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Abstract Distributed virtual environment(DVE) is a computer-generated virtual space that simulates
the real world. Therefore, in a DVE, causal order consistency is required to be preserved in real time,
which means the causal events must be delivered within the lifetime of the result event. However, due
to the network latency, part of causal events may not arrive the receiving node in time especially in
large-scale DVE, and then the causality between the arrived causal events and the result event can not
be maintained within the lifetime of it. In related work, some do not consider the causality with
lifetime limitation based on the presumption that all events can arrive in time, while others require
accurate synchronous simulation clock and their control overhead is closely-coupled with the system
scale so that causal control efficiency becomes very low in large-scale DVE. In this paper. we propose
a novel lifetime-limited causal order (LCO) control method that can compare asynchronous time of
different nodes, conclude the ending condition of multi-path causal order control information selection
and dynamically adapt the causal control information according to network latency variation. Thus
even when part of causal events can’t arrive in time, the causality among arrived events can be
preserved within lifetime limitation using causal control information selected by LCO. The experiment
results demonstrate that LCO can effectively preserve causal order consistency within lifetime and the

overhead of the causal control information is irrelevant with system scale.

Key words large-scale distributed virtual environment; lifetime-limited; causal order consistency;

causal order control information; asynchronous clock
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Fig. 1 The causal order relationship among events.
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(b) The termination condition analysis with the
asynchronous clocks

The analysis of the termination condition of CL(e,) selection.
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KAWL Ry =1

J T AE SRR B R i CL Ce,) AT BE I 3% A
TUARAR B T T3 30 1 A8 8 i [ A5

E X 8. /N ) L B S D BB SRR
e, €ER e, €ER e, e, . W p; I ] R 58 A AT+ 5819
Xof I8 AE 2 Lt el B 0] 1 06 T oo RH L 0 B 2 1 SR
ANBFTRLAEL S BR Ry py 5 ol AH DG de /N A TSR B [R]

e 3(b) L I EAEE . p; KM e, Rk
e/ DA TT TR B At i, A REAR B W AT LATE
1L, = AL i XoF IO 1) 5 LK 0 200 107 2 F B T o0 AH
JOL B4 B B 221 T 2], — AL e U 55 F B 9% 0 2
JITUA €], — Aty i p; TR HTE OCT BrBE RSB L 5
O (s SYE R 2 NI g = N ST 5 R N I = )
SRERE A S I R CL Cey) (1 B MK 156 &
A AL P

EX 9. 50 W Bh H 4 AR OC & T A ML %
e, €R;ve, € R, A R EEHIE B CL e ) BRI 21k
R FE S e, M e, ve, Fe, ey e, e,
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DRSS R IR R CL Ce,) s W/ BB $2 5 1 SERT.

L= Dy T Dty <L, Dl s €, ¥ €3
JO‘{; = Alyin T AL e <<+ D) A
l (L, = ALy i+ ALy e = L+ M)
€ [l.mlie, € Riy 2 (e, Ye)s
MFR CL Ce,) BAT 5 20 I B F A6 G 22 ] H A4

EIE 2. WR p, EEA IR ESIE S CL (e,
BA 50 i o HE AR OC & R E A M W) AT 2%k
CL(e,) EHL.

IEWH. Yrle)€CLCe,) s ANl — AL, nin) >
to S TR, — ALy in T ALy ) > (1, AL ) » BIEE
BNLEG B0 8] B3R5 2L, — Aty e Al FH R 1Y I
ZIE S TEA pae b e €Vl AL XN £, — At i+
ALy e =<th, = At s W) 20, — Aty i Al e <1
I, G _._Atl-max)<t:l:s. R e, Ve, , 87 (e, ye,)H
Vr(e,)€CL(e,) e €Ry a2 E[L.m]. e, BITE e,
A i RV A S5 505 205K ) pae TR CL Ce, ) 571 e,
fill & e,. IR R CL Ce, ) DB 425 I PR 2 40K UK 326 U
BT LY A e 7 e, A S5 AT % 55 po. HESS
Hal CLCe )R e AR C R, UEEE.

it BRI B CL (e, BEHR 7 5 f @ L
2 Lk A AT AE S 0 I O B TR 1 ()

