
Power-Aware Gaming
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major power consumers:

LCD
CPU

WNIC
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e.g., on an iPAQ

LCD (~1W)
CPU (1-3W)

WNIC (1.4W)

“Integrated Power Management for Video Streaming to Mobile Handheld Devices” 
Shivajit Mohapatra, Radu Cornea, Nikil Dutt, Alex Nicolau & Nalini Venkatasubramanian
ACM Multimedia 2003
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how can a mult-player game 
reduce WNIC’s 

power consumption?

Saturday, April 3, 2010



Saturday, April 3, 2010



!"! #$%&'$()*+#,)
!"# $%&'()*# +)',,-.*# /&$-)"# 0"12&%3"(# 4'/",# -01&# 15%0# $',"(#
4'/",# 627-+7#'%"# ,)&2#'0(#0&1#7-47)*# -01"%'+1-8"9# '0(# %"'):1-/"#
4'/",#627-+7#'%"#.',1#'0(#7-47)*#-01"%'+1-8"9;#<0#17-,#=%&>"+1?#&5%#
/'-0#.&+5,#-,#&0#%"'):1-/"#4'/",;##
#
@#2-("#%'04"#&.#%"+"01#%","'%+7#.&+5,",#&0#=&2"%#'2'%"#=%&1&+&),#
'0(# 1"+70-A5",#.&%#/&$-)"#"08-%&0/"01,;# #!7-)"#,"8"%')#&.# 17","#
2&%3,#'%"#&0#=&2"%#/'0'4"/"01#BCDBEDBFD?#17"*#.&+5,#/'-0)*#&0#
,1'0(')&0"# /&$-)"# '==)-+'1-&0,# &%# )'1"0+*# 1&)"%'$)"# '==)-+'1-&0,#
,5+7# ',# /&$-)"# 2"$# $',"(# '==)-+'1-&0,# '0(# /&$-)"# '5(-&G8-("&#
,1%"'/-04#'==)-+'1-&0,;#H0)*#'# ."2#&.# 17","#=%"8-&5,#'==%&'+7",#
.&+5,# BID# &0# =&2"%# ,'8-04# ,+7"/",# .&%# /5)1-=)'*"%# 0"12&%3"(#
4'/"# '==)-+'1-&0,;# J7","# =%-&%# 2&%3# (",+%-$"# ,&)51-&0,# .&%#
%"(5+-04# 17"#=&2"%#5,'4"#&.# 17"#=%&+",,&%?#(-,=)'*?#'0(#2-%")",,#
0"12&%3#-01"%.'+"#+'%(#6!K<L9#+&/=&0"01,#&.#17"#/&$-)"#("8-+";#
M&%# 17"#(-,=)'*?# 17"#(-,=)'*# -01"0,-1*# -,#'('=1"(#'++&%(-04# 1&# 17"#
%",-(5')# =&2"%# -0# 17"# /&$-)"# ("8-+"# N# 1%'(-04# &..# A5')-1*# .&%#
)&04"8-1*;# M&%# 17"# =%&+",,&%?# 8'%-&5,# ,+7"/",# ,5+7# ',# LOP#
,+')-04?#'0(# %"(5+-04# 17"#LOP# )&'(#7'8"#$""0#=%&=&,"(#BQDBCRD;#
M-0'))*?# .&%# 17"#!K<L?# 17"# $',-+# 1"+70-A5"# -,# 1&# ,2-1+7# &..# 17"#
!K<L# 27"0# -1# -,# 0&1# 0""("(# BFD;# J5%0-04# &..# 17"# !K<L#
-01%&(5+",#)&,,",#'0(#)'1"0+*#$51#17-,#-,#1&)"%'1"(#$*#/'0'4-04#17"#
,1%"'/-04# =%&1&+&),# '0(# $5.."%# ,-S"?# '0(# +&01%&))-04# 17"# 1%'..-+#
$"12""0# 17"# $',"# ,1'1-&0# '0(# 2-%")",,# +)-"01;# H5%# 2&%3# (-.."%,#
.%&/# 17","# =%-&%# '==%&'+7",# ',#2"# "T=)&-1# '# =)'*"%U,# 4'/"# ,1'1"#
'0(#.&+5,#&0)*#&0#17"#!K<L;#
#

