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Abstract. In this paper, we describe real-time computing technology which has been developed
for building an integrated multimedia environment. We also introduce the notion of continuous media
objects, quality of services (QOS), and QOS classes for multimedia data such as digital video and
audio. The current status and future issues of our distributed real-time kernel, Real-Time Mach, and
real-time communication protocols are discussed.
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[ 1: Continuous Media Objects
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3: Temporal resolution of video image
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ORENEMBEERELTEE, ThOD 2 ¥ 2 (QOS
I7IRALRE)EBIRT I L% fFoT s, BIAE, ¥
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F—& X Y —ALRTOREWY (intrastream synchroniza-
tion) DEHOMIERED 5o FlAH. 2 DO L 2EE
FrAdahbodry P7—-22NALTELNTL 3FHL
EFF R b Y — s LT, HEEICRE—FER LR
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Trz4bLXLy FOBEE L Mach @ “C-Thread” »% v
— ¥ [5] %#BiE %€ % RT-Thead € F A BTEHEX T
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BEENEF & 3 2 ERD 3,
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VY7 RY L 4B a—ABEHIN TS,

¥ HEDL—r o2 b=y s HROEF & LT
AW S 2 7 BBE LT 5 BE CPU MBI (WCET,
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HLFBCPUa—74Ff¥—vav, ¥EHL. th
COMHEBRNAETIL— XYY e a—F 4 54 € —
vav e RBTELATH D I, XX 7 p BN
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CHYBAE RT3 [17]

Ll CORBME 7 0EFAoTik, SERN X
A7l Tty WCET % % L K8 &5 2 CPU = —

FTATA¥Y— L a v EHAPE X 7T L CERT 3 &
BOETEEDoke DX AKERTRT 240,
R Z X 7 « $— ¥ (aperiodic server) D} =, [16] 25
BFEEN. ARTKHEEI LT3, ol TR, FEF
AR « F—NC—ED CPU—F 4 T4 ¥— =
YORLREEY S SAPICHLCEL, T ok bR
BoTwallbkEne, HFEAFNL X 7 ¢ EF5 ¢35
WS HATH L, COBLRBEEELIRETSC L
CEY, RDNY 775 v FHRR, £—Y v 7HE
REXD D, FHRIVL AR Y X & 4 LRIEEPEN 2
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v, HEEZFS>TVWEEZ X FIFO DI F o —A4 v 7
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EBivtwni,

Ll COXSAETFIFO DF 2 —A v 27 Clk, 2.3 8
TRRIETIAFI T4 4 v "—VavpiBETLES
DTy 7Y T4ty v voEcELTRE, =2
DHLAHEEEA LTS, —o ik, EHE0 754
FIFaA v =V avkAfTsido, —BO7T
AFYTARKT = ban 18] W5 HETHB, b5
=Dl 7Y T4 AN v a vEEKY ., FEETRE L
¥ % X 5 % RCS(Restartable Critical Section) 7 & } =
A [21] 25 HEETH B,

TIAFY FABERT v} 2, BE-BEIEED
BRIBIVF A A% v aviCBECA>TwnBEIC,
BLAENIL D DEBEIEFDO XX 7827 54 hr+
7vaviCADL 5 RS LBEEC, HCELAFICE = —
AYTZFERITEL, COBABLEEEREC 7 V5 4
NANEI7vaVlCA>TnE LR 7 KIS, 7Y 54
Arnes v aviEFIELL5KCT B, XbiC, Fa—
AvZreBLTY, FIFODIETARL, Fv F74 v0lF
CFa—Av7effo, ~RNKECBEEEL D6 -
TBENFDBEAZ R 52, sV 54k s avD
EfTERTToL, b LOBEREREFC &Y., 55
IO C—BEEEF OB (b2t b F v P4 v
DEV) Z 27 BEBEINT, 2 ) F4 1 Es02vD
KT BT 50

~7%\RCSTwabariy, HBHAERZ V54 AL
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EoTHEFa— AV T L TACOREERE 7V 74
HA 7 v a vy OBBREBCERBIET, BWERAID
SFREBLE S LT EHETH B3 CoHROHE.
BEESLHER. BEVE X707 K- BFa—4 v
reET 3RE HEEROREZ TR EIRELY
CHAIL, BT 3 LHTREL R 5o

th,s CHOLOERARTIAFT I T 48K T 2 b=
AR M—T oy Y ECTIAF Y FA4Lv"—Pa
VERRTE DI HETH I, —ROYAF T vy ¥
LRBH AR VECOTIAF) F 44 v N-T a v
HicBiLTil), ZhboD7 a2 X bCKRT D
EHiEH 5,

4 YTLIALLBESTaral

YTAEAL LEET v raredT LR, v
FAFAT + F—22BROSBYUT 7Yy — v a Y OBER
Db, FECHS E>TETE, FILWITAFSL L
BRI wbar e LTHBERTEAL I YV AF -}
LRADRFENE S w b aak LT, VMTP (Versatile
Message Transaction Protocol){3], XTP (Express Trans-
port Protocol)[4], ST II (Stream Protocol II)[23], SRP
(Session Reservation Protocol)[2], CBSRP (Capacility-
based Session Reservation Protocol)[22], %2 £33 5.

