
!

"#$%&'(!)*+*,%-!.%/,01%%!2%%-!34*5%!67*,0-!*,+!8/#(4%,0!94%!

!
Abstract! !" The heterogeneous multicore architecture is 

considered a cogent solution to match the performance 
demand for processing the next-generation media formats 
such as ultra-high definition, 3D or holography. However, the 
performance cores in a heterogeneous multicore processor 
dissipate a huge amount of heat. To cope with the thermal risk, 
most modern embedded processors provide the dynamic 
thermal management (DTM) feature that forcefully reduces 
the clock speed of the processors. Although this simple 
approach can maintain the system temperature below the 
thermal trip point, the performance of prioritized multimedia 
or interactive applications can be significantly harmed by the 
reduced performance even when the thermal crisis is caused 
mostly by the non-prioritized applications. This paper 
proposes a novel DTM scheme called Thermal Margin 
Preservation (TMP). TMP differentiates the thermal trip point 
for the prioritized applications from that for the non-
prioritized ones, and thus forms the thermal margin, which is 
the temperature gap between the two trip points. Under the 
proposed scheme, the prioritized applications can run without 
any disturbance in the thermal margin by sacrificing the 
performance only of the non-prioritized applications. The 
evaluation shows that the proposed scheme significantly 
reduces the quality-of-service degradation for video playback 
under high temperature conditions1. 
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Fig. 1. Thermal management impact on the application execution 
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Fig. 2. Notion of thermal margin 
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Fig. 3. TMP system overview 
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Fig. 4. Thermal state diagram 
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Fig. 5. Four possible scenarios in the danger state 
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D. Cooling Policy 
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Fig. 6. Inputs and outputs of cooling policy decision heuristics 
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Fig. 7. High-performance bursts detection by QoS watchdog 
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Fig. 8. Dynamics of performance level determination 
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C>%$4((#,0-!?/&<#?4+#*!@#&4!4,$%+#,0-!*,+!(%!%,F!:54!<DC4(!%@!
(/$5! H*$J0>%/,+! <*(J(! *>4! 4;C4$<4+! <%! #,$>4*(4! *(! <54!
@/,$<#%,*&#<#4(! *,+! @4*</>4(! %@! $%,(/?4>! 4&4$<>%,#$(! 4;C*,+F!
:5>44! $%?C/<*<#%,! 7%>J&%*+!#,(<*,$4(! 74>4! $>4*<4+! *,+!
4;4$/<4+!<%!(<>4((!*&&!@%/>!$%>4(F!

!
TABLE III 

DESCRIPTION OF EXPERIMENTAL WORKLOADS 
Workload Type Description 

T#+4%!C&*D4>! K,<4>*$<#E4! T#+4%!C&*DH*$J!%@!IQjQCmSiFil!@C(!@#&4(!
\%?C/<*<#%,! )*$J0>%/,+! 9M8\SQQV!H4,$5?*>J(!

!
G(! *! >4C>4(4,<*<#E4! 4;*?C&4! %@! *! @%>40>%/,+! ?/&<#?4+#*!

7%>J&%*+-! *!E#+4%!C&*D4>!7*(!$5%(4,!H4$*/(4!#<!7*(!4*(D!<%!
`/*,<#<*<#E4&D!?4*(/>4!<54!b%9!+40>*+*<#%,-! 75#$5!$%/&+!H4!
#,+#$*<4+!HD!@>*?4!(J#CC#,0F!Y,!<54!%<54>!5*,+-!`/*,<#<*<#E4&D!
?4*(/>#,0! <54! b%9! %@! %<54>! #,<4>*$<#E4! *CC&#$*<#%,(-! (/$5! *(!
0*?4(! %>! 74H! H>%7(4>(-! 7%/&+! H4! <4$5,#$*&&D! +#@@#$/&<!
*&<5%/05! <54! 4;C4>#?4,<(! 7#<5! +#E4>(4! E#+4%! 0*?4(! $&4*>&D!
(5%74+!(4,(%>D!b%9!#?C>%E4?4,<!HD!*CC&D#,0!:XMF!

