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Research on Event Total Order Problem for Distributed
Interactive Application

LI Yong,LU Wei
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Abstract; The event total order consistency problem in distributed interactive application ( DIA) is studied. How to sort events occurred
on two different nodes and how to determine whether an event may submit the current process is critical in DIA. Due to the heterogeneity
of network transmission delay ,the order of events received by different DIA nodes is different. DIA nodes generally cannot take the re-
ceived order of events as the processing order, nor can they directly take the received minimum timestamp event as the current event to be
processed , because it cannot determine whether there are smaller timestamp events still transmitted on the network and not yet received.
Therefore , we propose a DIA consistency control method (CCM_SE) based on periodic sampling and event sequence number, which in-
cludes two aspects ; periodic sampling mechanism and event sequence number mechanism. In order to ensure event total order in CCM_
SE, events occurring on different nodes are sorted by timestamps, and the event sequence number mechanism is used to determine whether
an event can be submitted for execution to improve the responsiveness of the DIA events. Simulation shows that the CCM_SE has better
scalability and response,and can effectively reduce the occurrence of inconsistency in DIA.
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P BB 73 A 2P RR I oA s LAl L P[]

Bl LIS i R Kk R, & Fh AL AN
P Jmy BR T BB Bk N7 1Y) FR 6, T 3 Ao I 2% AT 1%
2, Lo An 2RI X e 25 R i3 - 23 iy 241
gy FH 7 3 59 s BRASAE — > L2 58— W 2% K AU PR S5 v
i3 A B8 B A YMESE R E AT 55 . X FR N
440 2 32 B W A ( distributed interactive application,
DIA) R MBF s i o B R X 58 5 R

Wr#s B EE:2018-04-13 & B H#A .2018-08-16

B Sl O ARG WALk 2
SEJTIH

DIA H i 5 — B [R) A R ) B I 2 B R T
AT I, 72 DIA H B 25 [R] — R A 319 853 0 32
HA TR S 19— S AR 1 A SO 1 — Bt
DIA S —EEA AL A I I 2R — Sk,
RLAF A4 DIA — S 7 1 3 2R B A I i . —

[ 4% H AR A 1 : 2018 -12-20

E&TH : FHRKARE 4 (61603326) ; #RIRIATE 4 BE A 48B3 42 (14 YCKLO16)
EHEN .2 K(1978-) 5, A B2, W57 WAL S R 4540 A
[ & tH AR bk ; hitp : //kns. cnki. net/kems/detail/61. 1450. TP. 20181220. 1001. 010. html



55 4 3] %

KA T ) 73 A SN ) 58 4 P [ T =73

FebE A R, — Bk RE A8 4 IE DIA 78 Ihfig b A9 IE
B, S et i 7 M RERS 25 FH P R A7 1Y) DIA K56, B+
FEAE AL R IER | &7 s B ST B —E fig
B RI5K 257 25 T I8 8 L 35 1 00, 3 T 5 500 1
SC BT IR DR R A A ) 7 R S I A8 R
P IE A8 AT 5 I H— B0 ) A 23 58 i 3R 48 19 A -1
FIIE b | A5 e 20y FH A5 21 A9 25 R T {5 IR, B
AT RPN FH AT A T ) — BohE I L B 4
Bk T W29 50 A X538 BB R Ge ik — 28 R ) A
PEAEA 0 — B0 ] B BF 5% — B2 DIA B,
VF L — SRS kA g

