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A Survey of CMT Processor Thread Schedule Policies

WANG Jing' FAN Xiao-Ya! ZHANG Sheng-Bing' WANG Hai®
(School of Computer, Northwestern Polytechnical University, Xi’an 710072 )!
(Heat Power and Environment Institute, College of Mechanical Engineering, Tongji University,Shanghai 200092)?2

Abstract CMT is provided with the advantages of both SMT and CMP architectures. All executing state threads on
chip can execute simultaneously each cycle, which results in resources share and conflict issues. First, resources share
characteristic of CMT architecture is introduced, then, the prevailing SMT thread schedule policies. And then, we pri-
marily analyze current threads co-schedule policies and key resources partition mechanisms of CMT architecture. After
analyzing the advantages and disadvantages of these techniques, we conclude that, heuristic metrics for CMT thread co-
schedule should reflect application characteristics to keep stable and efficient, and resources partition co-operated thread

schedule policy may achieve satisfying performance.

Keywords SMT, CMP, CMT, Thread schedule, Resource partition

TRBAF 5 ATEI ZE B S KR IT; AEEREHE —%
Deache, =% Cache %, SMTM MK 1(a) Fr s, BARE
FENMRBERPITRG, B0 BT LUR R KL B ek A2 4

1 5§
MEREMH R IBEC ZH ALKBHIHAT (TLP, Tread

Level paralleD) #4217, 5] ¢ £ 28 #2 (SMT, Simultaneous
Multi-Thread) 45 #) 71 |- _E % 4+ ¥ (CMP, Chip Multi-Proces-
son) RO LITE B AW T RITE N EE BE T 4R
MAE R, TR AR R L PRI M A R R AR
EEEES

2005 4F SUN A8 i TRX BRHE RE M M H
8L B (CMT,CMP of Multi-threading) &5, T3 A
WER S R EBRNEREATEENES. £
CMT Z5¥ AL BEEH A PATR BN SR A R F L=
M RIE LA, HEt AR EEE, KB RE
B ERE R, FES— SRR IMR SN REHRER
HEHE AHLAICT

A 23 TAMNTATILFHHMENERE SREE
BB NS E R BREWTERS £ 4.5 WiER
T CMT 2540 ) 288 08 [ 5w, LU Cache WhRELEIFIR
YRS B MR WA SHITRE,

2 LB IRAR LM

ZERRGH PR RRIAL YT AT 43 = 2K i AT 5
FRIERZ R . HPHima & — 9 lcache BUHE . HAr & 4>

OATEBER ARFEES (6057314 MFHE K EAA THIHREY.

B, XS B ILE RGERE. B 1(b) ERI4r BB LEEH
(P-MT, Partitioned-MT) , FQ, 1IQ, FIQ, LSQ # 17 T &
RIER4 . KESCEREEXRSHMER BRI, |1
(D) By CMT S50 (BT LA MT = P-MT) , B3
= L2cache, IBM 4 Power5' | Intel # Montecito'™ | Sun #
Niagara® } UltraSPARCP! # & F CMT 4544,

Front-end

Execution
Engine

DL1Cache

2|

CMP-P-MT (d)

JLe ]|

CMP-MT (c)

SMT (a) P-MT (b}

B 1 SMT.P-MT.CMP-MT. CMP-P-MT {k R 2541

B A BRI TERAS . BT B

R ATEVRESEN. K@E HEWRITAHENRRESH. T 8 0BT AETR. A SR A sk,

» 256 -


http://www.cqvip.com

3 MTEH&REEE

P — R B IR R 25 . CMT MR RBVAE KRR
SAE SMT G 6B 3T B mll b Y, Tl & /48 SMT 4545
FILR TR B R BRI 5 .

