B High Performance CPU =
— 2 10 3 times IAPX 286 performance
e Pipeimed immemammim
— High bamdwadth 32-bit bus
- 12 and 16 MHz clock

m Software Compatible with IAPX 86,
IAPX 88, iAPX 186, IAPX 188, and B
IAPX 286 microsystiems

=
B Complete 32-bit Supermicro
— 8-, 16-, and 32-bit data
— [ntegrated Multitasking support "
— On-chip Virtual Memory support
=

ADVANCED INFORMATION

Complete Support for 32-bit
Addressing
— 232 pytes of physical address
space
— 232 pytes per segment
— 24 pytes of virtual address space
per task

Multiple Coprocessor interface

On-chip Memory Management and
Protection
— Fully compatible with iIAPX 286

Optional On-Chip Paging
CHMOS 1l Technology

The iAPX 386 is the first 32-bit member of the IAPX 86 family. It maintains software compatibility with the
entire IAPX 86 tamily (8086, 8088, 80186, 80188, and 80286), while adding full 32-bit and Supermicro capabilities

and significantly enhanced performance.

The iIAPX 386 brings new performance standards to the microprocessor world. The combination of advanced
process technology and architecturai concepts which were previously found only on mainframe and large
minicomputers make the IAPX 386 the highest performance microprocessor in its category. Concepis such
as caching, pipelining, high performance bus, and a high-speed execution unit provide this level of perfor-

mance at both GPU and System level.

" E SEGMENT. fﬁ

A il WIS TEEIOITEN  AMMRTIME e

T DESCRIP- |
;.T@a CACHE} -

mm“mmqmmmq

EA{}E TRANSLATION UNIT

1 pace |
-~ Jror cacHe|

| 3;9 a T ADDRESS
b sz mm

.:-Figuée 1. iAPX 386 Pipeline

intel Corpération ASSUMES Na':}"ﬁ@Spi}ﬁsit}iiif?"‘fﬂf the Use of Any Circuitry Other Than Circuitry Embadied in an intgl Product No Other Circuit Patent Licenses are implied:
information Contained Herein Slupercedes Previously Published Specifications of These Devices from Intel

INTEL CORPORATION, 1984

APRIL 1984
ORDER NUMBER: 231052001



The iAPX 386 provides access to the large base of
softward developed for the 8086, 8088, 80186, 80188,
and 80286 microprocessors. It maintains binary-!eveiaj_l_z__._.-"
code compatibility with these earlier gwerat:ms o
allow execution of existing applications without -
recompilation or reassembly. The user preserves his ~
software investment and can feduce 2he ’tnm@ m-

market for new products.

The iIAPX 386 provides full 32- b:t Sﬂpermiam supmrt |

32-bit architecture and internal tmplamematmn
including registers, arithmetic- amdwiagm unit; instruc-
tion set, addresses, address bus and data bus Dro-
vide the functionality ﬁeeded tci} bwld a mu
380-based, 32-bit system. o |

A@?’f‘iﬁ. ANCED IN t—”‘o = MA TON

_'chlaractenst;cs of CMOS. Usmg th'ts"'tétihmlﬁgy the
: -IAPX 386 is designed o operate at 12 and 16 MHz.

] P&pehned Microarchitecture

The IAPX 386’s pipelined architecture provides

. parallel fetching, decoding, execution and adgdress

translation inside the CPU. Like the 286, four units
are included in the pipeline. The Bus Interface Unit
generates the bus transactions and keeps the
prefetch queue and the code cache full and ready for
access by the Decode Unit. The Decode Unit breaks

“each instruction into a fuﬁy dewded eguivalent and
 places itin the instruction queue, ready for fast and
- efficient execution by the Execution Unit. The Address
~Unit performs the address calculation and the pro-

Supermicro capabilities, SL!Ch as hafdwarausuppt}rted_.f-"':.“".'_:’[@G'tiﬂﬂ ‘checks' for Vift%' and physical memory

multitasking and virtual memory support, pmvide ghg_.-'_'_f]f_';.'.'ﬁ.:'.--;'_maﬁagammt (S&% Fagum ‘i) This highly pipelined

foundations necessary to build advanced multitask- _'__.j.,-'__':‘:i-"jif-‘f".:'f}rgar’:;zatlm erradicates instruction fetch and decode

ing and multiuser systems. The hardware multltaﬁk“ﬂff-.:_'.'::'.'-.:_'..-‘:_tff-"'t'm95 as consumers of execution time, providing a

ing support of the 386 automatically stores the tas;kz}f;‘j;_:j::'f.i?-_f.-’i;f"é‘id!Gﬁf fmpmvemw in ﬁ@ffﬁfmﬁﬂﬂe

state and loads the new task during task switch opera-

tions. The on-chip memory managamem and ﬁrmm*jﬁ '::"ff.'f.:""f-"i"ﬁS*d@ Th@ DEWHM a {::ode cacha a segment descrip-

tion mechanism performs the mapping from-virtual - tor cache, and a page descriptor cache maintain

