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The Stops Along My Journey

1970: B. Tech, Electrical Engineering

e Indian Institute of Technology, Bombay
1973: PhD in Electrical Engineering

- Carnegie Mellon University

- Thesis: Performance Evaluation of Multiprocessor Computer
Systems

4 years - Texas Instruments
- Research on magnetic bubble & CCD memory, FT DRAM
17 years - Digital Equipment Corporation
» Processor Architecture and Performance
12 years - Intel
- Performance, Architecture, Strategic Planning
5.5 years - Microsoft
- Distinguished Engineer, Data Center Hardware Engineering

5 months and counting - Qualcomm Technologies Inc
- VP Technology



p— ey g

r

PROCEEDINGS

G. JACK LIPOVSKI
Of the Fifst Annual FPROGRAM CHAaInuan

SYMPOS|UM ON STEVE A SZYGENDA
COMPUTER ik
ARCHITECTURE T

Harvey Cragon
Jack Dennin Harodd Stone
Mikg Flynn Bruce Wald
Oscar Garcia
Edited by
G J. LIPOVSK)
T
5. A SZYGENGA Srmpasium COMMITTEE
Wayne Chen Bill Kaiser
Oscar Garcia Sunley Su
Gil Hansen Julius Tou
George Haynam Ken Watson
COMPUTER ARCHITECTUME NEWE DECEMBER 1971, VOL 2, W0 &
EEE CATALOG MO TOCHMIEC
UENTER FOM INFORMATICE HESEARCH TH-73-107
Co-Spansors
ACM SIGARCH

GCentar for Informatics Aesearch, Unaversity of Florica
Compuist Socksty of the IEEE

UNIVERSITY OF FLORIDA
DECEMBER 9-11, 1974




CONTENTS

Tam
Meher Dals motels for Asalyving Mesary L 1 in Mal ¥ 7 e
Slleag T mm:uwxu.hnu,:-m-mu-m-nm......... ..... . 1
— Sumtam Sax Ausins oo
e b s Peneyunll, RESmnepolls ¢+ o o v ¢ ¢ ¢ 0 4 8.4 4 0400 casanen PTSESrIar n
Serres Bersarks fur Partitloning Milripcocseser !yn- .
Bbsey Gy S, 7, Lipowek), Unlveraity of Flurida . Lo d v a et e eem itite ¢'e e e n
erscrare of Digital Spetem Description Langaages’’,
Sy V. hnu-llm-.l.-ut.lhhmtrynthm..................... n
WL - A Jefiniviomal tystes for ALl Lavels™,
WA N L, lveruity GO MesBAEERSOtID | & 4 « 4 4 b 4 4 6 b4 4 b h b e hhy “a
1-?-.;;0 For Pacalinl Procsssing Desigs Tredeoffs”,
Warien U Rader, Ceccge T. Cupsland, Jv., and §, J. Lipovekt, Ualvewsity of VIeefds . « « o « « + &+ 5L
- Array ¥ o
r ek b K doval O RESIBM v v v v v v 11 ) 1 RS e e censrTses a
Wesiaal Mate Pigelized Solutiens T Sequcrence Probless”,
Beaar Y. Kegae, m.m...................................,. n
Slemmects == Sapasilities, L and "G T of Torzi Weia",
mwnlllhnyuJﬂ.ln.ll.-hl-r-uy...........-........... "
Wiawwatn ~— A Flav Owartlsg Proced: Dgita "
-,-l._-ln.luull—l.rm, mmuyotlln-u................. s
mmmnuumuﬂ,umm Trasmfer (0F) 3 "o
A b BarSasct ex=d DL 8. #elloa L R kL S SIS R 1oL
“leslesessarion Avpects of the Synbel Hardware Cospliss”,
Toh falizria, YalmSild Oyweams, Pale ALID o« & o v« o i h v b e h e e e b ul
W arsniteiture of CASSH) A Calluler Sysces for Nos-sumeric Prrosasiag”,
Searge 7o Oepalandy Jr, S J. Lipevaki ané Ssesley Y. ¥, e, Unfvessdry of Plotdda . . . 2 o4 .04 4 w
“heriving Sealgn Guldelt ",
e % Seaghill, lul-ll.A.l-"-.u hlmnydh-..l-un-......-........ m
Deaigs =f Taclt-Telavent Assocletive Procesmers”,
Saizzos Partant and Algirdee Avtafemie, BCLA & &« & o 0 & b v b v b b e e s e e e e i
T8 fesis Telerant Multiprecesser Architecture for Peal Time Cratral Applizatisns”,
A A Tiahlar asd 0, Plrecheln, lockhead, PALOAID . « & v v o s v v v v v v v v 1 1 0 o s 5 5 5 0 n s
"4 Tanterrectered Matleeaft Callalasr Cemputar®,
S o Mponsky, Dulvernity of Plardds © . & i - c v e c e v v s vt b s neaanuend e ss 18
" B 7 tur Cumg "y
Csa oy, o R R e R 51
TSimaletiss Saenviaes fur Computer Architactors Blscsticn™,
B Wushe, Bedlonion, Inc., PRo88d8 © . oy v v v v i s e a s ettt by
sx.u-.m:.-wwm-mq......'.....'................‘ 1wt
hs ~ A Callengs to Computesr Archiltectsrs Tdscation”™,
L N P e e st se s usasee g s unsses st ear ey ;1
“Review of the Verkehop en Ossputer Architecture Bducatisn”,
Seargr Mossmann, Palys, luc Sib sV s vty rvrre e uin ey vy ovesasyy b
! lewi M Blocks for Rerdwase Dewelopees:”,
Bdard C Cotpur, Bational Berurity AJBBEF - - o « « 4+ + 4 v s s s s s = s %8 s 0 84 b o s esssss I
b - 1 fer Large Digltal Modalen®,
l!.Mhr...l.tm-ll.).t-\.umll-umlv.............-..m

