Vol.37

No.12

®m H

1. L ®IC

Real-Time Mach 3.0iX, 7/ —R*¥—AD0 K
Z2THEENALMach3.07 42708 —F "9
%X — 2|2 ARTS J1 — R )L 10 0.2 CRRZE | /=1)
TVIALALY K, YPVIALRTGVa—7F,
R, 4 ~F 72, 20uv s F 7Y
b, YTNVIALTOPANEY 2R Y
FWOANTY TV 4 2BRICHRLI<A
sah—32NTH5. ROIYTNVNIALLTE
754 7LEY, BIFTE, »OTFRWTEEL5HK
VTNV A60S 2BHETHILARELTY
B0 Fi- 1992 0L BEXBRKEREH
BEHICTRAY — b LI VF AT 4 THERE
70V x 2 b (KEIO-MMP Project) 2BV T,
FRINF AT A TREEXZHLBEREY 7
DI TDROO—FNE LT, Real-Time
Mach (2 IV F A 5 4 TGO 72 D HRAEILR A
TR TETWE ™ 202,

A% T, Real-Time Mach 3.0 D<A 7 0%
—ANT=FFI0F v EERKNLRIV TNV A LR
BElcDOW TN, ¥/, Real-Time Mach 3.0
FHIAAR AT LRFEINFATAT VAT A
WKHIAT 57018 R - Jiok L72BERIC OV T
R 5.

2. Real-Time Mach O#tE

Real-Time Mach 3.0 D#EEDRARICE L T,
KD SD Mach w4 70 h—FUHHE L Tw
HYEERIEND T & (MM LCYsRIBREE L T
BEF, EELTWS, SZTE, YTV AL<
4 7 1 3# — %)V Real-Time Mach 3.0% * O} 7
VA LABEOBEYX RS,

T Real-Time Mach: A Real-Time Microkernel by Hideyuki
TOKUDA (Faculty of Environmental Information, Keio Univ. /
School of Computer Science, Carnegie Mellon Univ.).

Tt gggakiﬁﬁﬁﬂ?%ﬁ/# —F¥-—xor KEGHER

1

w & & =

4

ES

1117

O

Dec. 1996
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rt_thread _create(parent_task, thread, thread_attr)
rt_thread_exit(thread)
thread_get_attribute(thread, flavor, old_attr, old_attrCnt)
thread_set_attribute(thread, flavor, new_attr, new_attrCnt)
477
rt_thread_attributed_init(prioriy, period_secs,
period_nsecs, entry, arg, port, thread_attr)
rt_thread_deadline_handler(thread,thread_attr, entry, arg)
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1. root( )
2. {
3. thread_id f_id;
4
5 f_attr={£f,8i,Ti,Di};
/* set thread attribute of f */
6. thread_create(&f_id, f_attr);
/* creating f( ) as a thread */
7. )
8.
9. f(arg) {
10. f's body

11.}

YRERD FiEE, 7075 L LisFMHE O implicit binding &
v\, BRI % JiiEid, explicit binding &V .
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DToME{sns-70r75 46Tk, B

rf( ) (1347H) »B% £( ) (917H) of
LBV y FELTERSN TV,
I. root( )
2. {
3. f_attr=(f,Si,Ti,Di};
/* set thread attribute of f */
4. rf_attr={rf,Si,Ti,Di};
/* set thread attribute of rf */
5. thread_create(rf_id,rf_attr);
/* creating rf thread */
6. thread_create(f_id, f_attr);
/* creating f thread */
}
9. f(arg){
10. f's body
11. }
12.
13. rf(time, thread, message)
14. {
15. wait_for_notification( );
/* waiting for a deadlinemiss
notice */
16. rf's body

17. }
—#&%IiZ, within (t) do s except q &\ o 2%
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timer_create(parent_task, new_timer, clock_device)

timer_terminate(timer)

timer_arm(timer, expire_time, interval_time,
expire_port, flags)

timer_cancel(timer, flags)

timer_sleep(timer, expire_time, flags)

timer_info(timer, lavor, timer_info, timer_infoCnt)

task_timers(task, timer_list, timer_count)
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rt_mutex_allocate(&mutex, mutex_attr)
rt_mutex_deallocate(mutex)
rt_mutex_lock(mutex, timeout, context)
rt_mutex_unlock(mutex)
rt_mutex_control(mutex, cmd, arg, size)
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rt_mach_port_allocate(space, right, port_attr, namep)
rt_mach_port_allocate_name(space, right, port_attr, name)
rt_mach_port_associate(thread, name, priop)
rt_mach_port_not_associate(thread)
rt_mach_msg(msg, option, send_size, rcv_size,

rcv_name, time_out, notify)
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vm_wire(host_priv, task, address, size, access)