Mauve $H} T A # i J5 i1 AR AR R £
S SR AT R — B i (] A BEAE AR M AT, L AE IR s
V) B U AN /N T 2 306 A5 N I A 22 A0 0 TR 3 1 B3R
R B A 5 12 ik e P 2R 4 M W 7 R T SR 3 o 2R
GER)— B0k, X — Bk A R vE A3 R 8O %
FGE AR 1 38 TR 05 48K . Thomas 42 11 1734 F
BIAL A TR H AR ™) 12 7 9k ot i BHL 24 B0 B b 4
b, TR T ARG KA A SE RS
AU 2B A AR )G A AR — A2, Qin X
PR T ST A — B R — D 0T R g
G JRy SR AR A A HE SR B I PR R T R 5 T
AT AR, LRI A A ok 1 S M D
SE R [ B 17 2 306 57 & S S AR AR MR
2oyt SR ST BIFRAT , (01 28 G045 1 a5 3R A5 B g 14 i 57 i
I AR TS A — B G K A A G
ANV LB X O 2T R R R A O TR R B
Jei AN FESR LA TIZ R 1, DR 0 A 30 B AR X A
SRR WIS AH R, 22, 107 R U AE IR
S5t 2P T S 2 3R AR = 1 7 A 1 R 8 1
M, DU R G RE R R B s MR RE A ik Ok ELIE
BE R 2T —8E, S A B LN R4,
Jefferson #2111 T Time warp'""', DIA 5 & X% $22 U 2 1Y
FESLRIA T, 2 R — SO, E o R AR ] 1
DIA (RS T AR 268 25 PRI PERER 22 0 Ro-
berts 42t T T B 1) 45 BE B R 7E DIA F04: % 4
O HEA TSR0 38 A % R R R R A 1
I V) PR 255, 224 T o 0 o 322 B AR e A 4R v R G RO
B M TS DR BRAT MR E A IE AR BRI 45 5 1
A /%0 DIA S5 4-Refg wiml , H s =g,

25 b BRI £ DIA — S e, 78
—ERE LRI £ DIA 1K {0 F DIA —3:
Ti) RELAS B f o 5 AR 2, A X DIA — B0 ) 5 i)
FEAMR K BER A, SCH ST E 05 76 5 {2
DIA Ff 5847 —BEMRTHE T, B m R g it | 1
5% DIA (YR RSS2 7 i [a) DIA A9 3% T J8 R

FEFNFAF T 5145 19— Bk 5 il 77 15 ( consistency con-
trol method based on periodic sampling and event se-
quence number, CCM_SE) , CCM _SE £ 5 Ji5 1] R B¢
FAFFP A 5 L A 7 T, G e R R R T R 1 R
DIA {8 —8t, S 5 412 B R K i) i s 4R 1
AR BRI 2], LASE 5 DIA S5 R 1

2 DIA EHEEF—H 0@k

7E DIA H, 1 3R b 4315000 15 5058 i ) 4% 54T i
P RTRT A R SR 0 & A g aE T B Rk f%
B O A A S S B sE B, B B
PRI B FAE A — B HIE B X =R
Aub TP DG A TR A T A AT 5 SR AT I
PEASHAT NI F Y DIA Y 5530 5 4k F 322 i 21038
() — B SIE S B0 O S O RE I TR 15 s LUE B 1Y
U AT

F£ DIA HR A AE TSN [R5 5 1 A =5 2 dn o] HE
J, ey R AS S > i A AT AR A A SR R
HEM R T AL e AE 1) S 4G , AS[R) DIA 45 58
W F AT 2 A —FER,—4> DIA 15 8 SR ANRE
L 8 B WA T A A Kb BT |t A B L B2 i 1]
(1% Fre/ IN R B RER P A Ry 2 i e A R ) 4, R B
T T2 75 A T /N ) 38 = AT 7 I A i, i oA
PEME], AT SO B ST N2 X BT R (] 2
PRTHE T W58 S5 R 58 )7 — SR BT, CCM_SE Sk
FHGE— s} b A 220 8 AN [ 5 6 b 3 2 AR g B[], 44
FAFRI ST, [FE, o — 28 85 G F 5 515 AL
il R st S 1) AT A B 20 4R R DIA B O
CCM_SE H/:5¢ 2 )7 — 3tk B AR an s .