3.1 SMT &2 ERM

SMT R FR L M A FIR, | 56482 A5 Q&
SMT AR CMT 4549 iy s L L PP 2 —, Tullsen™ 2 14
9 SMT 254y iy HE A< BUHE SR B B & RN E T8 2 1Q FLEE )
PR G T LAER A R 1Q BRI, W X R RS
VAL AT i — 2 NS IR A

DiE4RAE

Snavely! ") 25 YOB 354 S (AN BUE 2N REEE W
BT AT BIA SMT 2RI B S me h L IR 1HE T L By 3t
A R (SOS, Sample-Optimize-Symbiosis) , Eo 4 §E LV B
PLRERF RS T 177,

Tullsen ™ 5 XL T $LAE B H ARG . BHEME GRATHR 40
PSS EBIM SR EHGAERBZ TR HEES
AROFESH (SRR HEHEASEPSFHBELAAE) ., X
SAVHERAEIRBER . B IME AR B N RE A D S A
VM. Chi# - X T 10 M EEERL KX 10
REEBEN BN REKE. £IZAEFEER D, —4 08
P BENE] Bk ok B A A — 32 5E (Tterative Sample-Sta-
ble) it ., HIFER B SRR E T Rk AEM LA R
SHWEILAASE H TR A G AR ERBE
IFIRBT AT G RS . R B P 2R FR o] (E & AT, 7]
INAHRE B BN T AR, BB EREE R udt
FREEUR A FR AL, TRl B SRR PR TR R R AR AR 4L 1, BRIk
B3R FH T g dh 4 R R BB (score) 5 20, U ME LA IS RRSE
HIRR .

SCLIS T RAR AR 12 I T & R R B iy SMT
1E5 RSB X T —HBEYUES H S IR S REFH R K
4054 » AR 7 A [R] FEAG 3324,

DBRARH BN AE

SR BURIR B R A48 B BT E B P B TE BE R
FURBEATR A A E . Parekh ™ 32 H 3 T IPC 148 78 U
VRS, T E BB WB AR S RAKLN IPC, 18 E
HRE S IPCH BB SN LB MEBE IPC HEE B ML R
WEA -, FERIAELEERAN R EEEEE(RR,
Round Robim) $& T 7%~15%. MUgkif BE 5wk i T L4351
I8 L1Dcache,L2cache DTLB # 5l 4 3135 N 7E D5 T vk
BEERATRARE, X HRmE N TEN R
R BURRM: , HERE A I L RR BB,

AN, BRI EM A EER L. F— R
B BB TR GRS IR 85— R 1 LU R AR U
WSR3 = BRI S B R B R S T e %
FRFAER, H, 2T IPC AL B HURGA E JM R &4t Xt
FERERN, CEAFRT & EERSEHAER, FIACR
¥, 2T IPCHEMBRMEREEHBERE, B4
h—F A A PTR S RO e e A, MR B AR

3.2 {EEEIFMIBR

FEBRBEHT , IPC B BIEM B AR, ML
B,ERANEZEEEZINEE. FEIZIPCOHMTHIITLEN
IPC Z FD B #H BA 3 (Arithmetic Mean) 3 #8474 5

D000 http://www.cqvip.com|

275 IPC &AM AEMR . TR [PC f91 75 22 (Harmonic
Mean) #85NR ] T 5 B IPC 2R . Hik, B8 —
AANPERBTEM  EANRBEERE R TR
. BeiE HENIERE

o AT I WS (0D, ;1 ( NewlPC, /OlIPC, ),

H1, NewlI PC, RnFEFEFH I BE MG T, 4088 « I ELRER
AT RE Y [PC; OLdIPC: RongkAs i Stia TR IPC,
TR ERE MM ELBRAGTREESHITHATE
Fro 3C[10,13,17 3R A 7 WS,

o JUFE . 3CL16 15 R A4 . R FI TR U Rl
J¥ R AR 1PC FEARIMFREE

4 CMT &HL 2 EEERE

CMT St e KB IR 4 A OH T E AR P W
W 5 — N RBIA T R F R W IRS . 8B, Iy
TR S A RN 3 0 R LA R SRR B LA U B R .

AR EME T OS B et R v 1, X T iE T
LR YT R EBR 43, B — AR R IR RN 4 R 2D,
BEMAE R F— MRS L R T EEF, NTRE R
gifrnt R, HAET, CMT Pl BER G T E o =2

4.1 BTEZEBEOKR

YRR EHAS R RREST . MERATES
ST BB R RRIE, BSURAS TR 2 (H] B E AR R T B 1
KMREN K SR TR KBEASBERRMER.

