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& Prehistory:1936--1961

u 1956: Nobel Prize inPliysics fortransistor,

= 1959:Jack Kilby [Texas Instruments) and
RobertNoyvce (Fairchild Semiconductor)
invent integrated circuit (i1

. ¥ . 1960:DEC PDP-1

= 1961:1BM7030 Stretch (first scientific
computer)

Microprocessor Overview: 09-Feb-2001 17:35

& Early history:1971--197a

9 = 1971:Intel 4004 4-bit microprocessor;

enuals ENIAC in compute power: 2300
transistors, 0.75MHz, 8KB ROM, 16KE RAM

= 1972: Intel 8008 8-bikmicroprocessor

= 1973: French Micral with 8008: firstdesktop
personalcomputer (some credit Altair)

= 1975:1BM 801 (first RISC microprocessor)
= 1975:Zil0g 780
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Prehistory: 1906--1947

= 1906:Lee De Forestinventsyacuumtihe

= 1946:). Presper Eckert and John Mauchly at
U/Pennsylvania invent ENIAC: hoxcar size, 30
tons, 18,000 vacuum tubes, 150k,
computing power of 100 humans

= 1947: lohn Bardeen, William Shockley; anid
Walter Bratxain invent Zzansistor atBell
Lahs
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Prehistory:1964--1910

= 1964:18MS/360 announced
= 1964: ASCII defined, too Iate for S/360

. P .1964:C0C 6600

.
n |

= 1968: DEC'PDP-10
= 1969: Anollo moonlanding
= 1970:DEC PDP-11
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Early history:1976--1979

= 1976:Cray1
= 1978:DEC VAX

_ ¥ . 1978:Inte1 8086

= 1979: Motorola 68000
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More history: 1980--1986

= 1980: IBM adopts Intel 8086 for IBM/PC

= 1980: Patterson et al: Berkeley RISG-1, -1l

= 1981: Hennessy et al: Stanford MIPS

= 1983: Time magazine: PC“Man of the Year”
= 1984: Apple Macintosh (Motorola 63000)
= 1985: Acorn RISC/first commercial RISC

= 1986: HP Precision Architecture (PA-RISC]
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Recent history: 1992--1995

= 1992: DEC Alpha
= 1993:1BM/Motorola/Apple PowerPC

= 1994: Intel Pentinm divide flaw: cover-up,
and recovery costing> $480M

= 1995: MiCroprocessor reventes >
S100B/year

= 1995: More than/10B micronrocessorssold
in23 Vﬂalﬁm
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Recent history: 2000--tlate

= 2000: Noliel Prize in Physics to Jack Kilhy
lox /ntegrated circuin), Thores Alierov and
Herbert Kroemer'lior oploglectronics)

= 2000: HP/Intel IA-64 MLIW/RISC
= 2001: 30th anniversary of microprocessor
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Even more history: 1986--199x

= 1986:1BM RT
= 1986: MIPS-1 (R2000] commercialized

. ¥ . 1987:SunSPARCVS

= 1988: Motorola 88000

= 1989:Intel 1860

= 1990:IBM Power'(RS/6000]

= 199x:4-hitmicros reach 1B/year
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Recent history:1996--1999

~! = 1996:23th anniversary of microprocessor:

IEEEMicroApriland Decemberissues

= 1997:48M MIPS processors shipne: first
RISC architecture to exceed Motorola 68K
CISC uolume

= 1999: IBM shins one millionty S1/Cu chin

= 1999: Motorola shins two bulliontli
MCG8HCO05 8-bit microprocessor
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Industry revenues

9 = DRAM:S30B (Wall Street Journal 7-Dec-

2000)
= Semiconductors:>S$150B i1 1995

= Microprocessors:> $100B in1993 (3% of US
GDP)
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‘W Architecture books
{y 1833-1985

Computer Architectire: Concents and.
N Efvolution

B Addison-Wesley 1997

9 ISBN0-201-10557-8
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>

‘ cr Feb-2001 17:3
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9 = Michael S. Malone
Tihe Microprocessor:aliiograniy
Telos 1995
ISBN 0-387-94342-0

= Garl'Shapiro and Hal Vanan
Information Rules:
Harvard Business School Press 1999
ISBN 0-87584-863-X
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= TeXUser.Group archive:
htn://www.mathatah.edu/nub/tex/bib/
= BibNet Projectarchive:

= Software:

htn://www.mathutah.edii/~heehe/software/

hitp://www.math.utah.edu/pub/my/
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‘:: = GerntA. Blaanw and Frederick P- Brooks, Jr.

