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Abstract  In Sinultaneous M ultithreading ( SMT) processors co-scheduled threals share the pocessor s re
sources but at the san e tin e canpete br than. A threadm issing in 1.2 cache may occupym ost of available resources for
a bng tine causing other threads run slower than they could or even stall because of lack of resources As aresuly the o
verall perfomance of MT processors is degraded In this paper we popose a novel fetch policy called M FP (M ultiple
Fetch Priorites) to prevent he negative effects caused by L2 cachem isses Results show thatour policy outperfom s previ
ously proposed fetch polices br all types ofwoikloads especially Hrmemory bounded woik bads whether usng IPC as a
melirt orusing the hamonicmean as ametr: Resulis also tell that our policy shows different degrees of i p ovem ent over

other fetch polices The ncran ent over PDG is greatest eaching 19 2o in IPC and 27 %% nHmean on average

sinu ltaneous mu ltithreading cache misg fetch poliy fetch proriy resource albeaton

Keywords
MT , )
1
[1-3] 7
MT . L2 cache load
(ROB Reorer Buffer) . , :
MT . , cache s STALL'™Y;
MT L2 cache s
1 2005-04-26 : 2005-12-18
(No 60376018); 863 (N o, 2002AA 110020)



791

FIUSH'Y.
L2 cache ,

L2 cache
cache

MFP(M ultiple Fetch Priorities),
MFP
cache
cache
, MFP
) cache
cache
cache
, MFP
cache

L2 cache s

ICOUNT Tullsen [2] ,

, COUNT L2 cache

L2 cache
. ( cbgging)
ICOUNT
ICOUNT
L2 cache

(m onopolzation).

STALL
. STALL
L2 cache ,

(pending)
L2

? . ?

cache )
L2 cache s

STALL , (
STALL

FIUSH
L2 cache )

DG (D ata G ating)"” L1 data cache
, L1 data cache

, L1 data cache L2

cache s

STALL , DG

”

PDG( Predictive DataG ating)'™

cache , cache

, STALL L2 cache
cache e, PDG
. , PDG

, STALL PDG

L2 cache
DW am
, DW am

DWW B.ITIL 7
MFP
cache
L1 data cache L2 cache
L2 cache

L2

cache ; ,

M FP 12 cache

3.1
MFP cache
: Level 1,

, Level3

. MFP
Level2  Level3 Level 1
s ,  Level 1
L1 data cache s
Level 2 s L1 data cache
12 cache s s
Level 3

ICOUNT |

bii]

L1 data cache
RBEKL2
cache 3

B1 DBREZMESR

M FP



792 2006
(1) cache , o= PL_, r (1)
MFP cache s " PL,+PL,,
cache 5 1
(2) cache s 3,
. s cache 9 1 >
, cache , s cache
(3) L1 data cache L2 cache ’ ’
, , L1 data ’
cache L2 cache 3.3
cache s
MFP 1 L1 data cache (LM -Counter) 1
L2 cache (LM -Counter). L1
ICOUNT2 &2 ’ data cache , LIM-Counter 1, L1 data
3 ' cache LM Counter L L1 data
8 ' cache L2 cache , L2M-Counter 1
| 2 h L2 cache L2M-Counter 1
, cache
12 cache L2M <C oun ter s
’ o Level3 LIM Counter R
(R A llocatin) ’ Level 2 LIM-Counter L2V -Counter ,
esource :lca bn , Level
cache ,
5 .3
cache ’ R R load / store .2
3.2 ’
, MFP '
(SRA, Statc Resource A llocaton) (DRA, ' |
Dynam ic Resource A llocatin). 7
s Level2  Level 3 .
s TN, T
N N2 . , , MFP
, Level2 Level 3 s
i(i=Q 1) ,
M, (1 PL; L SRA,
, T
13 DRA, . DRA
SRA DRA L8 (1),
PL, PL, M, M, M, M,
] ] - - - -
1 2 16 - 21 B
1 3 - 16 - 24
2 1 16 - 21 - ’ ’
2 2 16 16 16 16
2 3 16 16 13 19
3 1 16 - 24 - 4
3 2 16 16 19 13
3 3 16 16 16 16 MTSM"? C MTSM
“= R cache , , TLB



