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An Inter-media Synchronization Based on
the Coordinated Synchronization Method
and Its Implementation

TAKANARI HAvyaMAt and YASUSHI KIYOKIft

Temporal relationships among multimedia document components can be classified into logi-
cal temporal relationships of multimedia data and physical temporal relationships of processes
which render the multimedia data. Logically defined temporal relationships are converted to
synchronization among processes to render the multimedia data. However, there often exists
a gap between them, which is caused by the vague explanation of logical temporal relation-
ships. In this paper, we present a method to define logical temporal relationships which omit
vague explanation of the relationship. Additionally, an implementation method for the inter-
process synchronization mechanism which realizes the physical temporal relationships from
logical temporal relationships is presented. The synchronization mechanism is based on the
synchronization method in the coordinated computational model. Each process refers to the
temporal relationships, and plays multimedia data by coordinating with other processes. This
method allows each process to select the best policy to process media.
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Fig.3 Synchronization mechanism and processes.
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Table 1 Primitives for synchronization.
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while (not finished processing) {
if (arrived at synchronization point)
SYNC;
/* save context */
SAVE_CONTEXT;
if (no more synchronization)

exit;

/* media processing comes here */
BLOCK_SYNC;

/* critical region */
UNBLOCK_SYNC;

/* rest of the media processing comes here */

B4 #BES)ITATEMBRARTOS T LH
Fig.4 An example of a program with the primitives.
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F2 RO/ -5 (1)
Table 2 Parameters for evaluation (1).

Variable Description
F Frame rate (fps)
d; The time for reading and extracting the
i-th frame (sec)
v The time for displaying the i-th frame
(sec)

®3 FHERO/T X—5 (2)
Table 3 Parameters for evaluation (2).

Variable Description
! Sampling frequency (Hz)
w Sampling quantization (bits)
c Number of channels
R Data reading speed (bps)
w Data writing speed to the audio device
(bps)

F4 FERONT A= (3)

Table 4 Parameters for evaluation (3).

Variable Description

€; The absolute time for the i-th MIDI event
(sec)

b; Number of bits of the i-th MIDI event
(bits)

w Data writing speed to the MIDI device
(bps)

Nj =€; —€;—1 — b;;/l (3)
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Administrator for Multimedia Integration) % gt&f
L, EH L7 NAMI ¥ A5 A3, BRAE#HERIC
ROx, JutbAMoREERHY, 2747 HORH
BRI EERTS (K5). NAMI VAT ALY
BRENEINVF AT AT - VAT LI, BEOTS
Vr—varEEOTEBRENG. TSV r—va
ViE, FRENEEER SRS EOERAT AT R
BIEEGREERD). ChOREERARDESL L
&Y, BEONVFAFTAT - T TN r—va v
MR L % 5.

NAMI ¥ 27 4%, BRY-—NEeEEvR -+
LoEENng (Ke6). HAEFMHATIE, §
TORE~ A -V v, FRERTHNLLEND 5.
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M5 A7 47HAHE NAMI VAT A
Fig.5 Inter-media synchronization and the NAMI

system.

Sync Manager

Process

/— Info Server

Identification

X6 NAMI A7 2o EHHE g
Fig.6 Synchronization mechanism in the NAMI system.

F070, BRI -, ARV SLELT
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6.1 FAHIF&W
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2o B NV—THNTERS, FPLBICLER
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ZLC, AEHRE VBRSNS, £y ¥ a VIEHIE,
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time
SP, SP, SP, SP, SR,

PS, : : e

Tstart : . Thinish

Tstart T4 T2 T3 Ttinish
PS, i i ?

Tstart T Tz Thinish

H7 EHHoH

Fig.7 An example of synchronization.

IIT, kv vaviEHR S X, ROLIHITERS
na.

Serp = {PS, SP}.
GID i3, Z V—7#&HNFTH5. PSiE, 207 -
TWBTA7 O ADESETHY, SP X, EHEG
DEETHL. nHOTOL X% ED PS X, kRO
IIlcERESNS.

