[T BOMBAY

From Mainframe to

Smartphone:
. What an Amazing Trip  [{; aliltlal
INSTRUMENTS It's Been! :
| 1|g(1|t|all

ep Bhandarkar, Ph. D.
~ |EEE Fellow

1V '.', V) B S ¢

L) rF 5
= A
‘aaty \‘” A

\ Computer History Museum
21 August 2014

_(intel.




Disclalmer




The Stops Along My Journey

1970: B. Tech, Electrical Engineering (Distinguished Alumnus)
— 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, Fault Tolerant DRAM
17.5 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
Since January 2013 - Qualcomm Technologies Inc
« VP Technology

“Follow the path of the unsafe, independent thinker. Expose your ideas to
the danger of controversy. Speak your mind and fear less the label of
"crackpot" than the stigma of conformity.” — Thomas J. Watson
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MOORBE'S LAW T“Transistor density on integrated circuits doubles about every two years.” *

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

4500 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. 1958: Jack Kilby's

Integrated Circuit
*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)

SSI -> MSI -> LS| -> VLSI -> OMGWLSI



What IS I\/Ioore’s Law?
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1971: 4004 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

- W i Intel® 1103 DRAM Memory
R | - Intel 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 magnetic core memory
the market developed rapidly,
becoming the world's best selling
memory chip and was finally
responsible for the obsolescence
of magnetic core memory.

DRAM Memory Board




IBM 360/67 and Univac 1108
at CIVIU IN 1970

The S/360-67 operated with a basic | | U . ,' \M ' W
internal cycle time of 200 Wb L \

nanoseconds and a basic 750 | I
nanosecond magnetic core storage
cycle

Dynamic Address Translation (DAT)
with support for 24 or 32-bit virtual
addresses using segment and page
tables (up to 16 segments each
containing up to 256 x 4096 byte

pages)

Snow White (IBM) and the Seven Dwarfs
(RCA, GE, Burroughs, Univac, NCR, Control
Data, Honeywell)




DEC PDP-10




Sept 1973: Mission Accomplished

MARKOV CHAIN MODELS FOR
ANALYZING MEMORY INTERFERENCE IN
MULTIPROCESSOR COMPUTER SYSTEMS®
Jieap £, Bhancamar

ANALYTIC MOOELS
£oR
MEMIORY INTERFERENCE

W
MULTPROCESSOR COMPUTER SYSTOVS

Dveep P, Bhardariar

DEPARTMENT
of
COMPUTER SCIENCE

Carnegie-Mellon University

Created with RUNOFF (XOFF) and printed on Xerox 15t paper presented at the First Annual Symposium
Graphics Printer prototype connected to a DEC PDP- on Computer Architecture (later named ISCA) in Dec
11/20 running printer software developed by Chuck 1973 after Opening Keynote by Maurice Wilkes!
Geschke.







1973: 4K DRAM

22 pin package

Tl and Intel used 22 pins for 16 pin package with RAS/CAS
their competing, next-

generation 4K devices in 1973. mﬁs 16-pin x}’”ﬁﬁ;:;; e | £
But Mostek soon dominated makes memory SEb  EReEE | g
the 4K market by squeezing it desiga casy “m
into a 16 pin package using ' =

an address multiplexing o

scheme, which was a

revolutionary approach that i

reduced cost and board space. ol EE
By 1976 everyone adopted e
Mostek’s approach for 16K and | 1 6 [ e

larger DRAMs. e T



Texas Instruments Adventure

United States Patent "
Bhandarbar

Magnetic Bubble Memory

o 3999172
o Dec. 30, 1976

[TA0 MAGNETIC ROMAIN MEMONY
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Fault Tolerant DRAM

United States Patent 9

Choate et_al.
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Multiple Virtual Storage (MVS)
Virtual Machine FaC|I|ty/37O (VM 370) =
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http://research.microsoft.com/en-us/um/people/gbell/Digital/timeline/1978.htm
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PDP-11/20: original, non-microprogrammed
processor
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microprogrammed successor to the PDP-#1/20
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1977: VAX-11/780 — STAR is Born!
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VAX Family: 1977 - 1992