VMTP &\ 2% v 7+ — FAETHFES /e V-Kernel
Heeohi 7 a2 + aAT, BXFHELT e barzy
VU ORBHEREL AT L EDILTCRIILT
3o FIVFIs v a VAL wAFF v R b BRI
HELBE . 8-¥y 107y PEEBRFE L w1 F
BEdoTwndo

%7 VMTP X 9 & bcEERFOMAL, HEE T =
Farzy Py VISIEREEDE LA XTP 7a b ar
T, VA4 v FY -7 e—HE, v— M. HERY K
L. BRI R MAE L & 8T h T2, X
fes %7y FAOHIETERORE L & b VLSITofE
HIEEICA S XS CIRENT D, FEITOLT S,
XTP 3.6 /{® C FHBIC X 2HEH T 2 TR TW 5o

—H CAFAFATDAVI TV YAV RT LRE
B EFFLEHT -2 OWEL BBAY PV —7%
LAN LoREnERI 2R3 X 5 kR e ST,
SRP,CBSRP 2 ¥® 7 v + 3ATH %, STII . BBN
#t#8 ARPA * v + _ETBA%E L % ST(Internet Stream) 7
o b A% TWBNet(Terrestrial Wideband Network) F

3}y yFrvaveATFARETS, THR-ET ¥ FYOBEK
PTwEHR, TR LAZZ 2 2HBIFACRTASERE S,

ICHEER L7 b ¢, T1-HAIER (1.5Mb/B) CHEE 1
<w3* v % DQDP(Distributed Queue Dual Bus) 7
B b ko CREERHEE LTS,

ST @ IR vavAFIzvFy FE7Tatrar
T, EFA FEECOMIC, HET 7 AX—-2FO
WEF—Z2dvrFdr X P TEIBBERRILL TV 5,
TFYVr—vavid,s AF4ATEEETIHE, AU —
LETEL, EOX Y —sH LT, F— 20
AR, A=A EDAAL—T v} FUVYF LYV TD
BAHAEERE., BEREONE, =7 —Hih ik
BT BT LHRTE D,

SRP it # VY 74 A =T KE~A—2 LAKD ICSI T
%85 (International Computer Science Institute) TS
EhTwad7etaac, STIHLEREK, at7vay
FVxvFy Fa7etarTtdryE, @EOIP Xy b
T— 7 ETD, SAF AF 4 TF— 4 EZEEDHEL T
BRPIFETD Do

CBSRP iz, CMU TR XT3 7 e b aAC, ST
II. SRP :tA#EK, axsvaviIzviy FhTe
FaATHBH, B—O FDDI % v + 7 —7 [14] ET,
FDDI 7 & b aric &) 3 EH L FERPEEE-FE5
¥ <FIFIL. ART kicsgii & h 18], BIZE, Real-Time
Mach CBHEPTD 3,

zo k5 BB~ LAN Lo e baaTiE, STII®
SRP & & CifAbRTwE Y — + ¥V = 4 LOREHRE
ERIFIET 3 T & BBETE W, & &k, HlLwntyayv
REMAT O, b Loty v 2 v D QOS R{E/LETET
YRS HFEE AFNE, CPUL &y P 7 —7&EERY
OEES®FTAEST. Hilveyvavicxdd Q0SS %
BETE 3 X 5B QOS %K T 2 8RR D 5,

BlEs w2 LnT e FarkBRisl, »i
ho7abaricBLTh, REBHNCELZ A » € —
CEROBRBRER IRy P a—Y VOB EEEL
THL32ETCRRFELTCAAVORERTD 5,

5 F&H

FalL <AF AT 4 THEEE 7 aY =7 bCENWT,
DEAF AT 4 TREYRETESHRBEY 7PV 2T
Ty v T — LR T DDA —F N & LT Real-
Time Mach ® PFFEpISEITG % % T\» %o Real-Time
Mach € i WS DHDHFHLWI TA X4 LMBOHH»
BEEINTWEE, TXERSOFERHEINL TS,
o, BENHWCES CRBEEEO AR EEAL T
22, KO X5 BBEERV AT LT Ff FLe>T |
Bk ZBMANRBRETD 5o

o Sharing vs. Isolation



e Lazy vs. Eager Evaluation
e Fair vs. Deadline- (or Time-) driven
e Fixed vs. Programmable Policy
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%, KROJE L 27 ACcFIAT B ECciE, $<D
REBBINTwEORRRTH B, LdL, b
DEHEFHWC X7 LOMBCBELTE, YTAXL 10
BHITR S > L VEEAKR OV L OTH Y, &2 D
FLYBIRRRESHFEIN D,

6 HE

Bl VREFTFLTECHAY, BHALCTH-
e =2 ¥ —AavK¥D ART 1 — 7, Mach # 1 —
OB BEERREOMKEESY 7 Y = TR
IR HEE (A F AT A THOEEERY 7+ ¥
TI17v¥x7 ' OEBICEHIKLE TS

SZ K

[1] M.J. Accetta, W. Baron, R.V. Bolosky, D.B. Golub,
R.F. Rashid, A. Tevanian, and M.W. Young, “Mach:
A new kernel foundation for unix development” , In
Proceedings of the Summer Useniz Conference,, July,
1986.

