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Ke v in  S k a d r o n , M ir c e a  S ta n

W e i H u a n g , S iv a k u m a r  V e lu s a m y
Ka r th ik  S a n k a r a n a r a y a n a n , D a v id  T a r ja n

L A V A  a n d  H P L P  L a b s
U n iv e r s ity  o f V ir g in ia

T e m p e r a tu r e -A w a r e  M ic r o a r c h ite c tu r e

Pre s e n te d  a t  IS C A -3 0 , J u n e  2 0 0 3
©  2 0 0 3 , A C M

P a g e  2S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

T a lk  O u tlin e

� W h y  is  “te m p e ra tu re -a w a re ” d e s ig n  a  to p ic  o f s p e c ific  
in te re s t, a n d  w h a t d o e s  a rc h ite c tu re  h a v e  to  d o  w ith  it?

� T e m p e ra tu re -a w a re  a rc h ite c tu re  re q u ire s  a n  
a rc h ite c tu ra l m o d e l o f te m p e ra tu re
� D y n a m ic  c o m p a c t m o d e l: e q u iv a le n t c irc u it b a s e d  o n  

th e rm a l R  a n d  C

� H o tS p o t is  n o w  p u b lic ly  a v a ila b le  o n  th e  w e b

� A rc h ite c tu re  te c h n iq u e s  fo r ru n tim e  th e rm a l c o n tro l
(d y n a m ic  th e rm a l m a n a g e m e n t, D T M )
� L o c a liz e d  re s p o n s e  c a n  o u tp e rfo rm  D V S

� W h e re  d o  w e  g o  fro m  h e re ?
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P a g e  3S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Me tr ic s
� Po w e r c o n s u m p tio n : firs t-o rd e r d e s ig n  c o n s tra in t

� a v e ra g e  a c tiv e p o w e r a n d  id le  p o w e r lim it b a tte ry  life , e tc .

� p e a k  p o w e r lim its  p o w e r d e liv e ry  (d I/d t), d e g ra d e s  b a tte ry

� n o t w e ll c o rre la te d  w ith  te m p e ra tu re

� n o t th e  s a m e  a s  th e rm a l d e s ig n  p o w e r

� s u s ta in e d  p o w e r d e n s ity lim its  th e rm a l d e s ig n /p a c k a g in g  

� a p p ro x . s a m e  a s  th e rm a l d e s ig n  p o w e r

� C o m m o n  fa lla c y : in s ta n ta n e o u s , a v e ra g e  p o w e r ≠≠≠≠ te m p e ra tu re

� Po w e r-d e n s ity is  in c re a s in g  e x p o n e n tia lly
� p o w e r d e n s ity  m a tte rs  b e c a u s e  th is  is  p ro p o rtio n a l to  th e  ra te  o f 

h e a tin g  p e r u n it a re a

� h e a tin g  -- a n d  th e re fo re  c o o lin g  c o s ts  -- a re  ris in g  e x p o n e n tia lly

� c u rre n tly  $ 2 -3  / W

� N e e d  te m p e ra tu re -a w a re  d e s ig n !
� O p tim iz in g  p o w e r is  d iffe re n t th a n  te m p e ra tu re

P a g e  4S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

� B o ilin g  w a te r w ill c o m e  s o o n

“ C o o k in g -A w a r e ”  C o m p u tin g ?
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Th e r m a l P a c k a g in g  is  E x p e n s iv e

� P4  p a c k a g in g

S o u rc e : In te l w e b  s ite

P a g e  6S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

A v e r a g e  v s . W o r s t C a s e  P o w e r  �� �� D TM

� A v e ra g e  c a s e te m p e ra tu re  c a n  o fte n  b e  
m u c h  lo w e r th a n  w o rs t-c a s e
� A g g re s s iv e  c lo c k  g a tin g
� A p p lic a tio n  v a ria tio n s
� U n d e ru tiliz e d  re s o u rc e s , e .g .,

– L o w  IL P
– F lo a tin g  p o in t u n its  d u rin g  in te g e r c o d e  

e x e c u tio n

� C u rre n tly  a b o u t a  3 0 -4 0 %  d iffe re n c e
� L ik e ly  to  fu rth e r d iv e rg e …
� T a rg e t w o rs t ty p ic a l p o w e r d is s ip a tio n

0
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0

1 0 0

A lp h a  2 1 2 6 4 In te l P P r o

M a x
A v g

G u n th e r e t a l, IT J  2 0 0 1
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P a g e  7S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Dy n a m ic  T h e r m a l M a n a g e m e n t (DT M )
(B r o o k s  a n d  M a r to n o s i, H P C A  2 0 0 1 )