9#;!<5>4*+(!74>4!@%>J4+!*,+!4;4$/<4+!@%>!<54!E#+4%!C&*D4>-!
*,+! <54! C>%$4((#,0! +4?*,+! @%>! <54! E#+4%! C&*DH*$J!
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!

(#0,#@#$*,<&D!@&/$</*<4+!+4C4,+#,0!%,!<54!$5*>*$<4>#(<#$(!%@!<54!
@>*?4(! <%! H4! >4,+4>4+F! a%>! 4;*?C&4-! >4,+4>#,0! @*(<=?%E#,0!
($4,4(!>4`/#>4+!5#054>!C4>@%>?*,$4!<5*,!>4,+4>#,0!(<#&&!($4,4(F!
:54>4@%>4-!<54!5#05=C4>@%>?*,$4!H/>(<(!(C%>*+#$*&&D!*CC4*>4+-!
*,+! <54! +/>*<#%,! %@! <54?! 7%/&+! H4! +#@@#$/&<! <%! C>4+#$<-! *(!
?4,<#%,4+F!

:54! ?#;</>4! %@! <54! 7%>J&%*+(! 7*(! 4;4$/<4+! %,! <54! <*>04<!
(D(<4?!#,<>%+/$4+!#,!94$<#%,!KKF!:%!?*J4!<54!$%?C*>#(%,-!<54!
7%>J&%*+(! 74>4! @#>(<! >/,! %,! <54! /,?%+#@#4+! _#,/;! J4>,4&-!
75#$5!#,$&/+4+!<54!ondemand!C%74>!?*,*04?4,<!?%+/&4!*,+!
<54!+4@*/&<!B:X!?%+/&4-!75#$5!7*(!4;C&*#,4+!#,!94$<#%,!KKF!
:54,-!<54!7%>J&%*+(!74>4!>/,!%,!<54!_#,/;!J4>,4&!7#<5!:XMF!
:54! ondemand! C%74>! ?*,*04?4,<! ?%+/&4! 7*(! +#(*H&4+! <%!
C>4E4,<!#,<4>@4>4,$4!7#<5!:XMF!:54!7%>J&%*+(!74>4!4;4$/<4+!
@%>!<7%!?#,/<4(-! *,+!<54! (4>#4(!%@!4;C4>#?4,<(!7*(! >4C4*<4+!
(4E4>*&! <#?4(! *@<4>! (/@@#$#4,<&D! $%%&#,0! +%7,! <54! H%*>+F! :54!
<#?4! (4>#4(! 0>*C5(! (5%7,! #,! <5#(! C*C4>! *>4! (4&4$<! @>%?! <54!
>4C4<#<#%,(!<%!(5%7!<54!>4C>4(4,<*<#E4!$5*>*$<4>#(<#$(F!

!

!
Fig. 9. Time series of frame skip duration under different DTM schemes 

!

:%! `/*,<#<*<#E4&D! ?4*(/>4! <54! /(4>! 4;C4>#4,$4! +40>*+*<#%,-!
+4H/0! +*<*! 74>4! $%&&4$<4+! @>%?! <54! E#+4%! C&*D4>F! :54! E#+4%!
>4,+4>#,0! (%@<7*>4! 7%/&+! (J#C!@>*?4(! %@! @%%<*04! 754,! <54!
C>%$4((#,0! C%74>! 7*(! /,*E*#&*H&4F! :5#(! 7%/&+! <>*,(&*<4! #,<%! *!
(&%7!@>*?4!>*<4!*,+!H*+!`/*&#<D!E#+4%-!H%<5!+#>4$<&D!>4&*<4+!<%!<54!
/(4>! 4;C4>#4,$4F! :54! +4H/0! +*<*! 7%/&+! (5%7! <54! *?%/,<! %@!
?#&&#(4$%,+(!%@!*!E#+4%!@>*?4!(J#CC4+!HD!<54!E#+4%!>4,+4>4>!*<!
*,D!0#E4,!?%?4,<F!!

a#0F!i!(5%7(!<54!<#?4!(4>#4(!%@!<54!+/>*<#%,!%@!(J#CC4+!@>*?4(!
+/>#,0! <54! @#>(<! iQ! (! %@! <54! 4;C4>#?4,<F! 8*$5! E4><#$*&! &#,4!
>4C>4(4,<(! <54! &4,0<5! %@! <#?4! 7#<5%/<! >4,+4>#,0! <54! @>*?4(! %,!
<#?4F! G! @>*?4! (J#C! #,(<*,$4! &%,04>! <5*,! UQ! ?(! #(! $&4*>&D!
,%<#$4*H&4-! *,+! <54! %,4! &%,04>!<5*,! IQQ! ?(! #(! (#0,#@#$*,<&D!
*,,%D#,0!<%!7*<$5F!