[2] D. Anderson, R. Heritwich, C. Schaefer “SRP:

: A Resource Reservation Protocol for Guaranteed-
Performance Communication in the Internet”, TR-90-
006, ICSI, Berkekey, February 1990.

{3] D.R. Cheriton, “VMTP: Versatile Message Transac-
tion Protocol”, Computer Science Department, Stan-
ford University, 1987.

4

e

Protocol Engines Inc., “XTP Protocol Definition, Rev.
3.5”, PEI-90-120, September 1990.

[5] E. C. Cooper, and R. P. Draves, “C threads”, Tech-
nical report, Computer Science Department, Carnegie
Mellon University, CMU-CS-88-154, March, 1987,

[6] P. Hood and V. Grover, “Designing real time systems
in ADA”, Tech Report 1123-1, SofTech, Inc., January,
1986.

(7

Y. Ishikawa, H. Tokuda, and C. W. Mercer, “Object-
Oriented Real-Time Language Design: Constructs for
Timing Constraints”, In Proceedings Joint ACM QOP-
SLA/ECOOP’90 Conference on Object-Oriented Pro-
gramming: Systems, Languages, and Applications, Oc-
tober 1990.

[8] C. Nicolaou, “An Architecture for Real-Time Multime-
dia Communication Systems”, IEEE Journal of SAC,
Vol. 8, No. 3, April 1990.

[9] J. P. Lehoczky, L. Sha, and Y. Ding, “The rate-
monotonic scheduling algorithm: Exact characteriza-
tion and average case behavior”, Department of Statis-
tic, Carnegie Mellon University, 1987.

[10] C. L. Liu and J. W. Layland, “Scheduling algorithms
for multiprogramming in a hard real time environment
”, Journal of the ACM, Vol.20, No.1, 1973.

[11] A. K. Mok, “Fundamental Design Problems of Dis-
tributed Systems for the Hard-Real-Time Environ-
ment”, PhD thesis, Massachusetts Institute of Tech-
nology, May 1983.

[12] S.J. Mullender, G.V. Rossum, A.S. Tanenbaum, R. Re-
nesse and H. Staveren, “Amoeba: A Distributed Oper-
ating System for the 1990s”, IEEE Computer Vol.23,
No.5, May, 1990

[13] R. Rajkumar, “Task Synchronization in Real-Time Sys-
tems”, Ph.D. Dissertation, Carnegie Mellon University,
August, 1989.

F. Ross, “FDDI - A Tutorial”, IEEE Communication
Magazine, May, 1986.

[15] L. Sha, R. Rajkumar, and J. P, Lehoczky, “Priority in-
heritance protocols: An approach to real-time synchro-
nization”, Technical Report CMU-CS-87-181, Carnegie
Mellon University, November 1987

[16] B. Sprunt, L. sha and J. P.Lehoczky, “Aperiodic Task
Scheduling for Hard-Real-Time Systems”, The Journal
of Real-Time Systems, Vol.1, No.1, 1989.

[17] H. Tokuda and M. Kotera, “A real-time tool set for the
ARTS kernel”’, Proceedings of 9th IEEE Real-Time
Systems Symposium, December, 1988.

{18] H. Tokuda and C. W. Mercer, “ARTS: A distributed
real-time kernel”, ACM Operating Systems Review,
Vol.23, No.3, July, 1989.

[19] H. Tokuda, C. W. Mercer, Y. Ishikawa, and T. E. Mar-
chok, “Priority inversions in real-time communication”,
In Proceedings of 10th IEEE Real-Time Systerns Sym-
posium, December, 1989.

[20] H. Tokuda, T. Nakajima, and P. Rao, “Real-Time
Mach: Towards a Predictable Real-Time System”,
In Proceedings of USENIX Mach Workshop, October,
1990.

[21] H. Tokuda and T. Nakajima, “Evaluation of Real-Time
Synchronization in Real-Time Mach”, In Proceedings of
USENIX Mach Workshop, October, 1991.

[22] H. Tokuda, Y. Tobe, S.T.-C. Chou and J. M. F.

Moura, “Continuous Media Communication with Dy-

* namic QOS Control Using ARTS with and FDDI Net-

work,” In Proceedings of ACM SIGCOMM ’92, August,
1992.

(14

flaior’

[23] C. Topolcic, “STII”, In Proceedings of 1st International
Workshop on Network and Operating System Support
for Digital and Audio and Video, UCB-1CSI TR-90-062,
November 1990.



