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The experts look ahead

= Cramming more components
=3 onto integrated circuits

— With unit cost falling as the number of components per
¢ ] circuit rises, by 1975 economics may dictate squeezing as
c many as 65,000 components on a single silicon chip
~ 3
~—r
G By Gordon E. Moore
c) Director, Research and D La fes, Fairchild
division of Fairchild Camera and Instrument Corp.
|
The future of integrated electronics is the future of electron-  machine instead of being concentrated in a central unit. In
( ’) ics itself. The advantages of integration will bring about a  addition, the improved reliability made possible by integs

<\ /With unit cost falling as the\\
number of components per
circuit rise, by 1975
economics may dictate
squeezing as many as

65,000 components on a

Qingle silicon chip. /

Semiconductor and has been
director of the research and
development laboratories since
1959.

UL

(o)

in equipment today.

Electronics, Volume 38, Number 8, April 19, 1965
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Design of Ion-Implanted MOSFET’s with
Very Small Physical Dimensions

ROBERT H. DENNARD, MEMEER, [EEE, FRITZ H. CAENSSLEN, HWA-NIEN YU, MEMBER, [FEE,

V. LEOD RIDEOUT, MEMEER, IEEE, ERNEST BASSOUS, aND ANDRE R. LEBLANC, MEMEER, IEEE

Classic Paper

Thix payer conide.or e devpn, Sabcaion, and ooz
fion of vy ol MCEEET switching dovicos suitabic for dgical
dnigged cinoalty wing dimenwiony of B oo of T _"-n'.'qg
rolation i ar prsered which showbowa oo o o’ MO
FET zan be meduond in s An improved semif dov
iy presind tha' e jon impantabion i prodde
and dein rogions and 3 nomairm sbsice doping pmiie. O
ST O TROi T TS 10 T e SuisTrar dgping pmiio
and P MR Dl Wik Wy SEeTe et
EREriEc. A e Simm s SOy [T Mo i i
o pedicl e wixive dogroe of o channd’ oy fr diferear
v o paramier combinaions Poysiion gaie My wih
chaony foqeiy av shorT a5 0.5 W Rbricaiied, and e dovoe
PR i o and o Wit prdicnd wies. e
poriarmmnor e enen ! ciporind o wong e veny ol
dievi'coey dn gy oo da furined infggraiod cirouley & groe o

1. LIST OF SYMBOLS

ut [mverse semilogarithmic slope of sub
threshold chamctenstic.

0 Width of Idealized step function pro
file for channd Implant.

_'\JI'_,- Work function difference betwesn
gate and substrate.

L G Dueleciric constants for silicon and
silicon dioxide.

Iy Diraln cumrent.

¥ Boltzmann’s comstant.

[ Unitless scaling constant.

L MOSFET channed g,

il Effective surface mobility.

" [ntrinsic camler concenbration.

M Substrate acreplor concentration.

L Eand bending in silicon at dhe amet
of strong bversion for zem subsbaie
vaoltage.

Iy Eutltin junciioa potential

s [HEH JOUENAL OF 50UI0- S0 CIRCLETS.
wal 500, ma. 5 255-288, Dcintar 15T

58, i
Pubslsker lien Idenislier 5 DO1E 92158502156 9.

[) Charge on the elecima.

[ Effective axide charge.

- Gate oxchde thickness.

T Abspletr iemperatare.

Vi Vo V3. Yags Dirmin, source, gate and subsirate volt
ages.

Vi ];run valbge relative o source.

Vol Sounce valtzge relative o sustrate.

Te Gaie threshold valtage.

Y. M Source and drain  depletion  layer
widis,

w MOSFET channel width.

[ INTRODLUCTION

Mew high resolistion Lithographic techniques for forming
semiconductor iniegraied chmult patters offer 3 decrease In
linewidih of fve io ten tmes over the optical contact mask:
Ing approach which is commonkty used in the semicondector
Industry oday. OF the new techniques, elecion beam pat
tem writing has been widely wmed for expenimental devioe
fabrication [1]-[4] while X-ray lshography [5] and optical
projection printing [6] have ako edubited high-resolstion
capability. Full realization of the benefits of thess new high
resolmtion ithagraphic echniques requires the development
of new device designs, iechnologies, and stuctures which
ran be optimieed for very small dimensions.