" instructions - and memory information ready for

to physical memory and provides the protection !

necessary for maintaining task integrity in a multitask- - - immediate use by the CPU.

ing environment. Optional paging allows for a fmef S

granularity of physacal memmy managamwt

the iAPX 386 supparts a ful& famziy @f spemahz@d
coprocessors. Coprocessors altow mmmhm of -
specialized functions at the mmpment level, so that
the user can tailor the system’s mm::tzma!aty and per-

formance 1o his applzaatlarz ‘while : Gptzm;zmg the
design for cost. Multiple mpmwsmrg are supmrted
by the 386, such as the new numerics coprocessor
for the 386, the 80387, the Ethernet L@cai Area Net-
WOrK COprocessor,. the 82586 ar}d ‘the text
coprocessor, the 82?30 T T

PERFORMANCE
The iAPX 386 pmv:das twe:} tf:} ‘three ‘tames t

. provide this improvement. ‘With the higher execution

_speed, the designer can: dwelap more complex
systems and applications, mcreagmg ‘the appeal of
his end product tc:s the markat |

CHMOS

intel’s advanced CHMOS ill prmcess (Gamp!emem
tary High Speed ‘Metal Oxide ‘Semiconductor)
eliminates the freqwncy am rekabihty fimitations of
traditional CMOS processes and opens a new era‘in

mucmpracessm perfmmamce It mmbmes the high-
~performance capabilities of Intel's leading HMOS 1il -~
___.i_f--"'_'_‘tachmlﬂgy With the mgh d@nsity and ltw pc;wer:.;.'_-_-__.-:1;

‘_Oné-Chip Code Cache

e The instruction cache improves processor perfor-
- mance by providing an instruction fetch path that is

much faster than an external bus, and which
decreases the consumption of bus bandwidth for
instruction fetch cycles. The instruction cache maps
the most recently referenced memory locations 10
high-speed on-chip memory. Most programs exhibit
a high degree of locality of reference, so that even
though the cache memory is much smalier than the
system memory, the mapping of the most recently
referenced locations ensures a high hit rate in the
cache. Overall system perfermame is typically

;.-mcreased by 20 te 30%
he perfmw"_f-'___..';f._ UL |
. mance of the industry performance-leader, %""f??é'}-:iAF’X R e

- 286. A combination of advanced technology, pipelined _-S&gmem and Page Desmpmr Caches
. architecture, on-chip code and descriptor caches,

- "high performance bus and hzgh speed coprocessors o

The s&gmem descr;ptw and page dasc:riptar caches

‘maintain information on the working set inside the

CPU. This information is availabie for immediate
access, eliminating references to memary -based seg-
ment or page tables when acc:essmg ‘the task’'s
address space. - -

These descriptt:}rg are in the on-chip memory manage-
ment unit, which provides a further increase in per-
formance. By performing memory management on-
chip, the 386 eliminates any memory access delays
required by other implementations that use off-chip

memory management units. The result i1s high per-
formance and relaxed memory access time re-
_.-qmremems Address translat:m m paraﬂe! with the



ADVANCED INFORMATION

MEMORY

Figure 2. Cache Memory

rest of the CPU execution adds to the overall perfor-
mance improvement.

High Speed Bus

The IAPX 386 implements a 32-bit data path and
12 MHz or 168 MHz bus clock to provide a throughput
rate 2 to 4 times thal of current microprocessor
systems. This high speed bus increases overall
system performance by insuring prompt transfers be-

tween the CPU, memory and peripherals without

becoming a bottleneck for the system. An estimated
system performance increment of about 20% is
achieved via this high speed bus.

Coprocessors

To provide even higher system performance, the
IAPX 386 will support advanced coprocessors. The
80387, the numerics coprocessor for the IAPX 386,
1S software compatible with the 8087 and 80287, and
will perform numeric calculations at more than 4 times
the speed of the 287. Numeric intensive applications
in a 386/387 system will run signiticantly faster than
even the performance leading 286/287 systems.

Other coprocessors will also support the IAPX 386.
For example, the 82586 Ethernet LAN and the 82730
Text coprocessors will run with the 386, offloading
the CPU of the functions for which these itwo
coprocessors are specially designed, further increas-
ing system performance.