" nrchitecture books
Ly 1985-1997

:“! = John'l. Hennessyand David A. Patierson
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ComputerArchitecture
Morgan Kaufman (1995, 1997]
ISBN1-55860-069-8, 1-59860-329-8

Computer Organization and Design
Morgan Kaufmann (1994, 1997
ISBN 1-55860-281-X, 1-55860-281-X
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Architecture journals,
conferences, and standards

= [EEEMicroi1981--tatel
= HotChips Symposia [1989-atel
= Cool Chins Symposia (1998--ate]

u JEEESymposiaon Compuler Arithimeric
UARITH ) (1972--tate]

‘! = Nichael Slaters MicroprocessorReport

u ANSI/IEEE754-1985 Standard for Binary.
Foating-FointAritimeticidrattin 19801

Other resources

= NelsonH.F. Beehe
The Impactoremory and Architeciure on
Compuler Performance
(19941
hitn://www.math.utah.edu/~heehe/memperrpdi

= Mathematical software henchmarks:
hup://wwwmath.utah.edu/pub/henchmarks
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A Microprocessor overview

Acorn RISC Machine Java Virtual Machine
(ARM] oumi

Compaq/DEC Alpha Motorola 68K, 88K
HP PA-RISC 1.0-12 SGI/MIPS Rxx000
IBM Power, PowerPC Sun MAIC, Picolava,
IBM /390 65 SPARC

Inmos transputer Transmeta Crusoe
Intel 1860,i960, x86, and

With HP, IA-64
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= Compan/DEC Alpha

= Richard L Sitesand Richard L. Witek
Alnha AKP archiitectiure relerence manial.
Digital Press 1995
ISBN 1-55958-145-5

= Dileep P. Bhandarkar,
Alohaimplementations and archilecture
Digital Press 1996, ISBN 1:55558-130-7
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= IBM Power, PowerPGC

= Shiomo Weissand James E. Smith
Power and PowerPC: Princinles,
Arclitecture, Implemeniation
Morgan-Kaufmann/1994
ISBN 1-55860-279-8
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by | Acorn [(Advanced) RISC Machine

9 - VLSI Technology

Acorn RISC Machine (ARMI Family Dala

Manual

Prentice-Hall 1990

ISBN 0-13-781618-9
. = Companyrenamed ftom Acorn...\o Advanced.
¥ _in1990

= DEC, Intel, et al manusacture SzongAry

<
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iy
- HP PA-RISC
S = GerryKane
PA-RISE 2.0 Architecture
"y Prentice-Hall PTR 1996
ISBN 0-13-182734-0
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by | IBM Power, PowerPC [continued)

e

= IBM/Corporation
FPowerPC Archiitecture: A Specilicationfora
N NewFamily of RISC Frocessors
Morgan-Kanimann 1994
W ISBN1-35860-316-6
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%
“ BN S/390 G5/66

4 = Gaannounced 7-May-1998
= TimSlegeletal
S /BN's 5/39065 micronrocessor design
IEEE Micro 1902):12--23[1999]
~ '™ . E M. Schwarzand €. A. Kryoowski
-4 Tihe $/390 Ga floating-noint unit
- IBM ). Res. Dev. 4315/6):707-7121 [1999).

|
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o Intel 1860

N = /86064-bitMicroprocessorHardware
Reference Mamual
Intel 1990
ISBN1:55512-106-3
_ W . /86064-bit Micraprocessor Family
< Programmers Reference Manual
¥ Inel1991
ISBN1:55512-135-1

|
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o Intel Xx86

“S§ - Walter A Triebel and Autar Singh
Tie 8088 and 8086 Micronrocessors: ...
Prentice-Hall 2000
ISBN 0:13-010560-0