e

MARKOV CHAIN MODELS FOR

ANALYZING MEMORY INTERFERENCE IN
MULTIPROCESSOR COMPUTER SYSTEMS'’

Diéieep P. Bhandarxart

Ca

Samuel H Fuller
PRI ye

’m;wgh. Pnnmwvwm'

ASSTRACY

Wis paper Uiscussmns verious deslytioal tectaiques
Lforesen 1o &
b & vrtutepaind witeh for gre
wa, Prawmssnr bebbrior |
T v e avdared sapienae of & wesaTy Fegiest
by 4 intarval vl procesving tioe, The eyeles
A Semaed 5o be Sus Sound | In other wanda, by the Tise
B SR -oenaTy BUS 4099 letay serviciag A proces -
B pwpeend tha processar L sesdy te Lnliiate apother
R sl e semary sOdule (e Teady Te sacEpt mmatheY
. The techalgees dlsenssed Laciwle dlscrete Al
SR i Narwor sheln sefuls o8 well 3¢ severs]
malyie find

1. IstaapscTion

Sersagisislion Univervity 1o cverantly th the gra-
e matrssting & ssleiprocesses computar system
e thed elll saww up t3 30 santial processers
P s sharisg the sema whywical sdérune apuen (4) und
s Aes feant exptusesd sbent the par of

FI0HE 1.0

arn Cruasdar Switsh

wodel ix waed to enalyze intarference & processary
Access Inwll—l wards froe the sesary sedeles, Baeh
by the powber of

m——ty At«t
=f thls plpur in
Nazkor shain wedol.

SRS S aretan with theesmmny Active processsrs, In as-
Mitiom =2 the gracessars, thevs s @ ser of meaory mad-
W thez ave able ta opervate lafepesdescly; little
WL we geinez 0f all tha grocessers had 4e vallt v
e T s alngle mevicy sodela.  Becwern the prus
PR el e senary sedeles O%Ts) I s n b e
W hars wre s wesbar of wwys of Enpleanenting 1he
WL Wt Cowp eepTare & Tudl w by W crosspoing
WA A moew In Tigere 1,0, Oiher wsltiptecssmacs,
W Lindred oo & v llar yembar of Fo'e, Alas Sa-
S see & coomspaiat wwitch, o8, tha Derrougha
WD aee e Daivec 1110, for further diacuatica of
Ieaptind switsher, M A variaty of othar switching
MEEmeTEEee, dee MLl end Newell (3).