SUPERMICRO SUPPORT

The IAPX 386 provides complete 32-bit support as
well as Supermicro support. Data types, registers and
instructions have been expanded to support 32-bit
systems.

Data Types

~ The data types are the same as in the 286: arithmetic,

floating point, byte string, and bit field. Table 1
presents an cverview of the data types available under
each category.

Table 1 - Data Types

8-, 16-, 32-bit integers
8-, 18-, 32-bit ordinals
Unsigned packed decimal - BCD

Unsigned unpacked decimal - BCD

Arithmetic

| Floating Supported in 80387 coprocessor
| Point 16-, 32-, 64-bit integer
32-, 64-, 80-bit [EEE P754
standard
80-bit decimal format

" Byte String Variable length: 0 to 4 Gigabytes

Bit Field 1 or more bils

231052-001
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Instruction Set emory Addressability

The IAPX 386’s instruction set provides for full 32-bit The IAPX 386 provides complete 32-bit addressability

data manipulation and addressing, in addition to 8- {o very large memories. Table 2 indicates the memory

and 16-bit data, and 16-bit compact addressing. The addressability of the 386,

386 s instruction set is a superset of the 286’s, and

allows full compatibility with the iAPX 86, 186, The 386’s large addressability aliows for direct map-

and 286. ping of the large mass storage devices that will be
available in the future, such as advanced winchester

All existing instructions have been extended to sup- and video disks, into virtual memory.

port 32-bit addresses and operands. New bit

manipulation and other instructions have been .

added for extra flexibility in designing complex soft- Table 2 - Memory Addressability

ware. Operating systems, compilers and graphics S—

applications will benefit from these new instructions. | Physical Memory 4 Gigabytes

Segment Offset 4 Gigabytes

Register Sets | Virtual Memory per task 64 Terabytes

The general registers of the 386 sapp&rﬁf 32-bit data
and addressing. They also provide for 8- and 16-bit
data and 16-bit compact addressing, thereby offer-

ing total software compatibility. Figure 3 shows a ffective Addmssmg
model of the general register set.

The IAPX 386’s effective addressing is an expansion
The segment registers of the IAPX 86 family are iden- of the 286 model. Just like in the 286, an optional base
tical in the 386 with the addition of non-dedicated seg- is added to an optional index and then to an optional
ment registers, FS and G5, for increased flexibility displacement to provide the offset. The 386's
in simultaneously manipulating multiple data struc- mechanism is fully compatible with the rest of the
tures. Figure 4 provides a model of the segment IAPX 86 family. Table 3 indicates the choices available
register set, for address calculation.
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Figure 4. Segment Register Set

Memory Management Model —
Segmentation and Paging

Memory management and protection allows
designers to use system memory efficiently, while at
the same time providing a mechanism {0 use virtual
memory. Product development i1s simplified, both
hardware and software.

The I1APX 386 offers on-chip memory management
and protection to provide for the management andg
protection of the entire system memory. Not only does
it increase performance by being on-chip, but
reduces system costs by eliminating external memory
management units; by simplifying development of

T irjeds

16-Bit
(86/186/286 Compatible)

None, or
16-bit Index Register

None,
& or 16-bit

Table 3 - Address Calculation

OPTIONAL
INDEX

OPTIONAL
DISPLACEMENT

memory management software; by reducing memory
access requirements, and by providing complete com-
patibility from a 286 to a 386 system and from a 386
system 1o other 386 systems. Table 4 summarizes the
benefits of the on-chip memory management unit.

The IAPX 386 offers segmented virtual memory and
optional paging for physical memory management
and swapping.

SEGMENTATION

Segmentation provides the management of virtual
memory. To the programmer, it is a natural way of
organizing programs. He can set up various segmenis
for different types of data (file buffers, program

]

32-Bit

CS, S&, DS, ES SEGMENT CS, 55, DS, ES, FS, G5
E
E
, None, or OPTIONAL None, or
16-bit Base Register BASE 32-bit Base Register

None, or
32-bit Index Register

None,
8., or 32-bit

231052-001



Table 4 » Elimination of an External MMU

Reduces

Increases

System Performance

Compatibility and
Upgrade Path

Qverall Memory
Bandwidth

System Reliability

System Cost
- Extra Hardware
- Extra Software
- Faster Memories
Development time
System Complexity
Risk of Incompatibility

:

variables, work areas, efc.). He can also break up the
virtual memory according to the organization of the
program routines, permitting moduiar compilation of
the different routines at separate times.