V#7R DIA W R4S ; E 7 DIA i

AN
H o

XFAERER e, € E MW g(e,) Tamfle, 1
FEEET A R(e,,) RRRRIEHENC RN F A o, 1975 S 4E
i Fle,)=1{g(e )| UR(e,) TaaEABNE e,
ARG

XTAEERT R o,,v e V Mg (e,) Fmdifle,
TE v, L AR A] tr,(e,,) FTRTT A v, W B A e,
HIISTE] ; te (e, ) RHAF e, 76 v, FITIRIATRIIS ],
d; FART R v, 0, € VIAIHYE(F LR,

£ DIA H 5 g i) H g i WOk T R A T
AL HE R () B A VEAE FE F AR SE G R RIEA AT
BRET WM, L, 5 %54 DIA H g S e L —
FRHEFOC R, BI R AEAE S R & ] TR B Se it 7
I RRE R LR

FESC L RAETESET R R T B A &
Z—



- 74 - HRHLE AR S LR

29 %

()47 a . b J&[f— DIA ¥ & _E &AW F,
Hoafeb ZHIAEE W a—b;

(2) % a e—DREWH LS, b &I —1 DIA
T A O B S 0 @ — b

XFARRT a | b WAEEZE ¢, i “happened be-
fore” KRR R, TSR . Fa— b Hb—c N
a—c,

EX 2% e, e & DIAFHHANFM FFe, e,
WE - (e, —e) N (e, —e) JUFRe, e, J&DIA
PRI IR R, iIL e, | e, o

SE 3 e Y —EhE B DIA HOR ]9 fi 4%
AR TR] B NP AT A

Ve,,e € Ev,v € F(e,) NF(e);

te(e,) <tee,) —tee,) <tele,) (1)

SE SC 4 EAFIT IR AT I ) — Btk BT R — A g
PEFEAS RS i b A8 T PRAT I ) R [

Ve, € Esv,,v, € F(e,)ste(e,) <tele,) (2)

FHETF R AT I ) — S 2 5K B R ™ A Y —
Bk,

SE S5 R kw1 R ], RS DA fih % 3 T iR 4
SCPRAT Y 1R] R s 1]

Ve, € E;v, =g(e,);rt(e,) =te(e,) —tg(e,)

(3)

SE S 67T R A S E) RPN A AR Y

A Ay 7 R [ AR S 240E

Ve, € E;v, =g(e,);rt, =avg[te,(e,) —tge,) ]
(4)
B ST FRGE e L S T] B ER 46 Bl T R e i
FF 1) £ - 24008
S

RT o =97
e Y]

(5)
3 FEEARELE

BEXF DIA B4 58 4 17— BOM: s il n) 1, 2 1 1Y)
Rt e — B 6 Jr i CCM_SE = ZE 4 45 JA 11
RAEHLE AN AR P 5 S Bl T T/ 49 CCM_SE 1Y
JEIRAE 03B He— 3k

TE CCM_SE H #5745 SR FH I [] 20 L1 2547 i
BRI A ASTR] DIA 5 5 b il % 9 44 T L 3o 5
st 1] 38 K W 52 = 8 9 & A2 W, CCML_SE ##4 J 31
SRAEHLHIHE DIA H A 1) 50 43 A [ 2 4 B P 4 B 7
RICRAEJEI , SRAE R T 2B 24K i [R] 53— K DIA
FRPIRZS | SRRE R I B A5 1/ T P sE DIA SR 25 4 5 397 33
B, AESERRR A DL 25 WA RS (T = 40 ms)
Hr DIA RS POk e e 5E EARESR T,
3% B BUE SE R T ( T < 40 ms) , CCM_SE %) & 11
SREEMLE A T ARIE— M, — 4> DIA 55765 R
FER (¢, - Tyt ] ZW 3RACHATRAETE [, - T - A,
¢, — A EFIE] )RR P9 4 BT A FE 44, CCM_SE 19 J8 1R
FEHLE A JEER AN 1 TR,

PRI

time; timey

B 1 CCM_SE J&#1 k) R

Bl 1 i =4 DIA 9558 A B C, 15 5 A TEI][A]
time, filk Tl e,, , 15 B 7EMFA] time, fill & T FF
ey , 19 AL C FERTE] time, I time, fol % T FH A €~ Co s
B TR ASREER] [0, — T1, ] BRI ASPAT
KRR (¢, - T - Ayt — A] BFE BN e, | ey,
Hleq JTFOIHZWEN e, AT,