_ ¥ . JohnF Palmer and Stephen P. Morse
% Tlie 6087 Frimer
¥ wiley1982

ISBN D-411-87569-4

|
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D Inmos transputer

» Ian Graham and Tim King
The transputer hiandliook
Prentice-Hall International 1990
ISBN 0-13-929134-2
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S = Glenford ). Myers and David L. Budde
Intel 80960 MicroprocessorArchitecture
Wiley1988
ISBN 0-471-61897-8
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Intel x86/(continuet)

S = AMD, Cyrix; IBM; and Nexgen reverse-
engineer and manuiacture x86workalikes
= HP/Intel 1A-64'and TransmetaCrusoe also
implementx86
= Several xB6 software emulatorsor
transiators [SoftPC, SunPC, Sun'Wahi, DEC
FX132,..]
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iy ‘W Java Virtual Machine (VM)
S JavaVirtual Machine OVM) Sy (continued)

9 = TimLindholmand Frank Yellin 9 = 32-hixsoftware architecture (initially)

The/Java l/_ir_rllalﬂanllilm Soecification = Strictly-controllied evaluation orderin Java
S Secondledition . @  hinders optimization

Addison-Wesley 1999 = Sirict 32-bitand 64-bit ANSI/IEEE 750
::! ISBN 0-201-43294-3 -‘:! floating-nointsuhsetronni-to-nearest

- by | only: hard to do interval arithmetic, and
~ P extended intermediate precision|is

g g fortidend
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B Java Virtual Machine (VM) 4
b | {continue) % Motorola 68000

S = Nopointers, and all array accesses are Ny = Me65000 ’5/,'72'”” Micronrocessor
o bounds-checked each time Programmers Reference Manual

: L . Motorola 1984
_ ¥ = Multdimensional array layout problems | ISBN 0-13-501100-8

= 16-bitUnicode characters, butUnicone 3.0

a M neetsatieast21bis! « MC6B88Y/MEGES82 Floating-Point

| W CowrocessorUsersManual
Prentice-Hall 1987

| ' ISBN0-13-566936-7
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y 4
S Motorola 88000 % SGI/MIPS Rx00 Lx=20.720)

SN = Motorola 86100 RISC Microprocessorusers 9 = Gerry Kane and Joe Heinrich
Manual MIPS RISC Architecture
Motorola 1989 W Prentice-Hall 1992 (2nd edition online)
ISBN0-13-567090-X ISBN 0-13-590472-2

oh | S . PaulChow
R : The MIPS-KRISC Microprocessor
| ¥ Kiuwer1989

ISBN 0-7923-9045-8

|
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o Sun MAIC o sun PicoJava

4 = Marc Tremblay etal S = Harlan McGhan anil Mike 0°Connor
4 Thie MAJC Architecture: A synthesis of 4 Picolava:Adirect execution engineforjava
parallelismand scalalility. N lwiecode
IEEE Micro2D16):12--25 (2000). < Computer 31(10):22--30 (1998)
oy | W = J.Michael 0’'Connor and Marc Tremblay
< - Picolava:l: The Javalirtual Maclhe i
| N Jfiardware
IEEEMicro/17(2):45--53 (1997

|
o icroprocessor Overview: 09-Feb-2001 17:35 7 | Microprocessor Overview: 09-Feb-2001 17:35

iy gy
o Sun SPARC o Transmeta Crusoe

S = DavidlL. Weaver and Tom Germond 4 David R. Diizel
Tfie SPARC Architecture Manual - Version 9 Transmeta’s Crusoe: ALow-Fowerx86:
Prentice-Hall PTR 1994 N Compatilile Microprocessor Built with
ISBN0-13-099227-5 Soltware.

oh | _ ¥ Cool Chips3:2000

& L, HotChips12:2000

o .9
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iy
Instruction set sizes b | Memory model and size

S - Segmented tintel x86 (6AKB), IBM 370-XA
[2GB)\vS umiformfinear adidress space

S . 8-hit(256B), 16-hit (6AKB), 32-1it [1GE, 2GB;
or4GB), 64-Hit (18PB=18¢+198]

<M . 1BMS/360 April 1964; $1/B ($5.55/B in 2000

< doliarsivs IBM EC RAM injearly 2000:

¥ soso/mE

|
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Memory model and size

= At 100MB/sec, 32-hit space fills ind5sec,
but 64=hit space fillsin >a000years!