DCMT 242 FE X%

CMT (bR BT i K SR ms SRR 3, B SMT
MBSy R, EEEREANIRG AR [13],
BRI EE R DU A D REE B mm. CMT fydesd
FE A —ER—MARTEORHE. TERH EEE5E
TIRE R RIS AU T, AR S0 2t Ak R B AR A R R
RO R — .

2)Prefer Last 18 & & 5

Prefer Last™") S 2E 1 BF i 72 v AR 4% 24 A8 BE pe St A7
BEALE T BF AERES  RRER A RR Y AT R
RE MR b, MALRBERE IS TR MWL R .

4.2 BFBRENEKR

DATEAT RO RSN R s

SR SR T o T R 1 B O A R R I A S
FO B EERE R RN, TEFETHRIE
Cache I E A TFTHAEBAHENAE . B THFHFHES
MRREES. WRERITAREH EREEHTRESHE
HAESMBRERENSHBRE., FHEXARGLBRE S
RSB B KMHEREE R,

24 F IPC iR R %o

FERERE R IPC @mKR 4 e R BYH, % IPC
FRERENE &, HFE— T, FEBEMEASH
FrEfAT IPC Ay SMT KRR ERM. IPCHMKREEE
Fon HRKIEBBRER DU BRI, A 5 5 Bk &
MBI ., MEHE R IPC ERAE IPC LB EI—1
B, AT BEA LD, IPC IR E R A R E AR S E S
& B MO TPC R A2 AR ST U IR 0 A SRS A T 4%
FRIRR ., HE,IPCASELAE, Jii—AH IPC BRERR
RERE T RBt S, BT 1PC A3 B A I A REZREL

« 257 o


http://www.cqvip.com

R — AN REA.

DA FRIR #5885 Ak

L1261 3 W LR TR 9 CMT 544 (M Intel AYABLE
2 Xeon LbFHFED) , WAT T TR IA N . R BHATH A K
B, IPC RAWEMLH) , AR KRB A S, IPC 20 W2
AR Rl AR 44082 IPC EH AR E . WRENITE
R IPCERRER B LB A SRt o 1R H RIR
(Ready to In-Flight Ratio) {8 kK. RIR BFERLER
EARBBHR S AT LAY BRAT , S 5 LR B BEIR A 20 Xt B
B KRR B IR R RS, R M. LR L,
IPC R R 2 F M EE A £ A, RIR KM ERBAE
52 ORI R .

4)Electron % %

Electron ##&07: 11845 % ) EDF(Energy Delay Prod-
uct) , FESBAT 1 E Hi ¥ EDF B K2 L — TR BB )
EDF &t b, it & T OOX e, g TR A E
PRI, XY, BB MOZ AL B 28 4% . TR B PR AK S RE A5
.

4.3 ETFHESEAUNBERE

O] T CMT (R R MK et A DAL E A
g AR AT LIBR R A MK IE R B, m RE B 0 M
CMT B[ A5 INE LR Z AT m » n 8 CMP A [R] , 48 H K
TEMERELD, o SE Y. BOUHEN RR P . B
4 RISC 8544, FU RIEFIE ., EAEEE . AHELSHES
RIS K 3 TR IR BB 4 0 £, ShRE s
TLRAFIE A BB E N £ ER RN
PERE., Mok, A KR e S A B R BiE Tl
JA] YR SR AE NTE A AT ER1E |, CPL 3 &, AT R A CPIVE R B
KK %5 CPLEEM CPLIREHFREE. TBRRHA X
ﬁﬁiﬁﬁf%’fﬁ’l{’fﬁ 2 fEHI NS EE

5 Cache S AR X9 REE

At SMT.CMP &% 52 CMT gt EIE IR, REZRIK
HARRAE R LA ESESERMEE, KEXBRHESTT
Cache Y B U AL HF 5 5 - 0 1 Cache S FIBUALA
B}:%[le.22~25] .