TE CCM_SE A BASRAEMLEI |, R 7 HEIH DIA 7
L[] R0 D8 246 SE A () o o ) AS — B0 B2 ), — 7~ DIA
TSR P AR [0 - 7,0, ] W 4RSS T R AEAE

[t, = T—A,t, - A BFE BN A TA S, 7] 0L DIA
WA A — A S AR ST RV T T AE R
—EMA] A J5 R S IAT . R S ] A S R
AT, AT LATH BR B 25080/ T A DIA 5 s i) i AR —
VeI

R A b T DIA 54 58 42 P — S0t n] B Y
TERALHGRTNE X, 23 Hr CCM_SE 1Y JE W1 R AL LH Y
— 5Pk,

AEFL 1. 7E CCML_SE (1 JRHHRAE D, 2 A (U Tt



55 4 3] %

KA T ) 73 A SN ) 58 4 P [ T 75

£ 6 B, CCM_SE I JE R FERENS I8 B 22 L 4 4%
RAY < FA LR BT R —E o

Ve, € Eyv, =g(e,):mt, = max (d,)
(6)

A = maxirt,},0, € V

WERH Ve, € E,v, =g(e,) :1t, = V{E%()im)(di,.) i)
L, A AT 5 0, b B e, FEICT A5 A R
B 1] e, 45T 5 BT A Y a5 R) A% i A B 1 e R fE
vg:%,g(dif) i, A BRI o, FEAT 20T LU 2%
R AT TE S e, EWEITA RENS I
WENF A e, BT v, € R(e,) ) $2ULH,

1E CCM_SE [ A 1 RAEAL I, —> DIA 5 58 7E
S50 SRR [0, — T0, ] WO 4R SCHAT R AETE [0, -
T-Aye, — A] B [EIE RGO T A3 S, 2 A =
max {1t} v, e VI [ERLERW [t - T - A, - AT
S BYATART <A BE A8 Bl A% i 30 BT A5 e i i, AT
SEERTE REAES BN A SR BT A 1 A R AT %
FiF B 1 fRHE, R,

AT UR AT B ] — BOE " R R A5 R AR 1Y)
— 3k, B, FIRAENL G 98 5C 80 DIA #1458
S —8E, 7E CCM_SE Y JE R EEHL ] b | AT
S A O Y DIACIRAS 19 248 DIA RS A i As 5 55
PR PR PAT AR R, F AR 142 DIA 256G, &

H < SRR A SR AR B A i R R ., CCM

SE 4 JE PR AR A T AR UE AC B IE 86 7%, — 4> DIA 7
SRS ARBERE [ - T, ] WL ARSSHAT R AR TE
[t, = T = Aye, — A7 B ) 9 1) B A =0

4 ETHABXEMEHRFISH—HHEE

#l7i% CCM_SE

EEXF DIA P58 427 — Stk ) 3, 25 HoR R
WERAELS LSS AR [, - T, ] BRI HESE
PATRATE [0, = T = At — A IFa]fal b oy 4 | %
Ji AR ITAT 0 F A 00 5 PIA T A i s, RIS A X
FECEN 0 5 A T W 5 1T LA B A A T, X —
SO IR AW R AT AT SR FE A T EATAS
JERAAE (1, - T — Ay, — A RIBGA, A3 A S HAT
PRIt 3k B | A7 8005 WL, 78 S B SR R AL ) v 45
BT ISR H E — A F i AT DRSS T

FAF G S AL 32 SRR H 6] — A9 S
P R EE SR, B2 5 o, BB A
Mo, S e, e, T EHAERGIE e, e, Z
] v, JEA A T HASAF ey , RO T AER 1Y
JELPR 55 o, AT R ey