3. Real-Time Mach DR - 3k

Real-Time Mach DREIZAL TX, vf /70
H—FRNVOBEICHET YR - IRZT TR,
FOLOI Py 7ICBALTORAENRVTY
L, i, H—FF—ATUKEDART 7V
— 7, BREXBKYDOKEIO-MMP 70V 7 b
yN—7, BEERKERKED SV — T TR
CREBRRENTVS, I TiE, W20
LWHE - RS NI OV TR,

3.1 RTC-Threads

EH D Real-Time Mach THREE N TS5 )T
V% 4 uAL Y F (RT-Thread) %, FEFICEEK
T, AHALY FORF Va—) v 7Ry 43>
FYIo5— T ANBERESHICLTWAKE, ¥
RTHEI—FNVALy FELTEREIR TS
W, AVFIARAA v FDA—ISNy FRRE
rh, +onngrELERT R0z £ 2
T, C-Thread & [A#kIZ, LT —H L NI D RTC-
Thread /Sy X — YV % RE LA™, RTC-
Thread i, C-Thread DRt 51 57— A
L EMEBREELL, VTNV A LREDIZHD
L% 72— ANBMERTVS, H—FNVIH
+AEEIE, $1100 70OV —Aa— FDEM%E
Tot:. 0 HH 300471k, ALy FBXUY
LA oEBN—-F 22— LXVATFr TP a—T
DT v TIA—NIHEEEDL 00, BFEOY —
23— FIZT 5 EMEESFTHS. RO
800 Tid, Z—HLXLYFTLFALALY F%E
HE-IFTBHELNT) IF4TDOHDHDT
Hb.

$+-112, 66MHz O Intel 80486DX2 Z{EA L

gsd

1121

72 IBM PC-AT 2 ¥ /3F 7 V7 ¥ ~ Gateway2000

486DX2-66V ECERE L -EMkEETRYT. T
BRI, Tusec DIEELX DD STAT!IZ AT
K= FE2ERLL.

FA OGP EIIE, T—FLNWAL
9 FALAEBL-ZEICXD, BLAYOREY
BT A ENTREE oL

3.2 RTS/NPS Environment

RTC-Thread /¥y 7 — YV L RH#IZ, v b7 —
yFabhanyg—s3 (NPS) X077 r—>
aVICELEETREXERT LD,
RTS/NPS DIRBEXILFR L 72 .

LD, 22— LNV TONPS DHEREDE L
A XL, NPSET TV yr—>arvtn@fgx
IPC BFHTR L EEREF AKX, 61
NPS % C-Thread ft L7z AR, T/, NPS %
I—HS54 7V LAREETNENRERL,
ZOWEE ¥ HER O UNIX — AR & HEEHE
L7,

®-21, FhEROFRICBVT, 2—=%7
Ok E—FARFEDTOLRIT—F %
EoBEOMBEKEEI Y N M) vy T I A4
2EHPLTRDODTHD.

B-2 2V T, Mach3.0/UX X, #@%® UNIX
#— "% FH L7253 Mach 3.0/Library Socket
X, UNIXDOV v b2 5477 9fLL /R
%7:%. ¥7:, NPS(Share)it, NPS &7 7V 7
—ya EDBEXIPCERTREZHALR
%#ffo7: /3, NPS (Copy) X, BEDIPC I
X 253, NPS/Cthread (Share) i, NPS A%
C-Thread {t L7z /53X, NPS (Library) X, NPS
22—¥54 73V LEAREENRERRLT
w5,

NPS (Copy) & NPS (Share) *H#¥2 &



Vol.37 No.12

Time(msec)

750

WVac3 UX
10 e
WSCopy) """
6.50
600 / —
350 e P

4' :"'
5.00 g
Y s
450 " -
/ P o / P
. o e 7’

400 f-1— »~
/7 J . ."l ., ’ P
L. . .
3.50 / o
e

3.00 4 Zaw o -
G

250 P s .

N
N

2.00

4 ,

e
VA
»