XLI6INR T —Fi TG RN SRR E
L. X RS FRAE T 24 Cache K/NMEINR AT PRI
&, M KBL Cache A/NFIM S Z I X R . 7ERM LRU
BRI T, o OE Sl SR B
Cache K/hZ KRR, AT RBRNRAURRERTLH)
Cache R4S A1 B0 Cache MR TEVEE. hESGRE
B 24 Cache A /]NA IMB~2MB A, iZ 5K B8 L2cache iR
WA 4% E, ,

X247\ OS BT T L2cache R4 RIE B, 12
T HEHBA TR CMP R4 L2Cache R4 78, XTHEE
L2cache ff§ CMP R {2 & B, BRI X T AR 247 21 5 6
AT FHEET 45, FUHRFEYRET 15%. FsTRE
BE N EERFES, R BEH TR,

X224t %t CMP R 4tH) L2cache FEERIEE 1 T =
/A~ Cache ¥ B # #). FOA (Frequency of Acess), SDC(Stack
Distance Competition) , Prob(Inductive Probability), i it Fi
L Cache S FIE M MBI IERE . (25 PR T —
AR R B SR wh ZEAE RIS AN T B R FE P VR R Y

+ 258

P 000 http://www.cqvip.com]

LZcache SRGIRIL . %7 BT B E BITH MARBRAE,

GRIE ZHRIR-AEHEEFE. FEGEESHIRN
PR FP SAEE DL RAR R G A T ARAE . 75 249 19 5
HET AR ARF A RFMEERR. RHoEEf
FSE 37 P A 4 T AR B AR 7 SRR EARIE . BB SRR
SR BB AN, LA AL BE AR 0B 1 L B B TR Bk
REEEER ETEHARBHEEEM MK, ET
J& B WM AT AEIX B4 [ R (B o] R — AN
RAGVR T E A — SRR IR R — A S U8 B9k i
TRFLEAR B R G54 LA BGHRRA B A OG

Xt CMT RGNt AR 45 L BEARAE X B A B YR HE 47 2
X153y AT LA A A R . SE X IR L2cache #EATRISY
KA BTIR S I D0 P N R AR HEAT U1 R BE 0%
NI IRTE S ROIRRE, RBAT T — B Hbr. EER—F
BRI ELIE I A A R CMT 2R S8 Y IR 36 2 o) B 1) R, 7T
RESHUR S AR TERE.

2 % X &

1 Raasch, Reinhardt S. The Impact of Resource Partitioning on
SMT Processors. In; Proceedings of the 12th International Con-
ference of Parallel Architectures and Compilation Techniques,
September 2003, 15~26

2 Chaudhry S, Caprioli P, Yip S, et al. Sun Microsystems: High-
Performance Throughtput Computing. IEEE Computer Society,
2005, 8~15

3 Spracklen L, Santosh G. Abraham Scalable Systems Group: Chip Mul-
tithreading: Opportunities and Challenges. HPCA, 2005. 248~252

4  Tullsen D, Eggers S, Emer J,et al. choice: Instruction fetch and
issue on an implement able simultaneous multithreading proces-
sor, ISCA96, May 1996. 191~202

5 Tullsen D, Eggers S, Levy H.Simultaneous multithreading:
Maximizing on-chip parallelism. ISCA, June 1995. 392~403

6 Merritt R. IBM Weaves Multithreading into Power5. February
2003

7  McNairy C,et al. A Dual-Core, Dual-Thread Itanium Processor.
IEEE Micro, March 2005,25(2) :10~20

8 Kongetira P, Aingaran K, Olukotun K. Niagara; A 32-Way
Multithreaded Sparc Processor. IEEE Micro, 2005, 25(2): 21~
29
WWW, sun, com

10 Snavely A, et al. Symbiotic Jobscheduling for a Simultaneous
Multithreading Processor. In: Proceedings of ASPLOS IX, No-
vember 2000. 234~ 244

11 Fedorova A, Small C, Nussbaum D, et al. Chip Multithreading
Systems Need a New Operating System Scheduler. In; 11th ACM
SIGOPS European Workshop, Leuven, Belgium, September
2004. 31~35

