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Optimization of electric power efficiecy
based on model in GPU

HiTtosHI NAGASAKA,! Naovya MARUYAMA, !
AKIRA NUKADA,! TosHio ENpo'!
and SATOSHI MATSUOKAT!:2

GPUs are being employed in large-scale supercomputing environments,where
their power consumption is a first-class design constraint.to reduce their power
consumption, we present a prediction model that leverages appliction behavior
behavior observable through performance counters. In addigion, how power
consumption is expressible by the change of the Voltage and the operating
frequency as the first step for the consumption energy reduction is analyzed.
‘When the result power consumption in GPU is able to be devided into static
element(Pstqtic) in the stationary state and element(Pgypamic) dynamic for an
increase by the program execution, Pgyynqmic is proportional to f and square of
V and Pstatic is proportional to V. With our model, we show that GPU power
in varying frequency and voltage conditions can be accurately estimeted.

Vo0l.2010-ARC-192 No.2
Vol.2010-HPC-128 No.2
2010/12/16

1. 0O0ad

gooooboooooobobooooooooooboooooooboooooboobooooDooo
goooobooooooooooboooooooboooooboooDOob0oOoDbOOoo
0000000000V 000000?2000000%0000000000000000
goooboobooodooobooooooboobooooobooooooooooooobooa
oooobooooooooboooooooooboobo0ooboooboobooOoboOoOooobooObOoo
000000000000 0MY 000000000000000000000 NVIDIA
GeForce GTX480 DO OO0 O0O0OO0OOOOODOOOO 2s0WHOOOOOOOOOOO
ooooboooooooooooooooooobooOoOoOobooOoOoOooboooobooObOoo
gooooboooooobooooooooooooOoOoOoO0OoOooooOboOoOoooobooObOoo
ooooboooooooobooboooooooooooboooooooboooOoooooObOoo
ooooO0OO0O0O000000ooooooOoODODOOoDbvESOOOOOOOOOODODODODOO
gooooboobooooooooboooooooboooooooOoooooobooooooDooOobOoo
goooobooooooooboooooooboooooooooboooboOooooobooooObooo
gooooboooooooooboooooobooooooboooobooboooooooooobooo
gooooooobooooooooboooooooboooooooobooooooooDooboo
oobooooboo

2. 0D0OOobOo4aoboaoodgd

2.1 O0O000O0O0ODOOO0ODOO

goooobobooooooooooDoboboDbObD-3ce000000000O00ODODOO
gobooooboooboooooooood

goboooboboooboo 12000000000000O0DOO000OC00O0O00O0
gooooboooooobooboooooobooooooboooooobooooboobooOoboOoOooo
gooood12000boo0ooooooooooobooooboo0ooboooooooo

t1000000
Tokyo Institute of Technology
t2 00000000
National Institute of Informatics(NII)

(©2010 Information Processing Society of Japan



IPSJ SIG Technical Report

01 0o00oonnnnn

Name Descriptio

gld_32 32-byte global memory load transactions
gld_64 64-byte global memory load transactions
gld_128 128-byte global memory load transactions
gst_32 32-byte global memory store transactions
gst_64 64-byte global memory store transactions
gst_128 128-byte global memory store transactions
local_load Local memory load

local_store Local memory store
branch Number of branches
divergent_branch Number of divergent branches
instructions Instructions executed
shared_load

shared_store

Number of executed shared load instructions
Number of executed shared store instructions
11_global_load-miss =~ Number of global load hits

11_global_load_hit Nubber of global load misses
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P = Piynamic + Pstatic (1)
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02 nbody 000O0O0O0COODOOO

02 00o0n
GPU NVIDIA GeForce GTX 480
CPU AMD Phenom 9850 Quad-Core Processor 2.5GHz
Memory 4GB
(O] WINDOWS 7(64bit 0)
GPUDriver  260.99
Compiler geed.4.4 and CUDA Toolkit 3.1
4.2 [ 0

00000000000 000o0oU0oo0ooUoUOnD nbody(COOOODOODOO)
0 memcopy(U 0000000000 DO)0000000000000OOODO rodiniad 0O
000000 bfsdndyprocdsrad DO 000

