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Implementation and Evaluation of a Thread Library
for Multithreaded Architecture
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Recently, there are many studies on multithreaded processor architecture. In order to get
the higher performance of this architecture, support of system software is indispensable. How-
ever, from the view of performance, the advantage of the architecture has not been utilized
enough without kernel supports for Architecture (Physical) Threads. In this research, we
have designed and developed a thread library that works efficiently on a multithread archi-
tecture. Architecture Threads of a processor are managed on a user level library supports
to parallelize threads and improve performance. Using the thread control instructions of the
processor enables high-speed thread control. Inefficiency when managing threads on a user
level would be improved by cooperation with OS. As a result of simulation based evaluation,
up to 1.5 times higher performance has been gained by parallel execution. Moreover, we have
accomplished a lightweight thread control.
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Fig.2 The system structure with a thread library, operating system and processor.
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Fig.3 Creating a new thread using Processor Instruction.
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Table 2 The thread control performance.

oooo (Hoooo (2)0D0O0
ooo (1)00o
oooooo (*)
ooooog 84 (74) 135 (102)
ooooog 51 (42) 223 (126)
oo 202 (95) 847 (515)
(1)oooo (2) Spin Lock
0o0Oo (0o0) 972 982
0Dooo (ooo) 41,461 46,656
(Hoooo (2)0D0O0
oooooooo 523 (341) 878 (718)
osooooo 373 (256) 522 (418)

*00DooDOOOoOooOOooooooooo0o0o0o0oo000o0o0o
goooooooooooooooooboooooo

newlib1.9.00 000 0MULIThO0O0000000O
oobobodobooooooooooooooooooon
gdoobooooooooooooooobooooobo
oooooooooooo

6.1 DO00OO0OO0OO0OOOO0OO0O00O0

gr7o00000O0O0O0OO0bOOOOOODbODbOOO
MULiTh O Pthread DO 000000000 ODOO
obooooooooooooo0oooooobbonoo
gboooob100000000000000000
oboo00oooooobooooobooOoon0ooDbo
ugboooooooooooooobooooon

ooboboboobooobooobooooooooboodoao
goooboooobobooooooooo

6.2 O0OOO0OOOOOOODOO

200000000000000000o00o0:0
ooobooobooooobooooooooooonono 40
gbooooooooooobooooobooooooo

0000000000000 O0OScheduler Activa-
tions OO0 00000 000O0000O0O0O0000O00



Vol. 44 No. SIG 11(ACS 3)

oooooooo

e JOODODOO
()0 PALLCO0O0ODOOOOOOO(R)OOOD
0000000000 O00Oooo pALLCOODO
0o0ooooouoooooO(2uoooooo
000000 o0oooooooooooogao
go0o0oOo00oOooOooooOorPALLCOOODOO
ooo0oopooooooooOoooooooodg
ooooooUoUoooUobooooogoooo
ooooooOooooooooooooooog
oooo

e JOODDOO
(H)O0O0O00O0O0O0OUOO0OUOODOOD PRALLOOO
000ooUooooo(@)ooooooooooo
O000oooooooO0O000D000 MULiITh
0000000000000 000000PDALL
00000 (1))ooooooooooo 1000
ooooooooooooo

o IO
()booOoooooooooOoooooOoooo
(200000000 ooooUOooooUooo
ooooOoOMULIThOOOODOOOOODOOOO
00 (2)00000ooU0oUooooooooo
O00000oooooooooooooooog
00oodooooooo400000000000d

e JOODO
ooo0o0ooooooooo()ooooooo
ooooooUoooooooo(@uooooo
oooooooUOooOoooouooooooogo
oo0oUoooooooUoooooooooog
gdo0ooooooooooooooooooo
gooooooUooooooooooooooo
O00o00o0o0oooOooooooooooooo
O00000ooooooooooooooog
O00000000000000000ooogg

e JIOOODOODO
(1) 00000 Kernel Notification 000000
00000 oooo@)o uNIXOooooooo
00000000000 OD0ODO0O0O0O0O Kernel
Notification 00 000000 OOOO0OOOO
jodoooooooooooooooooooo
0o0oooooooooooooooooooo
O00o000O00O0oooooooooooooon
00000oooooooooooooooood
ooooooooo

e OSODOOOO

obooboooooooboOoobooboOooooOobooOoOooboooooooboOooo 223

(1)D 0000 Kernel NotificationO OO OSO
00000(2)0 Scheduler Activations 0000
0000000000 Carea’® 0000000
OO0 0000 O 0dKernel Notification 0 0 00O
0o0o0oooooooooooooooooon
000000000oo0ooooooooooo
0000000o00oooooooooooooo
gdoooooooooooooooooo

7. 0 0O O

oboooobooobooobooooooooaon
gooocooboooooboooooooobooooo
goooooooon

gooooooooooooooooooooon
gooooooooooooooooooooooo
gooooooooooboboboboooooooboo
goboobooooooooooooobobooboo
goooooooooooa

ooO0o00 OChiMuS PEO Futuwre DO OOOO
goboooooooooooooboooooogn
goboooocooooboooooooooooooo
OChiMuS PEOO MIPSOOOOOOOOOOO
gboboooocoooooobooobooooboooo
goobooooooooooboooooboobooboo
000000 XeonOOOOOOOOOOOOODDO
gobooooooooboOobooooooooobooDoo
0o0o0o0ooooooooooStOdd LinuxO0O0O
goooooooooobboooooooooboood
oooMULIThOOOOOOOOODOOOOODO