This paper concens the design, fabwication, and char.
scterimtion of very small MOSFET swiiching devices
sultable for dightal integrated clroulis using dimensions of
the arder af 1 . It is known that redecing the smerce-in
drain spacing (Le., the channel length) of an FET lads
iz undeimbie changes in the device carsderistics. Thess
changrs become significant when the depletion reglons
surmanding the source and drain extend over a large
partion of the region in the silicon ssbetrabe mnder the gabe
elecirmde. For swiiching applimtions, the most undesirable
“shart-channel™ effect 1= 2 reduction in the gate threshald
vaoltage at which the device tune on, which & aggravabed

0EE- T2 1900 MU0 © 1995 [FFE
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SCALING:

— Voltage Via. — 2 Wiring Z Voltage: Via

:'; , Odee tox/a
| S — Wi Wire width: ~ Wia

c l Gate Gate width: L/a

a9 Diffusion: XdloL

g Substrate: a*Na

.C;J “seures™ [Ty d . .

o |’L/oc 4 e RESULT:

=) d Higher density: ~a2

‘3 P substrate, doping a*Na Higher speed: ~a

y Power/ckt: ~1/a2
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POWERDENSItY == Constant

1000
5 o
= tox(A) .
<100 'i":
E = .ﬁ.
S‘i ..I _
O S.mpE
= 10 | wr
& N Vdd(V) g
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T e
0.1 —=
0.01 0.1

Gate Length Lgate(pum)

Reasons of the shift

B Unacceptable leakage

current

m Higher voltage implies

higher performance

Result of the shift
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~ Characteristics of the Von Neumann’s
2 archi ure:
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'9 The disadvantage of Von Neumann
— archltecture shared memory for instructions

Control Arithmetic

Unit “  Logic
Unit

banawuch.
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I-Address Vahd)

~
C

( Read Enable )
( Data Valid )
C

I-Rgts Ready >
-/

(- —)
(D-Address Vahd)
( Read Enable )
( Data Valid )
( D-Rgts Ready )
NS -/

® Requiring a lot of preparations
® Accelerating all steps
® Accessing external memories

Performance Wall
Memory Wall
Power Wall

® Global connections

\( D-Mem Ready )/

/ \ )
( Data Valid )
)

( Accumulator
NS

( Read Enable )
( Data Valid )
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60 years ago, hardware was
very expensive.

Multiplexing resources

is a must.
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= t l ® ‘ Alliance but instead

needs

Announced decision to not continue with Crolles ded to join
TSMC ecosystem

Will be fabless at 65nm ane

Announced that process t tat 32nm win be carried out primarily
In conjunction with stratec

Will incr- ) we low or no internal capacity at 32nm

Infineon Annr . agic products (excluding Qlimonda)

d is using wnartered and UMC for wa

LSI . fab, but has acquired partial ownersh A‘—ﬁ
©  re through Agere Systems merger |

s to be tamess at 4!

inues to be part of |
| Toshiba and MEC I':Iectr{]m{:s as well




el

AWOUOA=PRUOIR

L) czling=cdow == Cogielolis

Cost Per Transistor Redou (US Dollar)
m 2,450
5 2,810
| Beyends 22nm), costsreduction L |
o ] IS NEHONEER 2 ma)jor ORjECE. Bt u
INCrEBSING PETOMAaNCE: ISH Still B
2 almain task: S
tZnm 22nm
Cost per gate (mi, 6.89 6.66

(179  (10.1) (3.3)
Cost Per Gate Trends

* Percent decline (%)

Source: Industry Restructuring, IBS Report, 2007
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Technology K gates per sq. mm Utilization Gate count (M)
node (Um) | Potential Actual Average (%a) 5mm x 5mm 10mm x 10mm 20mm x 20mm
0.25 112 92 to 97 942 6818 to 864 23 to 24 92 to 97 366 to 387
3' 0.18 1641 133 to 140 136.7 ] 81.1 to 856 33 to 35 133 to 140 532 to 562
‘_‘3‘ 0.13 2461 199 to 209 2040)| 802 to 843 50 to 52 199 to 209 796 to B36
9) 0.090 4431 344 to 361 3522 776 to 814 86 to 90| 344 to 361| 1375 to 1442
P
=
<. 4 0.045 1179 778 to &7 8247 660 to 739 195 to 218| 778 to &71]| 3113 to 3485
5‘ 0.032 1,723 11,023 to 1173 10984 | 594 to 63.1) 256 fo 293 | 1023 to 1173 4094 fo 4693
=) 0.022 2726 11450 to 1682 156661 532 to 617 363 to 420 1450 fo 1682 580.1 fto G726
J;” % 013um | 90nm | 65nm | 45nm | 3Znm | 22nm
b profit margin 46.0 48.0 50.0 52.0 55.0 57.0
S
e * SGRA 12.0 11.0 10.0 9.0 80 T0L
* Operating income 20.0 20.0 20.0 20.0 20.0 20,
Cost of goods sold 54.0 52.0 500 48.0 450 43. |
» Wafer costs 35.0 35.0 B0 340 30.0 260
» Packaging costs 10.0 9.0 8.0 8.0 9.0 10.0 ook
* Testing costs 9.0 80 7.0 6.0 6.0 7.0 T —
Revenues 10001 1000] 1000] 1000 100.0[ 1000 ’