Code and data, by nature, are of variable size.
Segmentation provides the right virtual memory fit,
assigning only as much memory as needed for the
individual routines and data. It is a way of directly
relating memory organization and usage to the code
and data structures,

Segmentation also simplifies the sharing of modules,
A single descriptor applies to an entire data structure
to allow fast, efficient control and sharing of programs.
For the operating system, it is very easy 1o transfer
the module descriptors to another task to share a
program.

Finally, segmentation provides for protection. Since
an entire code module or data structure is defined
by a single descriptor, this descriptor can aiso
uniguely specity the usage and attributes of the seg-
ment. Segment limits help detect limit violations or
stack overtlow, allowing these errors to be auto-
matically detected, prevented and reported 10 the
operating system. Segmentation provides the

_________ ©) }E% [R A AT CD ON;

NI

-u—

ADVANCED I

mechanism to protect the programmer’'s code and
data directly as he sees it: in variable size chunks,
large or smail.

PAGING

With the advent of the potential for large mulii-
megabyte segments, a more granular mechanism to
manage physical memory becomes necessary in
swapping systems. While this is not an issue for static
systems, loading and unloading segments of
hundreds of kilobytes to megabytes into physical
memory can be slow and cumbersome. To avoid this,
the iAPX 386 offers paging to manage physical
memory. Placed under segmentation, it breaks up
large segments into small fixed size blocks. instead
of having fo load the entire segment, the operating
system can load the individual pages as needed. This
simpilifies the management of physical memory. It also
provides for small physical memory allocation for each
task. Rather than having many megabytes per task
present in physical memory, the 386's operaling
system only needs to keep the current pages. This
feature takes advantage of the locality of reference
displayed by most programs and takes advantage of
swapping.

Paging is optional and completely transparent to the
application programmer. lts presence does not affect
his programming at all; he can assume that it does
not exist. Paging is a tool for the developer of the
swapping system. Paging by itself, though, cannot
easily provide the protection, modularity, and the
sharing of programs that segmentation allows.

Paging and segmentation are complementary and
together provide the best memory management and
protection solution. Segmentation is optimal for the
way a programmer sees and protects his program.
Managing large physical memories for farge code and
data structures in swapping systems makes good use
of paging. Table 5 summarizes this complementary
nature of segmentation and paging.

Table 5 - Segmentation and Paging
A Complementary Pair

SEGMENTT; o

e |_arge virtual space per task

e Variable size 1o match code and data structure

e One segment may represent entire code or
gata structure

e Tool for applicalions programmer

¢ Fine and regular granularity for physical
memory management
¢ Small working sets for large tasks
— Many memory resident tasks
e Swapping and physical memory management |
tool
- [nvisible to applications programmer

231052-001



Segmentation Description

The segmentation mechanism of the IAPX 386 is iden-
tical to the IAPX 286°s. This mechanism, very similar
to the one used in Multics and the Burroughs B5000
computers, uses a selector held in a segment register
to point to a segment of the user’s address space via
a descriptor. This descriptor holds the base address,
mit, access rights and protection information. The
base address is added to the effective address {0
obtain the 32-bit address. See figure 5 for details.

Paging Description

If paging is used, the linear address generated by the
segmentation mechanism is mapped through page
tables 10 obtain the physical memory address of the
desired information. See figure 6 for more details.

Paging is an optional feature. Disabling it provides
a memory mechanism identical to the 286’s. This
means that 286 operating systems can easily migrate
directly into the 386 with complete assurance that the
memory management and protection will work the
same. This allows simple migration of 286-based
operating systems to very high performance 386
systems and guick time to market.

Protection

As mentioned before, the IAPX 386 offers hardware
enforced protection. The mechanism is the same as
the 286's, insuring software compatibility. Tasks are
isolated and protected from each other. This
guaraniees that code and data will not be damaged
by bugs in other programs.

in addition, the protection mechanism offers four
privilege levels 1o provide protection of sensitive code

SELECTOR

SEGMENT
PDESCRIPTOR

DESCRIPTOR TABLE

||||||||

ADVANCED INFORMATION

and data within a task. This allows a combination of
operating system, system services, shared libraries
and application programs 1o reside in a common
virtual address space, yet be protected. The highest
privilege level is typically reserved for the operating
system Kernel, the most trusted program in the
system. Other levels below the kernel can be con-
figured to include system and application services
code, as well as the application itself, Structured
operating system design is encouraged by this
mechanism, making operating systems simpler 1o
implement and easier to maintain. Figure 7 represents
this protection model.

Qluick, controlled access to the data and routines at
each level is directly provided by the 386 integrated
protection. This preserves system integrity as well as
the high performance of the IAPX 386.

