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System-level Power Analysis Modeling for GPU
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Abstract

Since 3D graphic applications have reached the field of mobile devices and known as a
tremendous expansion, graphic processors’ power consumption has become a major challenge in
mobile SoC design. A high-level hardware agnostic model endorsed by GPU energy consumption
measurements under specific 3D graphic applications running is proposed in this paper. The
modeling method of the proposed design comprises of two phases, the first phase is GPU hardware
dependent and the graphics API is presented in the second phase to trace the related information
with only per a target application. The experiment results show that the proposed model can catch
the average relative accuracy benefit about 95 % in a run-time of 2 seconds for the well-known
benchmark glmark?2.
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2.1 FRRAES R ESEERES

RBXPIBEENEREEE RERINE
=8 Z AR 1B OpenGL#& B B & B9 & 1F UL K
Imagination TBDR ( Tile Based Deferred
Rendering ) @B EIEERE  WERSAENI
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* 1 BREBEZSERSEETH 2R

Components | VS FS TA TU | ISP
Parameters

Number of Vertices Yes | Yes | Yes No Yes

Number of Textures No Yes No Yes No

Texture Filtering No | Yes | No | Yes | No

Lighting and Shading | Yes | Yes | Yes | No No

Overlapping Objects No | Yes | No | Yes | Yes

Window Resolution No Yes | Yes | Yes | Yes
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Piotal = Pcomponenr(j) (N
Je{Components}

Pcomponent(j) =
iE{Parameters}; jE{Components}
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2.2.1 FI#RPEER ( Offline Phase )
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R XY
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REHGE NRESEEARIARREANNEZ
ARFHE OlE—K RIEFAZESE
HEMIDU TEERSE RIEEEGEREHAZ
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MHEERAREN  BaERAM—EEEFHEL
EEE Tl BERERBEHFEZEE)
R - BMER T ELNEESE A (Neural
Network Algorithm)?REIR ; HHEHEE —1&
ZREEBEMEEHRERZENNALE
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TEAEENBIESIAAEENER  EX
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RMEZEENA EPNRMARESENSEIE
THNEEE -
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B MME3FT~ - 8= & AR (Input layer) -
i /& (Output layer) ~ BZ 7 & (Hidden layer) 1 H
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Training input
data:

PHEMET MR TEHBETENERZRR
f@ (Synapse) - BEXBHAE—EEEE  EN
BARBREERUEENEEEFSBETW
B 4 - 7 AR UE BR El (activation function) % &l &
HAN WABZEWINIEEENZERE A SR
SYEEN LEBREETSSH oW #E
ARAIAREAEANHALEREZIERBW
BEEETRE ZETEHEEBEHLAMBENE
HEG -

Expect output:

Group 1

Group 2

Group K
0
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THENZEDHBMEUNKERNE  HEZ@H
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HESBABZBA  LUFEIAETEAEN
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i /& Group 2RV B L E A DAY 3 TR AR - LUK
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THREEE, (3) BOEBBEARE BB
HHEBRECEEERREBMEUNIIER
HER . CREERAEARRERFTETD
REGERNIF RmUMEERRIELS
BEHHEEEERNBNTE -

* 2 BIERFABWESAREBA/E L

Algorithm | Required Input Output
Polynomial | - Graphics parameters | - Polynomials
regression - Measured power coefficients
Value
K-means - Measured power - Weight set of each
value and group
component - Group assignment
weight for each training
sample
Neural - Graphics parameters | - Configuration file of
network - Group assignment classifier
for each training
sample

2.2.2 N TEEPEEE ( Online Phase )
AR THRINEEENELE  BER
ZEHAGITHNREEERAEA SRS HE -
BIOJ#TINFETEM - It - KM EERAITRIFTHE
2 B 0OpenGL ES Interceptor - H O] £ 48 [E FE A
EAWITERZEPRIEPTA B OpenGL ES 2.0
APIEK I M MY 36 % 75 A% — 18 API3E Bt 18 (API
Trace) - 3H P MAPIEMN1E - BB EIE— 18
SEHTPSEETHNZESKRSEE  UANAE
SRSy EERNRAALEEEERINFEERER
NEZ@MA - BESTHEI2TNEBRERARER
ZEESREESHE  UREIRBERIHE
OB RS  FEEREIRE
MWEfESHm ARERE A EFINHN
rEERAEXNETRE UKREEEEES
TERA AR AN IECH I ESERE
TINFETRM -
EEAREEREREEIMEN =@
MABESHERNE B (1) SOoWMNEEREHR
BAZESRESENHE; (2) TERNEER
HZBFETHNESE, K (3) RIlAREE
FIEBHNZERXNGHE THEERXANEER
FEH (1) P BloBLEEEERNWAEREI
HMEUREBEEERPRIFITETHNINEE -

3 -DBREEATHamRERZEE
BB N IRE
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RINFEBIN . BB S —BLUBES
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ERENERRE BN - BUEESH
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MY RECEEERCGEERIEREZERE

B ELIVEEESHESEULLINREE

Blbi0EEES A ESBRIPHSEEE
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=3 EESHSERESEETH 2R

Component | Counter Description
VS/FS #1 BOBEMESEH
#2 5 T issue I R ¥
#3 FEHBEEBEERY
#4 CoALUE & R ¥
#5 FEHR A Pixel ValuesH R &
#6 Common Store?F Y R &
TA #7 KB M vertex @ 2
#8 E % M Tile Object{E &
TU #9 EH B K Texel @ 8
ISP #10 EH B A Pixel {8l 8

B #&30 LBl - B R Vertex Shader
(VS)/Fragment Shader (FS)EEEEEE KR T
hFEERENTH BAUWRATEERSHETE
B RETVS/FSEMEEXZ THMNINFERM B
ERAITile Accelerator (TA), Texture Unit (TU),
Pl K Image Synthesis Processor (ISP)8!I % Al #%
Rl 2EERE Gt RETINFERMG HI
HMENFZREAN (2) AR -

Protar = (
je{components} \i€{counters}
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BRTBSARXELN ZBERIEGEE
BHRIIESELY RAERMEECNEEREEERE
FRIFAS 2R 1B B K A TBDR ( Tile Based Deferred
Rendering ) #& B & # 28 8 [4] Z PowerVR
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77 [ (Graphics API) °
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GPU Power Consumption (W)
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(b) Boxes with different
extures

(a) Boxes under with shad-
owing and lighting
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(a) Benchmark "build’ (b) Benchmark ’shading’

7 glmark2-es2 W& K EL 8 B 45 R
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BEEAEEERIRAERENEGRER
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8 glmark2-es2 NFE AL 45 RECER
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L & %l Structure-Agnostic 77 X B 15 18 B /T X
88% ~ 99% -« WiEZF 5% M FHBEEE ; M
Counter-Based 77 = B9 #5 1 E Bl /7 7% 83% ~
90% W % B 87% M F 19 1% ® &
Structure-Agnostic /5 I Z Fi Bl & L
Counter-Based P A B ESHNREEE  TE2Z2RH
AREEEENER  EHBEINMWENET
B ITHRERASERENEEERETE
& UBEEERAERIFITECHNNEERG
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xR 4 NRREBEELER

Models | Structure-Agnostic Counter-Based

Patterns

build 99% 86%
bump 88% 90%
effect2d 96% 87%
loop 89% 88%
pulsar 96% 90%
shading 99% 83%
texture 95% 86%
Average 95% 87%

HERXBSIEESHHEEERETI
#7841l iR Panda BoardETIEEE RS - A M
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