12 El-Moursy A, Garg R, Albonesi D H, et al. Compatible Phase
Co-Scheduling on a CMP of Multi-Threaded Processors. In; 20th
International Parallel and Distributed Processing Symposium, A-
pril 2006, 10~22

13 Parekh S, Eggers S, Levy H. Thread-Sensitive Scheduling for SMT
Processors: [ Technical report]. University of Washington, 2000

14 Snavely A, Mitchell N, Carter L, et al. Explorations in Symbio-
sis on two Multithreaded Architectures. In; Workshop on Mul-
tithreaded Execution And Compilation ( MTEAC), January
1999. 568 ~572

15 Hily S, Seznec A. Contention on 2nd level Cache may, limit the
effectiveness of simultaneous multithreading; { Technical Report
PI-1086]. IRISA, 1997

16 Edward Suh G,Devadas S,Rudolph L. A New Cache Monitoring
Scheme for. Memory-Aware Scheduling and Partitioning, HPCA-
8: 1, February 2002

(F#% 289 1O


http://www.cqvip.com

ISM. DLL ISAPI jij IR, IS £ 5 5 1 B A £ %, htr ¥E IR
gk 2| ISM. DLL, ISM. DLL #T XA XA HITZ. B
RAEX B Z AT, ISM. DLL &8k s B OB MK HE,
F htr BRI KGR, FREATEV R SRS
¥oR B, BRI RET IS R B 0L, &
T ho FRULERWERK.

3.2.2 REHZHABEE

BEFZMTRUEZESFHPATAET, 2L KX A —14
WHSTEE ARPUTE R B LRGN, ZHE5MH
FITFE A ) 1) B8 R TR T 23 % W (window of vulnerability) i H
M. WRSEHRE BB F RGBT RARR, 24
TTAEEAT AN E B B B, 2Bk UL, RAFRE LMESRK%
14 8% R A time-of-check-time-of-use, faj #f 2 TOCTOU, 5
TOCTOU 2l iy IR i 2 H3m th B, tb i — AR oy ek e
—MRREEAE, RERENRYNE, 5 R XX
B X BALE —MEGE TR AR B S B i B X A i B
BRATREH A ARXMRERLEBLN P25 EE
TERER LA X

W) 2, Z M A B FT R AT ERE , IR Z 2
PEREI , AL TR, T RE T R AR — B T, J5 1 I Se B b A
RIBEOMEREH, WRRTHBXFE RS . W hE
SR PHEEER. — M REFH TR OIS TEmE
AT CGI #PaT, ST RIIR RS . 3B — KRS Ext CGI
AFZ AT hetp BRI, SR J5 1 7 b 314 4 J2 46 R B R AT 3C
P, B G B RN exe” B . com™ 8%, £ X4
KMl IS S FHITE K., EEFELL T, MK
HXT# CGL MBS HEHATIR SR, LIS £51R #of B 2 it
) CGL SC {4 Ft CGL S8 — i #1719 . X4, CGL X4
BB IR HARAD T R IR . IS O M CGL XX 4 Wik &
PTLAGER 1S X U4 PR fE i L e 2, flanxd . . /788 . /7
BRI, TEFAL AT T BEE B T UABATIE B R A w4 .

3.23 RAAGERUEAANRABXNGEHRRE

REFRGEFHEEAE R 50 % 18 £ 9] & i B A 2 R LA ]
B 2B F 2k 18, £ Windows B R G — D X AFE S
FRARTE BT HENBALUS EF 86 AR
TR RGO TIX S R 7 2k A PRI B N R s e — B,
IR T ZR P R SR k. IR S B L2
T L1184, 0 Z RTAR A Y . . $ DATA MR RS R 5 B X b

PO 00 http://www.cqvip.com]

TEH

NTFS X4 &4 2 5% 1 Windows NT B /E &5,
NTFS U R G ASFFEETE— S P 2R
Wo HE—FIATEEHE AR BEL — U I o
BHERE BN . NTFS FM XA EMAERSTERA
BEMR R, A IR A . SDATA .t EE
THANAENNEEEN. X IS ReHEkamen.