Multitasking

Many advanced applications require multiple activities
to be in process at any given instance. This requires
systems to perform task switches frequently. To
improve the performance of these systems, the 388,
just like the 2806, otfers hardware integrated multi-
tasking. What this means is that the traditional steps
involved in task switching, storing the task context,
loading the next task and giving it control, are
automatically performed in hardware. This simplifies
operating system development by moving most of the
fask switch chores 10 the hardware, while at the same
time improving performance. Hardware supported
multitasking execution takes a iot less time than a
software implementation. The system can switch
among many tasks quickly and often, without
incurring performance degradation.

OFFSET

pulsiiniatdi'eb

BASE ADDREDSS ,

Figure 5. Segmentation Mechanism
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LINE ADDRESS

SEGMENTATION PAGE INFORMATION

DISPLACEMENT |
MECHANISM

® VIRTUAL MEMORY MANAGEMENT
@ PROTECTION

PAGING
MECHANISM
@ PHYSICAL MEMORY MANAGEMENT
PHYSICAL
MEMORY
Figure 6. Paging Under Segmeniation

SOFTWARE COMPATIBILITY code level with the 8086, 8088, 80186, 80188, and
he IAPX 386 continues the evolution of the IAPX 86 80286 microprocessors. This compatibility provides
family by maintaining full compatibility at the object- immediate access to the largest base of 16-bit

— LEVEL 0§
(MOST PRIVILEGED)

- LEVEL 1

LEVEL 2

o LEVEL 3
) (LEAST PRIVILEGED)

Figure 7. Protection Model
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microprocessor software in existence. The designer
preserves his investment in software, both applica-
tions and operating systems, and can add new soft-
ware to his system quickly and efficiently. - -

To utilize the majority of the application software, no
recompilation or reassembly is necessary. Exceptions
might exist for speed or input/output configuration-
dependent software, but the majority of the software
will run unchanged. |

The same is true of operating systems. Not only is
the software compatible at the object-code ievel, but
since the segmented memory management and pro-
tection mechanism of the 286 and 386 are igentical,
no changes are necessary 1o the operating system
routines in charge of managing the memory. If pag-
Ing Is going to be used, routines to manage the pages
can be added under the segmentation software.

in other words, 1IAPX 86 family software, both
operating systems and applications, will run on the
IAPX 386 without changes and at significantly higher
speeds. Not only does the designer protect his soft-
ware investment, but he can reduce his time 10 market
by using existing 86 software in his new 386 system.

SUMMARY

The 1APX 366 s the most advanced 32-bit
microprocessor. It not only provides the highest per-

. /ﬁVAN@E@ INFORMATION

formance in the industry, but with its 32-bit Super-
micro capabilities of virtual memory and muititasking
support, it will serve as the standard in 32-bit process-
ing. A full line of coprocessors insures additional per-
formance and functionality to meet the designer’s
needs.

With its complete software compatibility with the IAPX
86 family, the IAPX 386 allows the designer to develop
a very powertul and advanced system, while reduc-
ing his time to market. The software base available
for the 386 is the largest in the industry, based on

‘the industry standard, the iAPX 86 architecture.

386

With such advanced capabilities and software base,
the IAPX 386 provides the designer with the most
comprenensive and best supporied 32-bit solution.

DOCUMENTATION

Further information is provided in the following
documents:

introauction to the IAPX 286, #210308-001

IAPX 286 Programmer’s Reference Manual,
#210498-002

IAPX 286 Operating System Writer's Guide,
#121960-001

Figure 8. Software Compatibility in IAPX 86 Family
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irtet Corp -~

850 S Cherry Street
Quite 720

CDenver BH222

Tel (303 321-8086

TWX: 810-931-2289

COMMECTICUT

intet Corp.

36 Padanaram Rpad
Danbury 0BR10

Tel (2031 792-8366
TWX 710-456-1199

EMO Corp.

393 Cender Street

Wallingford 06492

Tet (203 265-69%1

FLORIDA

imel Corp.

1500 N W 62nd Street
Suite 104

Ft Laudsrdale 33309
Tel {305} 771-0600
TWX. 51(-956-9407

intel Corp

A0 N Matiandg
Sute 205

Mastiang 32757

Tel {3058} 528-23493
TWX: 81{(3-853-921%

GEORGIA

intel Corp.

3300 Holcombe Bridge Road
Suite 225

Norcross 30092

Tel {404) 449-(541

i IMOHS

intet Corp

2550 Goll Road,

Suite 815

Rothng Meadows 80008
Tel {312) 981-7200
TWX. 910-851-5881

INDIEANA

Intet Corp.
9100 Purdue Road
Suite 400
indianapols 46268
Teb {317) 875-0623

FOWA

intal Corp.

