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A Thread Management Mechanism for the Optimal
Thread-Switching Behavior

SHIGEKAZU INOHARAt and TAKASHI MASUDAt

In shared-memory multiprocessors, thread mechanisms with the user-level and kernel-level
scheduling are widely used. The performance of the thread mechanism is dominated primar-
ily by three kinds of thread-switching overheads: context switching in user tasks, context
switching in the kernel, and user/kernel domain switching. Existing thread mechanisms in
a multi-tasking system performs unnecessary thread switchings because (1) user tasks deter-
mine how many threads to use, (2) the kernel does not inform user tasks of which nor how
many threads are actually being assigned processors, and (3) interaction between the kernel
and user tasks is synchronous. This paper presents a thread mechanism that optimizes the
thread-switching overhead by avoiding these three problems; the kernel determines how many
threads to use in each user task, the kernel lets user tasks know which threads are actually
being assigned processors, and all interaction between the kernel and user tasks is asyn-
chronous. Employing these three ideas, the proposed mechanism optimizes thread switchings
in a multi-tasking system.
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Fig. 2 The definition of the C-area.
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Fig. 3 States of an unstable kernel thread.
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—User Address Space-
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Fig. 4 An example of thread switching in the proposed
scheme.
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Table 1 Cost of basic operations of threads (inst.).
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Fig. 5

The characteristics of MULT, FORCE, and WAVE.
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Table 2 Characteristics of application programs used in the experiments.
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Fig. 6 The relationship between the system load and
thread management cost.
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Fig. 7 The computation ratio and cost of thread
management.

WIaRERELZRT (A7), SOR»SbIB X1,
EER L -#BAN TIRREFROMOF T T 5 48
OB, ¥ T U A0BEHEECL - TE
BT\,

DEOEBOKSE, BREFRNTIE, 1—FVDAD
ALy REBYAT A, BB 2 LAWVAT Va—))
>~ %, scheduler activations & ) WV F -~ K
TALVY F2EBHE LTV, ZOERINEBETTR
RIBEFROEHN L BUMLHRTL20DTH 5.

6. ¥ & ¥

R TR, 7ORAL A= RN EDHAE AE)4E
% 8 U 7R 2 B C s ER T ) T L i
LY, BBRALVy PO BRIEBELERT L HEE
RL7. ALy FEBRYAT LA NARSFIEE
BEAORESER T L 72 1980 £ T2 5 HAF3E L B
BTN TE, B ORLDERDHTHEIC
HAWhE=20kFR, ¥—F VALY FOADEFR, B
M 2LNWRY Va1 v, LT scheduler ac-
tivations 13, X D EMEAEDAL v FEEI A7 A %2H
KT DUFEDER I > THICHNTE 7. EEBRICK
B HBIIER WL o 72 FROFIC S Psyche O first
class user-level threads ¥ Mach ® continuations 7
E, BIREVARPEE CRES N, Chd—#ED
Fid, BHEOAL Yy FEBRV AT L2EHT LS

I—F A=A NVOFEFEPHLHHEEICL DAL v FY B EEO BB 2509

FEEBERTHZELEBUT, FRV—=F 4 VT VAT
ADFEOREIBEEDEE, 2 —FL VD —VY AL
FARV—=F A VT VAT AA—FINDOF - AN
DI FHE NS /2F R —F 4 VT VAT ADBEFE
2BRTZ2LDOTH o7, KRETIE, BERALY
R B2 BIERXERTAILICLoTI NS %
FEBTAIHEZREL, FOMRLHEL .

SEDERTIE, WSOPDHTEF+HThWE
PHET S, B, AEHWZERTIE, ZkFvy
V2DHMBRNR-T S ORBEFBEDVATFLAERK
BLL TR, 4, 7oy bE D 8Tk L AR
REDOBEGLMEERICL T, 4EDERI EIZX
Ly FEBDIAMRHIRTELTMRMDHSL, 2h
LDEIDOWTI, 450 L ) MBI, EBO
THF)r—YarveAViEREELTHESH»ICLT
WE 2w,

Sifs EBRBIETH L SONY NEWS 7— 7 A5 —
v a v & NEWS-0S 28]t LTz niv = —#%
REHBIVVZ—a ¥ a— ¥+ L1y AFERD
BRICRSN LT

2 £ X M

1) Anderson, T.E., Bershad, B.N., Lazowska,
E.D. and Levy, H.M.: Scheduler Activations:
Effective Kernel Support for the User-Level
Management of Parallelism, ACM Transac-
tions on Computer Systems, Vol. 10, No. 1, pp.
53-79 (1992).

2) Anderson, T.E., Lazowska, E.D. and Levy,
H.M.: The Performance Implications of Thread
Management Alternatives for Shared-Memory
Multiprocessors, IEEE Trans. Comput., Vol.38,
No. 12, pp. 1631-1643 (1989).

3) Barnes, J. and Hut, P.. A Hierarchical
O(Nlog N) Force-Calculation Algorithm, Na-
ture, Vol. 324, pp. 446-449 (1986).

4) Clark, D.: The Structure of Systems Using
Upcalls, Proceedings of the 10th ACM Sympo-
sium on Operating Systems Principles, pp.128-
140 (1988).