S A NI RESKAT RE G L 4 42 14 e, i[>ey £
PR R R o SLanF

EX 10, HIREFHIFELE. & e, €Rse, €R; 5 pucs
S e e, MALFHEWCT S H e.—>e,. p; Kik e, T H
e, PEHUR IR =5 B CL(e,) = {element,, | element, =
(rCe,) sth s [ Aty i s Ay o DVl pac FEWC e, S5 T

FIFH CL Ce) AT A AR e, —me,. FtP, o) fE A
D RV B AL B 5D A £ 5 DAL s AL, TR
LCO H il 7 1 15 % 4 15 Bl 08 45 2832 47 7 % 0 BCHR
At element, fRET e, Ay PR —B0PE £ 32 L 1Y
HISCRAS TS B p 45N e P B2 8 BRI B 4 U VR
element,, F| CLeH)P . HEWEEH 2 2 F 5 k.
T VB I 19 CL Ce, ) 1A 75 2 it 150 26 0% 725 44 T 3 75
VR L CL e, ) BEE I3 9 4 15 50 S8R A5 4K [ o i
B e, J5 T LU i CL (o)) 762 BA A2 b BT Hh fi %2
e, WAL T DR T A 1 PO R S A e, —
e, IR CLCe,)Fo /N5 5 50 UM TE 5 , 7T B4 2 T
A 15 L VR 5 50 AT 59 TR 6. 7498 CL (e,
By 3o o B S 2 T 5 I ) X o a8 A7 H e

BUAT— W B BE S 1E 5 poce 2R HY 00 — e, 19

R 2 CLCey) i BLRBE BT A2 L 78 It 2 i
Je i W B A 45 A8 4

VT (p;):p; W38 5 a) 1] £ 10 5% 18 S |
VB A5 A SRR 09 32 B I [a) 4 R O Hoh VT
(pLJIFRIR p; (B B[]

CG(p) ZBAEAE p; AL R, H Tid 5%,
T B 0 A3k A 1) A BRLR OC R KDL sk B CL
Ce, ) PRAE 50 BR] =5 1 A 1R B HLAH IR 8 MF B R 4%
TCER N ICH (rCe,)stl s [Alymins Ay Js p_cs
Lnum D) s H p_esLnum 1248 5 ECAH . 53 S48 W) e,
) B3 e K AR CG Cpy) I AR B JC &R s num 3R
INEEN e, A [ BEAREL O T S CG(p,) 32 ¥ 3
Kop, SEWMG CG(p) TR ITTATE. 1% p,
MRETAEFE R ¢ ) P <<t At 5 TE CGOp) S
DN FA e, PIXF R TC R L 11, — ALy e T ALy <<
OS2 — At i AL e < Ay ST IR AE H
O R B A FTREN 2 58 R 2 21k 4 o (B H D IR 4
CLICHE N L L BRI, AT B X e s R N CG(p)
T B

CLCe,):p; W T AR IR F A o) PR 42
TS B & B O & B e, MIHE M
— [ml ) Ah ik PR Ry AR T S 0 A B N A il s CL
(e,) 45 element, Z [ W55 J5 & &, T LA CL (e,) 45
element, WIEDIIJCH (r(e.) st o [ ALy pin s Aly s 1 s
p_csLnum D) HT 4 A28 5 0] AH RN N CQCs;) TR 3R B,
p_csLnum JICSEMIE e, £ R F TR TE CL(e))
R E RG]

CDu :EIHE M H 2R pa il CLCe,) $2ALE IR
BRI MR, &0 EH ZIuH (r(e,) d_cs) Y
B A d_cs e, MY EIEIE AT R TE CL (e))
M for BRG],

CN(p;) £ p; AU R CG (p) $E it 1h 8
B R i 4 s e (r (e, ) s f_es) M AR, Herp
f_es BRI M H CG (pp) T HiEERKHFHILEM
fRET.