October 1977: VAX-11/780 ‘ e
. ="/ October 1980:@

VAX-11/750
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http://en.wikipedia.org/wiki/File:DEC-VAX-KA820AA-CPU.jpg
http://en.wikipedia.org/wiki/File:DEC-VAX-KA820AA-CPU.jpg

1985: MicroVAX-ll (Subset ISA)
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1989: VAX 9000 - The Age of Aquarius




RISC vs CISC WARS

Sun SPARC sj‘“‘“’}"’;.;’
MIPS R2000, R3000, R4000, R6000, R10000 |1* | r_
PA-RISC e b |
IBM Power and Power PC ig‘?‘l "
DEC Alpha 21064, 21164, 21264 *,?n, =

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.

High Performance Issue Oriented Architecture

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

Digital Equipment Corporation




Pecfonuance from Architectare: Comparing o RISC aud o CISC
with Suwibyr Hiodwoae Ovganizstion
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VAX was king of CISC
More than 300 instructions of variable length
Compact code size
Hard to decode quickly
Low Freq, Short Path Length, Complex Design

e gy o
L e L

Iron Law of Performance: _ e
Speed = IPC * freq /Path Length T
RISC versus CISC: A Tale of Two Chips
RISC championed by SPARC and MIPS

Simpler instruction format but longer path length

.
—
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Higher frequency (Brainiacs vs Speed Demons) SR

RISC was “better” for in order designs G R
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1991: ACE Inltlatlve W
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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, Compad, 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 define 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.

25



Alpha was Too thtle Too Late!
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Looking at Intel
from the Outside
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allegedly named for a
destination of the Starship
Enterprise from the Star
Trek television show.
Computer hobbyists could
purchase

e Within months, it sold tens
of thousands, creating the
first PC back orders in
history

e 2 MHz
e 4500 transistors
* 6 UM



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

* A pivotal sale to

e The 8088's success
propelled Intel into the
ranks of the Fortune 500,
and Fortune magazine
named the company one of
the

e 5 MHZz
e 29,000 transistors
* 3 Um



http://www.intel.com/intel/intelis/museum/exhibits/hist_micro/hof/8088.htm

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

“There is no reason anyone would want a computer in their
home.” Ken Olsen, president Digital Equipment Corp (1977)



1979: Motorola 68000

...mmm”g

LB 8 A8 AR AR AR KRN 1984: Apple Macintosh

The 68000 became the dominant CPU for Unix-based workstations
from Sun and Apollo

It was also used for personal computers such as the Apple Lisa,
Macintosh, Amiga, and Atari ST



1985: Intel386™
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Microprocessor

The Intel386™
microprocessor featured
275,000 transistors--more
than 100 times as many as
the original 4004. It was a

The 80386 included a
paging translation unit,
which made it much easier
to implement operating
systems that used virtual
memory.

16 MHz
1.5um



1989: Intel486™ DX CPU
Microprocessor
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Due to the tight pipelining,
sequences of simple
instructions (such as ALU
reg, reg and ALU re?, im)
could sustain a single clock
cycle throughput (one
instruction completed every
clock).

25 MHz
1.2 M transistors

1 um



1993: Intel® Pentium®
Processor

e —— * The Intel Pentium®
R 14 ‘ processor was the
G LI e | :
|| - microarchitecture. It
included dual integer
pipelines, a faster floating-
point unit, wider data bus,
separate instruction and

v S | data caches
R 5. ot Y B
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Start of the sub-micron era!



