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The Transition to Multicore

AMD Phenom (4 cores)

Intel Trénsistors
1()5 .. 2 ey : laer“"1n1‘{ (rhc"Jsar":s)
‘ ' Parallel App
10° L . Intel Performance
i Pentium Pro Sequentlal App
a : Performance
10 ¢
Frequency
MHz
10° | _(MHz)
2 Typical Power
10 ¢ (Watts)
1 Number
10 & of Cores
10° |
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Layer Technique Reductions| Factors References
System System shutdown 41%~99% V,k [CSB94,CIC94]
Dynamic voltage & frequency scaling | 10%~73% Vv, f [SEOO05]
Algorithm selection 33% k [OY94]
Compiler optimization 13%~20% k [LeeO0]
Architecture Data representation 13%~32% k [yu02][STD94]
Parallel processing with low voltage | 51%~80% V,C,f [CSB92]
Cache design 20~80% V,C, f [Yang02] [BAF94,PR95]
Bus encoding 15%~48% k [Lyuh02]
Operand isolation 30%~40% Kk [Banerjee06][MunchO0]
Logic Logic synthesis <70% C k [HsuO2][IP94][TMA95]
Clock gating 20%~75% k [LiO2][Monica03]
Technology mapping <47% C k [LM9O3][TAM93]
Path balancing 9%~41% C k [KimO1][BCH94]
Circuit Low swing clock 30%~63% Vv [ELEOO][HK98]
MTCMOS,VTCMOS,DTCMOS 20%~80% lieak [Li99][Far97][Tad96]
< Power gating <100% V, lieak [David02]
Device stacking 1%~56% lieak [Halter97][Rahul03]
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Standardization
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Customization improves Performance and
Energy Efficiency
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Microprocessors
o

General Purpose Various DSP
Microprocessors Products

Source: Intel P

e

Accelerators can achieve 100x higher
v performance/watt .
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90/10 Aggregation leads to Energy

Inefficiency

R

PPro: 250+ insts

8080: ~80 insts

* Microprocessor complexity grows with each new
optimization/feature
o Instruction set compatibility (binaries must run)
o Performance monotonicity (apps must not slow down)

o New functionality — double fp, mmedia, virtualization,
Pto' etc. salishan Conference

® © Andrew A <Thien, 2010 o9
’ Apni 27, 2010
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Approach #1: Integrate Lots of

Traditional Cores

" | e e
A 4@ W Gaaw gssssese
S @ @ 5 O ; STISISET
2 Scaleup && &" | ﬁae«a&&

O OF O OF oo

» Mainstream processors market approach (preserve
software compatibility and performance monotonicity)

* IBM Power, Intel Xeon, AMD Opteron are delivering
complex, high performance cores into the mainstream
market and scaling the number of cores

Won't get too far, low energy efficiency limits scaling

= salishan Conference
® & Andrew A. Cheen, 2010 ®10
d Aprii 27, 2010
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Approach #2: Simplity for Energy

Efficiency, then Scaleup

AAlLr” rEEEEErrrs
Arrrr a442
s [ AAALAL| . 233342
LAL CEERrEr Fre
AL P E

- Simplify: strip out micro-architecture techniques;
adding execution restrictions (SIMD, hierarchical
control, restricted data access)

« Examples: Blue Gene/L, Blue Gene/P, Sequoia
o And GPUs...

« Caution: Interconnect energy scaling

salishan Conference
® D Andrew A. Chien, 2010 el
» z Apni 27, 2010
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An Alternate Vision for Energy

Efficient Computing

>

- ; f M 4
Customize ( \ Il | &3

* Create nodes that are a collection of customized, special tools which
are designed to purpose

o A setof tools, each high performance and energy effident for its computational structure
o Tools complement each other in purpose and use (different spedalties)

* Only one tool used at a time! (others powered off)
o That tool achisves high performance and energy efficency...
salishan Conference

® D Andrew A_ Chien, 2010 - 813
g Apri 27, 2010
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10x10 Micmprocessor Architecture
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+ Many cores, each 1s 10 distinct accelerators achieving 100x better energy
efficiency

o 10x lower power enables 10x more cores

o 10x better application performance on a core delivers 100x better overall

performance
* Energy is the key limit, 10x10 approaches will outperform traditional
o Produce highest performance per “core” (optimized implementation)
o Produce highest performance chip (lowest energy/ops)
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What is the future of computing?

Rk t.d Walé| pMad] Maldl Male] Pale
VrEr L 5 £ £
P rtd Ji I Bd P B

OR

(L
o

5

b

— —_—
" } jrro
&
e | b | . salishan Con far— ce oo

® © Angrew A. Chien, 2010
Apn , 2010




PR = EThFEH

IR R S



IH#E S 18 - (energy-proportional) [a} 2l

% HfS B RGBT
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® fk55aT. MAE. ML
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30%., 75°/$u85°/

Server power usage (percent of peak)
3
|

’_— Power
7 | ‘ = Energy efﬁciency ‘—

® YN{fi%1Tenergy-
proportional EE2 & .| /I N

é}fzgﬁﬁgﬁr_;g{}bﬁ’] 0 10 20 30 U‘:l?lzauOgo(percggt) 70 80 90 100
o) &l .
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Typical operating region

Server power usace (percent of peak)
o
(=}

| m Power
o Energy efficiency B

0 = | | | | | I : : ‘ :
0 10 20 30 40 50 60 70 80 90 100

Utilization (percent)

® This server has a power efficiency of more than 80 percent of its peak value
for utilizations of 30 percent and above, with efficiency remaining above 50
percent for utilization levels as low as 10 percent.
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Fraction of time

0.01 |||
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_ 0 o1 0.z 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CPU utilization
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Energy-Proportional Computing
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20074E12 5 IEEE Computer
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