O0ooO0ooooooChiMuSOOODOOOOOO
0000O0ooOoChiMuS PEOOOOOOOOOO
Oo0O0 oChiMuSOODODODOOOOOOOOOOOO
gboooooooooboboooobooooooooDn
O0O0o0o00o0o0O0oo0o0O000ooo0oo sMTODO
000000000000Y 000 MULIThOOD
gooooooooobobooboooobDbOo
gboooooooobooooooobooboo

O0000OFrtwre0 000 OOOO0O0OO0OOO
gboobooooooooooobooooooooad
gooooooocbooocooooboooobooooooo
goboooboooooooooooooo

g o0 0 0O

1) Anderson, T.E., Bershad, B.N., Lazowska,
E.D. and Levy, H.M.: Scheduler Activations:
Effective Kernel Support for the User-Level



224 gooooooooooooboOoOooooooooo

Management of Parallelism, ACM Trans. Com-
put. Syst., Vol.10, No.1, pp.53-79 (1992).

2) IEEE: ISO/IEC 99/5-1 ANSI/IEEE Std
1005.1 (1996).

3) Intel: Intel Technology Journal (Hyper-
Threading Technolog). http://www.intel.com/
technology /itj/2002/volume06issue01/

4) Marsh, B.D., Scott, M.L., LeBlanc, T.J.
and Markatos, E.P.: First-Class User-Level
Threads, Proc. 18th ACM Symposium on Op-
erating Systems Principle, Pacific Grove, CA,
pp.110-121 (1991).

5) Snavely, A. and Tullsen, D.M.: Symbiotic Job-
scheduling for a Simultaneous Multithread-
ing Processor, Architectural Support for Pro-
gramming Languages and Operating Systems,
pp.234-244 (2000).

6) 00O000O0OU0O0oUOoOoUOooUOooUoOO
gooooboboOoooooooboooboooao
00 1/0000000000 98-0S-79, Vol.98,
No.71, pp.77-84 (1998).

7) 0000000000000 0OBSDUNIXOO
gooooboboooobooobboooooooon
0000000Vol.36, No.2, pp.296-303 (1995)

8) OOO0DO0OUOOUOoLoUOooUooOoO
gooboooooboooboboboobbobobooo
JobOooooDooooooboooboooboobooo
00000000000 OVol.2002, No.18, pp.1—
8 (2002).

9) 00DO00O0O0OoUOooUOooUOooOooOooO
socOoOoooog sMTO oSOOOoooon
0Jo0dooooOooObOO0o0ooOOobODbOOoboOoooa
No.91-5, pp.31-38 (2002).

10) DOooO0O0oOoooOooUooooooon
Joddbo0ooooboooooooooooo
0000000000004 dVol.36, No.10,
pp.2498-2510 (1995).

11) 00 0OO00OOO0OOoOoOoUOoOoOoooOoo
0 ODO0O00D0DOOooboboooooobooao
0dboooooo pPPLOOOOODOOODOOO
0000000000 Vol.J80-D-1, No.9, pp.42—
49 (1997).

(00150 10 25000)
(0015050 29000)

- A

Aug. 2003

00 Ooooooooo

19790002003 0000000
gooooooooooooooo
gooboooooooocooooon
gooooooboooooooooo
gooboooooooboooooo
gooooooooooooooooooooooon
oooooooooboobboobooooboboonoooo
oooo

ooooooooooo

1966 00019900000000
gboooooooooooooo
ggoooooooooooooobo
goboooooboooo2o0200
oooooooocoooooooon
gooobooodobooooooooooooboooon
goobooboooooooooOoboboOoobobooono
ooooood

a Wi, o b

o ooooooo

19780002001 0000000
goooobboooooodz2o030
o gooooooooooooooo
NECOOOOOODOOOOOOO
goooooooboooooooon
ooooooboooooooo

oo oo

2003000000000000
ooooooooDoooooboooo
oooooooooooooooo
gooooooooooboobooo
gooooooooooooooon
oooooooaoo

oo og

20030000000000000
uboooooboooooooooo
gooooooocoooooooo
gooobooooocbooooooo
ooobooooooooooooo
oboobOoooboooboooooboooboOoooboboo
ooooooo




Vol. 44 No. SIG 11(ACS 3) obooboooooooboOoobooboOooooOobooOoOooboooooooboOooo 225

o0 Oo0Oo0oooo gooooooooo
19610001985 0000000 f N 1984 000000000000
oooooooooesroood .;;} ooboooooogeonoood
oooooooooooi1989 o ity ooooooobooooo40000
gooooocoooooobooo -.“-’l"’ goooobboooooodisssn
goooooooooobooooon B gooooooocoooooooo
00000000001998000 100 HlinoisO0O oboo0o19890000000000019930 1100

Urbana-Champaign O Center for Supercomputing J0000O0oO00oOoOoe9s o 4000000000
Research and Development] CSRDODO O 0 Visiting 0oDo0odoooObOoooDoDoO@moboobooo
Research Assistant Professor00 00000000 0o0ooooOoOo00ooDo0oooobobobOoOoooobo
0o0o0ooobOoobDoooboooboOoboooo 0o0o000O00o0oobobOoOoboOobooboOoooo
gooobbb0ooooooooobobbobobobo gooobobooboobobooboobbooooo
OO000O0O0OO0O0OOIEEECSOO0OO0OOO0OOOOOmM ACMOIEEEODOOO