St Andraws Buiiding

1930 51 Andrews Drive N.E
Cedar Bapds 52402

Teb {319} 383.58510

KANSAR

intel Corp.

8400 W 110th Sireet
Sunte 170

Owveriand Park 8210
Tet {913} 642-8080

LOUISIAMA

industraal Dgital Systems Corp
2332 Severn Avenye

Suite 202

Metawne, LA 70001

Tet (504} 831-8492

MARYLAMD

intel Corp.”

7257 Parkway Drnive
Hanover 21076

Tel {301} 786-7500
TWX: 710-8582.1944

itel Corp.

1620 Elton Road
Sdver Spring 20903
Tet (301) 4311200

MASSACHUSETTS

intel Corp ™

27 Industrial Avenye
Cheimsiorg 01824
Tel (817} 256-1800
TWX: 710-343-6333

EMC Corp.

385 Elhnt Street
Mewion Q2164

Tatb (617) 244-8740)
TWX. Q2261

PICHIGAN

inted Corp ™

26500 Narthwestern Mwy
Suite 407

Southfiela 48075

Tel (313) 353-G920¢

TWX: B81{3-244-4915

RINNESQOTA

irttel Corp
3500 W BOth Street
Surnte 360
Blogmington 53431
Tel (612) 835-6724
TWX. 910-576-2867

MISSOLIR]

inted Corp.

4203 Eanh Crly Expressway
Suite 131

Earth Cry 63045

Tel: {314) 291-1980

MEW JERREY

tnted Corp.”

Raritan Plara i
Rartan Center
Edson OB83T

Tel {201) 225-3000
TWX 7i10-48(3-6238

MEW MEXICO

inted Corp.

1120 Juan Tabo N E
Albuquerque B7112
Tal: (H0O5) 252-8086

MEW YORK

e Corp”

300 Vandertsit Motor Parkway
Hauppauge 11788

Tet (516 231-3300

TWX: 010-227 8236

intel Corp.

80 Washingion Street
Poughkeepsie 12601
Tel 914) 473-2303
TWX: 510-248-0060

infel Corp.”

211 White Spruce Boulgvard
Rochester 14623

Tet {714) 424-1050

TwX: 510-253-7391¢

T-Sguared

6443 Ridings Road
Syracuse 13206
Tel {(315) 463-8592
WX 710-541-0554

T-Sguarad

7353 Pittsfordg
Victor Roac

Victor 14564

Tel (718} 924-91)1
TWX 510.254.8542

MORTH CARQLINA

intel Corp.

306 W Meaadowview Road
Sute 206

Greensboro 27407

Tel {919} 294-1541

0

inted Corp.*

6500 Foe Avenue
Qayion 45414

Tet {800} 325-4415
TWE: B1G-450-2528

infei Corp.”

Chagrin-Bramnard Blag., No. 300

28001 Chagrin Boulevard
Clevelang 441272

Tet {216) 464-6915

TWYX: 81(-427-9298

OKLAHOMA

intel Corp

4157 5 Harvard Avenue
Sue 123

Tulsa 74135

Tal (G18) 749-8688

CGHREGON

intet Corp.

10700 S W Beaverion
Hillsdale Fhghway
Suite 22

Heaverton 9700%

Tel {503}) 641-8086
TWX. 910-467.B741%

PEMMOYLYAMIA

intet Corp.*

510 Pennaylvama Avenue
Fort Washington 12034
Tat {215) 6411000

TWE: 510-861-2077

imtel Corp.”

201 Penn Centsr Boulevard
Suste J01W

Fittsburgh 15235

Tal (4121 873-4870

O 8 D Elactromncs
00 N York Road
Hathoro 12040
Tel (215 §74-960{0

TEXAS

intel C.orp.”

12300 Ford Road
Suite 380

Datay 75234

Tet (214) 241-8087
TWY: 910-8680-5617

intel Corp .

7422 5 W. Freaway
Sute 1490
Houston 77074

Tal {713} 988-8088
TWX: 910-B81-2490C

Incustrial Digaal Systems Corp.
5825 Soveregn

Suite 101

Houston 77036

Tel: {(713) 58B-9421%

rted Covp.

J13 £ Anderson Lans
Suite 314

Austin TBTSZ

Teb {512 454-3628

UTAKM

intel Corp.

268 West 400 Soutb
Sait Lake City 84703
Tat: {BO1) 533-8086

YIRGIMIA

intel Corp.

1603 Santa Rosa Boad
Surte 108

Richmong 23288

Tel (B04) 282-5668

WASHINGTON

intet Corp.

