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CPU

M: 100 G: 10 M

® 1964 IBM system/360 model 50 — 3.4 0.5MHz
® 1987 VAX-II 750 3.1MHz
. VAX-1l 780 1 SMHz
® 2004/1 : 3.4GHz : VAX-IIl 750 1,000
2002
® MacBookPro 15inch 2009 : 2.53GHz Core2Duo
® 2010 Desktop
Corei7-950 (4 , 3.06GHz, L3 8MB, QPI 4.8GT/s)
O

« 2009 :iPhone3GS CPU ARM A8: 0.6GHz
« 2010 :iPhone4 CPU ARM AS8: 0.8GHz
1987 VAX-Il 750 260
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Intel Pentium4

| Pentium4
2
TDP
2000/11 2.0GHz 0.25MB 180nm /5W
2002/1 3.4GHz 0.5MB 90nm soW
2004/1 3.4GHz 1MB 90nm 103W
2005/2 2M 3.8GHz 2MB 90nm @
2006/1 3.0GHz 2MB 65nm sS5\W
1.0 GHz = 10
1Inm =10 1
65nm & 6,000nm 1/100
10nm 500nm :
) TDP Thermal Design Power: Ref: http://ja.wikipedia.org/wiki/Pentium_4
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CPU

R4,R5,R6,R7,R8

. R8 <=R6 + R7 ;
. R7 <= (R5) ;

:R5<=R5+4;

- R6 <=(R5) ;
' R5<=R5+R4,;
: R5<=10000 ;
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| 1983/5 Intel Pentium: 5
| 1995/11 Intel PentiumPro: 12
§ 2000/11 Intel Pentium4: 20

(
(UOPs

(

31
3

. “The optimal logic depth per pipeline stage is 6 to 8 FO4 inverter delays”

BM 20
! Intel 45

| 2006/1 Intel Core 2 Extream: 14
| 2008/11 Intel Core i7: 14

=
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Intel CPU pipeline

Pentium
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Intel CPU pipeline

w amsen 2w PENtiUM

=

PSY{ 7OP—%570F 1
Pentium Pro
1GHz (87)
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| 7GHz => 0.14ns=100 1.4 30 Km 1.2

2.8cm *  32bit (10 10 )

® CPU 3.5GHz 32bit 2 64bit 10 20

® parallel pass-gate network - Diffusion Connected Network (DCN)

@

® |1

CMOS+CML ‘NMOS
b
Small Signal C 0 A é@
DCN True & Comple v a
Input(s) —D_bar | 5 od Te
P2
L O S CLK
"{9'? Heset‘smsj oL _ Td Te Sense Amp
Control | o<} Eval b 1d 'Z
FOLK — Reset . _g'i__L—l.r‘ E‘r——;'—l Reset
IR A e CLK
Fig. 3. Block diagram of chosen LVS circuit topology. CL Lh L d
o [43 27 | [+ =T | l
- . - a.[(b.c)+(d.e)]

Fig. 5. Tlustration of a complex random logic function DCN.

. “Low-Voltage Swing Logic Circuits for a Pentium4 Processor Integer Core”, Daniel J. Deleganes, et.al. , 41st DAC, 2004, pp.678-680
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| CDL

® CDL: Cross-Coupled Domino — 10%
CMOS




CPU
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Pentium4

o : NetBurst

o Trace Cache

® Domino
® DCN
@)

12002

o (Speed Step2)
. 90 110

|'i||||.

7

l
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(1)

I CPU 1

® PlayStation3 Cell ARM MPCore AMD Intel
Cavium, RMI, PowerQUICC, SH, Sparc

Memory Controller

Shafed L3 Cach'ei




(2)

| Intel Core 2 Extream

2
(GHz) (TDP)
2006/7 2.9 2 4MB 65nm 75W
2006/11 3.0 4 8MB 45nm 130W
2007/11 3.2 4 12MB 45nm 150W
| Intel Corei7 1 X2 L3
2008/11 3.2 4 256KBx4 45nm 130W
L3: 8MB
2009/6 3.3 4 256KBx4 45nm 130W
L3: 8MB
2010/3 3.3 6 256KBx6 32nm 130W
L3: 12MB

g
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(3)

O 2 3
O web page
O
O
O 1985 5
LSI
» 10 FF:2710 ) , 10MB : 2(8000 )
. CPU
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| Amdahl's Law:
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0. 0.
] 50 10
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2. Intel
(OpenMP)