Oo0ooo (V)0 default 00O 1037TmV O 10%0 00 950mV(down) 0O O 00O
0oooooo (f) O default O (coreClock:700MHz,memoryClock:1686MHz)O 10%0
00 (up) O (coreClock:770MHz,memoryClock:2033MHz)0 10%0 0 O (down) O (core-
Clock:700MHz,memcClock:1666MHz) 0000 000000000000O0O0O0O0OOOO
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program Voltage f:down f:default frup

nbody default | Py=129.01,P,—89.92 | P4—144.73,P,—91.71 | P4—159.66,P,—93.70
t=0.471(sec) t= 0.423(sec) t=0.386(sec)

down | Py=104.68,P,=80.81 | P;=117.28,P,=82.47 | P;=129.61,P,=84.04
t=0.471(sec) t=0.423(sec) £t=0.386(sec)

memcopy | default | Py—67.60,P,—89.93 | Py—=74.30,P,—=91.75 | P;—80.40,P,—93.85
t=4.969(msec) t=4.399(msec) t=4.082(msec)

down Py—=58.14,P,—80.95 | P;—63.66,P,—82.65 | P;—69.23,P,—84.15
t=4.901(msec) t=4.367(msec) t=4.073(msec)

bfs default P3=49.46,P,=88.77 P3=54.78,Ps=90.57 P3=59.99,P;=92.34
t=43.38(msec) t=40.92(msec) t=37.34(msec)

down P1—40.56,P,—80.00 | Py—=45.05,P,—81.30 | P;—49.17,P,—83.11
t=44.48(msec) t= 41.01(msec) t=37.67(msec)

dynproc default P;=36.99,P;=88.38 P;=41.63,Ps=90.32 P;=45.89,P;=92.10
t=82.93(msec) t=74.24(msec) t=68.47(msec)

down P;=30.12,P;=79.56 P3=33.78,Ps=81.09 P3=37.34,Ps=82.65
t=82.42(msec) t=74.76(msec) t=68.03(msec)

srad default P3=91.04,P;=90.07 P3=102.17,P;=91.80 P3=112.00,Ps=93.72
t=7.480(sec) t=6.722(sec) t=6.126(sec)

down P3=75.44,P;=80.85 P3=84.43,P;=82.55 P3=92.64,P;=83.97
t=7.480(sec) t=6.723(sec) t=6.126(sec)

04 0000 @000 (GFLOPSYONOOMOM (MB/sec)))
Voltage f:down f:default frup
performance | default | 640.385 712.302 781.795
down 640.327 712.195 781.801
bandwidth default 108.05 122.04 131.53
down 109.54 122.94 131.8
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program Voltage | down | default up down | default up
nbody default 0.891 1 1.103 1 1 1
down 0.893 1 1.105 0.811 0.810 0.812
memcopy default 0.909 1 1.082 1 1 1
down 0.913 1 1.088 0.860 0.857 0.861
bfs default 0.903 1 1.094 1 1 1
down 0.900 1 1.092 0.820 0.822 0.821
dynproc default 0.889 1 1.102 1 1 1
down 0.892 1 1.105 0.814 0.811 0.814
srad default 0.891 1 1.096 1 1 1
down 0.893 1 1.097 0.829 0.826 0.827

000000000 1000000 50000000 downOdefaultDup OO0 OOO0O
gooboooo 3b0000ooa

0?2?2000 Piynamie 00 0000000000000 10%000000000000
10%00000000000000000 Piyremie 100000000000O0O0DOOOO
0000000000000000000 10%00000000000 20%0000000
0000000000000000000000000O0DO0OO(O 1.10x1.10=1.21(0
20%))

D0000000 Pyrnamie 0000000000000 O0O0O0OOOOO

Paynamic =1 % V? % f (I: const.) (2)
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Pstatic =k + V. (k: const.) (3)
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program Voltage | down | default up down | default up

nbody default 0.981 1 1.021 1 1 1
down 0.980 1 1.019 0.899 0.899 0.897

memcopy default 0.980 1 1.023 1 1 1
down 0.979 1 1.018 0.900 0.901 0.897

bfs default 0.980 1 1.020 1 1 1
down 0.983 1 1.021 0.901 0.899 0.900

dynproc default 0.979 1 1.020 1 1 1
down 0.981 1 1.019 0.900 0.898 0.897

srad default 0.981 1 1.021 1 1 1
down 0.979 1 1.017 0.898 0.899 0.896
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07 000 O000 (GFELOPS) 0000 (MB/sec))

Voltage f:down f:default frup

nbody default 103.116 100.014 97.796

J) down 87.366 84.496 82.469

memcopy default 782.750 730.449 711.276

(mJ) down 681.694 638.936 624.713
bfs default 5996 5948 5685
(mJ) down 5362 5185 4983
dynproc default 10397 9796 9448
(mJ) down 9039 8578 8162
srad default 1335 1304 1260
J) down 1169 1123 1082
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