110 110Mh Avenue M &
Sute 530

Bellevue Y8004

Tal {206 453-8086
TWX: 910-443-2007

WISCOMSIN

intel Corp

450 N. Sunnysiope Road
Suite 130

Brookheid 53005

Tel (414} 784-9060

"Fweld Apphcaton Location



BELGIUM

imtet Corporation S A -
Parc Seny e
Rue dy Maouln 8 Pa;}tér 51 R L

Bonte ! .
61160 Brussels
Tel (03266107 11
TELEX 24814

DEMMARX
intel Crenmark A S

Lyngbyve: 32F 2nd Eiot ST
DK.2100 Copenhagen East

Tel (Q1) 18 20 00
TELEX 18587

FINLAND

intet Fantans OY

Hampente 103 - -
SF - 00550 Hetsinki 55

Tel D:716 955

TELEX 123 332

FRANCE

Intet Corporaton, SARL
5 Place e [a Batance

St 223

94528 Rungis Cedex

Tel (Gt 6R7 22 21

TELEX 270475

intel Corporation SARL
immeulie BRC

4 Ouar gdes Etronts

69005 Lyon

Tel (7) B42 40 89

TELEX 305153

EUROPEAN DISTRIB

AUSLTHIA

Bacher Elektronische Geraete GmbH

Rolemuehigasse 26

A 1120 Vienng

Tel (222) 8363 86
TELEX 11532 BADAT A

BELGIIM

ingico Belgum S A

Ave ges Crosx ge Guerre 94
B1120 Brussels

Tel {027 216 Q1 6D

TELEX 25441

DENMARK

MultiKompaonent AiS
Fabriksparken 31

DK 2600 Gloskrup
Tel {021 45 66 45

TX 33355

FIRLANG

Oy Fatrorug AB
Meixonkaty 74 A
SF-G0210

Heitirik #1

Tei (01692 60 22

TELEX 124 224 Firon SF

FRARNCE

GENERIM

2| de Courtaboeu!

Avenue de g Baltque

1943 Les Uhs Cedex-B P 88
Yol (63907 78 78

TELEX § £§Q1700

Metrgioge

La Tour d Asmeres

1. Avenye Laurent Cely
G2506- Asreres

Tel {13791 44 44
TELEX 611 448

fTokelac Arirong
Cite des Bruyeres
Bue Carte Vernet
F-492310 Sevres
Tet {071) 534 75 25
TELEX 204552

. :_ ._wam Gﬁamm BRI
Gedistrasse a7 .
© T D-RODG MuEﬁﬂhgn ;3
ST Tet {89) 5388 )
T ITELEX D 231?? mL ;;;

B intal Semmﬁﬁaumm GmtyH"' S
Lo Mamyer Stasse TS '
e - DER00 Weeshaden 1
T I Yen{B12YY 7008 74 PERSR
L -TELEX (4186183 INTW [;:: |

o dnter Semiconductor Gmt}H e
L Brueckstrasse ﬁi S
DT T0VE Felibaeh
L West Geemany
o TeE {711 58700 gg
- TELEX- 7254826 INTS D -

- intet Semiconducior GmbHT T -
- HghenaGHers Dlrasse 50
3000 Hannower 1 -

Tel (511134 40 B1 |
TELEX 923625 INTH O -

intel Serrucondyucton GmbH

" Ober-Hatherstrasse 2

4000 Dusseldor! 30
Tel {2111 65 10 54
TELEX QB-589Q77 INTL D

tSRAEL

inte! Semiconductor LG ”
P Box 1658

Hafa

Tet 4524 267

TELEX 46511

WEST GERMANY

Elactrorug 2000 Vertriehs A G
Neumarkter Strasse 75
0-8000 Murnich BO

Tel {85 43 40 61

TELEX 52256t EIEC D

Jermyn GmbH

Posttach 118{
Schulstrasse 48

-8277 Bad Camberg
Tet (36434 231

TELEX 484426 JERM D

Lelgis Enatechrik Systems GmbH
Schllerstrasse 14

- 3-2085 Quickborn-Hambur g

Teh (41061 G121
TELEX 213590 ENA D

METROLOGIE GmBH
Hansasirgsse 15
B000 *unich BG

Tet (B9} 57 30 B4
TELEX D 5212186

Frogleciron Veriniehs GmbH
Max Planck Strasse 1-3
G072 Drresgch ey Frankfur
Tel {5103 33564

