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* Millions to hundreds of millions of gates
* Physical Space
Sheer numbers of gates
Keeping shared resources close to multiple users (memory)
|/O pin access and placement

Interconnect — getting all the wires connected
* Typical processes have 6 — 10 layers of interconnect
e Cell, local, global, power

Performance

Power / Heat Dissipation
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* Performance Drivers

* Process Technology
* Transistor performance
* Short channel vs. long channel devices
* High Vt and Low Vt devices

* Clock Frequency
 Maximum is set by the longest unit delay
* Very complex timing tools used to ensure max frequency

* |Interconnect

 RC delays
e Capacitive coupling
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e Power Drivers

Process Technology - Dynamic, Static, Short circuit ( D/S/SC)

Number of gates — D/S/SC

Clock Frequency — D/SC
* Dynamic power becomes CV?f, where f is clock frequency
e Short circuit power is also multiplied by f

Supply Voltage — D/S/SC

Routing Efficiency — D/SC

* Minimizing capacitance is critical

EE 4980 — MES 4

Ot



 Power / Performance Balance

* Device Level Solutions
* Multiple T, (V;)devices
* Thin T, devices for high performance paths
* Thick T, devices
* Lower leakage
* Higher voltages

* Chip Level Solutions
* Reduced interconnect Rand C
* Power islands — gating the power to circuits not in use

* Clock Gating (module level)
* Turn off the clocks to circuits not in use
e Requires synchronization
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 Power / Performance Balance

e System Level Solutions
* Dynamic Voltage Scaling — changing VDD as needed

* Dynamic Frequency Scaling — changing the clock frequency as
needed

* Together these are referred to as DVFS

e Architectural Solutions
* Pipelining
e Multi-core processors

 Homogeneous — dual/quad core
» Heterogeneous — big/little/GPU

 Memory Hierarchy
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e Power — Performance Tradeoffs

Standby < Peak Performance
Thermal Cgncerns
]
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DMIPs
lp — process/devices hp — process/devices
common processor super processor
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e Power — Performance Tradeoffs

Standby < Peak Performance
Thermal Cgncerns

Active Power

Processor Architecture
System Architecture
Design

Operation Policy

DMIPs
lp — process/devices hp — process/devices

common processor Super processor
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* Processor Performance
I[EEE IRDS

Inted Cove 17 4 cores 4 20M: (Doost © A5 OHA
Nl Come 17 4 coves 40 GH2 (Booet 10 4 2 Ge) \
el Core 17 4 cones 4.0 Gir (hoost 1 4.2 0M2)

inted Xaon 4 corea 3.7 Gz (Boost 1o 4.1 GHa -,
100.000 ! = el Xoon tcw.\t(aumanbtq(»m '.‘ \

Inted Xaom 4 comms 3.8 002 (Boos w0 4 0 O \ \
inted Core I7 4 coren 34 Gz fooos! 10 3.8 () \ \

Pl Xaon S coves. 2 30042 oow! 102 8 G \\ \ A? 54

Inted Xaon 4 cores, 2.3 Oz (oost 10 3.6 GiHe) A 0‘0 \
il Core I7 Extrema 4 core 3.2 Ori (boost 10 2.5 O AR . an anan
inied Core Dntr Dxreme 2 coves, 2.0 Gz 21871 _,..’m m

reed Core I l wieme 2 cores, 29 Oz .__. ‘.“,%& """" 087
) Asrdon 642 8 O g .

k\l"lmkv\ 24\_.01;
il Xeon L 32 Gz t-"
el 08 SOEMVA motwbond (106 Orz, P enBum 4 processor wih Hper Tiv sadrg ."vr(‘oq.\ » o
1M Poweed, 1.3 (b @~ 4105
1
Irted VO I20 motetond | 0Gre Pentum § procesar z 4016
Professionsd Worsatation XP1000, 667 Wiz 212644 g
1000 + g AN eome DA0D WITS ATA MIRLR .\‘HQ M
Aphatierver 4000 5800, 600 Wis 21164 ' M
Ohgrad Aptas wiior %00 'oow;’

10,000

Digital APastation 500 200 Wz ' ?t)

1B POWERpamon 100, 150 My . 1”
Ot 3000 AXF 200 V'owu'ﬁ
M 0000, 06 vy .

*Frequency Improvement of 900 X
But

.
B RE00040. 30 Wiz 5y 52%/year
MIPS M2000 . Un;‘.ﬁ.
MIPS 20, 167 Mi g s

Performance (vs. VAX-11/780)

10 4 Bun 4080, 16.7 Mz 5

K00, 22 Wi

AXAVTHO. 5 M

How?

s
:
:

Dagid Aot fon 4206, 200 u-v . i 23‘“" 12W.’ asm

100 4 : daias OPOIPOINIIIITVIVTIIIOI. L

e Performance improvement of 50,000 X

T T T - Y T T -T T T ‘ ' ' T

1978 1980 1982 1084 1986 1988 1990 1992 1994 1996 1908 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Source: Computer Architecture, Hennessy and Patterson, 2017 Elsivier Inc
EE 4980 — MES 9



Performance (vs. VAX-11/780)

* Processor Performance
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* Transistors per chip

\l()(n s Law: The numl)u of tr dllslsl()ls on mluochlps doul)lcs every [\\0 vears [SaEILE
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'!: > advancement is important for other aspects of technological progress in computing - such as processing speed or the price of "'\\‘,?‘.l‘wil.
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e SPECint Performance — single CPU

42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2017 by K. Rupp

EE 4980 — MES 12 © tj



* SPECint Performance — Including multi-core
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e What about Cost SSS

Cost Per Transistor

mm? / Transistor $ / Transistor
(normalized) (normalized)

10 nm delivers improved density and lower cost per transistor

The minimum gate pitch of Intel’s 10 nm process shrinks from 70 nm to 54 nm and the minimum metal
pitch shrinks from 52 nm to 36 nm. These smaller dimensions enable a logic transistor density of 100.8
mega transistors per mm?, which is 2.7x higher than Intel’s previous 14 nm technology and is
approximately 2x higher than other industry 10 nm technologies.

src: Intel
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* Design Processes
* Tick-Tock

e 2 year technology cycle

* Tick - Existing processor design migrated to a new technology node
* Higher speeds

e Better power characteristics

* Tock — New processor design introduced on an existing technology
node

* New features
* Higher performance (IPC, ...)
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* Design Processes
* 3 Phase

3 year technology cycle

Process

» Slight modifications to existing architecture on a new technology node
Architecture

* New architecture on the technology node

Optimization

e Optimized architecture on the technology node
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