1 1992 2000

NEC
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(6 )onJPEG "
N7 read 1000 A
| Thread Activity —_ | =%
Visualizer et 100 ||
all area 13500
® dynamic linked to zeon wp | —
am rSd - 'btaCk | rgh| cormeer t dyco b conver
| For Tool Debugging or
Hand Assembling. = function name
® CFP Inst. Level Sim thread
detects tool bugs. fork/term.
o CFP Ilnt |S FeaS|b|e ele ., - b3ale gmate
(future work?) s [
I Appllcable to 15alc e = 13alc
RealTrace, EmbTrace T s
-> Need Detailed Info. e tmee
o — XV/T | ;
Page 32 Empowered by Innovation NEC




271000 =(1 )25
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1.4%

2M0 =1

5-15%
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100%  mpimfiEh ] 100%  mpimweep o
— jpeg(dec) . — jpeg(dec)
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32-bit RISC, no FPU, single-issue, 5-stage

1$, D$(VRC: I/D=16/16KB, 4way, 32B/line, LRU

MM latency, bus width 20-cycle, 32-bit No
4 16

Thread spawn latency 2-cycle

Inter-core reg. bus

32-bit = 1reg./cycle

Inter-core VRC bus

64-bit

| Cycle accurate simulator

| MiBench (embedded apps) and Specint95
! gce-3.4.2 —-03 —msoft-float
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: CPU 32% 10%

«130nm  standard cell + compiled RAM

area [mm?] critical path [ns]
4 M refill bufs (F/F) 35
35 D$ state (F/F) R e
; Hoc I D$ state (RAM) +11% 1 3
B D$ tag (RAM) 2.3
2.5 D$ LRU (RAM) 9
2 B D$ data (RAM) 15
15 ALU |
1 decode, control 1
05 M reg. files (F/F) 0.5
0 $ LRU (RAM) 0
M |$ datatag (RAM) .
original  with original  with
Pinot ext. Pinot ext.

Reg. files and D$ speculative states are dominant . -
Empowered by Innovation § : §
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2 Oo0O

000

-
/ 2PE-Pinot

4PE-Pinot

12-stage, 12-stage, OoO
2-issu 3-issue /

5 wﬁhou% not /,F/'.% /

Speedup

4 6 8
Area (Relative)

10 12

\%
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| 2005 IEEE Micro38
3

I Hardware (FPGA)

I 2005 2
o

| 2005
®
®
© 2.2

I Google, Amazon

critical blue)
Pinot




| 1980 2000
1 155 10 100
o

1 2000

° /
!

®

| NEC
® 1994
® Merlot : LSI 2000

® Pinot: 2 FPGA
2005

: MP98-CFP

ISSCC

-

-~ Page 42
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LS|

ITRS 2009

ITRS: International Technology Roadmap for Semiconductors

po—
il
il

Page 44

2009 ITRS - Functions/chip and Chip Size
10000000
O 2009 ITRS Cost-Performance MPU Functions
per chip at production (Mtransistorst)
» 1000000 +—
T . ) Average "Moore's
o O 2009 ITRS High-Performance MPU Functions L = %2
E per chip at production (Miransistors) aw = yIrs
= o
E 100000 +— e (109 Cost-Performance MPU Chip size at O 2 3 2
=] production {mma2) _
z MPU =10 100
-5 = 2x/2yrs ]
5 009 High-Performance MPU Chip size at
% 10000 +— preduction (mm2) D =
= 5 ‘D/E’\{
i ] |
o Q
2 ~ /ET/D'
: 1000 e
= & O
5 -G ey : : ; * I SomnZ |
O .' y i I £ A s e -] TI I
= & R WE N > S Oy 0 e — v e,
E 1'][] i (.‘f - LR L 1R L1 1] L1 1] aEm n EEENER L1 1] IIIIE.fJ..d..er.TlEr:%.:
O
= \
1 [
10 L u | . . | .
’_.;-r"'l
— //‘ﬁss 2000 2005 2010 2015 2020 2025
éf YesrdiBrodiciion 2009 ITRS: 2009-2024
Figure 10b 2009 ITRS Product Technology Trends.
MPU Product Functions/Chip and Industry Average “Moore’s : Law” and Chip Size Trends
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LS| ITRS 2009

First Year of IC Production 2009 2010 2011 2012 2043 2014 2045 2016 2017 2018 2019 2020 2021 2022 2023 2024
DRAM 112 Pitch ﬁdnm 45nm IBnm IZnm 2Tnm 24nm 21nm 189%wym 16 9%wm 15nm 134pm 11.9%wym 106mm 95mm B.4nm  7.5nm