:54! >4(/&<(! (5%74+! <5*<! <54! +4@*/&<! B:X! 04,4>*<4+! *!
(#0,#@#$*,<!*?%/,<!%@!(J#CC4+!@>*?4(-!*,+!<54!+/>*<#%,!%@!@>*?4!
(J#C! #,(<*,$4(! 7*(! ,%<#$4*H&D!&%,0F! :54! (/?! %@! <54! @>*?4!
(J#CC#,0! +/>*<#%,! 7*(! l-RiI! ?(! %,! *E4>*04! +/>#,0! <54! <7%!
?#,/<4(!%@!E#+4%!C&*DH*$JF!6%74E4>-!H%<5!%$$/>>4,$4!@>4`/4,$D!
*,+!(4E4>#<D!%@!<54!(J#CC4+!@>*?4(!74>4!(#0,#@#$*,<&D!(/CC>4((4+!
HD!<54!:XM!<%!<54!(/?!%@!I-RAi!?(F!

[,@%></,*<4&D-! 4E4,! :XM! $%/&+! ,%<! <%<*&&D! >4?%E4! @>*?4!
(J#CC#,0-! *,+! (%?4!%@!<54!#,(<*,$4(!>4*$54+! IQQ!?(F! :5#(!7*(!
H4$*/(4!<54!<54>?*&!?*>0#,!7*(!,%<!+4<4>?#,4+!<%!H4!(/@@#$#4,<&D!
&*>04! @%>! <54! 4;C4>#?4,<f! <54>4@%>4-! <54! C4>@%>?*,$4! ($*&4=/C!
+4$#(#%,!HD!<54!b%9!7*<$5+%0!7*(!%@@(4<!HD!<54!$%%&#,0!C%&#$DF!

:54! (4E4>4! C4>@%>?*,$4! +40>*+*<#%,! HD! <54! +4@*/&<! B:X!
7*(!4;C&*#,4+!HD!#<(!*00>4((#E4!C4>@%>?*,$4!*+1/(<?4,<F!:54!
E#+4%!C&*D4>!(<*><4+!(J#CC#,0!@>*?4(!H4&%7!IFR!P6cF!6%74E4>-!
<54! $&%$J! (C44+! 4*(#&D! @4&&! H4&%7! IFR! P6c! 7#<5! <54! +4@*/&<!
B:X-! *(! (5%7,!#,!a#0F! IF!Y,!<54!%<54>!5*,+-! :XM! *E%#+4+!
@>*?4! (J#CC#,0! #,! ?%(<! $*(4(! H4$*/(4! #<! $>4*<4+! *! ?%>4!
(/#<*H&4!<54>?*&!4,E#>%,?4,<!<5*<!*&&%74+!<54!E#+4%!C&*D4>!<%!
/(4! *&&! <54! C>%$4((#,0! C%74>!,44+4+-! 75#$5! >*#(4+! <54!
<4?C4>*</>4!7#<5%/<!$%,(4`/4,$4(F!
!

!
Fig. 10. Temperature changes under different DTM schemes 

!
a#0F! IQ! (5%7(! <54! <#?4! (4>#4(! %@! <54! (D(<4?! <4?C4>*</>4!