-"! +.#)'$/'0$()
M&%# 17"#"T="%-/"01,#=%","01"(# -0# 17-,#='="%?#2"#5,"(# 17"# 1",1$"(#
,7&20#-0#M-45%"#C;#J7"#1",1#$"(#+&01'-0"(#V#/&$-)"#4'/"#+)-"01,#
+&00"+1"(?#8-'#IRE;CC$?#1&#'#$',"#,1'1-&0#617'1#2',#+&00"+1"(?#8-'#
'# CRRW$=,#X17"%0"1# +&00"+1-&0?# 1&# 17"# 4'/"# ,"%8"%9;# J7"# 4'/"#
+)-"01,# 5,"(# Y)-03# Y!Z:[\FR# OLWL<@# '0(# Y)-03# Y!@# CCR#
P]^# 2-%")",,# -01"%.'+"# +'%(,# .&%# +&00"+1-8-1*;# J7"# =&2"%#
+7'%'+1"%-,1-+,#&.#17"#12&#+'%(,#5,"(#'%"#,7&20#-0#J'$)"#C;##

#
#

123456)7)'689)06:);<5)=6>8452?3)@<A65)B<?84=@9<?)
#

Y!@# CCR# 7'%(2'%"# -,# &=1-/-S"(# .&%# )&2# !"#$%&'( )*%+# =&2"%#
+&0,5/=1-&0;# J7"# IRE;CC$4# 1%'0,+"-8"%,# 5,"(# -0# /&$-)"# =7&0",#
1&('*#+&0,5/"#"8"0# )",,# 17'0#C/!#=&2"%#(5%-04#!"#$%&'()*%+#
(5"# 1&# -/=%&8"/"01,# -0# 17"# 7'%(2'%"# 1%'0,+"-8"%# +7-=,"1,;# H5%#
,+7"/",# .&+5,# &0# %"(5+-04##,"-.+()*%+# 61%'0,/-1G%"+"-8"#/&("9#
=&2"%#+&0,5/=1-&0;#

'>CD6)7)E<A65)BF>5>B9652892B8)<;)9F6)B>5:8)486:)

(*&G77H) (*%GIJ-H))

K<:6 LH!"77C3) LH!"773GC)
]1'0($*#W&("# V;\\#/@# FRR:FRR#/@#
O&2"%#]'8"#W&(" EI#/@# K&1#,5==&%1"(
_"+"-8"#W&(" EVI /@# FFR:F`R#/@
J%'0,/-1 W&(" EVI /@# ``R:`IR#/@
O&2"%#]5==)* ` a F;F#a

)

J7"#OLWL<@#+'%(#2',#+&00"+1"(#1&#17"#/&$-)"#("8-+"#17%&547#'#
OLWL<@# "T1"0("%# +'%(?# $5-)1# $*#@++5%-1"# J"+70&)&4-",# 6M-45%"#
E'9?# 17'1# "T1"0("(# 17"# OLWL<@# $5,# '0(# =%&8-("(# )"'(,# .&%#
8&)1'4"# '0(# +5%%"01# /"',5%"/"01,;# J7"# P]^# 2-%")",,# +'%(# 2',#
+&00"+1"(#17%&547#'#P]^#"T1"0,-&0#+'$)"?#27-+7#2',#+51#&="0#.&%#
+&00"+1-04#17"#+5%%"01#.)&2#/"',5%"/"01#=%&$",;#!"#5,"(#'#7-47:
,=""(# /5)1-.50+1-&0# Y'1'# @+A5-,-1-&0# XA5-=/"01# 6Y@b9# P]^:
\E`C# '0(# '# ]-40')# L&0(-1-&0-04# XA5-=/"01# 6]L:EFV`9# .%&/#
K'1-&0')# <0,1%5/"01,# 6K<9;# J7"# Y@b# ,7&20# 2-17# 17"# P]^#
2-%")",,#+'%(#-0#M-45%"#F?# -,#&=1-/-S"(#.&%#,5="%-&%#'++5%'+*#'0(#
'++"=1,#C;E`#/-))-&0#,-40'),#="%#,"+&0(;#<1#1'3",#,-40')#-0=51,#.%&/#
17"#]L:EFV`#'0(# ,"0(,# 17"#+5%%"01#'0(#8&)1'4"#/"',5%"/"01,# 1&#
17"#+&/=51"%#8-'#17"#P]^#/&(5)";##
#

