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Outline

U Power Dissipation and Efficiency Basics

U POWER4vs. POWERS5

U POWERSvs. POWERG

U Roadrunner and Blue Gene System Efficiency

U Conclusion

U BACKUP: Looking Ahead: A Few Key Research Issues
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Server-Class Processor: Unconstrained Power

Other

Clock Tree IDU EXU 10%

10% Issue
Queues

32%

405  IFU

L3 Tags
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Tables
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23%

\Dispatch
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clu
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3% 140 5% 1% 5%

Pre -silicon, POWER4 -like superscalar design

D. Brooks, et. al. MICRO-03 (tutorial)
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Processor Power Pie-Chart: Another View

A High performance processors (prior/current generation) typically burn
most of their power in the clocked latches and arrays (registers,
caches).

(taken from: Bose, Martonosi, Brooks: Sigmet&)1 Tutorial)

1% 9%

M Clks Dist
W Latches
" Logic
w0

W Arrays

W other

Example data 16%

12%

Presilicon cktsim based; assumes: no cleg&ting
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Non-uniform Power Distribution

In addition: Non-uniform power distribution or hotspots aggravate
challenges significantly:

Hotspots limit performance, reliability & increase costs
As we go forward (towards decreasing technology nodes):
- Hotspot factor (overhead) is likely continue to increase
- predictability of hotspots will be more difficult
(multicore, SoC, power / thermal management, variability etc.)
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Metri cs Overvi ew: An ar ch

A Performance metrics:
I delay (execution time) per
instruction; MIPS

A CPI (cycles per instr): abstracts out
the MHz

A~ SPEC (int or fp); TPM: factors in
benchmark, MHz

A energy and power metrics:
I joules (J) and watts (W)

A joint metric possibilities (perf and
power or temperature)

I watts (W): for ultra LP processors;
also, thermal issues

I MIPS/W or SPEC/W ~ energy per
instruction

A CPI* W: equivalent inverse metric

I MIPS?/W or SPEC?W ~
energy*delay (EDP)

i MIPS3W or SPEC3/W ~
energy*(delay)? (ED?P)

I (Peak Temp) * (Execution Time)

System-level perf/watt for commercial OLTP

is quite different from processor-level SPECint/watt !

6 | | Hot Chips 2008

specintwatt

tpm (TPC-C)/System Watts

16 Source: Berkeley CPU Center, spec.org, etc. 30
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configurations
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Fundamental Efficiency Determinants

A Fundamental microarchitectural knobs that determine efficiency

optimal pipeline depth at the core-level

optimal core complexity and number of cores

type of clock-gating and power-gating (if applicable): coarse-grain vs. fine-grain
adaptive microarchitectures: [to control unnecessary energy waste]

et cé

A Fundamental logic/circuit-level efficiency features

support for clock-gating (area and verification-efficient)

support for voltage and frequency scaling (performance, reliability and
verification-friendly)

(Near)-optimal mix of low, medium and high-Vt devices
area and power efficient latch design

etc..
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Deducing Optimal Pipe Depths

V. Srinivasan et al., MICR@5, 2002

Powerperformance optimxl‘ . Performance optimz
1 : el
< 0.9 SPEC2000 SUite oty a9
O »'
IL Q.8 oo it leakage pder -Gomponent were to escalate- - -
T L X X
£ 0.7
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O 05 - for-commexciaI-OI-_'-I'-P-V\{orkloads ---------------------
@) -— :
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2 0.3 S A
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o4+
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8 l | Hot Chips 2008

Total FO4 Per Stage

August 2008 © 2008 IBM Corporation




| Systems and Technology Group + Research Division

Integrating Multiple Cores on Chip

A With uniprocessor performance improvements slowing, multiple
cores per chip (socket) will help continue the exponential system

performance growth

A Exploit performance through higher levels of integration in chips,
modules, and systems

A Invest power in chip-level performance rather than core performance

POWER 4: 2001
180 nm, Cu, SOI
2 cores/ chip

POWER 5: 2004
130 nm, Cu, SOI
2 cores/ chip

POWER 4+: 130 nm 2 way SMT/ core

POWERS5+: 90nm
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Adaptive Microarchitecture Principles

A Basic concepts:

I use (i.e. power or clock) a storage, compute or interconnect (e.g. bus)
resource only to the extent needed: adapt or reconfigure dynamically
in tune with workload resources