5) Draves, R.P., Bershad, B.N., Rashid, R.F. and
Dean, R.W.: Using Continuations to Imple-
ment Thread Management and Communica-
tion in Operating Systems, Proceedings of 13th
ACM Symposium on Operating Systems Prin-
ciples, pp. 122-136 (1991).

6) Edler, J., Lipkis, J. and Schonberg, E.: Pro-
cess Management for Highly Parallel UNIX
Systems, Proceedings of the USENIX Work-
shop on UNIX and Supercomputers, pp. 1-17



2510 TEHLE R SRR

(1988).

7) Faust, J.E. and Levy, HM.: The Perfor-
mance of an Object-Oriented Threads Package,
Proceedings of Conference on Object-Oriented
Programming: Systems, Languages, and Appli-
cations and European Conference on Object-
Oriented Programming, pp. 278-288 (1990).

8) Golub, D., Dean, R., Forin, A. and Rashid, R..:
UNIX as an Application Program, Proceedings
of the USENIX 1990 Summer Conference, pp.
87-95 (1990).

9) Govindan, R. and Anderson, D.P.: Schedul-
ing and IPC Mechanisms for Continuous Me-
dia, Proceedings of the 13th ACM Symposium
on Operating Systems Principles, pp. 68-80
(1991).

10) Inohara, S., Kato, K. and Masuda, T.:
‘Unstable Threads’ Kernel Interface for Mini-
mizing the Overhead of Thread Switching, Pro-
ceedings of the 7th IEEE International Paral-
lel Processing Symposium, pp. 149-155, IEEE
Computer Society (1993).

11) Inohara, S., Kato, K., Narita, A. and Masuda,
T.: Thread Facility Based on User/Kernel Co-
operation in the XERO Operating System,
ICICE Transactions on Information and Sys-
tems, Vol. E75-D, No. 5, pp. 627-634 (1992).

12) Marsh, B.D., Scott, M.L., LeBlanc, T.J.
and Markatos, E.P.: First-Class User-Level
Threads, Proceedings of the 13th ACM Sym-
posium on Operating Systems Principles, pp.
110-121 (1991).

13) Powell, M.L., Klieman, S.R., Barton, S.,
Shar, D., Stein, D. and Weeks, M.: SunOS
Multi-thread Architecture, Proceedings of the
USENIX 1991 Winter Conference, pp. 65-79
(1991).

14) Scott, M.L., LeBlanc, T.J. and Marsh, B.D.:
Multi-Model Parallel Programming in Psyche,
Proceedings of the Second ACM Symposium on
Principles .and Practices of Parallel Program-
ming, pp. 70-78 (1990).

15) Tevanian, A. Jr., Rashid, R., Golub, D.B.,
Black, D.L., Cooper, E. and Young, M.W.:
Mach Threads and the Unix Kernel: The Battle
for Control, Proceedings of the USENIX 1987
Summer Conference, pp. 185-197 (1987).

16) Thacker, - C.P., Stewart, L.C. and Satter-

Oct. 1995

hwaite, E.H. Jr.: Firefly: A Multiprocessor
Workstation, IEEE Trans. Comput., Vol. 37,
No. 8, pp. 909-920 (1988).

17) Vaswani, R. and Zahorjan, J.: The Implica-
tions of Cache Affinity on Processor Scheduling
for Multiprogrammed, Shared Memory Multi-
processors, Proceedings of 13th ACM Sympo-
sium on Operaeting Systems Principles, pp. 26—
40 (1991).

18) Zahorjan, J., Lazawska, E.D. and Eager, D.L.:
The Effect of Scheduling Discipline on Spin
Overhead in Shared Memory Parallel Systems,
IEEE Transactions on Parallel and Distributed
Systems, Vol. 2, No. 2, pp. 180-198 (1991).

19) W& i v F7 Uy ¥ EoORSEEE S0
EYH AT VoY) YT A EE, RN
FREERT —F 7 7 F vIFREWE, Vol. 79,
No. 1, pp. 1-8 (1989).

20) BIME—, EEESE: SRy Vo — 1280
A 7ah - FVOME, 23 Ea—F V7Y
7, Vol. 11, No. 5, pp. 387-399 (1994).

21) Fk 3%, EAR R RES TRy ERRETS
ARV =T 427 - VAT AOBERE, FHRLE
F X LA, Vol. 34, No. 3, pp. 478-488 (1993).

(FB 6 45 B 9 H®A)
(P 7E7H 7 B

BE XM (E4H)

1967 4. 1989 ERFUAFHE
WIERFFZHEE. 1991 £RAZE
RFEFBELRESBT. 1993 £RE
TERRE R, 1993 £ L Y RERFE
KRB R FERHEHA 2 BB
% ﬁv\’*)'( PBHIARL —F 4 VT RAT L, kT —
FEBIAT L, FIUW ST a VUHEL FICEK R
¥D. ACM, IEEE, USENIX £4H.

#H &7 (E&E)

1939 4. 1963 FHFTRE T
IS EER RS, 1965 ERKF
REEGLREEBT. FE %) H
SOBERT AR, 1977 5 S B
%, 1988 £ 3 A LHBEKZICH)
B. B, FRERFERBERFEAERAFEIER
B, BFRARV—F 4 VT VAT A,




