it can never be
erased. So designing applications using chip ID can help IT customers to
manage their resources more dficiently.

e Information Management: Companies can turn information into a
competitive alvantage if they can manage it effedively. Information
related applicaions can use processor serid numbers to hande tasks
ranging from finding multi ple wpies of virus-infeded dacument, tracking
change information, to delivering customized information to the end user.

The other significant feaure of the Pentium Il processor is the Streaming SIMD
Extensions (SE). Usudly, the processors are SISD meaning Single Instruction and
Single Data thus processng one data in ore instruction. MM X and S, bah share the
concept of SIMD, they differ in the type of data they handle, and the way they are
suppated in the procesoor. MMX instructions are SIMD for integers, while SSE
instructions are SIMD for single-predsion floating-point number. MM X instructions
operate ontwo 32bit integers smultaneously, while S&E instructions operate on four 32-
bit floats smultaneously. A mgjor difference between MM X and SSE is that no rew
registers were defined for MM X, while aght new registers have been defined for S&E.
The SSE can be used in 3D graphics applications.

6. Conclusions

Thiswork is an extensive survey of Intel processors. More anphasis is given to Pentium
Processors. Initialy, the work explores the mmputing history. The detailed analysis of
various generations of Intel microprocessors is dore. Then the work deds with the
hardware apeds of the Pentium Pro microprocessor in greder depth. The new feaures
of Pentium Il microprocesor are dso dscussd. It is expeded that Intel’s next
generation microprocessors will be RISC in contrary to the present CISC ones. The
Merced microprocesr is adevelopment in that diredion.
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