Hie, e JME DIA 9 v, v, B AE RIS S5
8 7 AR B o, L Hoe <o UAERT

A DIA i boe | e BT AR AR e, — €, o 47
e & v, FIEACFRAGFAE, o f& o, I ARAL RS A4 ]
Bl /N 0 o, A PRSE e, JRRE L ZIALBE e, 2 4N
TSRS AFAE— Pl e, Ht, <1, <o ZFEA
FEfEH . A5 B A — 35 05 o, 77 AR B S5 1 4 e
e, e, JCIF RO B 0, e, AT R v, A PESE
e, ZJ i BHFIWT v, BARTET — e, (1, <
L, <t, )

FE X 8:DIA FAFHNS, #3010 5 o, A A S —
AN FEI) S BEE R 1 EE S o, KRS
S Hp FE e, W e, BT — DR
SHhp+1,mF R e, o

AL A9 5w, Bl R SRS R O R P R
TP AV SR AR . FETHAOEF 55 7] LLHIWT o, 7R 403
56 e, Ji B BE A Ab €, o

(D q>p+ 1, WEFEFFNSAp+1,-,q -
| AL B2 1, R RRAL B e,

(2)# g =p+ 1, WAE v, ERTELERTRIE R ¢, (1
Filfe, MiFe, <1, <t .

FE X9 DIA S0 R ERR T 4L & W 3R AE e 2
HALUF @,

(1) P43 F R DIA 95455

(2) HEAFAE DIA 9 5 B AR m 7515

(3) FFAE DIA 5 8 b= A i g B ()

FE X 10 B AR A S i o, AR E
A~ DIA 7 i, B 2 A B 75 S5 il (D,
D,,,D,,+,D,) JiH, D j=1,2,-,n FmM DIA
Tl B R o, A 0, T AN B R F T
LIIR=

FE S AR 7 55 v, AT —
A~ DIA 555, H B R BEF AT IS5 Mk (D,
D,,,D,,+ D) D =12 0 HHRANR
A v, CHEMCE] o, AP S5 D, +1 AR, N D, =
D+ LB D =

EB 2. v, WA — DIA B3 45, (D, ,D,, -,
D.,-,D,) Hv, RALBFAHW PG mE, e A (D,
Dy,eee Dy, D) X NS A ) 38w/ N S 0>
A D, =D ,j=1,2,,n W, e BiJE i N A B

WEW B e M w,je (1,2, 0] BABKITE—
Fiff, e #elliH e WHTE v, L¥AI, (D,,D,,-,
D.,--.,D,) R, EASB R P S e, b
{18 25 g T (B BRI 1A 7 Ah B, R AR B A o IS
B KT (D,,D,,,D,,,D,) %F R i 47 & &b 3
RO ¢ R (DD, -, D; -+, D,) XTI
FF, T e N (DD, D, D) SRR



- 76 - HRHLE AR S LR

29 %

) B/ N A e P RIBR T e A B AT

#e RTE (DD, D, ,D,) MR,
W e P KT D, X RIS B e (1
IV T D, 8 187 0 (4 i PR3 T D, % o7 2 Py
B KT e OB, B o AR RV R T e A4S i)
B, 28, v, LAT—A Bl Ab B A R A s R RS K T
e H RS IA) BB, 50 e b 4 i 17 Ach B A 5 1, L 2 F5E,
TEEE,

HISE T 2 T, RAT— DIA 5 5 o, , 4R AL B S
PR F S S i (D, ,D,,,D, D) WA E
ANH QW WAL (D, ,D, - ,D,,-,D,) MR
BB R/ N FAF T >4 (D), D, ,D,,--,D,) h&E
AN O N Djf =) KWL v, ﬁi‘fi%v/ KK
MFAEIG o, 1T — D FH1S el o BRI T
AP R R R A T RENT o, LT R Ab
PRI /N R, SR T DA D

BT FE B S AL AT LKA ) — A
TR BT, — A BT [0, - T - Ay, — A B[]
B A AR — B B R AE (1, — Tt ] PR AS A
o BRUMP—NKRAELE [t - T - A, — A] BFA][A]
B = 7E A BUE ELEBNE LT, S 1 e [ -
Tot, ] WATSRIEAT IR BN, BLARIG O, 76 RAE AR, m]
DU HARARAS AT R AEAE [, - T - At -
A HSF 6] [R] B F SA0EA T 4R R T, DS B FH P 4
FPIRZS , (EL TR R 7 LA A st i) B %o 3R 28] 47 114 39 ok
KRB EHLE, X T DIA 228 7k 45 2 AL i BF
WA LU AT

