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Moti vation

~

Considering power at early stages of microprocessor deve

ment presents more opportunities for power-performanc

tradeoffs

Architectural changes affect most of processor characteris

Architectural energy-efficiency metric is needed to move fr

gualitative to quantitative analysis.

Metric must be easy to use, adaptable to project’s needs a

geted market. All parameters must have clear physical n

Ing, and a method for measuring them.
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a Effects of ISA / Microarchitecture changes I

‘ compilability

chip area ‘

u-Arch
\ manufacturing

‘ code density cost

Performance Power

I)
METRIC

N |dynamic instr. count f | maximum clocking rate
architectural speed, IPC | E | average energy per instr
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a State ot the Art I

MIPS y S
—— | reverse of “energy per operation

Watt

» used for comparing low-end products

 incorrectly used for “fixed throughput mode” and “power-limited mode”

I\/IIPS2

Watt

» used for comparing mid-range products

, reverse of “energy-delay product”

MIPSY
Watt

* with y= 3 used for comparing high-end products
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, with “educated” guessing about the valueg of
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Proposed Metric R
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~ Proposed Metric ™

Involves only relative changes in processor characteristics

e subsumes all prior art metrics as special cases

parameters are well defined, with a simple method for measur-

Ing them

parameters take into account

« technology characteristics
 circuit style
« power and performance targets

» power supply voltage

derived by solving a multidimensional optimization problem
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a Formulation of the Optlmlzatlon Problem I

* Independent variables
 architectural complexity (discreté)
* power supply voltag¥
 functions

(&, VIE)
N(<)

« PowerW(g,v) = T(& V)I(Q)E(E, v) or W(E,v) = (& V)E(E, V)

e Performancd’(¢,v) =

e oOptimization problem
« A: minimize poweW given a performance requireméht P,

« B: maximize performanck subject to a power constrait = W,
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a Alter native Formulation I

« evaluate energy efficiency of architectural modificadn

« A¢ --> AV to satisfy the constraift = P, or W = W,
o« A& --> AN, Af, Al andAE

e find relation between relative increments such that

o A AW < 0 given a performance requirementP = P, (AP =0)

 B: AP > 0 subject to a power constraint W=W, (AW=0)
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Derivation

~

e assume small values &, av to neglect second order terms.

« formulation A: 22’ N +a-EAv = 0
A_\N = A_\N + — aWAV < 0
AE|,” BE| " avaE,
« formulation B: AAVEV A% + aaiVA 0
AP|  AP| 9PAv
— = —| +=—=—— >0
AYS W AYS v ovAE W
\ 4
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a Derivation I

o all terms can be expressed in closed form
 designat® = E,, / D,
 both formulations A and B lead to the same expressions

e ideal clock gating —G)ATf —@% + A—EE+ (O + 1)%\| <0

* no clock gating —(9%i —(©+ 1)A|I + AEE+ (O + 1)%—\'N <0
e \Vdd- constrained —r]ATf —n% + AEE+ (n+ 1)%\I <0 n>0
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4 Measuring Parameters 6 =E, / D, ™

% data bus —_ ' ' | *' data bus'
integ_e( adder integer adder
>gl| @ multiplier custom) | o 5] ¢ multiplier (custom) | |
O 4r/4w port reg file ‘ : : . O 4r/4w port reg file
X §8§ eta:g.g \ ®  2r/2w port reqg file
, eta=2.
4 xoreaaao | E == (VE)ESY) i\ Oseregs
O average v '
= CV*V curve

0.8 1 1.2 1.4 1.6 1.8 ' 0.8 1 1.2 1.4 1.6 1.8
supply voltage, V supply voltage, V
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4 Measuring Parameters 6 = E, / D,._ ™
3
25F
2 -
~average
1 _
0.5 i
056 058 |1 152 1i.4 156 1.8
K supply voltage, V
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a Consequences I

* To achieve energy-efficient design architectural choices must be

balanced with circuit-level decisions

| wArch | | circuits |
OV ¢

‘ power supply‘ ‘ clocking rate ‘

o Different architectural decisions are optimal for different designs

 Relation to the prior art

MIPSY
Waltt
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y=0+1 consistent method for determinng
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4 Relation to the Prior Art N
Table 1: Special Cases of the Derived Metric
condition metric qulvalent
prior art
F,>>E, (Vdd < 0.5V) AE s AN <0 MIPS
0 << 1 (ultra-low power design) E N Watt
6=1(Vdd =0.9V) Af Al | AE . AN 2
. : . ————+ =+ 2—<0 MIPS
elLite design point
( gn point) f 1 E N Wat
6=2(Vdd = 1.4V) Af Al AE . _AN 3
(nominal CU11 design point) _ZT _2|_ TET SW <0 MIPS
Watt
0=3(vdd > 1.9V) Af _Al  AE . AN 4
(ultra-high performance design) _ST B 3|_ TET 4W <0 MIPS
Watt
0=27n>06(Vdd = 1.7V) Af Al . AE AN n+1
(power supply constraint mode) 1§ ~ N7 T E ™ (n+ 1)_|§|— <0 MIPS
Watt
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a Example 1 I

» processor A: low power microprocessor with fine-grain clock gating,

Vdd =1V,0 = 1.23

Evaluate energy-efficiency of adding the execution bypass.

AE
. SupposeAI—I - 007,81 = o5, 2Etwmess_ g

f total

80% of dynamic instructions read operands from the RF,%GFF 0.016

1. 23D A|I i AEE = 1.23 0.05- 0.0J+0.016= —0.023<0

Execution bypass is energy-efficient.

However, if Vdd < 0.8V, the same feature is not energy-efficient.
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a Example 2 I

Vdd = 1.7V,0 = 2.7

Evaluate energy-efficiency of adding an extra read port to a multiported int. RF.

AE
. SupposeAI—I - 0005 & -9 | RE

: = 0.1

ErF
int. RF is responsible for 15% of the CPU Power, téfEn: 0.015

2.7+ 1)— + A—EE = —3.7[0.005+ 0.015= —0.004< 0

adding an extra port is energy-efficient.

However, if Vdd < 1.3V, the same feature is not energy-efficient.

e processor B: high-performance dynamic issue microprocessor with no clock gat
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a Conclusions I

 New architectural energy-efficiency metric derived.
» All parameters in the derived metric are well defined, with|a
clear method for measuring them in every situation.
e Derived metric establishes conditions for a balance between
architectural and circuit-level decisions.
« Subsumes prior art as special cases of a more general relation.

« Still has limitations. Some of important factors are not taken

\V

Into account, such as code size, area, implementation cost
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