CLCe,) W HARBERGT RN T -

Procedure SelectCL (svi,sn,cg)

EELCL (e,) * |

{[ % svi g BRI ITERAE CL Ce,) Y7 E

KG5ME . sn HIZICK num %i'5 . cg R CG (p;)

X RIIC R p_esLsn]FaEl = |

if (1 FindInCG(cg)) return false; [ #F
1E CGG) RN E] cg /MM IL R, £ F]

[* b He,
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ik BRAR R i B A S+

vi = FindInCL (cg. r (e, )); |+ % fE %

F, @ rle) AMZITRZRCMA CL

CORY

if(vi) {CL (Ce,)[svi]. p_cs[sn]=wvi;return

[ 2 | /AN (1 0 = i B I B it

RTE CLe )PP BRG] * |

vi=CL(e,).add( % cg); [+ HRMA N

HEIE CLCe ) =/

if (svi==null & & sn==null)

(1) 7 2 X I S e, T IR = |
CDy. add(CL(e)[vi]. r(e.)svi); [ *
WZITRAE CLCe) AL B R 510 R 7R

ture; |

[ * B

CDyh */
else [ x ZFUSINY) IC & X 02 e, B 8] 422 i
* [

CL(e)[svil. p_cs[sn]=wi;
BRGLRMISG FJREHICE « |
if (CL Cey) [vil. (t) — Atyin T Aly e ) <
(th, +Atn)) [ FH WA CL (e, B IT
RXOW R EH 2 K&
forCiter=0; iter <num;iter ++) [ * {F
HFFTEW CG (s;) A ] B 42 F A% 1k 8 B
il r(e) x|
CL(e)[vi]. p_csliter]=null;
else [« EATARENS 2 E B 2 (RS54 « |
for(iter =0; iter<num;iter+-+) [ * 4k
2y CL e ) MU IB AR UL A (e, ) |
if (1 SelectCL (i, iter, CG(p;) [cg].
p_csliter]))
CL (e[ vi]. p_cs[iter]=null;
return true;
}
2.4 HEREHEX
W CL Ce,) RARHER MR 5] CDuJE . p; ¥
BB A 3 3 R I E] IR e, ,CDy CLCey) s AT FI%
I (1) A5 RO B TR R M ] p oo KK T 3R
5¢ Moe, ¥432 i p, BB & A S F @ 2R E
rCe )MITAICLH (rle,) st s [ Aty s Aty 15 p_csLnum ]
MAE] CGCpy . HA rle) =G VT (p)[jD.
KT AE pac RIS BUAE e, A7 JE 0T 9 58 1l P 2R
—HCPERE LR MR RS S sy g 4 B

[ A5 HoApr

VT (ppLiT| thy | [Almins Atmax] | AT |CDy|CLCey)

Fig. 4 The format of message M.
B4 HE MR B R

% e, MTHE KIEFE L.
BiE L HERRE
O VT (ppLj]=VT (pLjl+1;
AR ] <
@ t’;y = timeGet Time () ;
pi A b I R + /
@ for(iter=0;iter<CN(p;). sizeO jiter+-+)
[+ WAE U6 ] 5 IF 46 A i) CG (p,) . 35 CL
(e, )F1 CDy * [
@ SelectCL (null, null, CN (p;) [iter ].
focs)s
O M <~ Ce,sjs VT (p)D G 1stl, s [Aluin s Aan s
AT,CDy»CLCe,)) s [ * BRI e, MK
il 5 8 CLCe,) SRR i M = |
© SendMessage(M); [ % KiLIHB M/
@ ptr=CG(p,).add(r(e,) stl, s[ Atuin s Mo »
p_csLCN(p).sizeO)]) s [ * 4 CGCp) M
A e, (VTG IF I o] HAR = /
® for(iter =0;iter<CN (p;). size () ;iter++)
[ % A e, XFRERY p_csLnum 15355145 1) CG
(p) T A E AR 5 R ST R * |
©) ptr—>p_csliter [=CN(p,)[iter]. f_cs;
[+ BRI E A ITTER *
@ CN(p;).clear; |52 CN(p,)HJERIT
IG5 E +
@ CN(p)).add(rle),ptr); [ * WA ptr.E
J CNCp) BTG 1 CGCp,) BRI F5 5T * |
@ CL(ey).clear(); [+ 752 CL(e,) ) * [
@ CDy. clear(); | * 5% CDy * |
@ exitO; [ x BILLGEHIB W «/
2.5 HEBWEE
Pac RN e, BT E M 5, 5 ZAH X M gE 1T
AT 22 AT Bk o AN [] %) ST R 4 2R SR BT A [ £ A
PRAWE . MIAERS PP 5 B TE D0 vey 7E poe W R/ AT
B[R] SR 20 — At » B M HIAE R T RE AR LAY
W T Ll 3T o], % 7 2 W0 58 A I 2] 1) IF [ s PR Ot
A E AT LT3 poe b e, 25 i A 1 1) 25 I
Z0 W 20— Aty + AT MR e, 2= i J5 1 25 i &
A T PR AR AR DL » pae BIHTT AR CLCey)