Source: Industry Restructuring, IBS Report, 2007
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Only a few high-end chip makers today
can even afford the exorbitant cost of
NEXT-GENERATION RESEARCH AND DESIGN,

much less the fabs to build them.

RKRAB LV SmHDS LT AR AU SES
A A A, MELHQARBEAFEHR—K ?
Y= e

R. Colin Johnson,
“IBM Fellow: Moore’s Law Defunct,” EE Times, 4/07/09




N B DT AN e GOt and Power

Perf i< 3 lastine th Reducing cost
erformance 15 a lasting theme while keeping performance

IOk

Reducing power consumption
While keeping performance and cos
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< High-Performance, Low Power, Low Cost >

o

Scaling-down & Von Neumann Architecture & Power Per Chip

Performance T Performance + Performance +

Overall Cost QOverall Cost QOverall Cost
Power Power Power
Scaling-down & Von Neumann Architecture Per Chip

Performance T Performance 'T' Performance 'T'

Overall Cost < Overall Cost < Overall Cost 7T
Power l Power T Power T

S

130nm  90nm 65nm 45nm 32nm 22nm 16nm 12nm
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B Moore’s Low meets a serious challenge of
power wall.

Traditional Von Neumann architecture meets
the difficulty of low efficiency.

Increasing cost will stop most investment.
Performance is an never-ending theme.

Over 16nm node, technology will go on.

On product configuration, great changes will be
taken place.

B Few companies and few general, platform

\ based products will dominate market. /
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4 The Von Neumann architecture is a design
model for a stored-program digital computer
that uses a central processing unit (CPU) and

= a single separate storage structure (memory)

=1 to hold both instructions and data.

2

= Characteristics of the Von Neumann’s

o) architecture:

—F

o a) memory; |

= b) control unit;

o) c) arithmetic logic unit;

9 d) input / output interface.

& The disadvantage of Von Neumann
architecture: shared memory for instructions .
and data with one data bus and one address Control i Arithmetic
bus between processor and memory. Unit Logic

Unit

Instructions and data have to be fetched in
sequential order (known as the Von
Neumann Bottleneck), limiting the operation
bandwidth.

N /
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Arithmetic
Logic
Unit

Control
Unit

SWRSNRUON

|

Control
Unit

Memory

Arithmetic
Logic
Unit

Control
Unit

MMemory

Arithmetic
Logic
Unit

Memory Memory

Arithmetic
Logic
Unit

Control
Unit

Gl Ch Ul

Output Output

Memory

Control
Unit

Output I

M

NMemory NMMemory

Arithmetic
Logic
Unit

Controller

Output Output

=

NMemory

Datapath

Output
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Memory
Input Output
rerme Datapath
/ emo
g Controller
= Control
D Test Data\ ‘ Vectors
=)
% Memory
= Clock Control Codes Program
Controller
> | 5
£ 4 A
This universal architecture
- leads to different structures
% for ASIC and general purpose
§ processor.

\_ )




Ee) ASPAAtapathiand Controlier

......

4 N\
Datapath consists in resources,

memories and interconnections

\ J
4 N\
\ Input Output [ patapath performs functional
-~ Data path calculation according to inputs.
) 4 J
- e N
) Datapath operates according to
—) Control control-vectors from controller.
) ontro b <
4 4 N\
,Ji,i* Test Data Vectors Datapath is not  directly
=3 controlled by system clock.

\ J/

4 N\
Datapath provides necessary

test- data to controller.
\_ J

'J—:iJ
> Clock
J_l

ASP: Application Specific

Processor — AISC

Controller consists in state generator
and control-vector generator.