5 HEEMESH

1T DIA {40 30 4 i iy EL St | o 4 9 4
R, B — T2 R RE R B DIA 5 55 #R DL e AR
P 1 — AR o ) Bl FH A K T BT A 5 8 3k
B DIA 77 s #05E T BRI SR R AT B 43 T
Mot b DIA B o, Rk, ek
M Z BRI 2 & DIA $dis A1 T 3L F 2 s
F) DIA A3 40 % h [n] AL A DARP, JF 421 T3k
fi% DARP [0 1) % S 35t (6582 DARP_TGA

J T BE B AR A DIA S35 5E A — Sk i
il 5% CCM_SE A R0HE , 75 B8 5 1 B ADL Y 52 56
I RA SRR . X HUR FHAE 3R = A= 2
Brite AF Ji 9 48 # F N ECHE  AR4DURE 2 0 4 38 I 2% R
B LAY Waxman 1 A 5256 40 F 18 A2 R 7%, ARl B
A BR8N E 2 2 S R R Y
CCM_SE 53CHk[6-7 ] By A Hudiit J& (local lag, LL) DA
KSCHERT9 - 10 ] H i 48 3R — B0 42 il ( delayed consis-

tency, DC) 7E DIA Fi A —Z0H 43 LL AT DIA SF- Y500 Jf
IFR](BPSE 5 09« R GERY B sF ] ) B EAT X0 L, 15

BN AL A5 o 2 FE 3 B

X161 .

Sl [mcouse -
= =L

H:[ 12 O DC

= 10 |

| 8F

K 6

t

< 2f

5 0 ‘ ‘ ‘ ‘

0 100 200 300 400 500
DIA™S £

B2 CCM_SE #—Zuids 4 0%

LL 2 7 R IETT s B RS — Bk, S Ak s
RO 5 BEGEIR — B I [H] A BETEAS M PR AT, HEAE IR I
TR/ N XA <2, X Ay DIA 5 05, 8] 5 A5 28GR J2 3 &8
(45 LL 30 28 175 4 2% G2 1) Wie) 7 RE ) o 1 3 R G0 ) — 2K
PR BO% 5 132 Z2 G B A 138 TR 50 52 e #8K, 7F DIA
BN B A2 R DL, SR o8 27 — SR Ar,
R 7 7 2 o7 R TR A& 3 SR — 0P 4 ol
DC R AE IR S by = 7 T AN A28 3R A Ml = 47 1) ik ok
P R g N v Ja T LU PE 2R 48 2 e ok 38 B4R
DIA W J3EPE 08 77 5 | e - X w7 [R5
DC Tk 2 H P — 3, S R EA B A
KA,

t & 2 AL, B F DC Rk AR IE S 4 & A i 8 4
JFPRAR, A -G A 2 1m0 SCh g i iy
CCM_SE #l LL i34 — k4 854, CCM_SE Hil LL
FET /I A — B0 43 FUAR G, (527 5
BERERBT, 1 F LL H &3 799 550 5 ZE3R 1A, 52 DIA ¥
2 (0 RIS R ) 245 928 Bsf (14 B A5V E i R, AT 53K LL
AR -SRI £ . &3 A, CCM_SE F1 DC
(RS SY- S8 ) 7 B ) A 22 R K BRI I 4 T LL By 3
- S5y iz st 1], HCJi T FE T CCM_SE iR g | AT 54
FE A SR, BE S S B 5 6 2 ST 2 R 0 P
AT, 1T DC AR AR W = R (AT, Bir AR 1
A4 iz RS

60
£50 }
=
+
Z 40 }
2
;%;:\ 30 }
>0l ——(CCM SE
< 10 | ——DC
A
0 . . . ‘ . .
0 100 200 300 400 500 600

DIAY SAN L
B3 CCM_SE &% 4 -F 34 vi 2 B 4]