Tim e

T
em

pe
ra

tu
re

D TM  D is a b le d D TM /R e s p o n s e  E n g a g e d

D e s ig n e d  fo r  C o o lin g  C a p a c ity  w /o u t D TM

D TM  Trig g e r
L e v e l

D e s ig n e d  f o r  C o o lin g
C a p a c ity  w / D TM

S y s te m
C o s t S a v in g s

S o u rc e : D a v id  B ro o k s  2 0 0 2

P a g e  8S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

T im e -V a r y in g  B e h a v io r  -- E x a m p le
(fr o m  H o tS p o t)

m e s a
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Wh a t C a n  A r c h ite c ts  D o  A b o u t T h is ?

� A rc h ite c tu ra l b lo c k s  a re  a  v e ry  n a tu ra l g ra n u la rity  fo r 
th e rm a l m a n a g e m e n t
� U s e  a rc h ite c tu ra l re s p o n s e s  to  lo w e r p o w e r d e n s ity
� H e a tin g  is  lo c a liz e d --d e te c t a n d  re s p o n d  to  h o t s p o ts
� H e a tin g  w ith in  a  b lo c k  is  q u a s i-u n ifo rm
� H e a tin g  is  c o rre la te d  w ith  p ro g ra m  b e h a v io r
� A rc h ite c ts  k n o w  h o w  to  m a n a g e  th is !

� T h e  O S  th e n  p ro v id e s  k n o w le d g e  o f p e r-ta s k  th e rm a l 
b e h a v io r a n d  p e rfo rm a n c e  re q u ire m e n ts
� T a s k  s c h e d u lin g  p ro v id e s  a  g re a t d e a l o f fle x ib ility
� O S  a n d  a rc h ite c tu re  c a n  c o o p e ra te
� A rc h ite c ts  k n o w  h o w  to  m a n a g e  th is  to o !

B u t h o w  d o  w e  m o d e l h e a t in  a  p ra c tic a l w a y ?

P a g e  1 0S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

T a lk  O u tlin e

� W h y  is  “te m p e ra tu re -a w a re ” d e s ig n  a  to p ic  o f s p e c ific  
in te re s t, a n d  w h a t d o e s  a rc h ite c tu re  h a v e  to  d o  w ith  it?

� T e m p e ra tu re -a w a re  a rc h ite c tu re  re q u ire s  a n  
a rc h ite c tu ra l m o d e l o f te m p e ra tu re
� E q u iv a le n t c irc u it b a s e d  o n  th e rm a l R  a n d  C

� H o tS p o t is  n o w  p u b lic ly  a v a ila b le  o n  th e  w e b

� A rc h ite c tu re  te c h n iq u e s  fo r ru n tim e  th e rm a l c o n tro l
� L o c a liz e d  re s p o n s e  c a n  o u tp e rfo rm  D V S

� W h e re  d o  w e  g o  fro m  h e re ?
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P a g e  1 1S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Th e r m a l M o d e lin g  - H o t S p o ts

� D e a l w ith  “h o t s p o ts ”
� L o c a liz e d  h e a tin g  o c c u rs  m u c h

fa s te r th a n  c h ip -w id e

– m illis e c . tim e  s c a le s

� C h ip -w id e  tre a tm e n t is  
in a c c u ra te

– n e g le c ts  h o t s p o ts

� Po w e r m e tric s  a re  a n  
u n a c c e p ta b le  p ro x y

� T e m p e ra tu re  is  s e n s itiv e  to  
c h ip  la y o u t (flo o rp la n )

� T e m p e ra tu re  is  s e n s itiv e  to  
d e ta ils  o f th e rm a l p a c k a g e

Im a g e  p ro d u c e d  u s in g  F lo w o rk s

P a g e  1 2S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Th e r m a l M o d e lin g

� W a n t a  fin e -g ra in e d , d y n a m ic  m o d e l o f te m p e ra tu re
� A  m o d e l th a t m ic ro a rc h ite c ts a n d  s y s te m  a rc h ite c ts  c a n  u s e

� A t a  g ra n u la rity  th a t th e y  c a n  re a s o n  a b o u t

� T h a t a c c o u n ts  fo r a d ja c e n c y  a n d  p a c k a g e

� T h a t is  fa s t e n o u g h  fo r p ra c tic a l u s e

� A v e ra g in g  p o w e r d is s ip a tio n  is  n o t a c c u ra te
� C h ip -w id e  a v e ra g e  w o n ’t c a p tu re  h o t s p o ts