Seriesasionl adaly of campeter systesns sks e
WAt 41 werioss lavels of abstrictise, Aur'-
e of sslels for el Wyt
P 85 8 Seadr wnds (e, 191, and ’I--ﬂlld
M agrenned toeprrter systems the block of Imstyus-
Wi Setwnen L0 sperations Lv Lehun o8 @ Basic unit
N e, Ix this ctidy @ st socs detsiled

—
s wars ey supgutted by the ddverced Nesserch froe
e Aguecy of the Offlce of the Secretaty of Dafanse
SRR TI 30 amd tr sunttorsd by the Alr Tozom
Wise of Sstastific Desssach,

‘:. ¥, Bassusser L3 new with Tests [eetmemmmts Ine.,
iles, Tesas,

e s = o2 setation of f2ell and tewsll (3) in ohie
Tmmewt I3 fexiride harivars arganizatins,

& ket o avsLens with sspementi-
ally diseributed samury werview thoe, ol & diffusioe

Approximation,

7. CRSEAL NODELIMG ASGINPTION

e ko the seeplesity of e prodlon, the seser
datnilml Sehavicr uf meory (nterfnrence i 8 sultlpros
pexaor aystms ds diffioull to sodel. We sthe the fols
Sowing scsmpticns with respezt to the piresstsrs that
charscterize the bebaviar of 4 P,

Wl In gemaral, processer belwvior
wartas for event tsstructions, Sowever, is this
paper fiffarecces 1z tustrustises aze fguored, PFrovess
sor dahavior ts wodelad as eu scdered sequence uf &
weuroy roqesst fallowsd by 4= iaterval
lll-. A¢ Tale Tevel of axstyaction us
walde Sytween the nn--lq wasded ta decoda mx {matruce
Y lul the ¢ to Lt et
w Pe duplote
ulymwn u-n-»u the veal Pe. Pigers 2.1
fepints ths sotual and shatracted hetaviors,

) The sodels dicosmand Yere
Shwame that the welSipressssar spstens wrw bua b-nﬂ
Lows the Pe Lo rosdy o Laiclaze the nest uqnux
the %p mofule l» ready Lo occeyt the Best reguest 4t
the tims the Poaip bus cecovers (rom the curcest ac~
wess, The andlysts is alsa spplicable 20 sulliprocess
scz wyatems im Which the affsctive processing Liee, tp,
4% agmul to the memery rewrite time, v,

Ascens pattara af » Pei This L4 the segmeccs of
lozetioms eccaxwed by the Pe.  In this sredy
ety

warial sarvelazion




ENp-3 €T 2

T Ki ma, ' T

SS ’I' ralhslatlon (DAT) with support for 24 or-32- b|t virtual
e *tand page tables (up to 16 segn@nts each




IBM 370/168 — circa 1974

Multiple Virtual ét_brage (MVS)
Virtual Machine Facility/370 (VM 370)




1971: 4004 Microprocessor

 The 4004 was Intel's
first microprocessor.
This breakthrough
Invention powered the
Busicom calculator
and paved the way for
embedding
Intelligence In
Inanimate objects as
well as the personal
computer.

in Introduced November 15, 1971
,,. 108 KHz, 50 KIPs , 2300 10u transistors



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/4004.htm

1971: 1K DRAM

=,

Intel® 1103 DRAM Memory

¢ |ntel delivered the 1103 to 14 of
the 18 leading computer
manufacturers.

* Since the production costs of
the 1103 were much lower than
the costs of a core memory or a
1101 the 1103 could establish
within the market rapidly,
became the world's best selling
memory chip and was finally
responsible for the
obsolescence of magnetic core
memory.



40 Years:of Moore’s Law

Moore’s Law video at http://www.cs.ucr.edu/~gupta/hpcag/HPCA-PDFs/Moores Law Video HPCAg.wmv
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More than 1 Billion Transistors in 2005!


http://www.cs.ucr.edu/~gupta/hpca9/HPCA-PDFs/Moores_Law_Video_HPCA9.wmv
http://www.cs.ucr.edu/~gupta/hpca9/HPCA-PDFs/Moores_Law_Video_HPCA9.wmv
http://www.cs.ucr.edu/~gupta/hpca9/HPCA-PDFs/Moores_Law_Video_HPCA9.wmv
http://www.cs.ucr.edu/~gupta/hpca9/HPCA-PDFs/Moores_Law_Video_HPCA9.wmv
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W TheSilicon Engine:

A Timeline of .
Semicanductors in Computecs

Nelcome Timeline People Companies Resources Glossary Search Search Exhibit GO

MOORE'S LAW T“Transistor density on integrated circuits doubles about every two years.” *

1950s 1960s 1970s 1980s 1990s 2000s
Silicon TTL 8-bit 32-bit 32-bit 64-bit
Transistor

Microprocessor Microprocessor Microprocessor Microprocessor

275,000 3,100,000 592,000,000
Transistor Transistors Transistors Transistors Transistors Transistors

Microelectronic silicon computer "chips” have grown in capability from a single transistor in the 1950s to hundreds of millions of
transistors per chip on today’s microprocessor and memory devices. From the first documented semiconductor effect in 1833 to the
transition from transistors to integrated circuits in the 1960s and 70s, this website explores key milestones in the development of these
extraordinary engines that power the computing and communications revolution of the information age.