150
"
rd
1.00 S I

Data Size(byte) x 103
0.00 0.20 0.40 0.60 0.80 1.00

[&-2  Comparison of NPS and Mach/Unix server

W&, fERD Copy (IPC) HRTIX, 2—#
ZEP LT — 5 % NPS NEXT L7700 —
Ny Kadh, ENRNy 77 RTINS 2
BRL, i hotiEn Eddo 7 LB TE
7. NPS 22— S5 475U LFR, b

SELMRDSHMELTWEN, 2—FTasrs L

ER—ZMETEREENTHWLEOT, EHMEICH

BH¥RD. T/, UNIX H— D& bk, =

DE) BHRDEHEIREIRT VS,

33 QHINLNFAFAT VAT A
KEIO-MMP 7O 2 x 7 F Tif, Real-Time

Mach ¥R - i+ 5 & L b2, &8F&Fnsy

MeNFATAT T =23 28 5IHBET

AL —NHEEEXIFLYLT7ELTHERRLT

Wb, YAFATFATIVATLREEBTL-00

HEERBEEL LT, V7V a0 ENRE<A

7OH—FNVOBELZREL, »O8EKD TSS

BRARLV—F A VT VATFADRLDAL ¥ —F R

ZEV T 4R HEEREERLEL 2R S

Z\u,
KEIO-MMP 70 ¥ x 7 FTid, UTFD LS %

REEISH T AHR, WREIT-oTw5.

- Processor Reserves | ALy FZT Lz 7oty
YEBFLZEDSCOLVE D ST HEW T
500 OIS, TLFRAFA4TT
T)r—va YHBEBERICETINLSE
Th, Eh0o7arsarbnFTiEr 24
WRERELTETT LI ENTREE LS. 70,

H O ® L B

Dec. 1996

=3O Reserve DRER, EHAL v F
M T? Reserve DG H - MELRELWEET
»H5b.

 Dynamic QOS Control Schemes . 4+ — VYA D
K (QOS) BT 2 1R3E & £ D@ 2 KL,
RA7OA—FNVHADOERET TR, <N
FAFATTT )~ a v EBRLEHS,
VAT LD RBRM KRR LT
WIIHIEFTHETTO—-FThH5b. 12k 21,
EFdAR—V I ATAIZBWT, V¥4t
YarvERHTIRIAOILD, EFAR
BEET— YD —CAOKD LR, FTR%E
EL, bL, Flck#hshitry s
ToLkTaL AL I NRR Y hT—2F
BrHonitwgal, Bro7s54 7T
Wty arDQOS kBRI BIYICE
ftsg, Lty s VIcEREZREEL &
VEVHIHERTHL "W »,

- Conductor Performer Model : #ft 2 71 7 7
— DR EKIFHEEZRIEL D0 FE L <
179 72812, Conductor/Performer €7V % [
FLTWA ™ 9 Real-Time Mach EIZ 3 F
Vo TELTEREL, HiEFMzT-T
V2%, Conductor {&, B/ EFMAL v b %
MALT, BEDATATAM) —L%0H
LTWaBZENEND Performer O K| % 17 -
Tw5,

* Multicast Protocols for Continuous Media . 5"
BATATIRAFLIIZBWT, AF4T7 X}
=L Z$XTE—DQOS LNV THE%ET 5
DTREZL, ZEMPORY P T— I HEERF
A P DORIEBEESIZE 572 QOS L AL IZEIIIC
BIG 3, 2OTVFEXYR M E2ToTeKk
DEEXFRECR/NMMNZHLEND L. BIE
TS, ST-II 70 b an®™ i EHERICFH
ENTW5BY, ZOMH» % QOS W% & HT
bhTuiwv, 2Tk, E£RX VDK,
k) —F, 2y I—sMBEEEBELT
H—Sh/:QOS DHIHEAT I LELH BV ™,

4. b Y

Real-Time Mach {2, CMU @ ART Z L — 7
EEOCHHRLEYV TS £ L0BE#H%
Mach3.0 ¥4 7 0h—FIVIZBHL, ¥4 20O

oen



Vol.37

H—FNVEERDL > TWVEERRDILRITEERLE
BHEEBEL, FLWITAVIALT ) r—7
aVICFATAZEEFEBHE LTV, w1710
H—ANVEDLDEYVTNIALYRT S LI
Iy, EFECEWENWT I r—a3 s A4
BWILTTREE ZoTWVE, T—2 AT —Yar®R
PCARHPLE LB ITNIALT T r—2
aryBETnd, 4%, E- "=y bR
Network Computer * I L - Y A7 LD EEN
pWLTEBY, 7 r—vavickdftahs:
BBV T ML THPLEEL>TEITVS,