$5*,04(! @%>! H%<5! 4;C4>#?4,<*&! $%,@#0/>*<#%,(F! :54! *?H#4,<!
<4?C4>*</>4!7*(!(4<!<%!SU!n\F!:54!@#>(<!<5>44!<54>?*&!?*>0#,(!
$>4*<4+!HD!:XM!*>4!&*H4&4+!XI-!XS-!*,+!XA!#,!a#0F!IQ!NHOF!
G<!XI-!:XM!+4$#+4+!<%!+4$>4*(4!<54!,/?H4>!%@!$%>4(!<%!<5>44-!
*(! (5%7,! #,! a#0F! II-! 75#$5! (&%74+! +%7,! <54! <4?C4>*</>4!
#,$>4*(4F!6%74E4>-!<54!<4?C4>*</>4!(<4*+#&D!>%(4!<%!<54!*&*>?!
(<*<4-! *,+! *<!XS-! :XM!&%74>4+!<54! $&%$J! (C44+! HD! %,4! (<4C!
#,(<4*+!%@!+4*$<#E*<#,0!*!$%>4!(#,$4!<54>4!74>4!(#;!#,<4>*$<#E4!
<5>4*+(F!G<!XA-! :XM!>4+/$4+!<54!$&%$J! (C44+! *0*#,!HD!%,4!
(<4C-!*,+!<54!<4?C4>*</>4!@&/$</*<4+!*<!*>%/,+!IQl!n\!*@<4>!XAF!!

:54! (D(<4?! >*>4&D! >4*$54+! <54! <54>?*&! $4#&#,0! 7#<5! :XM-!
75#&4! <54! +4@*/&<! B:X! @>4`/4,<&D! 5#<! <54! <54>?*&! $4#&#,0F!
:XM! *&(%! $&4*>&D! >4+/$4+! <54!*?C&#</+4! %@! <54! <4?C4>*</>4!
$5*,04! $%?C*>4+! <%! <54! +4@*/&<! B:X! H4$*/(4! %@! :XMh(!
C>%*$<#E4!>4*$<#%,!<%!<54!<4?C4>*</>4!$5*,04F!

G&<5%/05!&%74>#,0!<54!*E4>*04!<4?C4>*</>4!#(! ,%<!<54!0%*&!
%@!:XM-!#<!>4+/$4+!<54!*E4>*04!%C4>*<#,0!<4?C4>*</>4!<%!(%?4!
4;<4,<F!:54!+4@*/&<!B:X!($54?4!?*,*04+!<%!J44C!<54!*E4>*04!
<4?C4>*</>4! @%>! <54! 0#E4,! 7%>J&%*+(! *<! IQj! g\-! 7#<5! *! <%<*&!
(/?! %@! l-RiI! ?(! %@! (J#CC4+! E#+4%! >4,+4>#,0F! :54! *E4>*04!
<4?C4>*</>4! /,+4>! :XM! 7*(! IQVFU! g\-! #,+#$*<#,0! *! IFj! k!
>4+/$<#%,!#,!54*<!*$$/?/&*<#%,F!!

X%(<! #?C%><*,<&D-! :XM! *$$/?/&*<4+! %,&D! I-RAi! ?(! %@!
(J#CC4+!E#+4%!>4,+4>#,0-!>4C>4(4,<#,0!*,!jQFj!k!#?C>%E4?4,<!
#,!<54!b%9F!:54!54*<!>4+/$<#%,!*E4>*04!?#05<!H4!#,(#0,#@#$*,<-!
H/<! <54! b%9! #?C>%E4?4,<-! 75#$5! #(! <54! C>#?*>D! $%,$4>,! %@!
:XM-!7*(!(/H(<*,<#*&F!

a#0F! II! (5%7(! <54! <#?4! (4>#4(! %@! <54! <4?C4>*</>4! $5*,04-!
#,<4>*$<#E4! <5>4*+! C>%$4((%>! /<#&#c*<#%,-! $&%$J! @>4`/4,$D-! *,+!
,/?H4>!%@!*$<#E4!$%>4(F!:54!$&%$J!@>4`/4,$D!(<*D4+!7#<5#,!<54!
IFA! <%! IFV! P6c! >*,04F! )4$*/(4! <54! <4?C4>*</>4! 7*(! (<4*+#&D!
?*#,<*#,4+! ,4*>! <54! <54>?*&! $4#&#,0! +/4! <%! <54! 4;#(<4,$4! %@!
$%?C/<#,0=#,<4,(#E4! <5>4*+(-! <54! :XM! $%,<#,/*&&D! <>#4+! <%!
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!