� L o c a liz e d  a v e ra g e  w o n ’t c a p tu re  la te ra l c o u p lin g

� D o e s  n o t a c c o u n t fo r b lo c k  a re a s  (ie , p o w e r d e n s ity )

� H o tS p o t - a  n e w  m o d e l fo r lo c a liz e d  te m p e ra tu re
� C o m p u ta tio n a lly  e ffic ie n t fo r u s e  in  p o w e r/p e rfo rm a n c e  

s im u la to rs

� V a lid a te d  a g a in s t F E M  m o d e ls  (p h y s ic a l v a lid a tio n  
c o m in g  s o o n )

� Pu b lic ly  a v a ila b le
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P a g e  1 3S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Sim p lis tic  D y n a m ic  C o m p a c t T h e r m a l M o d e l
E le c tric a l-th e rm a l d u a lity

V  ≅ te m p  (T )
I  ≅ p o w e r (P)
R  ≅ th e rm a l re s is ta n c e  (R th )
C  ≅ th e rm a l c a p a c ita n c e  (C th )

R C  ≅ tim e  c o n s ta n t

K C L :
d iffe re n tia l e q . I =  C  · d V /d t +  V /R
d iffe re n c e e q . ∆V  =  I/C  · ∆t +  V /R C  · ∆t
th e rm a l d o m a in ∆T  =  P/C  · ∆t +  T /R C  · ∆t
(T  =  T _ h o t – T _ a m b )

O n e  c a n  c o m p u te  s te p w is e  c h a n g e s  in  te m p e ra tu re  fo r a n y  
g ra n u la rity  a t w h ic h  o n e  c a n  g e t P, R , C

T h is  is  th e  m o d e l 
u s e d  b y  T E M PE S T  
(In te l -- PA C S ’0 0 ,
D h o d a p k a r e t a l.) --
it o n ly  m o d e ls
c h ip -w id e  
te m p e ra tu re

P a g e  1 4S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

O u r  M o d e l (L a te r a l)
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P a g e  1 5S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Ou r  M o d e l (L a te r a l a n d  V e r tic a l)

P a g e  1 6S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

H o tS p o t
� In te g ra te  H o tS p o t in to  a  p o w e r/p e rfo rm a n c e  s im u la to r

� T im e  e v o lu tio n  o f te m p e ra tu re  is  d riv e n  b y  u n it a c tiv itie s  a n d  
p o w e r d is s ip a tio n s  a v e ra g e d  o v e r 1 0 K  c y c le s

� Po w e r d is s ip a tio n s  c a n  c o m e  fro m  a n y  p o w e r s im u la to r, a c t 
a s  “c u rre n t s o u rc e s ” in  R C  c irc u it

� S im u la tio n  o v e rh e a d  in  W a ttc h :  <  1 %

� R e q u ire s  m o d e ls  o f
� F lo o rp la n : im p o rta n t fo r a d ja c e n c y

– U n d e rs ta n d in g  o f g ra n u la rity  v s . a c c u ra c y

� Pa c k a g e : im p o rta n t fo r s p re a d in g  a n d  tim e  c o n s ta n ts

– C o m b in a tio n  o f m o d e lin g , p u b lis h e d  n u m b e rs , a n d  
“c u s to m ” n u m b e rs  (to  o b ta in  in te re s tin g  b e h a v io r)

� E v e n tu a lly  n e e d  a  m o d e l fo r th e  e n tire  s y s te m  “b o x ”
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Flo o r p la n W e  U s e : A lp h a  2 1 3 6 4

P a g e  1 8S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Flo o r p la n – E V 7  c o r e
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P a g e  19S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Ta lk  O u tlin e

� W h y  is  “te m p e ra tu re -a w a re ” d e s ig n  a  to p ic  o f s p e c ific  
in te re s t, a n d  w h a t d o e s  a rc h ite c tu re  h a v e  to  d o  w ith  it?

� T e m p e ra tu re -a w a re  a rc h ite c tu re  re q u ire s  a n  
a rc h ite c tu ra l m o d e l o f te m p e ra tu re
� E q u iv a le n t c irc u it b a s e d  o n  th e rm a l R  a n d  C

� H o tS p o t is  n o w  p u b lic ly  a v a ila b le  o n  th e  w e b

� A rc h ite c tu re  te c h n iq u e s  fo r ru n tim e  th e rm a l c o n tro l
� L o c a liz e d  re s p o n s e  c a n  o u tp e rfo rm  D V S

� W h e re  d o  w e  g o  fro m  h e re ?