*Source: "Moore's Law: Raising the Bar” (Intel Corporation 2005)

Photo credits: Fairchild Camera and Instrument Corporation, Intel Corporation (Note that images are not to scale)




1974: 8080 Microprocessor

 The 8080 became the
brains of the first personal
computer--the Altair,
allegedly named for a
destination of the
Starship Enterprise from
the Star Trek television
show. Computer
hobbyists could purchase
a kit for the Altair for
$395. Within months, it
sold tens of thousands,
creating the first PC back
orders In history.



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/8080.htm

1978: 8086-8088 Microprocessor

« A pivotal sale to IBM's
new personal computer
division made the 8088
the brains of IBM's new
hit product--the IBM PC.
The 8088's success
propelled Intel into the
ranks of the Fortune 500,
and Fortune magazine
named the company one
of the "Business
Triumphs of the
Seventies."



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/8088.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/8088.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/8088.htm
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1977: VAX-11/780 — STAR is Born!

VAX 1RO
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Evolution of VAX Archltecture;
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1981: First IBM PC

The IBM Personal Computer ("PC")

* PC-DOS Operating System

* Microsoft BASIC programming
language, which is built-in and
included with every PC.

* Typical system for home use with a
memory of 64K bytes, a single
diskette drive and its own display,
was priced around $3,000.

* An expanded system for business
with color graphics, two diskette
drives, and a printer cost about

$4,500.




1985: Intel386 ™ Microprocessor

* The Intel386™
microprocessor
featured 275,000
transistors--more than
100 times as many as
the original 4004. It
was a Intel’s first 32-
bit chip.



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/386.htm
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The MicroVAX- I
(Seahorse), introduced in
October 1984, was the first

VAX computers to use
VLSI Technology.
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RISC vs CISC WARS

Sun SPARC T
MIPS R2000, R3000, R4000, R6000, R10000
PDA-RISC I
BM Power and Power PC

DEC Alpha 21064, 21164, 21264

In 1987, the introduction of RISC processors based on Sun’s SPARC
architecture spawned the now famous RISC vs CISC debates. DEC
cancelled PRISM in 1988. RISC processors from MIPS, IBM (Power,
Power PC), and HP (PA-RISC) started to gain market share. This forced
Digital to adopt MIPS processors in 1989, and later introduce Alpha in

1992.
High Performance Issue Oriented Architecture

D. Bhandarkar, D. Orbits, R. Witek, W. Cardoza, D. Cutlert

Digital Equipment Corporation




1988-1992: VAX 6000 Series

i

4 0 4 ST 0

.

Y

K

receetasdiiaidn
RN R R

AR COII LTS

--,‘.,,...

g

R atan)

=S5 | )




/\/

1989: VAX 9000 - The Age of Aquarius

The Beginning of the End of VAX



1991: ACE Initiative |

The Advanced Computing Environment (ACE) was defined by an industry consortium
in the early 1990s to be the next generation commodity computing platform, the
successor to personal computers based on Intel's 32-bit x86 instruction set
architecture.

The consortium was announced on the 9th of April 1991 by MIPS Computer Systems,
Digital Equipment Corporation, Compag, Microsoft, and the Santa Cruz Operation.

At the time it was widely believed that RISC-based systems would maintain a
price/performance advantage over the x86 systems.

The environment standardized on the MIPS architecture and two operating systems:
SCO UNIX with Open Desktop and what would become Windows NT (originally
named OS/2 3.0).

The Advanced RISC Computing (ARC) document was produced to give hardware and
firmware specifications for the platform.

When the initiative started, MIPS R3000 RISC based systems had substantial
performance advantage over Intel 80486 and original 60 MHz Pentium chips .