55 4 1] 25 KA T ) 3 A S EL A S 5 2 Rl AT 5T =77 -

6 LERIE

FEWFIEBUIR (LAl b, 38 1 7 356 F R R A A
515 B DIA F04F 58 4 — 8ok il 5 % ceM_
SE, CCM _SE .45 J&] {1 R AL AL Fn 44 77 41 5 AL 7
AN, Herf SRR W] ARG % DIA 5 — 2k ; ok
PG5 AL AT LR B e 4 0 mT A B 2, — A&
AR (1, = T - A,r, — AT B[] ] R A 0, O f R —e 2
WGTE [1, - Tot,] WHHRSCHAT, DT EZEREW %
JrEAER AR DIA HORE 2 — BT T 128 T &
g R SR T DIA B4 P RS

B2k

(1] AELAN, T, BRARNI. 20 SR P IR 55 ik )
R A AR L)) TR 2015,42(7) :95-98.

[2] ZHANG Lu,TANG Xueyan, HE Bingsheng. Analysis of mini-
mum interaction time for continuous distributed interactive
computing[ J]. TEEE Transactions on Parallel & Distributed
Systems,2017,28(2) :401-415.

(3] X & ABRJE. 92 7E 2R3 10 1A 2R 4540 5 RS —
HAEL)] AP TR S5 R ,2014,36(3) :381-387.

(4] U, HORE BN, 55, 35 T R0 A X 32 1A
HA R HZHAEOTE ()], RGN H AR, 2004, 16(6)
1271-1274.

(51 sk M5, M4, 2547, 55, oA A4 B 9 520 i
Ph— SRR Pk [T ] BpE 441, 2010, 21 (6) 1208 -
1219.

[6] MAUVE M, VOGEL J,HILT V,et al. Local-lag and time—
warp : providing consistency for replicated continuous applica-
tions[ J|. IEEE Transactions on Multimedia,2004,6(1) ;47—
57.

[7] SITHU M,ISHIBASHI Y, FUKUSHIMA N. Effects of dynamic

local lag control on sound synchronization and interactivity in

[10]

(11]

[13]

[14]

[15]

joint musical performance [ J]. ITE Transactions on Media
Technology & Applications,2014,2(4) :299-309.

THOMAS A F. RING :a client-server system for multiuser vir-
tual environments [ C]//Proceedings of the 1995 symposium
on interactive 3D graphics. Monterey, California, USA: ACM,
1995:85-92.

QIN X. Delayed consistency model for distributed interactive
systems with real—time continuous media[ J]. Journal of Soft-
ware ,2002,13(6) :1029-1039.

LI Yusen, CAI Wentong. Consistency—aware zone mapping and
client assignment in multi-server distributed virtual environ-
ments[ J]. IEEE Transactions on Parallel & Distributed Sys-
tems,2015,26(6) :1570-1579.

ANTONACCI F,PELLEGRINI A, QUAGLIA F. Consistent and
efficient output—streams management in optimistic simulation
platforms[ C]//ACM SIGSIM conference on principles of ad-
vanced discrete simulation. Montr®al , Québec , Canada; ACM ,
2013:315-326.

KENNY A, MCLOONE S, WARD T. Controlling entity state
updates to maintain remote consistency within a distributed in-
teractive application[ J]. ACM Transactions on Internet Tech-
nology,2009,9(4) :15.

DELANEY D, WARD T, MCLOONE S. Reducing update
packets in distributed interactive applications using a hybrid
model[ C]//16th international conference on parallel and dis-
tributed computing systems. Reno, Nevada, USA ; ISCA ,2003 ;
417-422.

JAMUAE, 5k 25T, 5. 728 DVE R Az an i 24
WA RR— B B ()] TR 5 A,
2011,48(9) :1768-1780.

DIOT C,GAUTIER L. Distributed architecture for multiplayer
interactive applications on the Internet[ J]. IEEE Network,
1999,13(4) :6-15.