P a g e  2 0S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

D y n a m ic  Th e r m a l M a n a g e m e n t (D TM )

Tim e

T
em

pe
ra

tu
re

D TM  D is a b le d D TM /R e s p o n s e  E n g a g e d

D e s ig n e d  fo r  C o o lin g  C a p a c ity  w /o u t D TM

D TM  Trig g e r
L e v e l

D e s ig n e d  f o r  C o o lin g
C a p a c ity  w / D TM

S y s te m
C o s t S a v in g s

S o u rc e : D a v id  B ro o k s  2 0 0 2
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P a g e  2 1S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Pre v io u s ly  Pu b lis h e d  D T M  T e c h n iq u e s

� D V S

� C lo c k  g a tin g  (Pe n tiu m  4 , G u n th e r e t a l. 2 0 0 1 )

� F e tc h  g a tin g  o r “to g g lin g ” (B ro o k s  a n d  M a rto n o s i 2 0 0 1 )
� F e e d b a c k -c o n tro lle d  fe tc h  g a tin g  (S k a d ro n  e t a l. 2 0 0 2 )

� F e tc h /d e c o d e  th ro ttlin g  (M o to ro la  G 3 , S a n c h e z  1 9 9 7 )

� S p e c u la tio n  c o n tro l (M a n n e e t a l. 1 9 9 8 )

� D u a l p ip e lin e  (L im  e t a l. 2 0 0 2 )

� L o w -p o w e r c a c h e s  (H u a n g  e t a l. 2 0 0 0 )
� D E E T M  fra m e w o rk  u s e d  a  h ie ra rc h y  o f re s p o n s e

P a g e  2 2S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

D T M  T e c h n iq u e s  – C o m p a r is o n

� D V S   (fe e d b a c k -c o n tro lle d ) PI-D V S

� C o n s id e r b o th  1 0  � s  s ta ll a n d PI-D V S -i
1 0  � s  d e la y  w ith  n o  s ta ll

� C lo c k  g a tin g  (fe e d b a c k -c o n tro lle d ) PI-G C G

� L o c a l to g g lin g  (fe e d b a c k -c o n tro lle d ) PI-L T O G
� D o m a in s : fe tc h , in te g e r, F P, a n d  ld -s t

� M ig ra tin g  c o m p u ta tio n M C
� S p a re  in te g e r re g is te r file

– o n e  e x tra  c y c le  fo r re g is te r-file  a c c e s s

� PI-L T O G  a s  fa llb a c k

� “T e m p e ra tu re -T ra c k in g ” fre q u e n c y  s c a lin g T T -D F S
� S c a le  fre q u e n c y  lin e a rly  w ith  te m p e ra tu re

– 1 8 %  v a ria tio n  o v e r th e  ra n g e  0 -1 0 0 ° (G a rre tt &  S ta n )

– N o  v o lta g e  s c a lin g
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P a g e  2 3S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Fe e d b a c k  C o n tr o l o f D T M

� F o rm a l fe e d b a c k  c o n tro l

PID :  u [k ] =  u [k -1 ] +  K c �e [k -1 ]

� e a s y  to  c o m p u te

� to g g lin g  =  f(m )

C o n tro lle r A c tu a to r:
A d ju s t D T M

T h e rm a l
d y n a m ic s

T e m p . s e n s o r

e ms e tp o in t P T

m e a s u re d  T

P a g e  2 4S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

B e n e fits  o f Fo r m a l Fe e d b a c k  C o n tr o l

� Id e a l fo r re g u la to ry  p ro b le m s  a n d  a u to n o m ic  c o n tro l

� R e g u la to ry : h o ld  v a lu e  to  a  s p e c ifie d  s e tp o in t
� E x a m p le : te m p e ra tu re

� Pro v e d  th a t PI c o n tro lle r w ill n o t a llo w  te m p e ra tu re  to  e x c e e d  
s e tp o in t b y  m o re  th a n  0 .2 °

– M a x  p o w e r d is s ip a tio n , th e rm a l d y n a m ic s ,
s a m p lin g  ra te  � m a x  o v e rs h o o t

� D e c a d e s  o f th e o ry  to  g u id e  th is ; s ta p le  o f E E
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Pa g e  1 3

P a g e  2 5S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Mig r a tin g  C o m p u ta tio n