1995: Intel® Pentium® Pro

Processor

> = H

PRI

‘R B
” -~
f - -
- i i i dstd b i
L) - i | ™
| "
|
\
=
wn
-.

l 4 N"

T
Eﬁ@%l‘

\I/\?écglé)e Pent| mM® Progrﬁr%cessor

Server E ation
E&ca?a %r

processor was
3 cchic e

e A heond

e 5.5 million tran5|stors.
* 1 November 1995

e 200 MHz

e 0.35um

1st x86 to implement out of
order execution

. Front side bus with split
transactions
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June 1995: Inside Intel

If You Can't Beat Them
Join Them!




1997-98: Intel® Pentium® II | ocechoie
Processor

« The 7.5 million-transistor 0.35
Mm Pentium II processor was
introduced with 512 KB L2
cache in external chips on the
CPU module clocked at half the
CPU’s 300 MHz frequency in a
“Slot 1” SECC module.

2
(]

1998: Intel Pentium II Xeon
processors (0.25 ym
Deschutes) were launched with
a full-speed custom 512 KB, 1
MB, or 2 MB L2 cache using a
larger Slot 2 to meet the
performance requirements of
mid-range and higher servers
and workstations
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1998: Intel® Celeron® "———
Processor

 The Intel® Celeron® processors
were designed for the sub
$1000 Value PC market

segment.

m..m“wi e « The first Celeron processor
i 5wl : L v ¥

(Covington) in April 1998 was
just a 266 MHz Pentium II
without a L2 cache

Mendocino: First x86 with
integrated L2 cache -128 KB

19M transistors
300 MHz
0.25um

24 August 1998

Intel’s Response to Cyrix 6x86 (M1)


http://en.wikipedia.org/wiki/File:Cyrix_6x86-P166.jpg
http://en.wikipedia.org/wiki/File:Cyrix_6x86-P166.jpg
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Won the Race to 1 GHz


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

Sledgehammer

Oct 2009;: AMD Hammers Intel with AMDG64

€ ¢

AmMDZ1 Intel.

5 Oct 2009, SAN JOSE, California--Advanced Micro Devices today is detailing a new 64-bit chip that will
compete against Intel's Itanium processor.The chip will be an extension of the current Intel-compatible
chip design, or so-called x86 architecture, said Fred Weber, vice president of engineering at AMD's
computation products group, at a processor industry conference here today. Intel's next-generation
design, Itanium, will be a wholly new architecture.

40



Coppermine

1999: Intel® Pentium® III
Processor — 0.18um
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25 Oct 1999

e Integrated 256KB L2
cache

e /33 MHz
e 28 M transistors

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



Willamette

2000: Intel® Pentium® 4
Processor — 0.18um

" BRSCELa ORI TIEY
Evas ?lg (rilsga ertz.p
e 20 Nov 2000

e 256K integrated L2 cache

e Double clocked “Fireball”
Inher core

 Deep 20 stage pipeline
J I})(u)g MHz quad pumped

e 42 M transistors

e Hit 2 GHz on 27 Aug 2001
e ~55 Watts

* No Mobile Pentium 4!

High Frequency,


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=RX3SnIMMgTOU3M&tbnid=GaT9LDJ4ybceRM:&ved=0CAUQjRw&url=http://www.reviewsonline.com/articles/970250400.htm&ei=P_fkU4StFYTcoAS12IKYDA&bvm=bv.72676100,d.cGU&psig=AFQjCNErbXBTqamWchBpHvFBuzL87LLcRw&ust=1407600740880270
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=RX3SnIMMgTOU3M&tbnid=GaT9LDJ4ybceRM:&ved=0CAUQjRw&url=http://www.reviewsonline.com/articles/970250400.htm&ei=P_fkU4StFYTcoAS12IKYDA&bvm=bv.72676100,d.cGU&psig=AFQjCNErbXBTqamWchBpHvFBuzL87LLcRw&ust=1407600740880270

Merced

2001: Intel® Itanium™
Processor
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 The Itanium™ processor is the

first in a family of 64-bit

roducts from Intel. Designed
or 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.