H71E L, Real-Time Mach X, CMU B X U
ME##AF [hup://www.mmp.sfc.keio.ac.jp] #
LAY 7y xT7ELTRAINTVS, 7,
GEMINFTFATATLADIODIFVT LT
LEEERAFIOSLRMIN TS, KB, H
LwRA270h—FARAXRVL—-FT A YT VAT
LEESTUIPNEFADEEIILENITENT
»5,

S Real-Time Mach D RF A & i&,
ARPA, NOSC, IPA 33 L®WVAH WA LI RH
BOBHRHTBIL YR Lo TS, &I,
H—R¥— AT KEDART V7 V—7, BERXK
BAK%¥O KEIO-MMP 70V x 7 b LfEH - F3#
MR, tEERKERAFOHBMREDE £
VINICERBWALET. F, 3, 32HI0T—
Zid, B, PEWMRKOERIZL L.

2 £ X W

No.12

1) Accetta, M. J., Baron, W., Bolosky, R. V., Golub,
D. B., Rashid, R. F., Tavanian, A. and Young, M.
W.: Mach: A New Kernel Foundation for Unix
Development, Proc. of USENIX Summer
Conference(1986).

2) Baker, T. P. and Shaw, A.: The Cyclic Executive
Model and Ada, Proceedings of the 9th IEEE Real-
Time Systems Symposium, pp.120-129(Dec.
1988).

3) Cooper, E. C and Draves, R. P.: C Threads,
Technical Report, Computer Science Department,
Carnegie Mellon University, CMU-CS-88-
154(Mar. 1987).

4) Golub, D., Dean, R., Forin, A. and Rashid, R.:
Unix as an Application Program, Proc. USENIX
Summer Conference(1990).

5) Ishikawa, Y., Tokuda, H. and Mercer, C. W.:
Object-Oriented Real-Time Language Design:
Constructs for Timing Constraints, Proceedings of

ur7gd

Real-Time Mach . Elfil=1 1 70h—F

1123

Dec. 1996

Object-Oriented Programming System, Languages,

and Applications, pp.289-298(1990).

Kawachiya, K., Ogata, M., Nishio, N. and
Tokuda, H.: Evaluation of QOS-Control Servers on
Real-Time Mach, Proc. 5th Intl. Workshop on
Network and Operating System Support for Digital
Audio and Video(May 1995).

7) Kawachiya, K. and Tokuda, H.: Dynamic QOS
Contro! Based on the QOS-Ticket Model, Proc. 3rd
IEEE International Conference on Multimedia
Computing and Systems(1996).

8) Kihara, S., Onoe, Y., Mitsuzawa, A., Moriai, S.,
Nambu, A. and Tokuda, H.: An Implementation of
ST-11 Protocol as a User-Level Server on Real-
Time Mach, Collected Abstracts from the 4th Int.
Workshop on Network and Operating Systems
Support for Digital Audio and Video(Nov. 1993).

9) Maeda, C., Bershad, B. N.: Protocol Service
Decomposition for High Performance Networking,
Proc. of 14th ACM Symp. on Operating
Systems(Nov. 1993). :

10) Mercer, C. W. and Tokuda, H.: The ARTS Real-
Time Object Model, Proc. of 11th IEEE Real-Time
Systems Symposium(Dec. 1990).

11) Mercer, C. W., Savage, S. and Tokuda, H.:
Processor Capacity Reserves: Operating System
Support for Multimedia Applications, Proc. Intl.
Conf. on Multimedia Computing and Systems(May
1994).

12) Mercer, C. W., and Rajkumar, R.: An Interactive
Interface and RT-Mach Support for Monitoring and
Controlling Resource Management, Proc. of IEEE
Real-Time Technology and  Applications
Symposium(May 1995).

13) Nakajima, T., Kitayama, T. and Tokuda, H.:
Experiments with Real-Time Servers in Real-Time
Mach, Proc. of 3rd USENIX Mach
Symposium(Apr. 1993).

14) Nakajima, T.: NPS: User-Level Real-Time
Network Engine on Real-Time Mach, Proc. of First
International Workshop on Real-Time Computing
Systems and Applications(1994).

15) Nishio, N., Tada, S. and Tokuda, H.: Conductor-
Performer: A Middle Ware Architecture for
Continuous Media Applications, Proc. of First
International Workshop on Real-Time Computing
Systems and Applications(1994).