PS = {P5,,PS,,...,PS;,...,PS,}.
PS; i, DTD30NEEPLEHINET UL 4
T 5FHRTH 5.
PS;={location, k, {Tstart, Ttinish, T1, T2, ..., Tk }}.
location 1&, 70k R { ORELEEERELETHY,
R~ A -y PETLIRICHVLNS. 2FHD
YN, AERORTHS. 3FEBDI SNV, 2
BTHRR-FAPHEOESTH Y, FHBEADLS O
e/ O AOBEEICET 2ERE S, M
iE, TEEADOORE CREILE 217 2T L v
YW A0DbNTHE. #0780, HXEEROD
HBALZ, B EORBRBOER, X747 IR CTHE
LEATH v, BEEOBEI 7L - ET
A EBDHRETH A, RIT, FHEFROES SP I3,

SP = {SP.,SP,,...,SP;,...,SP,}.
EEREIND., TNEND SP; 1%, Meet BfROEHD
HOEETHA.

SP; ={...,PS,.T,,...}.

o ziE, M7 THRENAEEE, 8 L)
ERRiN-g (-

M8 ithbtyaryFHiz, M9 OETHERY—
NIEBEND. BHR—N~Dty g JEROE
g3, Lol a v ERBLEIETAL-FICLoT
Thha, BHRY -, 22— %7 V—THmAF
EHWT, &ty varoFReEHRT .

6.2 FHivx—T+v

Ffi~A—Yv i, ioR~A -V v LBHAL,
TaEAHH LT, LAREEEORBETS. T

BRABEAPHARICLE AT+ THRASH E 20EHRAR 711

S = {PS,SP}

PS = {PSy, PSa, PS3}

SP = {SPy,SPs, SPs, SPy, SPs}
P81 = {host1,0,{Tstart, Tfinish}}
PSy = {hosty, 3,

{Tstart, Trinisn, T1, T2, Ta}}
PS3 = {hosts, 2,

{Tstart, Trinish, T1,T2}}
SPy = {PS1.Tstart, PSa.Tstart}
SPy = {PS3.T1, PS3.Tstart}
SP3 = {PSy.Ts, PS3.T1 }
SPy = {PS1.Tfinish, PS>.T5, PS3.T2}
SPs = {PS2.Tfinish, PS3.Ttinish}

8 K7 oFEPoIBH
Fig.8 An example of description of synchronization in
Fig.7.

# The Sample Session Information

#
NPR:3:1234:InfoServerHost;
#

DEF:1:2:s8:2:; .
DEF:2:1:s:4:1,2,3;
DEF:3:1:s5:3:1,2;

#

SYN:1::1~-s,2-5;
SYN:2::2-1,3-s;
SYN:3::2-2,3-1;
SYN:4::1-f,2-3,3-2;
SYN:5::2-£,3-f;

X9 tviariFHROR
Fig.9 An example of session information.
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5.

ZOBET, AETA—IUriE, TRTOT LR
DFHE, BLU, AABREMS. 70 RiE, b7
Ot R LR & A0, B~ R— T v IC R
BEKETSH. 70X AN, 7V rT T 47 IR
MHEEAT) Z L RFFLBADOHA, WK% T
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bihs, FENEZIT)LE, A~F—YviE, %
WA HREEH AR E, UTOREETS.
(1) HHEOBERELD IENMLORH~F—IvIC

