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o BT H: http://gr.xjtu.edu.cn/web/hsun/

o BIF: BT, Tikfs. BIETF, MLRA,
18629359302, zhao.xiaoging@stu.xjtu.edu.cn

o ZREIEKAR T
e Mobile : 13571861726
e Email : hsun@mail.xjtu.edu.cn

o Office : VIR X PU4RE3E REI 1LY
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First transistor
Bell Labs. 1948
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Bipolar logic
1960’s

ECL 3-input Gate
Motorola 1966
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¢

» Intel 4004 (1971)

» Application: calculatois
« Technology: 10000 nm

2 ¥

e 2300 transistors
e 13 mm?
e 108 KHz
» 12 Volts

-
-
]
.

g

* 4-bit data AR TS, WHRE
« Single-cycle datapath BUG FERBITELT R B
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e Intel Pentium4 (2003)

23 GOSN H

Application: desktop/server
Technology: 90nm (1/100x)

55M transistors (20,000x)

101 mm?2(10x)
3.4 GHz (10,000x)

1.2 Volts (1/10x)

32/64-bit data (16x)

22-stage pipelined datapath

3 instructions per cycle (superscalar)
Two levels of on-chip cache
data-parallel vector (SIMD) instructions, hyperthreading

13
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Quad Core itanium
2GHz, 30 MB cache
2 Billion transistors, 1770W

[Intel ISSCC 2008]

FET count | Voltage Power

Core logic 430M 0.9-1.15v 100W

Sys Int 157M | 0.9-1.15v W
L3 cache 1.420M | 1.10v 20W
10 logic oM 1.10V 20W

14



J\x AL E EEXeon e

= Shown on ISSCCO09 @ [ an @ | ang
« 2.3 10° transistors Corsd 4L a2 Cored
+ 8x 64b dual thread

Nehalem core ot
* 45nm 9 Metals, High-K —

CMOS technology o .
* 130 W Core1 Frod i | cons

« Large L3 cache |
Cors0 ) | Sika? \ Core7

Ll Mi
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The Future: Processor becomes a Transistor?

Intel 48 cores single chip cloud computing 16
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e Prehistory: Generations
e 1t Tubes
e 2" Transistors
e 3" Integrated Circuits
o 4hVLSI....
e 5™ Nanotubes? Optical? Quantum?
e Discrete advances in each generation
e Faster, smaller, more reliable, easier to utilize
e Modern computing: Moore’s Law
e Continuous advance, fairly homogeneous technology

17
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The Moore’s Law BE/REE

Transistors
Per Dié
107 -
#1968 Actual Data g
10°{ m MOSArrays & MOS I8gic 1975 Actual Data 256M 912M
108 1975 Pfojéction o ltanium™
Mo Pentium® 4
107 b \ Pentium® Il
4 Micropr@cessor . Pentium®il

10° Pentium®

105

4
ﬂ}: T
L /’ﬁﬂm
102 _
101

10°4
1960 1965 1870 1805 1880 1285 1990 1995 2000 2005 2010

e “Cramming More Components onto Integrated Circuits”
e Gordon Moore, Electronics, 1965

e # on transistors on cost-effective integrated circuit double every
18 months
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Memory Price ($/MB)

FEAd A A T P

Historical Cost of Computer Memory and Storage
1 00E+09
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1.00E-05

1855 1960 1965 1870 1975 1980 1988 1990 1995 2000 2005

Year

TAk A% LA T [

Moore’s Law

= Cost of 1 megabit memory

75 000 euros

5000 euros

2010

2015

400 euros
120 euros
E 30 euros
5 euros
0.5 euro
0,05 euro
1973 o 0,01 eur
1981 - 22
1984 "
1990 l'l__._P-—I'- ‘Post-it’
1995 Py —
Microelectronic functions costs cut by =7
orders of magnitude over 30 years
September 2004 P.Cogez
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o FEIHTHE ML Desktop computer

o /%528 Server
o IRAXITHEWM. Embedded computer

o EMMEITE N Warehouse-scale computer

21

19814 &5 &1 e K EH 1 E A

= 4MHz Z80 Processor
= 64KB memory

= Floppy drives

= 5” screen

m 245 Ibs

_ = $1,795

= = 11,000 units sold

22
Osbourne 1 image courtesy of www.oldcomputers.net



1983FE M3 1 &
* Motorola DynaTAC

= $3995

= 30 minutes talk time

= 10 hours charge time

= No texting or Bluetooth

23
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= MacBook Air

= 1.7GHz Processor
= 8GB memory

= 256GB storage

= 13" screen

= 2.96 lbs

n, " 51,999

24



BATHI=

= |

= Samsung Galaxy S-II

= Android 2.3

= 4.3" screen

= 32GB memory

= Web, weather, Angry Birds
= ~1/20" the DynaTAC cost

SAMSUNI

25
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GooglefEOregon& i Kdata center, FEIDallessK Bk,
FEFE$L1.2 billion. HBRIKEESHNRMEY (2008) .,
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Google’s
Goggles

The nature of applications also changed!