Based on HP’s VLIW project
May 2001

800 MHz

25M transistors

0.18um

4 MB External Level 3 Cache

IT AIN'T PENTIUM 111 |75



Northwood

2001: Intel® Pentium® 4
Processor — 0.13um

* ?f: -b':ﬂm e 27 August 2001
.ﬁ | * 55 million transistors
E’I e 2 GHz
v » 512KB L2 cache
=1 IEE e In 2002 Intel released
T =2 a Xeon branded CPU,
codenamed "Prestonia”
L= me=Ee with Intel's Hyper-
MR T Threading Technology
L= | | e 14 Nov 2002: 3.06 GHz
T - —

e 23 June 2003: 3.2 GHz

Simultaneous Multi Threading Introduced to x86 Processors



2003: AMD Opteron Flrst 64 bit x86

Floating Pdnt Unit
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Clock Generator

First x86 processor with 64 bits and Integrated Memory Controller



BENIERS

2003: Intel® Pentium® M
Processor

e The first Intel® Pentium® M
processor, the Intel® 855 chipset
family, and the Intel®
PRO/Wireless 2100 network
connection were the three
components of Intel® Centrino™
mobile technology, with built-in
wireless LAN capability and
breakthrough mobile performance.
It enabled 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 to performance begins!



Prescott

2004: Intel® Pentium® 4
Processor — 90 nm

e 1IMB L2 cache

e 64-bit extensions
compatible with AMD64
(Humble Piel)

e 120 million transistors
e 31 stage pipeline
 Execution Trace Cache
34+ GHz frequency

e ~90 Watts (Ouch!)

Frequency Push Gone Crazy!



2005: First Dual Core Opteron

Beginning of the Multi-Core Era!



2005: Last Netburst
Microarchitecture Core (65nm)

Finally the Frequency Madness Ends!



Performance / Watt

Increasing Energy Efficiency

100.0

10.0
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0.1

1985 1990 1995 2000 2005 éémel )

Specint_rate2000; source: Intel; some data estimated.



Yonah

2006: Intel’'s 1st Monolithic
Dual Core

e January 2006

e Intel® Core™ Duo
Processor

e 90 mm?
e 151M transistors
* 65 nm

 First Intel processor to
be used in Apple
Macintosh Computers

The Convergence to Multiple Mobile Cores Begins Finally!



Why Multi=€ere Processor Chips?

* With Each Process Generation transistor density
doubles
— Frequency had increased by ~1.5X; ~1.3x In future
—~ Vcc had'scaled by about ~0.8x; ~0.9x In future
— Capacitance had scaled by 0.7x; ~0.8 in future
— Total power may not scale down due to increased leakage

e |Instruction Level Parallelism harder to find

* |ncreasing single-stream performance often
reguires non-linear increase in design complexity,
die size, and power

* Many server applications are inherently “parallel”
e Parallelism exists in multimedia applications
* Multi-tasking usage models becoming popular

Intel’ Higher Education Program www.intel.com/education 2007 Intel Distinguished Lecture



- Mult-Core
Energy-Efficient Performance

B Dual-Core
1.73x W Performance 1.73x
B Power

1 I0]0)'

Over-clocked Max Frequency Dual-core
(+20% Freq & V) (-20% Freq & V)

‘ |nte|) Relative single-core frequency and Vcc

Intel’ Higher Education Program www.intel.com/education 2007 Intel Distinguished Lecture
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Intel® Core™ Duo Proces!‘ L il o
90 mm?2 ! it

151M transistors 1 L 4

Ss Aae

143 mm

Intel” CO re Microarchitecture

* Intel® Wide Dynamic Execution

* Intel® Advanced Digital Media Boost
* Intel® Advanced Smart Cache

* Intel® Smart Memory Access

* Intel® Intelligent Power Capability (||'|te|)

* Intel® 64 Architecture (Not IA-64)



2006: Intel® Core™ Micro-architecture
Products

, HE¥ | e !§ =

( Intel® Wide \ e f L | T B
Dynamic Loy i14 Stage Rip: |,il1.é Pt
Execution T | e il MR "1

"7 Server

1

Intel®
Intelligent
Power
Capability.