LT, BIEECHEELEZIT) L )ERT 5.
(2) WMOTRTOFEYP~A-V v, HEORES

~NDE|EEENT S,
(3) ORI~ — VY RAPEIEETLIECT
o,

(4) RoMPEEFTCORMEIFAPBOBRKEEIEL,
Wz 7o AR Y. 2720, bR E
A iolE, BRGLTIukAne -7
FEHL, BELTHL2aVFFAMNIT 0L
ADREERT
Fff~ 4 - vid, BOBLEEZRHOAMY A -y
PO DREPOERE ZF2EE, FOEET LR
Hods, 70 A RBET L 52 L 2EFL
TWVAEE, R~ r—Yvid, mECRBLEZ
179.
6.3 BHIDEZDDOBRETVIFT 1T
NAMI ¥ A7 L OB, BETIIF4T &L
TREINBEY, 87 37474, BHRY— I~
Dty vaERP T UL ABFROBEER, Bk
U, MEERPRITTAOOBET)ITAT7, B
IO, A~ A Vv L CEBLEOER R &%
TH00BET)IF 4T hOBRENS. B~
F=TrORBEEFNET L0, FEHICLELE
7Y 37471, 428ICBVTURLAEBY TH
3. NAMI Y AF AIZBWTIE, ZOESY) 354
THERSIRTEIICER LA, R1IRLZEME
T IFATICR, kv ¥a yORBERESLELSY
A=V Y CHERHEERLLOOBES) 35717
MR 72, BHRY - OBEFFRET S0
i, |6 WWRTHBIETY IF 47 2HVE. EBIZ,
R~ A=Y v DT Y 3747 2 MARATIB%E
X 10 1Z7RT. 4T 16 (B} ZNamiInit () Tid, [FHI
TA=TUyOWELET ). £y e VBRI, 1732
MDNamiStartSession IZBWTITbI, [FHIT—/ X
Dby varBREIEL, oA -V v LH
HOWMR%4T 5. 47 33 DNamiSync() Tif, EBORF
B 4T ).
7. NAMI o X5 LDEE

5 |ICBWTIE, FIHBESEHS 2 TIERS
ZWERR BB IS D W TR 72 RRICTIE, Y
T ANZT RN L ARIZBWCHES S 7z Mpeg-
play2.0 % b & ICFEHIMEB O MAE 2 5T 510, A
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®&5 AHI~A—VvORETIIFAT
Table 5 Primitve operations for synchronization

manager.
TVIF4T KeRE
NamilInit() R DML |
NamiStartSession() v a Otk
NamiSync() [REIES:]
NamiClrUpdateVar () [ ST 280 A b
DL
NamiSetUpdateVar () GEGIEINEE e o~
DRE
NamiSaveContext () SR 72 B 2 & DR D
BE (TVTF AT ORAF)
NamiBlockSync() MHle R Afo7 ey -
NamiUnblockSync() SR R A7 T v 7 R
NamiUseTimer() FEIF ) Y ) > T
NamiCompelledSync() | Bhfiliy % Rl

®£6 WHHT—NOBET)IFA4T
Table 6 Primitve operations for information server.
PV HRE
namiIsInit() 15 — N L D8R
namilsRegisterGrp() R 7 v — T DB
namilsUnregisterGrp() | M7 v —7 DKM
namiIsRegisterProc() 70t AN
namiIsGetInfo() FEDT 0 & ADEHROIIG
namiIsGetSyncinfo() R R OB

121, UNIX ECEBRLAZNAMI VAT AZHW.
S, NAMI ¥ A5 2 OFEIEICE § 2 MR
& Mpegplay2.0 DR X ), 5.2 HiTHR~72xUC
FIE, NAMI ¥ A5 A CEBRICT 2RO 1~
=NV ERDLIEIZENFTD

7.1 FEHARICE Y 3 ;
NAMI ¥ A7 A O FIEARE O MR % 8-l 5 5 720,
220070 A%E, A—H%Fy FTEESNIZ2ED
FHEBIIBVWTEESE,. BX5BRER 2007
UbR5E2 ALY, BWBEELxHO UL
ADVEVWVBLEEREOT O BT AL L.
BB, TITWHIEEELE, UNIXOTUER - R
TTa—) Y TIBTABEETIIRS, NAMI Y A
FADT O AFEEEIC B ABEEERRT. RE
BT, BEEOEWS O ADRBIMEICEL 2
8 (NamiSync () \CE$HRH) 2EHILA. sHILA
D, BREEOBVW O AL FEHLELEEL, &
REOEWT ORI L TERAAEZ 2T, 2071
CAPLD Ay —VEZEBLTCEAP LA & 2R
L, FEINED SR T 2 CTORMTH L. RO
RN, R OGRS & W T RIS BT A R
% UNIX O gettimeofday() RA%XIC X WEUIREL, #
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1:#include <sys/time.h>
2:#include “"NamiProc.h"