P a g e  2 6S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

S im u la tio n  D e ta ils

� 9  S PE C 2 0 0 0  b e n c h m a rk s , b o th  in te g e r a n d  F P
� 4  h o v e r n e a r 8 1 .8 ° C , re s t a re  a b o v e

� S im p le S c a la r/W a ttc h , m o d ifie d  to  m o d e l p ip e lin e  a n d  
p o w e r o f a n  A lp h a  2 1 3 6 4  a s  c lo s e ly  a s  p o s s ib le

� S c a le d  to  1 3 0 n m , 1 .3 V , 3 .0  G H z

� D ie  th ic k n e s s : 0 .5 m m

� A m b ie n t te m p e ra tu re  (in s id e  c o m p u te r c a s e ): 4 5 ° C

� R c o n v e c tio n =  0 .8  K /W
� 0 .7  K /W  n e c e s s a ry  if D T M  n o t a v a ila b le

� M a x  a llo w e d  te m p e ra tu re : 8 5 ° C

� S e n s o r im p re c is io n : 2 ° C  fix e d  o ffs e t, 1 ° C  n o is e

� T rig g e r te m p e ra tu re /s e tp o in t: 8 1 .8 ° C
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P a g e  2 7S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

DT M  P e r fo r m a n c e  C o m p a r is o n

� T T -D F S  is  b y  fa r s u p e rio r w h e n  tim in g  is  th e  o n ly  c o n c e rn
� M C  is  s lig h tly  b e tte r th a n  L T O G
� A ll th re e  s c h e m e s  o u tp e rfo rm  n o n -id e a l D V S
� A  h ie ra rc h y  m a k e s  s e n s e : e g , T T -D F S  � M C  � G C G
� F o r a rc h . s im u la tio n , in itia l h e a t-s in k  te m p . m a tte rs
� R e s u lts  v e ry  s e n s itiv e  to  w o rs t-c a s e  a s s u m p tio n s
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Im p a c t o f S e n s o r  N o is e

� S p u rio u s  D T M  re s p o n s e s  a re  th e  m o s t c o s tly
� T h is  e s p e c ia lly  h u rts  n o n -id e a l D V S  d u e  to  s ta ll 

a s s o c ia te d  w ith  c h a n g in g  th e  s e ttin g

1 .0 0

1 .0 2

1 .0 4

1 .0 6

1 .0 8

1 .1 0

T T -D F S PI-D V S PI-G C G PI- L T O G M C

S
lo

w
d

o
w

n

N o is e

T h re s h o ld



15

Pa g e  1 5

P a g e  2 9S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

Ta lk  O u tlin e

� W h y  is  “te m p e ra tu re -a w a re ” d e s ig n  a  to p ic  o f s p e c ific  
in te re s t, a n d  w h a t d o e s  a rc h ite c tu re  h a v e  to  d o  w ith  it?

� T e m p e ra tu re -a w a re  a rc h ite c tu re  re q u ire s  a n  
a rc h ite c tu ra l m o d e l o f te m p e ra tu re
� E q u iv a le n t c irc u it b a s e d  o n  th e rm a l R  a n d  C

� H o tS p o t is  n o w  p u b lic ly  a v a ila b le  o n  th e  w e b

� A rc h ite c tu re  te c h n iq u e s  fo r ru n tim e  th e rm a l c o n tro l
� L o c a liz e d  re s p o n s e  c a n  o u tp e rfo rm  D V S

� W h e re  d o  w e  g o  fro m  h e re ?

P a g e  3 0S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

A  F e w  Im p o r ta n t R e s e a r c h  P r o b le m s

� U n d e rs ta n d  tra d e o ff b e tw e e n  p e rfo rm a n c e  c o s t a n d  
p a c k a g in g  c o s t

� F ig u re s  o f m e rit, e s p . in d e p e n d e n t o f D T M

� C h a ra c te riz e  th e rm a l p ro p e rtie s  o f d iffe re n t p ro g ra m s
� D iffe re n t a p p lic a tio n  c la s s e s

� T h e rm a l in te ra c tio n  o f d iffe re n t ta s k s  (in itia l te m p e ra tu re  
e ffe c ts )

� U n d e rs ta n d  h o w  to  b a la n c e  D T M  a g a in s t re a l-tim e  a n d  
o th e r w o rk lo a d  re q u ire m e n ts

� C irc u it - a rc h ite c tu re  - O S  in te ra c tio n s  &  c o o p e ra tio n

� U n d e rs ta n d  th e rm a l – e n e rg y  tra d e o ffs
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Sy s te m -L e v e l Is s u e s