09-Feb-2001 17:35

Registers, cache, and RAM

= Hirectmanped cache Vs /1-way ser-
associatvens fully-associative

= Combined\s separate/instruction and data
= Multiprocessor cachie-colierence problem

= User control of cache reuse through clever
programming (USI TR 3, Novembier 1990)

= Tlirn officache for some twpes of johs

Microprocessor Overview: 09-Feb-2001 17:35

Register sets

= Setsize:14,8,16;32, 64,128,256, ...

= General or separate floating-point,
regisiers

= Instriuction-fdedicated(intel X861 vs general
purpose

= Uectorvs scalarregisters

= Register-use maskstoreduce CALL/RETURN
overheallmm o
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Registers, cache, and RAM

= Accesstime:register==1cycle,
cache==2--16, RAM ==10--100,
nemwork> a0K, disk>1M

= Unitoi3'levels of cache [level 1[sometimes 2]
on chin, otliers on system Lioard il expensive
memorytechnology)

= Write-through cache vs write-backvs..

iew: 09-Feb-2001 17:35

Imbench memory performance
onSun SPARC models
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= Dverlanping registerwindows (Sun SPARC]

= Multiple register’sets on chip o reduce
contextswitchtime

= Registerrenaming on.chip

= Stack (Intel x86 fioating-pointl us random
addressing (every sensitile architecturel
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N “! Visual instruction sets [integer ;“'! Visual instruction sets (integer
b | fixed-point, and floating-point] b | fixed-point and floating-point)

SN = 1993:HP'PA-7100LC on RA-RISC Sy = 1997:Cyrix M2 (MMX compatihle)

= 1996: Compau/DEC Alpha M/ iMotion Video. = 1997: SGI/MIPS MZMK IMIPS Diital Media
Instructions] 121164PC and 21264) ] eXtension: MaDMaX) ~ M/PS-V

= 1996: HP'MAX-2 on PA-RISC = 1998: AMD F0Now! (also supports MMX)
= 1996;: Intel #/X (MultiMedia eXtension, or 1 = 1998: Motorela A//¥ec [ior PowerPG)
Matrix Math eXtension) on x86
= 1996: Sun ¥/5 (isual InstructionSet on
UltraSPARC
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Visual instruction set compiler N “'! Visualinstruction set cost and
siipport b | henefit

= Possibly useful for 32-hit floating-point, W = CyrixM2: added 1% to die size (20K
although only subsets implemente transistors)

= Exceptfor Motorola and SGI, no other vendor 9 . CurixM2: Inverse Discrete Cosine
provides high-level language compiler Transform (IDET) (core of MPEG decoding):
support for use of these instructions, only _ ¥ x86:220 cycles vs MMX: 31cycles
assembly code

= /cc.compiler onintel 86 supports MMX

n
|
9
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“ Floating-point architectures
Floating-point architectures Sy (continue)

= IBM|S/360,S/310;S/380,5/390 9 = ANSI/IEEE754-1985 [almost all CPUS since
hexadecimal normalization; 32-bit, 63-hit, 19801/32-bit, 64-bit; 80-hit[Intel and
128-hit W Motorola 68K), 128-hit (sofiware, except IBM
= CDC 60-bit, and in/Software, 120-hit $/390 6o and HAL SPARC64-GP)
= Cray 64-hit, and in Software, 128-hit _ ¥ - Widerformatmeanswiderexponentrange
= DEC PDP-10/and Unisys 36-bit and 72-hit (unlike IBMS/360 and DEC FDP-11, VAK)

« DEC PDP-11 andVAX binary normalization 32- { ¥ = Nonstop computing model
bit, 64-bit, and on VAX in software, 128-hit )
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Floating-point architectures
(continued]

u Gradual underfiow [ienormalized
numbers]

= NaN [Not-a-Number) and| /ity
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Floating-point programming
issues (continued]

9§ = Unordered comparisons also contlictwith

monern 2-way branch:

IF [expr<0.0]
{ then-part }
ELSE
{ else-part }
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Floating-point architectures
(resumetl)

= Rounding modes (ko +/nfinity, -Infinity, zero,
nearesty, and supportior interval
arithmetic [SunWorkshop 6 compilers for
Fortran 90, 95, and G++)