MIPS R4000 schedule and performance slipped and Intel updated the Pentium design
to 90 MHz in the next semiconductor process generation and the MIPS performance
advantage slipped away.

Strategy without Execution is Doomed!



1993: Intel® Pentium® Processor

The Intel Pentium® processor
allowed computers to more
easily incorporate "real world"
data such as speech, sound,
handwriting and photographic
Images. The Intel Pentium
brand, mentioned in the
comics and on television talk
shows, became a household
word soon after introduction.

22 March 1993
66 MHz

3.1 M transistors
0.8


http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent.htm

. . Pe
1995: Intel® Pentium® Pro

Processor

* Intel® Pentium® Pro processor
was designed to fuel 32-bit
server and workstation
applications. Each Intel®
Pentium Pro processor was
packaged together with a
second speed-enhancing
cache memory chip. The
powerful Pentium® Pro
processor boasts 5.5 million
transistors.

e 1 November 1995
e 200 MHz
 0.35u

¢ 15tx86 to implement out of
order execution.

The RISC Killer!


http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pentpro.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pentpro.htm
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A Tale of 2 Chips

RISC versus CISC: A Tale of Two Chips

Dileep Bhandarkar
Intel Corporation
Santa Ciara, California, USA
Abstract Table | Chip Comparisan
r——
Thpqammw“mddsc m
built wlhocnpxable tachnology. Alh A2
Th('olwmlhklﬂﬂ 21164 and the latel 300 MMz 150 MHz
Pentium®  Pro processor. le_ paper  presents Four T3
pesformance  comparisoms  for  industry  standand foar o
benchmarks aad uses performance counter satistics BT yos
10 compare vasious aspects of both desigas. Ty 0
% KB data SKBdaa
i SKBinstr | 8KR imstr
Introduction KB
Iz 1991, Btundarkar md Clark published 2 paper AMB 256 KB
comparing an svample implementatics from the RISC mmm 512 entries,
mnd CISC architecusral schooks (3 MIPS M2000 zad 2 25 history | 4-bit history
Digital VAX 8700) on mise of the tas SPEC39
benchmasks. The omanizatiosal similarky of these 18 milica | 4.5 milkos
machines providsd o= opponueity to examine the 9.3 millica 5.5 milion
purely architactural advantages of RISC. That paper CMOS
showed that the ressling sdvantape in cycles per 05p 06u
from sEghely under a factor of 2 o & 5 &5
=most u factoc of 4, with 2 gecmetric mesn of 2.7. This ‘929%_%‘ m“'m:i;.\
paper utiempts yet ancther comparisca of 1 leading po .
RISC sad implementaticn, bot using chips S0OW |20 W incl cache
desigred with comparsble semiconductor E Feb. M 209
The RISC chip chasen for this study is the Digitad 1095 40 95
Alpha 21164 [Fdmondson9S]. The CISC chip is the 1743 2450608
Istel Pentiam® Pro processor [Cofwell55). The results 51324 20542
should acx be used to draw sweeping conclusicas about 529 LEll

RISC 2nd CISC in general. They shouk be viewsd as 2
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determinad by the system platform zad compiler used.

Chip Overview

lehlm:henqotm of the two
chips. Both chips are implemeniad in aroend 05p
tzchaclogy and the die size is companable. The design
wonchumdi&sm.hhmhmmmd
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pecformance for RISC and CISC  architectures
respectively at the lime of their introduction.

Tie 21164 = a quad issue superscalar design that
implemeats two levels of caches ca chip, but does act
implement oul of ceder execution. The Pentium® Pro

varishles. Consequently. aven though the die sine is
comparshle, the total transisior count s quite
different for the two chips. The aggressive design of
the Pentiom Pro processor & much more logic
chip 96 KH |2 cache of the 21164 inflates its
transistor count. Fven thoagh the Alpha 21164 has an
oschip 1.2 cache. mast sysiems use a 2 or 4 MB
board level cache to schieve their performunce poal.