H0"# &.# &5%# /&$-)"# +)-"01,# 2',# '# +5,1&/# /'("# !-0LX;0"1# `;R#
$',"(# OY@?# ,7&20# -0# M-45%"# E$?# .%&/# -!@aX#
6/""01223334-3#.+!'!"+)!4,*)25;# J7"# -!@aX# OY@# =%&8-("(#
)"'(,# .&%# /"',5%-04# 17"# =&2"%# +&0,5/=1-&0# &.# -0(-8-(5')#
+&/=&0"01,# ,5+7# ',# 17"# JMJ# ZLY?# !K<L?# O%&+",,&%?# M)',7?#
]Y_@Wc#'))&2-04#.&%#.-0"#4%'-0"(#=&2"%#/"',5%"/"01;###
#

########### #
123456)!>)$M96?:65)N>5:))))))))123456)!C)2*&O$)E(&)

#

#
123456)-))(D2?P)(*&G77H)B<??6B96:)A29F)QRS8)(&T)

!"# 5,"(# 17"# M-%,1# O"%,&0# ]7&&1-04# 4'/"# b5'3"# <<# .%&/#
<Y]&.12'%"# 6/""01223334-%!*6"3#7+4,*)29# .&%# &5%# "T="%-/"01,# ',#
'9#-1#-,#'#%"'):1-/"#4'/"?#$9#17"#,&5%+"#+&("#2',#.%"")*#'8'-)'$)"?#
'0(#+9#-1#+&5)(#%50#&0#&5%#OY@#("8-+",;###

56

!"#$%&'()*+%,"-$.%/*0$1%2"+"3$#$+(%%
4*1%256()76"8$1%9+6)+$%!"#$%

%
!"#$%&'(&%&)*'(+,+'(&%&)%*'-.&'/"##&'/"%&*'%&)',0'1"%&"',#&2'

34"##5'#6'/#78.9:&2''
;%9:#&%5'<&:=0>?:9@'#6'3:&2%8#>0'

AB%&%&)*'%&%&)%*'4"%&74*'509"%&"5CD4#78+&.?+0).+?2'

E%$0?"'F>:?"&%'!%5%&'
34"##5'#6'G&6#>7%9:#&'3@?907?'

3:&2%8#>0'-%&%2070&9'<&:=0>?:9@'
>%$0?"D?7.+0).+?2'

'

' ' '
!"#$%!&$'
!"##$%&'()*+,$' -$.+/$0' $(*#1/$' 1'2+-$' #1%3$' )4' 4"%/&+)%1,+&+$0'
+%/,"-+%3' 5+35' 06$$-' %$&2)#7' 0"66)#&8' 51#-21#$' 1//$,$#1&$-' 9:'
3#165+/08' 1%-' (",&+($-+1' /161*+,+&+$0;' <5$0$' /161*+,+&+$0' 51.$'
*))0&$-'&5$'+%&$#$0&'4)#'$%1*,+%3'(",&+6,1=$#')%,+%$'31($0'>?@AB'
0"66)#&')%'0"/5'-$.+/$0;'C)2$.$#8' &5$' ,1/7')4'0+(+,1#'3#)2&5' +%'
*1&&$#='&$/5%),)3=',+(+&0'&5$'"01*+,+&=')4'&5$0$'-$.+/$0'4)#'?@A0;''
D%' &5+0' 616$#8' 2$' 6#$0$%&' $%$#3=' /)%0$#.1&+)%' &$/5%+E"$0' 4)#'
5+35,=' +%&$#1/&+.$'?@A0;' <5$0$' 1#$' 31($08' 0"/5' 10' 4+#0&F6$#0)%'
05))&$#08'25$#$'/#+06'"0$#'+%&$#1/&+)%'+0'61#1()"%&'&)'&5$').$#1,,'
31($' $G6$#+$%/$;' C$%/$8' /)%0$#.+%3' $%$#3=' 25+,$' 6#$0$#.+%3'
/#+06' "0$#' +%&$#1/&+)%' *$/)($0' 1' /#+&+/1,' /)%0+-$#1&+)%' +%' &5+0'
-)(1+%;' H$' 4+#0&' 6#$0$%&' &5#$$' )*.+)"0' 6)2$#' (1%13$($%&'
166#)1/5$0' 1%-' 5+35,+35&' &5$+#' ,+(+&1&+)%0;'H$' &5$%' -+0/"00' &2)'
166,+/1&+)%F100+0&$-' 166#)1/5$0' 4)#' 6)2$#' (1%13$($%&' &51&'
(1%13$' &)' 01.$' 6)2$#' 25+,$' 6#$0$#.+%3' &5$' #$E"+#$-' "0$#'
$G6$#+$%/$;'@"#'#$0",&0'-$()%0&#1&$'&51&'&5$0$'166,+/1&+)%F100+0&$-'
166#)1/5$0'1#$''.$#='6#)(+0+%3;'
'