A Predictive power-gating to reduce leakage
A Dynamic resizing of queues, buffers, caches

I dynamically change a bandwidth parameter to conserve power

A Adaptive fetch to minimize speculative waste

A Adaptive prefetch to conserve bus bandwidth and prefetch logic usage;
reduce speculative waste (cache pollution)

Aetcé.
A Issues that prevent widespread adoption in high-end processors:

I complexity (verification cost, overhead area/power)
I relatively small power savings, if performance loss is not tolerable

In general, dynamic voltage-frequency scaling (DVFS) offers
the most efficient knob for power management
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Multithreaded Instruction Flow in Processor Pipeline

(transition from POWER4 to POWERYS)

Branch Redirects
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Energy Per Useful Instruction: POWER4+ vs. POWERS5

Relative Energy
Per Usefullnstruction
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ORACLE(p)

TPCC (i)

/Steady growth in single-thread performance:
APOWER4 A POWER4+ A POWERS5
/Efficient throughput increase in POWERD5:
Atypical OLTP:
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U 40 % IPC growth at 20 % more power

NOTES(i)

SAP(i)

B ps+0 p5s STE pP5 SMT (no gatinB) P5 SMT (clock-gated)
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FOWER4 @ 1.5 GHz POWERS @ 1.65 GHz
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No Power Dynamic Power
Management Management

-

Single
Thread
_ ool
Simultaneous = ‘“’L ‘ Photos taken with thermal
Multi-threading sensitive camera while
prototype POWERS chip was
undergoing tests

Simultaneous Multi-threading with dynamic power management
reduces power oonsumptlon below standard, single threaded level
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Active Power Savings from Clock-Gating (% over baseline)
(POWERS5: pre-silicon projections)

o] SMT ST

BIFU

28 3 IDU

% power savings 4q . oiIsu
over baseline 30 = FEXU
20 - BELSU

101 B FPU
0 - B Core

Notes (i) SAP () TPC-C() TPC-C(p) DAXPY SparseMV TPP

Note: post-silicon hardware-based analysis shows good agreement at the chip level
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POWERG6 p570 scores big on tpmC per core

Transaction Performance - Single System ipmC per core

Mew Oracle Banchmark demonstratas linear scaling and parformance
100,000 P. Chaudhary, SPSICOMP, Mar. 2008
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Benefit of Fine-Grain Clock Gating in POWERG6
pre-silicon simulation

unconstrained, max (normalized to 1)

A Power reduction due to

clock-gating (average)

I Floating point kernels 19%
I SPEC2K 24%
I Commercial 26%
I RFCTH 20%
I POP 25%

I LBMHD 23 %

RFCTH i s ag fAdnhoto
daxpy; POP is similar
To SPEC2K average

Leakage power

Daxpy clock-gating factorsi validated via direct post-silicon measurements
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Clock Gating i Temperature Benefit

Temperature Versus Frequency

—e— DAXPY with Clock Gating
o DAXPY without Clock Gating (estimated)
—— NULL INS without Clock Gating

—l— DAXPY without Clock Gating
—&—— NULL INS with Clock Gating
rrrrr a—— NULL INS without Clock Gating (estimated)
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Prototype hardware, both cores good, real h/w measurements (POWERG)
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Comparative Summary on Clock-Gating Efficiency

AClock gating benefit
I POWERA4: performance-centric, with minimal clock-gating

I POWERS5: SMT throughput boost, matched with fine-grain
clock-gating to manage power

I POWERG: High frequency performance boost with
aggressive, fine-grain clock-gating to manage power and

thermals

ANet: progressive improvement with POWERG being the
best

© 2008 IBM Corporation
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Peak Temperature: SMT vs. CMP

[}
1
T
o
T

SMT: area-efficient, thermally-efficient

3 heat-up mechanisms
365

A Unit self heating

determined by the >0
power density of the 355
unit 350
A Lateral thermal 345 I
coupling between 340
neighboring units 335 . . . l l
& S %‘é o\ox\ C§2

Average Peak Temperature

. _ $ S
A Global heating through & e &
. G N X
TIM (thermal interface <8 & &
material), heat S >

spreader, and heat sink

P. Bose, VLSI Design 2005, quoted from Y. Li, Z. Hu et al. 2004
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D. Grice, SCICOMP-14, March 2008; http://www.spscicomp.org/
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