16) TR, fH: R AT TLAEDOLHDOI FLY
= 7 O, HHRUABFERVAT LYV T P>
FTEARL—F 14 TV AT LHARHE No. 69-8,
pp-55-60(1995).

17) Oikawa, S. and Tokuda, H.: User-Level Real-
Time Threads: An Approach Towards High
Performancee Multimedia Threads, Proc. of the 4th
Int. Workshop on Network and Operating Systems
Support for Digital Audio and Video, pp.61-
71(1993).

18) Oikawa, S. and Tokuda, H.: User-Level Real-

6)



Vol.37 No.l12

Time Threads, Proc. of 11th IEEE Workshop on
Real-Time Operation Systems and Software(1994).

19) Onoe, Y., Fujii, K. and Tokuda, H.: QOS-based
Multicast Communication, Proc. of The 2nd
International Workshop of Advanced Teleservices
and High-Speed Communication Architectures
(1994).

20) #%, AR, fil, 8)il, #H: Real-Time Mach
3.0 DEFfli & B R, Proc. of RTP '93, 1§ TR
&/ BFHHEE ¥R (Mar. 1993).

21) ik, EE, K, f: < VF X741 THERED
7 A by K& Z£DOFF, Proc. of RTP '93, {5
BE/ BT EHBRESF R Mar. 1993).

22) Savage, S. and Tokuda, H.: RT-Mach Timers:
Exporting Time to the User, Proc. of 3rd USENIX
Mach Symposium(Apr. 1993).

23) Sha, L., Rajkumar, R. and Lehoczky, J.P.:
Priority Inheritance Protocols: An Approach to
Real-Time Synchronization, IEEE Trans. on
Computers(1987).

24) Tokuda, H. and Mercer, C.W.: ARTS Kernel:A
Distributed Real-Time Kernel, ACM Operating
Systems Review, 23(3) (July 1989).

25) Tokuda, H., Nakajima, T. and Rao, P.: Real-
Time Mach: Toward a Predictable Real-Time
System, Proceedings of USENIX Mach
Workshop(Oct. 1990).

26) Tokuda, H. and Nakajima, T.:Evaluation of
Real-Time Synchronization in Real-Time Mach,
Procedings of USENIX Mach Symposium, pp.213-
221(1991).

27) HEHEE: Y TV Y 1 L OS DEAHE, 2
Y¥ax—=%v7FY 27T, Vol.9, No.3, pp.4-
14(1992).

28) Tokuda, H., Tobe, Y., Chou, S. T. C. and
Moura, J. M. F.: Continuous Media Communica-
tion with Dynamic QOS Control Using ARTS with
an FDDI Network, Proceedings of ACM SIG-

% & 2 =

Dec. 1996

COMM '92(Sep. 1992).

29) EHXE KEES: Y AVFATA THERE S
O3z MIBTBYTNY 4 LMEBIEH, Proc.
of RTP '93, MM ELR " BFHHBRFEF X (Mar.
1993).Tokuda, H. and Kitayama, T.: Dynamic QOS
Control based on Real-Time Threads, Proc. 4th
Intl. Workshop on Network and Operating System
Support for Digital Audio and Video(Nov. 1993).

30) Topolcic, C. et al.: Experimental Internet Stream
Protocol, Version 2(ST-II), CIP Working Group,
Request for Comments: 1190(Oct.1990).

CFRL7 49 A 11 B%A)

#l X (E2B)

1975 FRERR R T¥HREH
ITHEHXE, 1977 £RAEKREL
REET. 1983 FEAFYEY 4 —
V- REFHEBEFRELR
15T, Ph.D. in Computer Science.
BIE L D KE A — A F— 200 KEFHHEBHERHCH)
&, 1991 £F Senior Research Computer Scientist, 1994
4 Adjunct Associate Professor. 19909 B X 1), BFFE
FEKFIUEF M MBI BT % KIE, 1996 E£F¥E
BiZ, BAELESL. oM, SBIATL, FHIT
NEIALLARV—F 4 YTV RTF L, FETNF AT
1T YAT L EORRICHES. 1977 E¥ AR
BhEZBFEEFR, 1983 F% 16 [0 Hawaii
International Conf. on System Sciences {Z T Best Paper
Award, 1989 £ Motorola Foundation Award * % H. B
T, RRVAT LY 7 72 T7EFRL—F 47 -
VAT LAHREEE, ARV I MY o THEAEE,
ACM, IEEE &£8.

1124

0os8Qo