5 793
, MTSM s s
, cache s PC [ 11]
s PC 2 s
cache
2 s cache
R 1.2 cache 002 Q
8 / 12 ; ( ILP, Instucton Level Par
LCOUNT2. 8 allelism) , cache
32 , 32 , 32  load/sbre
6 , 3 , 4 load /store 4 -MIM
384 . 3% 3 . LP
256/ 3 , MK
2k gshare
256 , 4 ,
236 . 4 MK 6 ,
L1I cache 64kB 2 s 64 !
L1D cache 64kB 2 s 64 !
12 cache SI2KR 2 . & 10 : PC
100 Hmean *'. IPC s Tullsen
[4]
3 s
, PC
mecf twolf vpr parser anmp apply arf svin Hm ean IPC (
P aspi ma eon geg gzip vortex crafty, bzip2 IPC pPC IrC
), IPC
4 s IPC Hmean
ILP | {gzip bzip2}, { ge¢ aspi, { vorex fma}, { eon crafy}
{gzip vpr}, {gec anmp}, {arl vorex}, { fna par 5
) M KX |ser}, {aspi wolf}, { crafty ant}, {bzp2 swin}, { eon
app lu} MFP 3
MEM | {mcf vpr}, { anmp, parser}, { wolf art}, {mcf svin} ’
- - - MFP s MFP
p {aspi fa eon gcc}, { gzip, vortex crafty bzip2}, DRA MEP M FP-
{fna eon gee crafly)
{fna eon parse; ammp}, { aspi gzip mcf art}, D, RA MFP MFP-3
4 MK |{ crafty bzp2, vpy pamser}, { eon, gee twolf art}, {vor ’ MFP-D MFP-S
tex aspimecf anmp}, {geg fna pamer applu}
Vg | (VP paser amp apphi). (mef art vpr wolf), 5.1 MFPD MFP-S
{wolf vypr art svim} 2 M FP-D M FP-S IPC
pp |faspi fna eon gec gaip vorex), {{ma eon geg gz, Hm ean . PC
ooy enly) : Hmean , MFPD M FP-§
{fna eon, gce vpr parses emm.p}, { aspi fna eon, A 4 DRA ’
6 M KX |wolf vpr parser}, { eon, geg gzip mef art vpr}, { as
pi ge eon vpr swin, parser cache ’
{mef wolf vpr paser anmp, applu}, { wolf vpr par cache > RA
MEM ser ammp apply art) cache , cache
ILP |{aspi fnag eon gcg gzip vorlex crafty bzip2) s . DRA
8 MK {eon gee gzip api mef wolf anmp appli}, {vor ,
tex, crafty bzip2, fna vpr parser arf swin} , 2 M KX ,
MEM [{mcf wolf vpr parser anmp, apply anf swin } MFP-D
3 s , RA DRA
SPEC2000 o wef ( 1). 5 MK



794 2006
s MFP
6 N MFP'S FLUS’I
s ILP M KX MM s PC
£ 3. 2%, 10.Po 2. % . s 8
@ [ Throughput
. & MEM , MFP-S 7.0 8
: s 1.2 cache
0 2
ILP MIX MEM Avg s .
& 2 MFP-D #X}F MFP-S ff] IPC/Hmean &7} ILP M KX MM MFP-S
> STALL IPC 1.8, 9. %  12.%.
MFP-S DW arn PC s ILP
P 53 8 46 2 0.
M X 24 8 752 ’ - 170
M EM 64 4 356 6. 0%. , 4, MFP-S
DW arn PC .
52 MFP 2 MFP  DWam M FP
5 MEFP-S VEFPD ’ L2 cache L1 data cache s
’ L1 data cache
) cache
[ESTALLE FLUSH %56 5706 SoWan] , M FP

486 658 364 352

B
=

30 ¢
25

é

)
S

15

Increment/%

|

\
10
5
0

5 —

7. ha&[gﬂi‘mﬂ

ILP MIX MEM ILP MIX MEM ILP MIX MEM ILP MIX MEM ILP MIX MEM

& 3 MFP-S#%fF STALL, FLUSH, DG, PDG ! DWarn

ff) IPC #&7t
3 MFP-S STALL, FIUSH, DG, PDG
DV am IPC s
MFP-S .
MFP-S PDG , LP MK
MM IPC 4. %, 17. %%
35. 2%. DG, ,MFP-S
IPC 3000 11.600 14. 3. DG
s L1 data cache
, PG DG
s cache R
PDG . MFP
cache
) . , PDG
DG, M FP . 3,
, , MFP PDG
DG

?

