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T=W.1/f, E~C.W.V*.

w (cycles), f ,C vV 2 c w f

(DVS) , Vv f ). /

L. IfEE 1
, ( /0 ),
bl d’
SPEC95 , 23%~75%7). .
/ CPU
1.2
) EU(execution unit)
EU , .
, 1 (data dependency graph, DDQG),
DDG?3, Vi ¢ DDG ,
EU 5 &45 :TA:{Va}’TB:{vb}’TC:{Vovdave},TD:{V/'}a
TE={v,} 2 . TA TC ) ,
, , 172 1/9 , 1.1
75%  21%, . EU s
EU EU, ( TC EU).
, , 2.3
G (o) T [= 1
| | R
@ 0 30 64 64 84 9498 118 Time
Fig.1 An example by using DDG with cost Fig.2 Thread execution schedule
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2
21
2.1.1
G,G Vi
G Tk P K [2]
Vstart Vend G , Vstart
> Vend
Vi hi
h=c/Amax h;, {j|C~=1}.
C G hena=0,
Vi Vend (cycles)
Vi S; G P
Vi fi > Vi
F=sitc;.
Vi T Vi
r=max f;, {j|C;=1}.
, G Vi ri<s;.
Tx Sk P
Tk Fg
Jx=Skto+2e;, {ilvieTk}.
Vi PT(v)
PT(v)={T|TxeP,(I)(v;eTx,C;=1)}.
.G v, P Tx AW, Tx) Tx Vi
AW, Ty)= [ ZC,,.]/[ Zcﬁ} .
v el v, eG
> Vi Ty, A@uTp=1; > Vi
A(v;, Tx)=0.
Vi Tx Tx v
Ty , d(vi,Tx)
Fe—r, it PT(v,)=={T, }
d (v, Ty ) = : .
{max(”i’sk)"'(FK _SK)_’? if PT(VI')!: {TK}
> P(v;,Tk) Vi Tk :
Py, T)=D*d(v; Ty +L*(1=A(v; Tx).
D L ,D v; L Vi
Vi
Tk
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2.1.2
0 n EU P R 0
0={01,02,..,04},
Qi:<7‘ilaT‘i27'-'-7T}m>a izl,-'wn-
0 n > O i EU m( Oim
)
T} ,
Min(S;+1,Min(Sg))—F;>0,  {glg=i,(IviFvi)(vie Ty vi€ Ton Cy=1) )
T; TFy T;
TF=(F;=S;—0)/(Min(S;+1,Min(Sg))—S;~95).
{glg#i,(Fvidv)(vie Ty, vi€ Tg Cu=1) ).
Edecrease Enormal Tsz
TP;7=(Edecrease! Enorma) < 100%=(1 —TFI;,-Z)X 100%.
2.1.3
G, Ci 0, P Schedule:(1)
Vend 5(2) 5
2.2
G EU P 3
PowerAwarePartition(G)  while , F vil 7 ), P
PowerAwarePartition(G) ? Vi P
1. Add vgyiand vepg to G ( 8 9 )
2. Calculate A; for every node v;in G
3. PO ’
4. E<Q F ( 10
5. Fe{vaan}
6. while FI=@ { ) EC 11 ).
7. vi«Highest node in F/ F
8. Tk« FittestThread(P,E,v;)
9. InsertIntoThread(v;,Tk)
10. UpdateReadyList(F,v;) s
11. UpdateEventList(E,Tk) ’
12. W} F
13. LowPowerSch(G,E) //[power-aware ’
14. end
Fig.3 Thread partition algorithm with low power optimization E
3 R FittestThread
LowPowerSch s DDG E s
, ¢ 13 ).
G Vstart G 5 6 ~
11 G , .7 vi, 8
FittestThread Vi , 9 InsertIntoThread V;
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, 1~ 12 s 13
1 >
9 b 2 b 9 b b
, ;3
2.2.1 FittestThread
FittestThread(P,E,v;) ( 4 ) [2,3] EarlistThread
> Vi 5 Vi
FittestThread(P,E,v;)
. ) 1. compute r;
FittestThread(P,E,v;) TestGap 2 if TestGap(P.E.rortertd)
V; ri 3. then return Thew
4. P,
( 2 ),TestGap True False 5 for?:(; PTO) {
s True, 6. do p<P(v;Ti) {
7. if p<P,
Vi C 5 ) EU %, 8. then {S'<—max(r;,Sk)
EU FS+Fi-Si+e;}
9. if TestGap(P,E,S' ,F'+0)
TLP . 10. then {m«k
; \ \ 11. Py p}}}
FittestThiead,8v.) Vi 12. f< EarliestFinishEvent(E.r)
PT(v;) P,.( 4 ~ 11 13. while((Fy—r;)D<P,, and f<n) {
14. if (P(v;,Ty)<P, and TestGap(P,E,Fy,Fi+c;))
)- Vi 15. then return 7,
, v; r; 16. if TestGap(P,E,F;,Fy+ci+0)
17. then return Ty
,( 12 ), 13 ~ 18 while 18. fefrl}
19. return 7,
v Fig.4 Algorithm for searching the best thread
i 4
2.2.2  TestGap
TestGap(P,E,s.f) R [s;5/] EU
, s , , s , 4 1;
, 1. [s] ; EU
False.
I : N-1 W~ EU ),
True. [2] TestGap  InsertIntoThread
2.3
5 ,LowPowerSch 1 EU
EU LowPowerFactor
) EU >
Schedule[n] EU
s 5 ThreadNumber SK FK
LowPowerFactor EU NextThread. Thnumber(E(evt))
evt .0 (runtime) Schedule[n]
5 5 ~ 9 EU , 0 >
b 1 b
52, EU EU
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R (turn off) ,
LowPowerSch(G,E)
1. begin
2. setall of a[n] idle
3. Forall evt in event list E{
4 if Type(evt)==S{
5. for i=0 to n—1
6 search the first i which a[i] is idle
7 add one item on the tail of Schedle[i]
8

. SK<«time(E(evt))
9. ThreadNumber<Thnumber(E(evt))
10. set a[i] busy}
11.  if Type(evt)==F {
12. search the item in Schedule|[i]
13. FK<«time(E(evt))
14. set the a[i] idle}}

15. Forall Tk in Schedule[] {
16.  SE«NextThread—>SK
17.  Forall v; in Tx

18. if ((C;==1 and v; not in Tk)
and (vje T, and S, <SE))
19. SE<S,
20.  TF<«(FK-SK)/(SE-SK-3)}
21. end
Fig.5 Algorithm computing thread schedule and the execution frequency factor for low power
3}
3
multiprocessor s ,SMT R
, Intel IXP1200 s SoC
1 StrongARM 6 micro-engine, micro-engine 4
StrongARM XScale
, ( ) . TLP ,
Delaware
.Guang R. Gao EARTH (2351,
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Abstract: A theoretic model and method is proposed to decrease power consumption effectively by reducing
execution frequency on multithreaded architecture in this paper. At first, the computation model is studied to
recognize the thread which can be executed at lower frequency, and the factor is computed to slow down the
frequency. Then, an algorithm and policy of compiler optimization combining with thread partition for low power is
given based on the analysis of application program. This model and method can be used to exploit TLP (thread level
parallelism) and decrease the power consumption effectively for the multithreaded multiprocessor architecture with
scalable execution frequency.
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