Coiancad g i /5/////////////////////////// N

///////////////////////////////////// 2 0.25nm
Metal gate electrode for planar bulk //////////////
Hetoniers =l ’7//////////'//4/////////////////’ 30

7.5nm

Egr}aétgiln rﬁgdsyFﬂ v depleted (UTB W////‘

Multi-Gate MOSFETs ///,///z'////////////'/////////(/////,

e WWWW///MWM

Enhanced transport with alternate
channels: Ge orfand [II-V

Enhanced transport with altemate
channels: CNT, Manowire, graphene

MNon-CMOS Logic Devices and
Circurts/Architectures

This legend indicates the time during which research, development, and qgualification/pre-production should be taking place for the solution.
Rezearch Required
Development Undernwvay
Gualification ¢ Pre-Production
Continuows Improvemen i)

Figure PIDS?  Logic Potential Selutions
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LS| ITRS 2009

SOl: Silicon
" on Insulator
5 :i: MG: Metal Gate
‘~‘- o as | RO:RINgG
= RO, FO=1, 50 Oscillator
E ~-mm=Ms | FO: Fan-Out

=R, FO=1. Bulk
=R, FO=3, 3

Fw O FO=4, MG
anclbL, =

/ |l

— 100 °

2008 2011 2M3 2015 217 2018 2021 2023

Year

Figure PIDS]  Scaling of Transistor Intrinsic Speed of High-Performance Logic

In the legend section, the first set of 3 symbols represent the inverse of CV/ (1/t ). The second set represent

inverse of the ring-oscillator delay per stage, for fan-out of 1. The third set represents the same but with fan-
out of 4. The last curve is the reference of 13% increase per vear.
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— ITRS2009

DPE DPE || DPE DPE

DPE DPE || DPE DPE

DPE DPE || DPE DPE

DPE DPE || DPE DPE

Main Main
Processor Processor

[
-Memory IF & C hip-to-Chip IF -

Figure SYSDS — SOC Consumer Stationary Driver Architecture Template
Consumer Stationary Driver :

=
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— ITRS2009

700 ““—1 100 o
/ 5
600 6 -
=)
491 D
500 91 | O
i 1 10 E
& 410 e
= 400 i =
D
E a
280 =
300 o Y - E
. 249 2
# N 1 3
200 191 Ll E
/ 149 al
121 ” é
-0 1(}0 |_ - E
100 45 62 o
37
e 2 P 0 J J J 11
0 M__DM L [ I I | . l I I | i - 0

O +~ N O < I O M~ 0O O O — ©oN O <

% S &5 6 5 & &5 &8 &5 58 5 8 8 8 8 8

NN N N N N N 8§ N 8§ § 8§ N &8 § &

Year of Production
B Nrber of Mhin @Ps T INunber of DPEs —#— Max Processi ng perf or nance( TELGPS)

Figure SYSD9  SOC Consumer Stationary Design Complexity Trends

Consumer Stationary Driver :
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Intel pipeline

—nitel
|Developer

Hyper Pipelined Technology — mun

1 2 3 4. .5 . 5 7 S 84 a4t W10 1% 8 A5, 6. AT IR, iR 20
TCHxtlP  TCFetch Drive Alloc Kename: Oue Sch "Sch Sch  Disp L'I-lgp.HF- RF Ex Flgs BrCk Drive

Drive: Wire delay _
rive the result of the branch check to the front
end of the machine.

L2 Cache gnd Control

BTE

Systam Interfate

BTE&I-TLR
Crecoder
Trape Cacha
Roname/alioc

uocepy (i ises
Schodulers
L1 D-Cacheand O-TLE

v
0
=

Copyright D 00 Inkesl Corporation

http://itassociate.com/PCJ/PCJ1/topics/Pentium4.html
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Bottlenecks of Multiprocessing

Example) System activity consists of 4 tasks (or 4 threads)

/\\ ije
TS — >

Sequential Processing 1 2 3] 4
1 ’ 7
V .
Parallel Processing 1
with 3 CPUs

/

Sequential Part Load Imbalance Communication

T T

| Three bottlenecks of multiprocessing
limit the speedup

(far less than 3 times in the above example)