Any digital system can
composed

Datapath
Controller

Controller generates control-vectors

according to test-data and data-flow.

Controller operates according to
system clock.
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[ SQR(r1) is
BEGIN
r3:=r1*4;
r3:=r3+1;
r3:=r3*0.2;
FORIiIN INTEGE
r4 :=r1/r3;
r3 :=r3 +r4;
r3 :=r3/2;
END LOOP;
END;

Hardware
Descriptions

Operation

Z
\

]y

~

Operator

-

XtYy

/

Register




Registers

Input Bus

Register

Output Bus

Registers

Input Bus

Register

Output Bus




1-Dimension Expansion X =5

o

Registe Registe Registe Registe Registe Registe Registe Registe
r r r r r r r r

A\ A\ A\ N
ALU ALU ALU ALU

Registe Registe Registe Registe Registe Registe Registe Registe
r r r r r r r r

\

J

® Parallelizing calculations implied by data dependency.
® [nterconnections only exist according to system function.
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/SQR{H) is \
BEGIN
r3:=r1*4;

r3:=r3+1;

r3:=r3*0.2;

FORIiININTEGER RANGE 0 TO 3 LOOP
rd :=r1/r3;
r3 :=r3 +r4;
r3:=r3/2;

END LOOP;

\\END; y

~

Application specified architecture
Scheduling/allocation during design
Depends on hardware description
Components do not fully connected
Control-Codes cannot be changed

State-Machine is not programmed

[
o
o
o
o
o
o

-

J

HarcwWaresti
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4 N\
Datapath consists in resources,
— memories and interconnections
\_ J
4 N\
Input Output [ patapath performs functional
Data path \ calculation according to inputs. )
= ; : \
°) Datapath operates according to
=J Control control-vectors from controller.
— ontro S <
D) Test Data Vectors Datapath is not  directly
% controlled by system clock.
— . J
4 \
% Datapath provides necessary
= Clock Program | test- data to controller. )
>

GPP: General Purpose

Controller consists in state generator Processor — MPU
and control-vector generator.

Any processor can also be
composed of
Datapath and
Controller

Controller generates control-vectors

according to test-data and program.

Controller operates according to
system clock.
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/SQR{H) is
BEGIN
r3:=r1*4;
r3:=r3+1;
r3:=r3*0.2;
FORIiIN INTEGER RANGE 0 TO 3 LOOP
rd :=r1/r3;
r3:=r3 +r4;
r3 :=r3/2;
END LOOP;

END;
\

® General purpose architecture
Scheduling/allocation during compile
interconnection, control-codes and
state are generated during compile
Components are fully connected
Control-Codes can be changed
State-Machine is programmable Y,

/QQQ




ﬁ Von Neumann architecture describes a\
universal computing machine, but with low
efficiency.

B A universal architecture for digital system can
be generated from Von Neumann architecture
that consists in datapath and controller.

B The methodology of High-Level Synthesis is a
way to design ASIC, which aims at hardware
design.

m However, with a fully configurable hardware,
the methodology of High-Level Synthesis may
be done in software and implement a general

\ purpose processor. /
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Products

Performance

Elexibility

FPGA

RCP

Medium

High

Medium

Low

Medium

Low

Good

Very Good

Performance

MOPS/mm2

nJ/Operation

Programmability

Multi-Core DSP

RCP

High

High

<100

~1000

~1

~0.03

Good

Good

ASIC: Application Specific Integrated Circuit
FPGA: Field Programmable Gate Array

CPU: Central Processing Unit

RCP: Re-Configurable Processor




Usnllrores) Are;

/

" SQR(r) is

~

—
BEGIN PrOg Fam Operation Operator
r3:=r1*4; e
r3:=r3+1;
r3:=r3*0.2;
FORIIN INTEGER RANGE 0 TO 3 LOOP
rd :=r1/r3;
r3:=r3 +r4;
r3:=r3/2; y - R
END LOOP; Qariable Qfariable @riable
END; - N
N 3 P
Register Register
Input Output
i Control
TE“D“’:'\ Vector
Clock Program