TELEX 417G83

HRELAND

Mucro Markehng
Glenageary Office Park
Glenageary

Co Dubhkn

Tel {1385 62 BE
TELEX 31584

ISRAEL

Eastromes Lid

11 Rorans Sireet
PO Box 39300
Tet Aviv 61390
Tel 13} 47 51 5%
TELEX 336348

FTALY

Fladra 35S F A
Vigie Elveris, 18
1 20154 Mdano

Tl {2 34 97 51

CTELEX: 332332

S imtes
- Mianhor Pal Esﬁ
- 200G Afa:aagﬁ
T Mdang
. Teb {02y 325{1
-~ TELEX: 311351

ALY

intel Corporaton itaka Spa’

. Mitanohon, Palarmo b

20094 Assago (Miang)

 Tel {D2) B24 00 06
TELEX 315183 INTMIL

METHERLANDS
Cintel Semiconducior Nederlangd B Y -

Algxanderpoort Barlithing
Martan Meesweg 93

3068 Rotterdam
Tel {10y 21 33 77
TELEX: 22283

O NORWAY

intel Norway AS
PO Box 92
_Hyamveen 4

N-2013
Sketten

Tel (2) 742 420

TELEX 18018

NETHERLAMDS

Koning & Hartman
Koperwerf 30

£ 0 Box 43220

2544 £EN 's Gravenhage
Tetr 31 (70 210101
TELEX 31528

NORWAY

Nordisk Elektrome {Norge) A/S
Postothice Box 122
Smedsvingen 4

1364 Hvalstad

Tet 12} 7BE 210

TELEX 18983

PORTUGAL

Eetram

Componentes E Electromnca LDA
Ay Miguel Bombarda 133
P1064 Lishoa

Tel {19} 545 313

TELEX 14182 Brneks-P

SPAIN

interface S A

Ronds San Pedro 22,3
Harceiona 10

Tel {33 301 78 51

TWX 51508

1TT SESA

Miguel Angel 23.3
Madrd 10

Tel (11415 54 G0
TELEX 27707

SWEDEN

AR Gosta Backsirom
Box 12008
Alstropmergatan 22
5.10221 Stockhoim 12
Teb {8) %41 080
TELEX 10135

Norghsh Electronik AD
Box 27301
Sanghamnsgatan 71
510254 Stockhoim
Tel: {8) 6345 040
TELEX: 10547 d

 SWEDEN
It Swaﬂan AB®

CBox 20092 o
- Archumadesvagen b -

516120 Bromma

L Tel (081985385

TELEX: 12283

SWITZERLAND

inted Sermucongucior AG
Forchstrasse 95

GH BO32 Zunch

Telh (01554502 -
TELEX 57980 iCH CH

UNITED KIRGDOM

intet CoOrporation (LK) Lig "
h Hosptal Street

Nantwach, Cheshee (WS 5RE
Tab {0270 628 560

TELEX: 38620

il Corporation {U K} Liﬁ"'
Pipers Way S
Swindon, Wiltshire SN3 ‘EHJ .
Tel (0793 488 388 T
TELEX 444447 INT SWN -~ 7

. *Figld Apphication Location

UTORS/REPRESENTATIVES

SWITZERLAND

indusirade AG
Germnsenstrasse 2
Postcheck 80 - 21190
CH-B0Z21 Zurgeh

Tel {01 363 23 20
TELEX: S6TBEB INDEL CH

URNITED KINGDOM

Byiech Lid.

Linat &7

L.ondon Road
Barley. Reading
Berxshire

Ted (0734) 61031
TELEX: 84R215

Comway Microsystems Lig.
Marke! Street

K -Brackneil, Berkshire
el 44 (344} 55333

TELEX: B47201

Jarmyn Indusifes
Vasiry Estale
Sevenpaks, Kent
Tel (0732} 450144
TELEX 951472

ME DL

East Lane Road
North Wembiley
Middiasex HAS /PP
Tel: (G1) 904 893 (7
TELEX 28817

Rapid Recadt, Lid

Rapd HouseDenmark 5t
High Wycombe

Berks, Englang HP11 2ER
Tet {(M94) 26 27

TELEX B37931

YUGQSLAVIA

H R Mroelectronics Enterprises
F O Box 5604

San Jose, Calforma 95150

Tet 408/978-8000

TELEX 278-559



INTEL CORPORATION, 3065 Bowers Ave., Santa Clara, CA 95051; Tel. {(408) 987-8080.
INTEL INTERNATIONAL Ltd., Swindon, United Kingdom; Tel. (0793) 488 388.

INTEL JAPAN k.k., ibaraki-ken; Tel. 029747-8511.

Printed in U.5.A/E-4034/5K/0884/81 LD
Microprocessor