Intel®
Advanced
Smart Cache

Desktop

Intel® Smart
Memory ;
Access (ZE=

® i Executionh core

Intel z transistor count:

Advanced 19 M = Mobile
Digital Media

\ Boost | ] = =

1
i

The Empire Strikes Back!

Thanks to Israel Design Center! (intel)
g e




Moore’s Law Enables Microprocessor Advances

Chattlng with Gordon Moore

Intel 486™ 25| 17
Processor [ |
."‘:l‘:::ﬁ“' —
Pentium® : e R
Processor e o I DCE L =
: = s
Pentium® I1/11 e |
Processor Frrss i
il
Pentium® 4 ; E
Processor
Intel® Core™ Duo New Designs serve High End first and
Processor waterfall to more mainstream segments

Intel® Core™ 2 Duo  as die size decreases in subsequent nodes
Processor

Source: Intel


http://www.youtube.com/watch?v=xzxpO0N5Amc

Clovertown

October 2006: The World’'s First x86
Quad-Core Processor (2 die in a

package)
4MB 4MB
L2 Cache L2 Cache

Core Core Core Core

Joined At the Bus

|

1066/1333 MHz
“Quick & Dirty” Innovation to drive Fast Time to Market!



2006: Itanium Million ransistor
Dual CcareTCh]]t;f//i(g‘k
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BT 1MB.JI,-ZI- 2 Way
W) N ] Multi-threading
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2x12MB L3
/1 M : Caches Al'bltel'

‘ |nte|) : // 1.72 Bi#ion Transistors (596 mm?) |

' Intel' Higher Education Program wwiwv.intel.com/education || 2007 Intel Distinguished Lecture



From 23006 >4Billion Transistors

In <40 Years of Moore’s Law

Moore’s Law video at http://www.cs.ucr.edu/~qupta/hpca9/HPCA-PDFs/Moores Law Video HPCA9.wmv

10,000
1,000

100

Million 10
Transistors

0.1
0.01

0.001

Montecito
1.7 Billion Tulsa

4 ®
Itanlum 2 *{1.3 Billion
e 221M in 2002 .

* 410M in 2003 4
In . ’
% 2

Pentium® 4

Penryn
‘ 410M in 2007

‘ Pentium® Pro

Pentium proc

'70

'80 '90 ‘00 10

—_ .
lntel) More than /1 Billion Transistors in 2006!

Intel’ Higher Education Program

www.intel.com/education 2007 Intel Distinguished Lecture


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

Penryn

2007: Dual Core Penryn
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45 nm next generation Intel® Core™2 family processor
410 million transistors
World’s first working 45 nm CPU
Introduced Turbo Mode
Production in the November 2007

My Last Hurrah at Intel:


http://blogs.intel.com/technology/2007/04/penryn/

2007: Bill Gates Wants You!




2007: AMD Barcelona
First Monolithic x86 Quad Core
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. . blem limits supply of quad-core Opterons
How AMD turned Barcelona into a right royal mess coon — 1:43 M. on [mﬁpynw d P

Analysis The problem, the protagonists, and where to go from here
nd The Tech Report has learned that a level problem has impacted the supply of these

gy Charlie Demerjian -
chips to both server OEMs and distribution channel customers.

283mm? design with 463M transistors to implement four cores
and a shared 2MB L3 cache in AMD’s 65nm process



Performance Race
Gets Serious
With Quad Core

2008-9

Memory Controller

Lt
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Intel Nehalem

AMD Barcelona

Intel finally integrates Memory Controller and abandons shared Front Side Bus



Six Cores
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2009: AMD Istanbul 2010: Intel Westmere




Data Centers at Microsoft




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



one Wave!
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Performance

Disruptions Come from Below!