Register

0




Cosglotezrilos /Casrife] Jm

/IF (condition = 1) THEN A @ COMPUTATION 1 B\
— t 3 0 °
g-g* ?' Computation r1=b * b;
= ’ > r2=a*c;
2-12°% (Datapath) oy
-c ri=rl-r2; \_ rl=rl-r2;
o IF {r1 <0) THEN COMPUTATION 2 <
o =1’
5 EL;'Eate ’ /IF (condition =1) TH A state = ‘1-
— ’ J
=) state = ‘0’ COMPUTATION 1; - S
e 3=r1*4- IF (r1 < 0) THEN COMPUTATION 3
) ; .
: . COMPUTATION 3; r3=r3+1;
o) r4=r1/r3; FOR|=1tO3LOOP \_ rs=r ) )
§ r3 =3+ r4; ENCDOM)'Z)%TAT'ON 4;\ [ COMPUTATION4
= r3=r3/2; ! S 4=r1/r3;
. COMPUTATION 5; s ey
= END LOOP; END IF: r3=r3+r4;
= —_ a ) — 5
5-’ rl:O'b,. ENDIF; \_ r3—r3/2, )
el r2=a+a; N /" COMPUTATIONS5
r4d=rl+r3;
x1=rd/r2; {} rl1=0-b;
r5=rl-r3; =2
X2 =15/ r2; Control ;‘ii:}t’; ke
BRINCRE (Controller) 5 = rl - 13;
\_ ’ ) \\ X2 =r5/r2; //
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1-Dimension Expansion
x #

o

\

Registe Registe Registe Registe Registe Registe Registe Registe

r r r r I r I r

A\ N N N
ALU ALU ALU ALU

Registe

Registe Registe Registe Registe Registe Registe Registe

r r r r r r r r

J

RTL Architecture
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pRibata=path

N
ALU
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N
ALU

J11)
X
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Two-dimension Expansion




Pata=path

516
X

cll

111)

<

=1

r r
Register Register Register Register Register Register Register Regi:
Register Register Register Register Register Register Register Register
Register Register Register Register Register Register Register Register
Register Register Register Register Register Register Register Register
Register Register Register Register Register Register Register Register

~ —

Three-dimension Expansion

~~

Raconiizumola Coime
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Resgister
| N

= - - -
. ALU / . ALU

|

~
Register Register Resgister
[N

-~ -
~
Resgister

S~
ister Register

ALU
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|

|
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Register
[N

———
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~~
Register

\

Register

~

ALU

|

~

ALU

T v e - - - -

|

| |

ALU

ALU

ALU

ALU

~

e=a+b;
f=c*d;
h=e-f

-

h=e+f;
=e/f;

.
?
/ K Register Register Register Register Register Register Register Register /

g*h
h—I;

ol
02

o
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Interconnections among operation 1, operation 2
and operations 3, operation 4, operation 5 are
configured according to the data dependency.
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Processors, memories and
interconnections that are
not used will be power
gated in order to decrease
power consumption.
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~

vl * ;
vl -t;
vl +t;
vl +v2;
v2 —v3;

vli=a+b;
Case (t)
1:vl
2:v2
3:v3

End case;
ol=

02 =

e
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4 N )

Two ways to determine
the final result: \i/ \i/ \ ALU /

- 1: Using configuration
T data to fix the wiring; ( )

i 2: Calculating all the
; Register Register

C paths and then to decide
—+ which one will be taken.

uoe
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=
-r
D
=
=,
=
o

Interconnections among operation 1, operation 2
and operations 3, operation 4, operation 5 are
selective depending on the variable t.




Processors, memories and
— interconnections that are
= not used will be power
() gated in order to decrease
-8 power consumption.
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= IF (condition = 1) THEN e .
? COMPUTATION 1. FSM: Finite State Machine
) IF (r1 < 0) THEN
=) COMPUTATION 2;
=4 ELSE
= COMPUTATION 3; . N
By FORi =1 to 3 LOOP omputation
o COMPUTATION 4;
D END LOOP;
o) COMPUTATION 5;
3 END IF;
=) \END IF; Y, Computation 4

Computation 5
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4 RB-PFSM: 1. Read current state from State-Memory N
2. Decide next state and generate address according to
test data, that address the Data-Memory and
Configuring-Context

\ 3. Output the data and configuring-context J
4 N o 4 N —

a a

o o
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— / MB-PFSM: 1. Read current state from State/Address memory \

14 2. Decide next state and generate address according to

g test data, that address the Data-Memory and

=2 Configuring-Context

= \_ 3. Output the data and configuring-context )

>

D) 4 I r_DI 4 I r_DI
wn w wn

5 & — State Control [ & & > State Control [ "-U'
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0 <P State/Address Memory
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E Configuring-Context I—b =
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AlLUContext

Connection-Context

Power-context

Fl

Datapath

Controller
\
RISC
Test Data
State Control
State/Address Memory
T 4 Global Data
Global-Data Memory [
d
Configuring-Context Register
En/Disable
Register’Enabley/bDisable
ALU Config.
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onnection Config.