&%74>! <54! $&%$J! (C44+F! 6%74E4>-! H4$*/(4! <54! C>%$4((%>!
/<#&#c*<#%,! %@! <54! #,<4>*$<#E4! <5>4*+(! 7*(! *&(%! 5#05-! <54! b%9!
7*<$5+%0! ?*#,<*#,4+! <54! $&%$J! @>4`/4,$D! *H%E4! IFA! P6c-!
75#$5!7*(!*!+4(#>*H&4!&4E4&!@%>!<54!0#E4,!7%>J&%*+F!

!

!
Fig. 11. System status changes under TMP during the experiment 

!

V.! RELATED WORK 
:54!<54>?*&!+4(#0,!C%74>!N:BMO!$%,(<>*#,<!7#&&!H4!%,4!%@!

<54! ?%(<! #?C%><*,<! C4>@%>?*,$4! &#?#<#,0! #((/4(! 754,!
+4(#0,#,0! ,47! 04,4>*<#%,! C>%$4((%>(! H4$*/(4! 4E4,! *<! <54!
$%,(<*,<!@>4`/4,$D-!*!+%/H&4!C4>=04,4>*<#%,!$%>4!0>%7<5!7#&&!
(%%,!4;$44+!:BM!dleF!:5#(!?4*,(!<5*<!#,,%E*<#E4!7*D(!<%!+4*&!
7#<5!<54!:BM!$%,(<>*#,<!5*E4!<%!H4!#,E4(<#0*<4+!dAeF!

)>%%J(! 4<! *&F! dje! +4@#,4+! *,+! #,E4(<#0*<4+! <54! ?*1%>!
$%?C%,4,<(!%@!<54!B:X!($54?4(F!9C4$#@#$*&&D-!<54D!4;C&%>4+!
<54!<>*+4=%@@(!H4<744,! (4E4>*&!?4$5*,#(?(!@%>!>4(C%,+#,0!<%!
C4>#%+(! %@! <54>?*&! <>*/?*-! *,+!#,E4(<#0*<4+! <54! 4@@4$<(! %@!
5*>+7*>4! *,+! (%@<7*>4! #?C&4?4,<*<#%,(F! 9J*+>%,! 4<! *&F! dSe!
*&(%!H/#&<! *!?#$>%*>$5#<4$</>4!<54>?*&!?%+4&-! *,+! /(4+!#<!@%>!
$%?C*>#,0! (4E4>*&! +#@@4>4,<! <4$5,#`/4(! %@! <54! B:X-! (/$5! *(!
BTa9-! ?#0>*<#,0! $%?C/<*<#%,! <%! (C*>4! 5*>+7*>4! /,#<(-! *,+!
$%?H#,*<#%,(!%@!@4<$5!0*<#,0!7#<5!BTa9F!:54!$%%&#,0!C%&#$D!
+4$#(#%,! 54/>#(<#$(! %@! :XM! $*,! H4! >4@#,4+! HD! *+%C<#,0! <54!
+#E4>(4! <54>?*&! ?*,*04?4,<! ?4$5*,#(?(! $%,(#+4>#,0! <54#>!
$5*>*$<4>#(<#$(F!