Mainframes (central)
@ @

|

@

Log price

Mainframes ‘

Minicomputers SmartPhones

' Time \Intemet of Things
Bell’s Law:
RISC Systems hardware technology,
‘ networks, and interfaces
allows new, smaller, more
DeSktOp PCs specialized computing
‘ devices to be introduced to
serve a computing need.
Notebooks PHENG

4

Smart Phones

—

Volume




Era of Small Cores (circa 2013)

e Intel Atom (32 nm Clover Trail)

e AMD Bobcat, Jaguar (28
Puma

e ARM (28 nm Cortex A7 & Al5)

Source: www.chip-architect.com



The Data Centers of Tomorrow Will Use the Same Tech
Our Phones Do

By Peter Levine | Monday August 4, 2014
EisShare | 0 |W Tweet (820 S+ o Dinie | 2

Today, the mobile phone industry is where so much innovation has been concentrated—resulting in an
entirely new class of components created just for this smaller form factor: flash memory, smaller CPUs,
networking hardware, and so on. Which means lightweight processors (such as ARM) and low-cost, low-
power mobile components are now becoming the foundation of the next-generation datacenter.

BROADCOM BARES MUSCULAR ARM

Quad-issue ARMvE CPU Targets Xeon-Class Performance

By Linley Gwennap (Ogtober 21, 2013)

Insightful Analysis of Processor Technology

THUNDERX RATTLES SERVER MARKET

Cavium Develops 48-Core ARM Processor to Challenge Xeon

By Linley Gwennap (June 9, 2014) zm

Applied Micro's X-Gene challenges for server processor
market

Insightful Analysis of Processor Technology

Barcelona

Swpercomputing

Centor

Centro Nockorw o Sopevcomputacein

EUROPE WANTS
A SMARTPHONE
SUPERCOMPUTER

A consortium hopes to build exaflop
supercomputers from mobile CPUs

with thrifty Avoton chip

Summary: Intel is claiming to have made significant strides in performance and powe
efficiency in the microserver market with its new Avoton system on a chip.

AMD Announces the Availability of 64-bit ARM
Opteron Developer Kits

Electronics
Weekly.com Contact;
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The Smart Phone Era
Is Redefining Computing

“The phone in your pocket will be as much of a computer as anyone needs”.
— Dr. Irwin Jacobs, 2000

71



Million Units

2500

2000

1500

1000

1010

PC Market Shift

2013 = 2014 m2015

296 277 263 271

m e

Traditional PCs Tablets Mobile Phones

Source: www.pctoday.com



Continued Smartphone Momentum

~/B

Cumulative
smartphone

unit shipments
forecast

between 2013-2017

ource: Gartner, Sept ‘13



Smartphone System Architecture

{ Compute Cluster }

Krait Krait

Adreno CPU CPU
GPU Misc.
Krait Krait Connectivity
CPU CPU
[ MMU_

MMU

2MB L System Fabric

Multimedia Fabric

[ Memory Management Units ]

Fabric & Memory Controller
[ IO Coherent System Cache ]

[ Memory Scheduling & QoS ] LpD[I LPD[I s , :

[ Shared Physical Memory ] 4 Qualcomm

%7 snapdragon

Snapdragon 800




Technology Cycles — Still Early Cycle on Smartphones + Tablets,
Now Wearables Coming on Strong, Faster than Typical 10-Year Cycle

Technology Cycles Have Tended to Last Ten Years
Wearable /

Mainframe Mini Personal Desktop Internet  Mobile Internet  Everywhere
Computing Computing Computing Computing Computing Computing
1960s 1970s 1980s 1990s 2000s 2014+

. g
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Others?

Image Source: Computersciencelab.com, Wikipedia, IBM, Apple, Google, NTT docomo, Google, Jawbone, Pebble.




Learn to Wear Many Hats!
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“Don’t be encumbered by past history, go off and do”s.omething wonderful.”
- Bob Noyce, Intel Founder