= Instructionrepertoire: hasic +, -, / ani tyne
conversion, or’also elementary functions
(arc; hyperholic, log, power, Surk trigl
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‘"'. Floating-point programming
b | issues

W = NaN_.NE NaN has implications fora /or of
scientific sofiware

_‘-:! = Unordered comparisons contlictwith
ancient Fortran 3-way hranch:
_ " [F (exprl n1,n2,n3

h
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Floating-point programming
issues [(continuerd)

= NaNs can produce infinite loopsi(e.g. in
EISPACK and LINPACK):

tol=1.0

WHILE (1.0 + tol).NE. 1.0

{
..l10Some work to reducetol...
1ol =newtol

} Microprocessor Overview: 09-Feb-2001 17:35

Floating-point architectures
(continued)

= Dinde and square root Somelimes replaced
by reciprocal approximation/and Newton:
Raphson iteration [Some motels of Cray;
anid HP/Intel IA-643, and resultmay he
incorrectiyrounded

= Intelx86:and IR-64'do not profdice correct
rounding (1 biverror'on Pentium, 0.6 bit
error.on IA-64: helped by 80/82-hitformatl
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" Foating-point architectures
Sy [continued)

= Some vendors do not defaulttocorrect
nonston ANSI/IEEE 794 hehaviorunless
asked by additional compilation switches
(e.9, Comnan/DEC Fortran -/pe3 or -fned,
and C/C++ -/eee)

= CDC 6600, HP PA-RISC 1.0, and Sun SPARCGA7
lackinteger multiply and divide
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Floating-point architectures
(continued]

= Entirelyin software [Standard Apple
Numeric Environment (SANE), Java Virtual
Machinel
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" Foating-point architectures

= Multiply-adid/subtract: form exactdouble-
wifdth product, then addwith single
rounding/(HP PA-RISC; HP/Intel 1A-64, IBM
Power [first, In 19901, SGI/MIPS MIPS-1V
[(R3000; R8000; R10000, R12000), but 701
Compau/DEC Alpha; Intel x86; Java Virtual
Machine, or Stin SPARC)

= GEeL2x performance hoostior free!
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“ Floating-point architectures

= Enirelyin sardware [Compan/DEC Alpha
21264, IBMS/390 and Power, Intel x86 and
IR-64, Motorola 68K and/88K', Sun
UltraSPARC 11l [check9]]

= Pardyvin fhardware, mis software fox
complicated parts (Compan/DEC Alpha, HP
PA-RISC, SGI/MIPS, Sun SPARC); software
may be serat compile time, orat intime

Micre essor 9-Feb-2 7. 62

Floating-point architectures
(continued)

= Some implement only partial ANSI/IEEE 794
[e.9. no denormals, NaN, orInfinity, or only a
suhiset ol rounding modes, ornoruntime
setting of rounding/modes)

= Some vendors offer'old-style arithmetic as
welllas ANSI/IEEE 754 [Compan/DEC Alpha,
Convex, IBM S/390)
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Floating-point architectures
(continued)

= Good compilers offer user.control over
whether multiply-adid is used or not

= MIPS64 ISA has integer multiply-add too!

= MIPS-V'haspaired-single operations, for 2x
hoost

= Preloading, and multiword loai/store
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" Foating-point architectures
Sy [continued)

s Scalarvs MU nsual instruction Sets and

Intel IA-64)vs vecror 8 -- 256 elements)
M . Ouadruple-precision (only IBM S/390's

hexadecimaland ANSI/IEEE 754 formats, and
M Hal SPARCGA-GP, are in hardware; all others

= are insoftware, butIBMRS/6000 and SGI
| terribly braindamaged and huggy)

> : 09-Feb-2001 17:35

AMD-K7 MMX and 3DNow!
instruction latencies

YL
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‘"% DEC RIpha 21264 floating-point
instruction cycles
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‘" AMD-K7 floating-point
instriiction latencies

T T IT 84
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DEC Alpha 21164 floating-point
instruction cycles
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MIPS R4400 integer instruction
cycles

4444445
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‘" MIPS R4400 floating-point
b | instruction cycles
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Sun UltraSPARC Il floating-point
instruction cycles

P
"
"
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MIPS R10000 floating-point
instruction cycles
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Sun UltraSPARC Il floating-point
instructioncycles
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