3:

4:myskip()

5:{

6: printf("done\n");
7:}

8:

9:main(argc, argv, envp)
10: int argc;

11: char *argv[], *envp[];
12:4{

13: int i, j, v, time;
14:

15: /% Initializing NAMI system. */
16: Namilnit(&argc, argv, envp, NULL,

17: myskip, NAMI_NO);
18:

19: if (nami_cunit != U_MSEC)
20: exit(-1);

21:

22: /* allow compelling sync and timer */
23: NamiCompellingSync(NAMI_YES);

24: NamiUseTimer (NAMI_YES);

25:

26: /* update the variable automatically */
27: v =1i=1;

28: NamiSetUpdateVar(NAMI_INT, NAMI_ADD_VAR,
29: &i, &v);

30:

31: /% start session now */

32: NamiStartSession(NULL);

33: while(NamiSync()) {

34: if (!'NamiSaveContext())

35: break;

36: printf ("¥d: wait (%d sync left)\n",
37: i, nami_counter);

38: while(1);

39: }

40:

41: exit(1);

42:%}

10 NAMIZV3IF AT 707 5 L6
Fig.10 A sample program with the NAMI primitives.

DEEZRDDLZEICE>TTo7. T TEHMILK
BlE, FIEBICSIT 57 9t AHRBN IR %7
PHEORDERDECHEIIBITAHHLER 5.

F7 LR8I, NAMI ¥ A7 AZBIT 5 FALNLE
OWFERY. M 151 BT, 20 & XOFHHE,
BAME, BLY, MEZRDZ. BOBEEERS
7TutkRid, SEEOERAFTEBICBVTHEESY
72, BWEREZE ok A%, SunSS5 70 MHz
FCEELS. ASRECEL-EEORAMIE, F

BAMAPEHRIC LB A7 1 7T HAP L Z2OEHFR 713

®7 270 AOFYPMEICE LRKE (psec)
Table 7 Time consumed to synchronize between two
processes (usec).

Machine Mean Max. Min.

SGI Indy 200 MHz 2,657 17,203 316
HP9000/715 50 MHz 2,998 20,433 627
Sun SS5 85 MHz 3,352 24,523 913

F®8 27Ut AN MHMLHICE LR O

Table 8 Distribution of time to synchronize between two

processes.
Machine <3,000 pusec <3,500 usec
SGI Indy 200 MHz 90.73% 93.37%
Sun SS5 85 MHz 82.30% 92.72%
HP9000/715 50 MHz 82.12% 92.05%

WEO7THEEL RS, UNIX DAY Va—9%HWT
Wz, MBEEBEICIESOXFRORE. LAL,
WITNOFTERTY, 92%L LDy — & T 3,500 psec
DIPICFIEEE AT LT3 ($£8). Zhid, A
SLIBEE I % 3,500 usec L fBE L CHEHAD A & —o\
RRELZEE, Vv F - LA uWEEMIE, 8%k
WTHHI L HHEKRT S,

7.2 MPEG 7 1—-Z0Dig&

MPEG Fa—%'i%, 7L —LDESEE T L — 21D
FoREB L W BRSNS, MPEG IBEZEDY Y7 -
F=F RN, EBICT7 L —ADESE L FREIC
BWUHE SN/ CPURHEZERIIL:. H LAY
YTV F=FIET AERIE, RIIRT. H11
& 12 OFHAIFERIE, SGI Indy (200MHz) ET
sHlsnzL0ThHs. ZhboiE, 57—
LAEBHL, BERTHOLCELLBEEsTRT. &K
® Decode X, MPEG F— % ORERMICEL-EET
&Y, Display 1Z, BRICELLKHETHS. 2L,
Total i¥, BREICELZKE L ERICELLHEOA
HTHy, EBIC, HLTIL—LERRRTLDIZEL
TRETHE. TOEAEEL 5 BIZBWORLAZEFF
ik (1) Z AV, min(N;) 2k, 22T, F %
30fps & L, I; % 500msec \ZEE L7z, B d; & v
i, M1l XYLz, CThsolz2BWTN; %
ROLERFTRLO THE. ZORLY, min(N;) 1T,
174,761 usec TH 5 Z L35 h 5. ZOEIE, K7 12
& 5 FEEILEICET 2RHOFHEERGTHL I L
2o, FRPREE 15 7L —AZ i io2BaTY,
MPEG 73— ¥ OEEL HT 2T L ¥50 5.