IR i3

Computing Growth Drivers Over Time, 1960-2020E

1,000,000

3rd Era
. TP bl e
' 2nd Era
T Broad-based computing
§ 10,000 for specific tasks aizlut‘ig
-]
3
g o0 FlE 108+ Unies ;
£ 1st Era Computing The Internet of Things
f o o T — 1008+ Unies
) )
S Minicomputer 100MM+ Uni .
TS Q o= Internet of Things
[ . .
M 100 Unis Cloud Computing
T @ N S .
1MM+ Units

Big Data

[ | ] | | | |
1960 1970 1980 1990 2000 2010 2020

Source: Morgan Stanley, 20(]298
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wAAEYF (Physics of Software) ::
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FELth 2 Bk £

o 7EIFZE, HIM{EHE EMEPIZI10%E11%K)1EE K
RIRA A, BE5E/RERIEAILE.

o TEARRK, FATRAETHETHNESSEERPNAKEH
BERRRFL1% HIE KR

B 4.5 kCal W 255 kCal
309 S 49g

<35f%t 1)

2011 2020

Power 1-day life 475 1,059
Capacity | Budget mW | 3-day life 159 365

35
Assuming 12 hours of use per day
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[ Multiproc |
essor

& ELEBUSE R . S
o HARTHELBGH L s

# L R (Deadline), ( \

SER P 2R AT E \ Program |
IR 1t

¢ MELA ( Platform

F 44 , |

CPU
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e INEEER functional requirement
o 3JEILEETE K nonfunctional requirement
614
5%
. R
- AATHAERTREREA (NRE, Non-Recurring
Engineering)
VERSTNEE
Dh#E

1.
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Display j7
— GPS receiver
Memory [—
— Panel I/O
Bus '
Hardware
Database .
search [ ™| Renderer —# Pixels
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interface
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Driver friendly user

interface and graphics Object recognition

Passive/Active safety)

Amusement
ﬂ: Advanced car navigation systems
' Digital TV display will supply multi applications

- assisting and entertaining
— our driving

Audio playback

Integrated 1-Chip Solution:s
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Navigation

b

High Performance and various
graphic processing technology

GPS technology

\

Amusement

Multimedia interface
technology

Audio / video processing
technology

safety.

High performance
embedded image
recognition technology

7RI

vehicle-
echnology

Connection w
cont

J

fundamental technology

® High-perférmance processor
#® High speed bus and

data I/Odechnology
® Multi-application
suipport technology

ee0o
o000
'YX L)
000
e > p
» I [
FMARZSoCEH A KB
CPU
performance
; 1 SH-Navi3
Renesas : No.1 market share (SH7776)
worldwide in microcomputer CPUx2(533MHz)
of car navigation systems 2D/3DG.,
) Image Recog.
For high-end mode PCI Express, DDR3
SH-Navi2Vv SH-4A dual core
(SH7774) New image
CPU(B00MHz), recognition engine
SH-Navi1 2DG, Vin, Image (IMP-X)
(SH7770) Recog., DDR2 _
CPU(400MHz), Integrating many customer
épGé:;DSG Image recognition  needs and taking future
n, ] i i
SR er:glne (EMP}E needs in advance
~2005 2006 2007 2008 2009 2010 Yéar48
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FASoCRGitE

SH-Navi2

Core1

® For multi-core éystém N
- @ Support AMP and SMP

SH-4A 533MHz

Corez |
3H-4A 533MPz |
~ Video
~ input (3ch |
Dl'sp'lay-l‘_l

unit (2ch)

g

N

( UL SN RN

Current demands

Object recognition for
avoidance of traffic accident

- vehicle, pedestrian, traffic sign,
lane, etc...

vehicle

pedestriy

These applications have to be

n-Car Cameras

N

- parking assist etc...

™ EXREAL Platform™

1. ExVisor : inter-OS

prevention technology
(Domain Separation)

2. EXARIA : inter-OS

communication interface |
(Domain interoperation)

Domain1 ' Domain2

LN o, S
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king more
understandable images

hanging

—

vew pdint with

G
&iistortion correction

processed in real-time
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B Real time application with image recognition consumes
a lot of computational power

J»Necessary computational power

10,00
[MIPS] | .
Sedestrian Detectioff Pedestrian | Dy:e cc:?::
1,000 T (warmiAgT e Tt
1920MIPS :
Max CPU
~ Vehicl performance
100 De‘:ecl:t:izn (Control) of SH-Navi3
(Comfort) _ _
10 )
Year

Solution : Embedded Image recognition accelerator (IMP-X)
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Vides DDR3 Display | | peripherals Image
533MHz x 2 Input emory Interfac Unit proce-
X3 i x2 ssing
I i | I i
SUpErHyway Qus (266MHz/6abit _ IMR
) | daCccess
WU CPU
| SuperHyway bus (133MHz/128bit) | access

Function
specific

Main processing unit accelerator

(IMR)

. Micro code 90fps@VGA
controller

Pre

processing local parallel g processing g Histogram
unit & pipeline unit processing
memory processors unit
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