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

[msTALL® FLUSH @ DG OPDG BDWam
442 487 39.1

=

476 886

Increment/%
=)

ILP MIX MEM ILP MIX MEM ILP MIX MEM ILP MIX MEM ILP MIX MEM

&l 4 MFP-S#iXfF STALL, FLUSH, DG, PDG f! DWarn [f]

Hmean $##&7+
4 M FP-S STALL, FIUSH, DG, PDG
DWam  Hmean
, MFP-S . MFP
cache s
) cache
, MFP ,

PC Hmean

3 4 : M IX
MEM M FP-S ILP
4 , MFP
,MFP L2 cache

B

http://www.cnki.net



795

cache s . s
M FP
6
MFP, L2 cache R
(1 PC Hmean
s , MFP
,MFP .
(2) , MFP
PDG s PC Hm ean
1992%  27.P. DG, IPC
Hm ean 9. Mo 10. 3% .
(3) .
,MFP .
, MFP
IPC : LP R 3.8, MK
s 3%, MIM R 2. 3;
Hm ean 3% 6.0 2.%.

[1] D Tulken S Eggers et al Smultaneousm ultithread ng M ax-
m izing on-ch p paralklim|[ A]. Pwoceedings of the 22nd An-
nual Intematbnal Symposiun on Canputer A rwhitecure
[ C]. Santa M agherita Ligure Italy ACM Press 1995 23
(2): 392- 403

[2] DTulken S Eggers JEmer et al Exploiting choice Instuc
ton fetch and Bsue on an mp kmentable smultaneous mu b
tihreading pocessor[ A ]. Proceed ngs of the 231d Annual
Inte matbnal Symposim on C anputer A rch itecture| C]. PA,
USA: ACM Press 1996 24( 2): 191- 202

[3] S JEges J Emer HM Levy et al Smultaneous mut
tihreading a platfom for next-genematon prwocessors| J].
EEEM icry IEEE Computer Socety Press 1997 17(5): 12
- 19

[4] DTulken JBrovn Handling bng-latency bads n a smulta
neous mu ltithreaded processor| A]. Proceed ings of the 34th
Annual AOM /IEEE Intemational Syn posim onM icwarch t
tecture| C]. Texas USA: IEEE Computer Society Press
2001 318- 327

[5] A E M oumsy D A lbonesi Front-end policies for mproved &
sue effciency n SMT processors| A |. Proceed ngs of the 9th

Intematbnal Conference on H igh Perforn ance Can pute Ar
chitecture [ C]. Calibmi USA: IEEE Canputer Society
Press 2003 31- 42
[6] A YoazM Erez etal Speculation techniques for mproving
bad rehted nstucton scheduling[ A ]. Proceedings of the
26th Annual Intematbnal Syn posim on Can puter A rch itec-
ture[ C]. Georgia USA: ACM Press 1999 27(2): 42— 53
[7] F JCazorla A Ran irez et al DCacheW amm an FFetch polr
¢y to ncrease MT efficiency[ A |. Pwoceedings of the 18 h
Intematbnal Paralkl and D sirbuted Processing Symposim
[C]. Santa Fe New M exica EEEE Canputer Sockety Press
2004 74— 83
[8] F J Cazorla A Ranirez et al Dynan ically contwlled re
source allocation in SMT processors| A]. Proceed ngs of the
34th Annual AM /EEE Intematbnal Symposim on M kro-
architecture] C]. Portland Oregor IEEE Canputer Society
Press 2004 171- 182
[9] D Tulken Smulation and modeling of a smultaneous muk
tithreading processor[ A |. Proceedings of the 22nd Annual
Can puterM easuran ent Group Conference[ C|. San D iegg
CA, UA: ComputerM easuremn entG oup 1996 819- 828
[ 10] The standard perfom ance evaliaton comporation| Z]. ht
tp //www. specbench org
[ 11] T Shewood E Perelnan et al Basic bbck dstrbution a
nalyss b find perbdic behavbr and simuhton points n
app licatons[ A |. Proceedings of the 10th Intl Conference
on Parallel Architectures and C anp ilation Techniques[ C].
Bawebng Span IEEE Canputer Sockety Press 2001 3-
14
[ 12] K Lug J Gunmamaj et al Bahneing thoughput and fair-
ness n MT prwocessos[ A]. Poceedings of the Intl Sympo

siun on Perfomance Analys s of Systan s and Sofiw are[ C].
A rizong USA: EEE Computer Socety Press 2001 164 -

171

e | ; 2003

R S y VISI . E-
mail cxsunl979@ 163 can

Bl

, 1954 R s

, 1979 R . 2001

ASKC