� T e m p e ra tu re -a w a re  c irc u its  (m o d ify  th re s h o ld , e tc .) u n d e r 
m ic ro -a rc h ite c tu ra l c o n tro l

� m ic ro a rc h ite c tu re  �

� T e m p e ra tu re -a w a re  O S  
� U s e  c u rre n t o p e ra tin g  te m p e ra tu re  to  g u id e  s c h e d u lin g

� M ix  tim e  s lic e s  b e tw e e n  h o t a n d  c o ld  a p p lic a tio n s  (e g , R o h o u
a n d  S m ith  1 9 9 9 )

� S c h e d u le  to  b a la n c e  th e rm a l s tre s s  a c ro s s  c h ip , s y s te m

� S a tis fy  re a l-tim e  o r q u a lity -o f-s e rv ic e  re q u ire m e n ts

� M a tc h  D T M  to  ta s k  p rio ritie s

� U s e  s y s te m -le v e l k n o w le d g e  to  g u id e  m ic ro a rc h ite c tu re
re s p o n s e
� E a rly  b u t g e n tle r D T M  a c tiv a tio n

� In te g ra te  e n e rg y , th e rm a l re s p o n s e s

� m a n y  m o re …

P a g e  3 2S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

T h e r m a l M o d e lin g : W h a t N e x t?

� F u rth e r v a lid a tio n
� D ire c t p h y s ic a l m e a s u re m e n ts  fro m  a  re a l p ro c e s s o r &  

w o rk lo a d  w o u ld  b e  id e a l
� In  th e  m e a n tim e , fu rth e r F E M  a n d  p h y s ic a l m e a s u re m e n ts  

u s in g  te s t c h ip s

� M o re  s o p h is tic a te d  m o d e lin g  o f v a rio u s  p a c k a g in g  o p tio n s  
a n d  th e  e ffe c t o f h e a t e ls e w h e re  in  th e  c o m p u te r c a s e

� M o re  a c c u ra te  m o d e lin g  o f in te rc o n n e c t &  c lo c k
� M o re  s o p h is tic a te d  m o d e lin g  o f s e n s o r b e h a v io r
� N e e d  to  e x te n d  th e  p ro c e s s o r th e rm a l m o d e l

� C M P, S M T , o th e r c o m p o n e n ts  in  s y s te m ...
� L o ts  o f o th e r s tu ff!

� N e e d  w a y s  to  a u to m a tic a lly  m o d e l flo o rp la n
� D e v e lo p  m o re  a c c u ra te  p o w e r p ro je c tio n s  fo r fu tu re  

te c h n o lo g y  n o d e s
� B e n c h m a rk in g  m e th o d o lo g y  (c u rre n tly  a d -h o c )
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Su m m a r y

� A rc h ite c ts  c a n  h e lp  c o n tro l th e rm a l e ffe c ts

� N e e d  p ro p e r to o ls
� S im p le  e s tim a tio n  te c h n iq u e s  a re  d a n g e ro u s

� L u m p e d  R C  m o d e l is  a  c o m p u ta tio n a lly  e ffic ie n t a n d  
a c c u ra te  s o lu tio n

� F lo o rp la n (th e rm a l d iffu s io n ), p a c k a g e , a n d  s e n s o r e ffe c ts  
m u s t b e  in c lu d e d

� H o tS p o t is  p u b lic ly  a v a ila b le  a n d  u s e fu l fo r s y s te m -le v e l 
s tu d ie s  a s  w e ll a s  m ic ro -a rc h ite c tu ra l a n d  e v e n  c irc u its

� D T M  c a n  p ro v id e  ru n tim e  c o o lin g  a n d  lo w e r 
m a n u fa c tu rin g  c o s ts  w ith  lo w  p e rfo rm a n c e  o v e rh e a d
� L o c a liz e d  m ic ro a rc h ite c tu ra l te c h n iq u e s  a re  p ro m is in g

� W id e  o p e n  a re a , lo ts  o f lo w -h a n g in g  fru it!

P a g e  3 4S k a d ro n  e t a l., IS C A -3 0 , ©  2 0 0 3 , A C M

U ltim a te  G o a l

In te g ra te d , w o rk lo a d -a w a re , a u to n o m ic c o n tro l o f 
p e rfo rm a n c e , te m p e ra tu re , a n d  e n e rg y

D o w n lo a d :

h ttp ://la v a .c s .v irg in ia .e d u /H o tS p o t

(a ls o  te c h  re p o rt w ith  e x te n d e d  re s u lts )