_#/! 4<! *&F! die! C>%C%(4+! *! +4(#0,=<#?4! ?%+4&! <5*<! *,*&D(4(!
7%>J&%*+(!*,+!$>4*<4(!<*(J=<%=E%&<*04!?*CC#,0(!@%>!>4*&=<#?4!
$%,(<>*#,<(F! :54! ?*CC#,0(! 5*E4! *! ,/?H4>! %@! %H14$<#E4(]!
4,4>0D! %C<#?#c*<#%,-! <54>?*&! %C<#?#c*<#%,-! *,+! <54>?*&!
$%,(<>*#,4+!4,4>0D!%C<#?#c*<#%,F!9$54+/&#,0!#(!C4>@%>?4+!HD!
*((#0,#,0! <54! H4(<! C%((#H&4! ?*CC#,0! <%! *! C>%$4((%>! 7#<5%/<!
E#%&*<#,0!#<(!$/>>4,<!<54>?*&!*,+!C%74>!$%,(<>*#,<F!GJH*>#!4<!*&F!
dIQe!*&(%!C>%C%(4+!*!+D,*?#$!<*(J!C>#%>#<D!($*&#,0!@%>!<54>?*&!
?*,*04?4,<! <5*<! ?*C(! *,+! ($54+/&4(! <*(J(! %,! *! ?/&<#$%>4!
C>%$4((%>! >4@&4$<#,0! <54#>! C>#%>#<#4(! <%! &%74>! <54! (D(<4?!
<4?C4>*</>4F! :54! *#?! %@! <54(4!*CC>%*$54(! *>4! <%! >4+/$4! <54!
<%<*&!*?%/,<!%@!54*<!+#((#C*<#%,!@%>!*!0#E4,!7%>J&%*+-!*,+!#(!
%><5%0%,*&! <%! <5*<! %@! :XMF! :54D! <5/(! $*,! H4! /(4+! <%04<54>!
7#<5! :XM! <%! 4*>,! (D,4>0#$! H4,4@#<! #,! <4>?(! %@! <54! b%9!
C>%<4$<#%,!#,!$*(4!%@!<54>?*&!$>#(#(F!

M>4(4>E#,0!<54!b%9!%@!?/&<#?4+#*!*CC&#$*<#%,(!5*(!H44,!*,!
#?C%><*,<! #((/4! @%>! <54! C%74>! ?*,*04?4,<! ($54?4(! H4$*/(4!
<54! H&#,+! C4>@%>?*,$4! ?*,*04?4,<! ?*D! $>#<#$*&&D! 5*>?! <54!
/(4>! 4;C4>#4,$4F! Z*?*<! dIIe! C>%C%(4+! *! @>*?47%>J! <5*<!
?/&<#?4+#*! *CC&#$*<#%,(! *,+!4,4>0D! ?*,*04?4,<! ?%+/&4!
$%&&*H%>*<4! 7#<5! 4*$5! %<54>! <%!4;<4,+! <54! H*<<4>D! &#@4<#?4! %@!
?/&<#?4+#*! *CC&#$*<#%,(F! :5#(!@>*?47%>J!C>4+#$<(!<54!H*<<4>D!
$5*>0#,0! C*<<4>,(! *,+! /(4(! <5*<! #,@%>?*<#%,! @%>! C%74>!
?*,*04?4,<F!6%74E4>-!#<(!0%*&!#(!,%<!<%!C>4(4>E4!<54!b%9!%@!
<54?-! %,! <54! $%,<>*>D-! #<! ?*;#?#c4(! <54! H*<<4>D! &#@4<#?4! HD!
(*$>#@#$#,0!<54!b%9!%@!<54?!H*(4+!%,!<54!C>4+#$<#%,F!

67*,0! 4<! *&F! dISe! +4(#0,4+! *! 5*>+7*>4=(/CC%><4+! C%74>!
?*,*04?4,<! /,#<! NMX[OF! :54! 5*>+7*>4=*((#(<4+! MX[! $*,!
4@@#$#4,<&D! $%&&4$<! <54! #,@%>?*<#%,! %@! KmY! /(*04! C*<<4>,(! %@!
*CC&#$*<#%,(F! )*(4+! %,! <54! $%&&4$<4+! #,@%>?*<#%,-! <54! MX[!
$*>>#4(!%/<!C>4+#$<#E4!C%74>!?*,*04?4,<F!25#&4!<54!C>%C%(4+!
*CC>%*$5! C>%*$<#E4&D!>4*$<(! <%! <54! 7%>J&%*+! $5*>*$<4>#(<#$(-!
(/$5! #,@%>?*<#%,! #(! %,&D! /(4+! @%>! #?C>%E4?4,<! %@! 4,4>0D!
4@@#$#4,$D-!,%<!@%>!<54>?*&!?*,*04?4,<F!

9>#,#E*(*,!4<! *&F!dIAe!C>%C%(4+!*!C>4+#$<#E4!B:X! ($54?4-!
75#$5! 7*(! +4(#0,4+! @%>! (/CC%><#,0! ?/&<#?4+#*! *CC&#$*<#%,(F!
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