RIZ, I % 1000msec [CEEL, F #bs€r
BED min(N;) BRDA, FHRIE, BH13 RTE
BN THA.
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#9 MPEGIDOY Y7L - 7~ %D
Table 9 A specification of the sample MPEG I video

stream.
Frame Size 352x240
Frame Order IBBPBBPBBPBBPBB

# of Frames 148
#£ of I-Frames 10
# of P-Frames | 40
# of B-Frames | 98

70000

Total
Decode -------
60000 | Display - b
50000 H
)
g 40000
3
£ 30000
=
20000 4
10000
0 anand
0 20 40 60 80 100
Frame number
M11 #> 7N F—FOFEICELZKE (8bit color)
Fig.11 Time consumed to browse the MPEG video
stream (8 bit color).
70000 T T Toa T
Decode -
60000 Display - 1
50000 [
g 40000 [~
3
@
£ 30000 |
=
20000 +
10000 - .
[NEVYVVIT VUL SOUUY TUUNY SUURY . WY YUV
0 ; A ] ; A

0 20 40 60 80 100 120 140
Frame number

M12 Hr 7N F— Sy OFEICE LK (24 bit color)
Fig.12 Time consumed to browse the MPEG video
stream (24 bit color).

13 FD 8bit Color(real) & 24 bit Color(real) i,
X (1) L VKRDA min(N;) TH5H. /87 2A—% d; &
v 1, @11 12 LY KRD7z. 8bit Color(approz.)
& 24 bit Color(approz.) 1%, di+v; DFHMEIZED L
EWETH S, HELFRICET L EEHEIL, 8bit
AT —DEA, 19,632usec TH Y, 24bit 71T — D3
&, 39,770 usec TH 5.

B 13 D NAMI Sync i, 1000 msec PIZTEE &
N7-BIHDO R %17 ) HEORALIIZLES CPU
BRETHB. NAMI Sync DA, #EHE, 1000 msec

REWILRE

Mar. 1998

®10 N; Ofl (8bit color, 7L —4 - L —} 30fps, FHA >~
& — 3 500 msec T k)
Table 10 The value of N; (8bit color, frame rate is
30 fps, synchronization in terval is 500 msec).

N; (usec) | # of Frames
Ny 174,761 15
Ny 202,018 15
N3 202,388 15
Ny 208,007 15
Ny 214,032 15
Ng 212,862 15
Nr 212,889 15
Ng 211,415 15
Ny 208,171 15
N0 247,882 13
1000 T T T T T T T T 71T
950 B 8bit Calor(approx.) f==
g 900 iR -1 24bit Color( p.nux.z
S 850 [P - i8bit I
"E’ 800 b S N X i 24bit NA-MI e r"é et
c 750 - oyl
& 700 f NN :
s 60 ™
600 . E
Z 550
2 500 X My
3 40 ‘% >
] B
i 300 | : \.
£ 250 : A § g
; 200 + : o i 3 : O O
150 | H Nd A e
[ N
5 100 | L N i ]
0 il 1 H

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Number of Frames/Syncs per Second

MPEGplay2.0 THE L 3% CPU K & NAMI ¥ 25
LZHZ 65N/ CPU KR

Fig.13 The CPU Time consumed by the MPEGplay2.0
and the CPU time available for the NAMI system.
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X, NAMI Sync & 24 bit Color(real) DR EEE%
BIRTIE L., ZoBE, ZHiE, 235fps T
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44fps ICRETHIE L VI LT 5.
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