Power Config.

Register
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/High-LeveI Programming Language\
(Such as: ANSI C)

Int main(void)

—— Processor=—

ALU ALU L ALU

T T T2

T v e v v e -

-

========

Compiler

Syntax Check

codeProfiling

codelOptimization

Data=Elow Generation

laskiPartitioning

diaskischeduling

Allecation
Gonnection'Scheme

Viappings

context'Generation

~

o

{

r3:=ri*4;
r3:=r3+1;
r3:=r3*0.2
fori=0to3
{
rd:=rl/r3;
r3:=r3+rd;
r3:=r3/2;
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igh-Level Programming Language
(Such as: ANSI C)
Int main(void) || func(..., ...)
{ {
func(..., ...) }
dct( s 13s) dcet(..., ...)
...... {
N } }
([ cmes cmncem oo
-

ALy

i#;;;;;;

v v e v - -

ALU ALU ALU ALU
I

ALU g ALU

-

~

Compiler

Syntax Check

Cocz Praiiling

Cocla Transiorzitior)

Cocla OJogilizzgos)

DatarElow Generation
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® Code modification
® Adaptation
® Parallelization

@ Optimization
N\

@ Efficiency

@ Parallelization
® Sharing

@ Localization

/\
o
® Simplicity

® Short delay
® Power saving

N\

® Utilization cost
® Power

context'Generation
NG "/




Unified computing mode.
Multi-dimension data-path.
Multi-function ALU.

Operations mapping.

Localization of memories.

Regularity of connections.

Power gating technology.
Programmable Finite-State Controller.

New compiler.
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{ Introduction )

Von Neumann Architecture )

Reconfigurable Computing )

Major Challenges

Conclusions
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High-Level Programming Language

(Such as: ANSI C) Compiler
Int main(void) || func(..., ...) Syntax Check
{ {

» Cejela Projfilin g

GodeNansiermation

Code @puimization

Data~FlewW Generation

NiaSKPAEITICNINE

Challenges

askeScheduling

® Available software
® C language

® Pointers

® Loops

® Recursive call

® Vector

® matrix

o ...

Allocation
CONNECLIBRNSCHEME
VIaPRINES
EValllgitions

Context Generaon

/
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Task Partitioning
Task Flow Generation
Task Dependency
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Task Graph Partitioning (No Deadlock) Task Graph Partitioning (Deadlock)
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m Requirements
— Less interconnections (communication cost) between sub-parts;
— Avoid deadlock.
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® Time sharing and resource sharing

® Multi-Task management
® Resource management
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® Dynamic Resource allocation

® Multi-Controller
® Queue-up
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/l Regarding available software, C language must\
be considered as programming language. Many
problems, such as “pointer”, will be studied.
Dimension limited, task mapping iterates.

B Partitioning and mapping algorithms need to

be found.

Deadlock should be avoided.

B Global memory is necessary and data passing
scheme is a important issue.

New compiler instead of traditional one.

B New operation system should be developed so
K that it supports massive parallel execution. /
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Introduction )

Von Neumann Architecture )

Reconfigurable Computing )

Major Challenges )
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1. Technology will go on beyond 16nm, but only few companies and
few general products will dominate market.

2. From single-core to many-core, from simple FPGA to processing
heterogeneous array, reconfigurable computing will be the next
trend.

3. Rich computing resources, localization of memories, regularity
connections, general task flow mapping and great power
efficiency, etc., all of these make up a reconfigurable,
programmable processing array.

4. Problems are still tough, such as programming language,
partitioning and mapping, extra memories, new operating
system and so on.

5. In the future design, compiler is a key.
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Prediction is very difficult,
especially if it’s about the
future.
- Niels Bohr

B/REFB/R (1885-1962 ) , HEWEER,
R FEMFMEFRIFIWR  RB1922F/IEN
\_//T\,%ﬂiggo /

Wally Rhines, Chairman & CEO, Mentor Graphics, August 2010
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4 )
Anyone who says businessmen deal

in facts—not fiction—has never read
old five=year projections...”

- Malcolm Forbes
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Wally Rhines, Chairman & CEO, Mentor Graphics, August 2010
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