1999: AMD Athlon
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Won the Race to 1 GHz


//upload.wikimedia.org/wikipedia/commons/e/e7/Slot-A_Athlon.jpg

Coppermine

1999: Intel® Pentium® Il
Processor — 0.18u

25 Oct 1999

Integrated 256KB L2
cache

733 MHz
28 M transistors

First Intel
microprocessor to hit
1 GHz on 8-Mar-
2000, a few days after
AMD Athlon!


http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent3.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent3.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent3.htm

Merced

2001: Intel® Itanium™ Processor

 The Itanium™ processor is the
first in a family of 64-bit
products from Intel. Designed
for high-end, enterprise-class
servers and workstations, the
processor was built from the
ground up with an entirely new
architecture based on Intel's
Explicitly Parallel Instruction
Computing (EPIC) design
technology. May 2001

=1 1 - 800 MHz
4 * 25M transistors
]« 0.18p
« External L3 cache s

?%éf;/*s
|nte| |T AINT PENTIUM 111 }
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2003: Intel® Pentium® M
Processor
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The first Intel® Pentium® M
processor, the Intel® 855 chipset
family, and the Intel®
PRO/Wireless 2100 network
connection are the three
components of Intel® Centrino™
mobile technology. Intel Centrino
mobile technology is designed
specifically for portable computing,
with built-in wireless LAN
capability and breakthrough
mobile performance. It enables
extended battery life and thinner,
lighter mobile computers.

12 March 2003

130 nm

1.6 GHz

77 million transistors

1 MB integrated L2 cache

The move away from core frequency begins!



Sledgehammer

AMD Hammers Intel with AI\/ID64

First x86 processor with 64 bits and Integrated Memory Controller



2004 Intel® Pentium® 4
Processor — 90 nm

i « 1MB L2 cache

-'; * 64-bhit extensions
compatible with
AMD64

heik ;_23_- 120 million transistors
il « 3+ GHz frequency



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent4.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent4.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent4.htm
http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/pent4.htm
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2006: Intel’s 1st Monolithic Dual Core
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e January 2006

e Intel® Core™ Duo
Processor

e 90 mMm?

e 151M transistors
e 65 Nm

The Core Duo is also famous for being the first Intel

processor to ever be used in Apple Macintosh Computers
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Intel® Core™ Duo Processor 5 :
90 mm?2 > N h
151M transistors ol 1111 '
T
O rem 291M transistors
Banias was initially ® - -
A e Intel C Microarchitecture
but was elevated to * Intel® Wide Dynamic Execution
Mainstream Mobile in * Intel® Advanced Digital Media Boost
2000 as part of * Intel® Advanced Smart Cache
Centrino brand. * Intel® Smart Memory Access

* Intel® Intelligent Power Capability (|nte|>

* Intel® 64 Architecture (Not IA-64)



2006:; Intel® Core™ Micro-architecture

Products

( Intel® Wide \

Dynamic
Execution

Intel®
Intelligent
Power
Capability

Intel®
Advanced
Smart Cache

Intel® Smart
Memory
Access

Intel®
Advanced
Digital Media

LA
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Executioh core

transistor count:

19 M

K Boost )

i R

Server

Desktop

Mobile

The Empire Strikes Back!
Thanks to Israel Design Center! intel)



October 2006: The World’s First x86
Quad-Core Processor

1066/1333 MHz (intel'



2006: Itanium 2: First Billion Transistor
Dual Core Chip (Z Onm)

1MB L2 Way
Multi- threadmg

m i Rid gy l_ﬂ ey
I 3"m@:jﬁl
Dual- | :
core | o e = paoan se §
|
R Y e ces 3w TR il
- -fim-.g # 2
oul BEGT_a '“,"Z _——
V
2x12MB L3 \
Caches Al'bitel'

1.72 Billion Transistors (596 mm?) 'ntel)



2008: Performance Race Gets Serious
With Quad Core

Memory Controller
: :E
. Shared L3 Cache" - i
} el
AMD Barcelona Intel Nehalem

Intel finally integrates Memory Controller
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2010: Intel Westmere

2009: AMD Istanbul



Moore’s Law Enables Microprocessor Advances

Chattlng with Gordon Moore

Intel 486 ™ 'f
Processor | .. e

Pentium®

Processor A i

Pentium® I/
Processor

Pentium® 4
Processor

Intel® Core™ Duo
Processor

Intel® Core™ 2 Duo
Processor
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Source: Intel



http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
http://www.youtube.com/watch?v=xzxpO0N5Amc
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Cloud Optimized High Density Servers

Servers built using commodity components (Low Power 2 socket CPUs, SATA HDD, MLC SSD)
No redundancy features in hardware (e.g. RAID, dual Power Supplies)
Applications specifically designed to provide Resiliency and Fault Tolerance



Disruptions Come from Below!