&()*+,-.*/'(01'#234*5)'6*/5-.7),-/'
I;J'''KL$#0)%1,'!)(6"&+%3M'N'I;J;O'A$%$#1,'N'!"#$%&''

8*0*-(9'$*-:/'
P,3)#+&5(08' ?1%13$($%&8' ?$10"#$($%&8' L$#4)#(1%/$8' :$0+3%8'
Q$,+1*+,+&=8'RG6$#+($%&1&+)%8'C"(1%'S1/&)#0;'

;*<=,-1/'
?)*+,$'31($08'2+#$,$00'%$&2)#708'6)2$#'(1%13$($%&8' 0&1&+0&+/1,'
6#$-+/&+)%;'

>?% @A$%B6C&$@BA'
<5$' %"(*$#' )4' 6$#0)%1,' 6)#&1*,$' -$.+/$0' 0),-' $1/5' =$1#' +0'
+%/#$10+%3' #16+-,=' 2+&5' ()*+,$' 65)%$' 01,$0' )"&61/+%3' 6$#0)%1,'
/)(6"&$#'01,$0'1&'&5$'#1&$')4'T'&)'U'KVM;'!"##$%&'()*+,$'65)%$0'1#$'
%)&'W"0&'-$.+/$0'4)#'.)+/$'/)(("%+/1&+)%8'*"&'1#$'(+%+'/)(6"&$#0'
&51&'51.$'5+35'06$$-'2+#$-'1%-'2+#$,$00'%$&2)#708'1%-'0"44+/+$%&'
6#)/$00+%3'1%-'($()#='/161*+,+&+$0'&)'#"%'$%&$#6#+0$8'(",&+($-+18'
1%-'31(+%3'166,+/1&+)%0;'C)2$.$#8' &5$'"0$#'$G6$#+$%/$')*&1+%$-'
4#)(' #"%%+%3' (",&+($-+1' 0&#$1(+%3' 1%-' 5+35,=' +%&$#1/&+.$'
166,+/1&+)%0' )%' ()*+,$' 65)%$0' +0' "0"1,,=' ("/5' ,)2$#' 25$%'
/)(61#$-' &)' #"%%+%3' &5)0$' 01($' 166,+/1&+)%0' )%' 1' -$07&)6'
/)(6"&$#;'X$0+-$' 0$.$#1,'"0$#' +%&$#41/$' 41/&)#08' &5$#$'1#$'0$.$#1,'
&$/5%+/1,' 41/&)#0' &51&' 5+%-$#' &5$' "0$#' $G6$#+$%/$' 4)#'(",&+($-+1'
0&#$1(+%3'1%-' +%&$#1/&+.$'166,+/1&+)%0')%'()*+,$'65)%$0;'@%$')4'
&5$' 7$=' /51,,$%3$0' +0' *1&&$#=' ,+4$&+($;' S)#' $G1(6,$8' 1' ()*+,$'
65)%$Y0'*1&&$#='(1=')%,='*$'1*,$'&)'0"66)#&'V'&)'Z'5)"#0')4'1/&"1,'
.)+/$'/)(("%+/1&+)%0'1%-'1*)"&'['&)'V'5)"#0')4'0&#$1(+%3'.+-$);'
<5+0' 6$#+,)"0' $%$#3=' 0+&"1&+)%' *$/)($0' $.$%' 2)#0$' 25$%' &5$'
JO[;UU*')#'3'%$&2)#7' +%&$#41/$')4' &5$'()*+,$'65)%$' +0'1/&+.1&$-;'