= Page 50 Empowered by Innovation N Ec



=

Performance Optimization for Multi-core

Time
1 2 3
Stepl

Ordinal Sequential Processing

Imply running existing application set

on multi-core ready OS
Parallel bottleneck may limit the

performance improvement

Step2 @

= Manual Optimization
- Relax the synchronization point of

sequential part by modifying algorithm, etc.
- Tune the communication code

Manual Parallelization
- Parallelize key sequential part
1bl[1d[ 3

N2
1c!1e 4 W

2 II] Fine Grain
I FE
Nl M2

.-_';ageSl

4 N
Step3

; Automatic
Parallelization
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CPU
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Memory Access Ordering Resolution by HW

| Sequential
processing

d [a] --——--> Thread #0 on Core#0
st [a] \> Thread #1 on Core#l
(”)%/ st [a] ()5 Thread #2 on Core#2
(1 d [a] ~ -/---> Thread #3 on Core#3
time === (V)

i
ETr

*Scenario 1: only the latest write is propagated (Memory renaming)

Core#0 Core#l Core#2 Core#3
—— Thread #1 —
— Thread #0 — st [a] — Thread #2 -
. 1d fal / / st [a] Thread #3
‘ " 1 - (1) , / 1d[a]
v 4- () 2 — (Il
JRCache _ J\(?ache _ ~/Cache
o \\ VVVVVVVVVVVVVVV
— ! renaming
%E = Page 53 !

~forward-to the core-assign

NEC



Memory Access Ordering Resolution : cont

| Sequential processing

Scenario 3: violation detection
—— Thread #0 Core#0 Core#
Thread #1
/ sl True Thread #0 ld
| Thread #1 - Depend | /' [a]
0 -ency st-[a] ] =
|~ 1da t, 0
Cache — J\Cache
time () — Cache — ]\» W
- i
- () Violation detect J
«_Scenario 2: data forwarding
«—
Th(r:eoe‘::‘gzcc)) Core#1 / | Re-execution of thread #1 \
{ ]\ — Thread #1 4 L
‘ / st [a] A |Execute threads speculatively prepared
t w /' Id [a] for re-execution
v ()
|_\ Cache ___ () Cache @
N
~ ‘ - W \|Speculative Multithreading
() forward
ié. _r____Page 54

/
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Wall

l

4.1~7.4

M.S.Lam and R.P.Wilson

SuperScalar

(CPU Arch.
1
— load latency ..)
BASE cD CD-MF SP SP-CD SP-CD-MFIORACLE
BB Branch

awk 2.85 3.24 5.32 9.22 12.89 41.88 242.77
ccom 2.13 2.51 5.61 6.92 9.83 18.05 46.80
equntott 1.98 2.05 5.21 6.40 18.09 22590 | 3282.91
espresso 151 1.54 7.49 4.16 19.55 402.85 742.30
gce(cel) 2.10 2.55 14.63 7.76 13.18 66.29 174.50
irsim 2.31 2.66 11.89 8.40 15.82 45.86 265.42
latex 2.71 3.17 6.18 7.60 9.72 18.65 131.26
Harmonic Mean 2.14 2.39 6.96 6.80 13.27 39.62 158.26
matrix 293.00 432.00 | 68324.00 | 36192.00 [108575.00 |180632.00 j188470.00
spice2g6 2.14 2.29 16.80 8.11 25.28 196.76 843.60
tomcatv 22.23 42.77 | 3237.00 124.00] 1881.00| 3918.00| 3918.00

?)

“Limits of Control Flow on Parallelism,”"M.S.Lam et. al., ISCA’92, pp. 46-57, 1992.

-

— Page 55
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| MediaBench :

| Blowfish:

| Mad: Minimum Absolute Dierence —
| Susan:

g ."—_Epage 57 Empowersd by Innovaton N Ec



P — Pinot

Stop/Star\t\‘
5 Instr. fetch! I From prev. PE
MU @ | - Register transfer bus (1Reg/cyc) Instruction
: ; > Inc R Cache
! |Areg T 3 4 4 | 7t =<
» From prev.PE ! | : L\
: . : Byte rot Instr
| S e ! 4 v L l ] [ Sirn EX
FTAR ||_PSR RF with Banks § RIS |
E i ] Tmm i [ | i IF
i : |+ Y XYy | Yyy Yy Yy Vv i f di i
: ; orwarding ! CEP
| To next PE ,' NAmux,/” NBmux,/ \C_m%/ (optional) ! esiE
Fork TARgetaddrl ./ | [~ "

”””””””””””” - Mul Shift \ To next PE / decode
Thread CO ntr()l J \\B@g_lgt@[_t[@p_s_f_e_r_bus —

y
4D | =a semea|  Reg. transfer [ope
Acc repl
\ 4 I h 4
Sat Sat Shift A 4
£ ¥ ! CLz
—x
ALU /
1

------------------------------------------------------ \ RDATA

DATA
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=
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