Mainframes ‘

Minicomputers

RISC Systems

4

Desktop PCs

Performance

Notebooks

¢

Smart Phones

—

Volume



Era of Small Cores

e Intel Atom

* AMD Bobcat
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' The Smart Phone Era
Is Redefining Computing




martphones are changing consumer behavior
Result of immediacy, portability, and connectedness

Can’t leave the home
without it

Play games on their
phones

Use their phones
to search and
shop

Use phones to
navigate

Access their Facebook
site
via mobile phone

Access social
networks via mobile

Watch movies on
their device

Take pictures with
mobile device instead
of traditional camera

Sources: Facebook, Jan. ’13; SA, Apr.’12; 2012
Snapdragon Consumer Survey;

TIME Mobility Poll, in cooperation with
QUALCOMM, Aug. '12



Q4 2011

First 1GHz
Single Core

Q22012

Dual
Core

Q12013

IEINNES e

Quad Core %

ualcomm Processor Portfolio

Dual “Krait” CPUs
Adreno GPU
28nm process
Faster memory

Industry leading
modem

Integrated
Connectivity

GPS

Quad Core A5
CPUs

Adreno GPU
LPDDR2
DSDS and DSDA

720p capture and
playback

Upto 8
Megapixel
camera

Q3 2013

Quad Core %

Newest Quad Core

Quad Core A7
CPUs

Adreno GPU
TDSCDMA, HSPA+
DSDS and DSDA

1080p capture and
playback

Up to 13 megapixel
camera

Qualcomm

shapdragon

S



Evolving the System Architecture

Emerging Compute Cluster
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IO Coherent System Cache

Memory Scheduling & QoS
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Shared PhyS|caI Memory

Snapdragon 800



A new era: mobile drives growth and
Innovation in computing

Device Semiconductor
shipments revenues

2 L

$5lB——2012—$68|3

>2X

$56 B-=+-$90B

mPCs PCs Mobile devices

2012 2017

e: Smartphon nits: Gartner, Mar-13; Tablet units: Avi g fG rtner, Mar-13 & SA, Apr-13; PC units (desktop +
I e): Avi g of Gal t r, Mar 13&IDC Feb13; Semiconductor ue: Gartner, Dec. '12; Mobile devices include

Sou
pt
mobile phon dtblt 49



Learn to wear Many Hats!
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“Don’t be encumbered by past history, go off and do something wonderful.”
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Abstract //

Hiad the privilege of being the first speaker at the First Annual Symposium on Computer
Architecture in 1973. Over the last 40 years [ have worked on PDP-11, VAX, MIPS, Alpha, x86, Itanium,
and ARM processors and systems.

Moore’s Law has enabled computer architects to increase the pace of innovation and the development
of microprocessors with new instruction sets.

In the 1970s, minicomputers from Digital Equipment Corporation, Data General and Hewlett Packard
started to challenge IBM mainframes. The introduction of the 32-bit VAX-11/780 in 1978 was a
landmark event. The single chip MicroVAX was introduced in 198s5.

The IBM PC was introduced on August 12, 1981, followed by many IBM PC compatible machines from
Compaq and others. This led to the tremendous growth of x86 processors from Intel and AMD.
Today, the x86 processor dominate the computer industry.

In 1987, the introduction of RISC processors based on Sun’s SPARC architecture spawned the now
famous RISC vs CISC debates. RISC processors from MIPS, IBM (Power, Power PC), and HP (PA-
RISC) started to gain market share. This forced Digital to first adopt MIPS processors, and later
introduce Alpha in 1992.

The RISC supremacy continued until the introduction of the first out of order x86 Pentium Pro
processor in 1995, expanding the role of x86 into workstations and servers. The x86 architecture was
extended to 64 bits by AMD in the Opteron processor in 2003, forcing Intel to launch its own
compatible processor.

Disruptive technologies usually come from below. We have seen users migrate from mainframes to
minicomputers to RISC workstations and servers to desktop PCs and PC servers to notebooks and
tablets. Volume economics has driven the industry. The next wave will be the technology used in
smart phones. With over a billion chips sold annually, this technology will appear in other platforms.
Several companies have announced plans for ARM based servers.

Moore’s Law has also enabled computer architects to advance the sophistication of microprocessors.
We will review some of the significant milestones leading from the first Intel 4004 to today’s state of
the art processors.