JO[;UU*\3' 510' 5+35$#' $%$#3=' "013$' /)(61#$-' &)' A]?' *10$-'
%$&2)#70'10'&5$'!1##+$#']$%0$'4"%/&+)%')4'JO[;UU*\3Y0'!]?P\!P'
6#)&)/),'/)%0"($0'$%$#3='/)%&+%")"0,=;'P0'.1#+)"0'0&"-+$0'51.$'
05)2%'KTMK^M8'&5$'2+#$,$00'+%&$#41/$'1%-'!L_'1#$'&5$'(1W)#'6)2$#'
/)%0"(+%3'/)(6)%$%&0'+%'()*+,$'-$.+/$0'FF'&5$'2+#$,$00'+%&$#41/$'
1,)%$'/1%'/)%0"($'"6'&)'TO`')4'&5$'&)&1,'0=0&$('6)2$#;''
'
D%' &5+0' 616$#' 2$' 4+#0&' 6#$0$%&' &5#$$' )*.+)"0' 6)2$#'(1%13$($%&'
166#)1/5$0' 1%-' -$()%0&#1&$' &5$+#' ,+(+&1&+)%0;' H$' &5$%' 6#$0$%&'
&2)'166#)1/5$0'*10$-')%'6#$-+/&+%3'1'31($'6,1=$#Y0'*$51.+)#;''D%'
&5$0$'166#)1/5$08'2$'4+#0&'"0$'1'0+(6,$',+%$1#'6#$-+/&+)%'1,3)#+&5('
&)' -$/+-$' &5$' 6,1=$#Y0' 1/&+.+&=' ,$.$,' 1%-' &5$%' +%6"&' &5$' 1/&+.+&='
,$.$,' +%&)'1'31($'1/&+)%'*10$-'/)%&#),'($/51%+0(;'X10$-')%' &5$'
)"&/)($8' &5$' 1,3)#+&5(' -$/+-$0' )%' &5$' 166#)6#+1&$' ($&5)-' )4'
,+(+&+%3' #$0)"#/$'"013$' &)' 01.$' $%$#3='25+,$' 0&+,,' 6#$0$#.+%3' &5$'
"0$#'$G6$#+$%/$;'D%'&5+0'616$#8'2$'4)/"0'0),$,=')%',+(+&+%3'&5$'"0$'
)4' &5$' %$&2)#7' #$0)"#/$;' @"#' #$0",&0' 05)2' &51&' $.$%' 2+&5' 1'
#$,1&+.$,='0+(6,$'1,3)#+&5(+/'166#)1/58'0+3%+4+/1%&'$%$#3='01.+%30'
1#$'6)00+*,$;'@"#' #$0",&0' 05)2' &51&' &5$' 4+#0&' 166#)1/5' +0'*$&&$#'1&'
01.+%3' $%$#3=' 25+,$' &5$' 0$/)%-' 166#)1/5' 1/5+$.$0' 1' *$&&$#'
*1,1%/$' *$&2$$%' $%$#3=' 01.+%30' 1%-' 6#$0$#.+%3' &5$' "0$#'
$G6$#+$%/$;' @.$#1,,8' )"#' #$0",&0' 05)2' &51&' &5+0' +0' 1' 6#)(+0+%3'
166#)1/5'4)#'6)2$#'(1%13$($%&'+%'+%&$#1/&+.$'(",&+6,1=$#')%,+%$'
31($0;'