http. //www. hackart, org/sheepxxy. asp: : $ DATA
RIS R Y, IS 75 B 36 R B4R B0 A% =X PR U i SR it
224 Windows, {158 Windows B3 & 48 2 NTFS, & #%
AR PR IE RN sheepxxy. asp AU R
fE¥s sheepxxy. asp IS M A LA T asp. dll £ BT 45 R
R B R AT SRR . 25004 7T 8 B el R Y
HHEA

PFFA G . $0 IR Windows B9 FRMR, IR R
A, X LA TUF I, Gl 2681 S K. “. asph
SI"BAERL 7. asp” , X G 1 L BA—BH, X 05K
AR ST IS f— IR BRI .

Windows B Sl Bk 3C4F K B #9254 5% 3 4] 51 75 Win-
dows 71, dir linux. \ 5 dir linux MR B—2M . BEEZE S
B SN ER SCHER B s A% 5 3 ] L B R 0 D FE R A
RERXFRE, TBEA S H 4%, HERLBNERIAZH
BEREMNFFELHERD, X R TR ER LM,

it BARFMREREMIRRSEAR EZ, Xk
HEAFE NG RE, RS HAREETEN 1,64
AR EXADEEN THEEERRERKE T NANZER.

BRIV TAER, XL 2R R, EAE TIEFH
IMRFK L ETFR, AL LT RIIEH AT E T 17,8 B A
B A B sk 2B LR AR 1 0 ), BE A K KRR R4 AT i T
fE& . EBEIRE.

2 % X m

1 Larochelle D, Evans D. Statically Detecting Likely Buffer Over-
flow Vulnerabilities. USENIX Security, 2001

2 Du Wenliang, Mathur A P. Vulnerability Testing of Software
System Using Fault Injection; [ Coast TR 98-027. 1998

3 Flake H. Auditing binaries for security vulnerabilities. http://
www. blackhat. com/presentations/bh-europe-00/HalvarFlake/
HalvarFlake. ppt

(L% 258 W)

17 DeVuyst M. Kumar R, Dean T. Exploiting Unbalanced Thread
Scheduling for Energy and Performance on a CMP of SMT Pro-
cessors. In; IPDPS-2006, Rhodes Island, Greece, April 2006. 10
~18

18 Tullsen D, Brown J. Handling long-latency loads in a simultane-
ous multithreaded processor. In; 34th International Symposium
on Microarchitecture, Dec. 2001. 318~ 327

19 Intel Corporation. IA-32 Intel Architecture Optimization; Refer-
ence Manual. http: //www. intel. com/design/pentium4/ manu-
als, 2004

20 Kihm L J, Connors D A. Implementation of Fine-Grained Cache
Monitoring for Improved SMT Scheduling. In: Proceedings of the
22nd IEEE International Conference on Computer Design, Octo-
ber 2004. 326~331

21 Settle A, Kihm J L, Janiszewski A, et al. Architectural Support
for Enhanced SMT Job Scheduling. In; Proceedings of the 13th In-

ternational Conference on Parallel Architectures and Compilation
Techniques, October 2004. 63~~73

22 Chandra D, Guo F, Kim S, et al. Predicting Inter-Thread Cache
Contention on a Chip Multi-Processor Architecture. In; Proceed-
ings of the 11th International Symposium on High-Performance
Computer Architecture, February 2005, 340~351

23 Edward Suh G,Devadas S, Rudolph I.. A New Memory Monito-
ring Scheme for Memory-Aware Scheduling and partitioning. In:
Proceedings of the Eighth International Symposium on HPCA’
02, February 2002, 117~118

24 Kim S, Chandra D, Solihin Y. Fair Cache sharing and partitio-
ning in a chip multiprocessor architecture. In; the 13th PACT,
2004. 111~122

25 Fedorova A, Seltzer M, Small C, et al. Performance Of Mul-
tithreaded Chip Multiprocessors And Implications For Operating
System Design. In: Proceedings of USENIX 2005 Annual Techni-
cal Conference, June 2005. 395~398

+ 289 -


http://www.cqvip.com