<5+0'2)#7' +0'0"66)#&$-' +%'61#&'*=' &5$']+%316)#$'?+%+0&#=')4'R-"/1&+)%'
P/1-$(+/'Q$0$1#/5' S"%-' <+$#' [' "%-$#' &5$' #$0$1#/5' 3#1%&'<[OJX[9OU;'
P%=' )6+%+)%08' 4+%-+%308' /)%/,"0+)%0' )#' #$/)(($%-1&+)%0' $G6#$00$-' +%'
&5+0' 616$#' 1#$' &5)0$' )4' &5$' 1"&5)#0' 1%-' -)' %)&' %$/$001#+,=' #$4,$/&' &5$'
.+$20' )4' &5$' 3#1%&+%3' 13$%/=8' a1&+)%1,' _%+.$#0+&=' )4' ]+%316)#$' )#'
]+%316)#$'?1%13$($%&'_%+.$#0+&=;'

L$#(+00+)%'&)'(17$'-+3+&1,')#'51#-'/)6+$0')4'1,,')#'61#&')4'&5+0'2)#7'4)#'
6$#0)%1,')#'/,100#))('"0$'+0'3#1%&$-'2+&5)"&'4$$'6#).+-$-'&51&'/)6+$0'1#$'
%)&' (1-$' )#' -+0&#+*"&$-' 4)#' 6#)4+&' )#' /)(($#/+1,' 1-.1%&13$' 1%-' &51&'
/)6+$0' *$1#' &5+0' %)&+/$' 1%-' &5$' 4",,' /+&1&+)%' )%' &5$' 4+#0&' 613$;'<)' /)6='
)&5$#2+0$8' )#' #$6"*,+058' &)' 6)0&' )%' 0$#.$#0' )#' &)' #$-+0&#+*"&$' &)' ,+0&08'
#$E"+#$0'6#+)#'06$/+4+/'6$#(+00+)%'1%-\)#'1'4$$;'
()*+,$-./018'P"3"0&'Ub8'[OO^8'X1#/$,)%18']61+%;'
!)6=#+35&'[OO^'P!?''^bJFUFZOTTJFVVVFb\O^\OJ;;;cUO;OO;'
'

55

Saturday, April 3, 2010



Idea: reduce transmission rate 
to save power

(stay longer in receiving mode)

does it work?
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Assume two modes:
active and suspend
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Idea: suspend WNIC and suppress 
updates when appropriate
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Recall: can suppress updates when 
diff in position is below threshold
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Exceed DR threshold:  switch to
active, send, suspend again
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in practice, on/off switching 
takes time (up to 600ms)

and consume power (350mA)

due to AP association
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can reduce mode switch latency 
if not turning off completely
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Almost exceed DR threshold:  
switch to active

send

Almost exceed DR threshold:  
switch to active

suspend

To consider switching, we can switch on earlier if we predict 
that the DR threshold is about to be violated. 

Saturday, April 3, 2010



send

Almost exceed DR threshold:  
switch to active

suspend

updates from other players
will be late or lost

Almost exceed DR threshold:  
switch to active
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send

Almost exceed DR threshold:  
switch to active

suspend

Almost exceed DR threshold:  
switch to active

Expecting server update

If using a client/server model with periodic server updates, we 
can predict the arrival time of message.  What genre of games 
is this more suitable for?
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Open Questions: 

how to predict message arrival time?

how to design game protocols with 
predictable message exchange? 
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major power consumers:

LCD
CPU

WNIC
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Reducing CPU’s 
Power Consumption
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Game loop:

compute states
render scene

get input
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faster CPU : higher frame rate
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simpler scene : higher frame rate
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Idea: slow down CPU when scene is 
simpler (achieving constant frame rate)
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“slow down” CPU : dynamic voltage 
and frequency scaling
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Power ∝  V2f 
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Frame rate of Quake II
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let 

c be the estimated cycle requirement 
to render a scene

f be the min acceptable frame rate
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let 

c be the estimated cycle requirement 
to render a scene

f be the min acceptable frame rate

set CPU frequency to cf (rounded up 
to the nearest supported frequency)
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How to estimate cycle 
requirement for a scene?
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Look at the structure of a scene:
number of polygons, 
number of objects ..
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Rasterization workload for “brush model”
(walls, floor, objects etc)
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Rasterization workload for “alias model”
(monsters, soldiers, weapon etc)
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Save power by 15% on a 
PDA running at 5 fps
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Open Questions: 

how to predict power consumed by 
GPU?
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