[ % FH p;

[ % RIBK K e, B
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BT o DY e, — e, I 25 1
A5 M AN H WSO T 6 PR A AS b AR OC R Y e B
2.5.1 HREHM
M B35 p oo BHAEAE LR AT BEAH B0 . 47 M R K&
A 380 ) R 50T B DU 25 SR T B b B
M B pae IO 5F 58 M AN paFIWE e, 1925 H 3%
J R A A AT ORI T i MORT R R A
AT EER A R AT 25590 B W peeid sk M
(R F W T L 3 — A 22 v 2T B BRI MQ(pac).
MQ(pu) A paes WY TH B G247 BRI L A7 T H 2 5
PRI oA A 4 LT A4 i S 30 ST 45 R 1Y T
B pae B LB MQ, #7 & LR B 1 K
PR AT AT 58 . 5L E 23K 2E A J A 45 A 2], 5k
J5 SR A5 SR S R SR BT L U pae K TH B M
HAR I [R] DN MQ v 4 B HS e 2R 47 4k 2.
Bk 2 WA
D lff =timeGetTime() ;
M A b B ]
@ VT (pp L I<VT (pad i D
KA |
@ {AbandonMessage(M) ;exit() ;)
FEIH L JF R Ak
@ else [ % MABR =/
{
®  for(iter=0;iter<<CDy. size() siter++)
[ W By MJE 7 RE S PR AL 3 <

[ % KRB pae WL e,

[ ) %

©® if (CDy Liter]. r(e.). a>VT ( pa)
[CDyliter]. re,).i]) [ * 58 Hi%
Jr PR R AT« ]

@ {Buf ferMessage(M 1) sexit() 5}
[ K M5 I ] — 2 22 vh 2= MQ,
S B o |
®  HandleMessage (M, Z;'f )y [ x A HE
JE P AR CAE pac AT 5E WIS P 4k 2
M x|
©  exitOs) [ BRI E « |
2.5.2 A PR SR R A AR R AL P B
P AR B S MO 8 i 38 U5 R T S A B e
¥ HandleMessage (M, Lf“ ) f b B R R E B CL
Ce,) s EREFI ] re.) B R AR W) ) AT fil K e, BEAL BERY
J DR DA R H A AL BRI FEAY e, IR E AT THE IR

PRI 525 22 010 55 5 U TE W 0« T2 7 e, — e,
{3 L .

T R B A 5 R R R RS AL Po ASIH
AL LI RS A o A B A 2 Rk A s W R
0 328 U9 3 FH Hand[eMessage(M,tfff")ﬂ‘fﬂ)ﬁ$
THIH B RE A R gLk A7, SR . 23 T B AU I R U A
FAF IR B IEB poo SR IAT . Oy T ARIIE L
T Pae AHLI IR K R CCpae) BISERENE Ll pac LA
J5 R 35T B R ORI T B 2 20k SR i TR
FEHME B AU 25 B X R A CG (pu.) BITT R
TSI — > 2 WS (] s R Sy R 0042 ST (] . 5 2 T
BOZH S CLCe )M MR BRI A e, 7 poe I
PN U B 1) o5 B AR T e, B A AR AR BT Ht
ST AT e R FHT R 400452 AT ISF ] 653 805 3555 ¢ LA
e, M OCAE B B 1) Je /N AT 3B R] L A &L S BT
INse, e, s TE pac AL e SRR R e, K BE BT
RR paes sl & e, TE e, BYFLSZIRWCHT ] 55,0 T 15
B e, TE poo W B LI W R 41 AT 2 M e, 7E p, B
ANATTH BB ] R A B AR AR B e T pues
f B /N T R ) R 6 — At — (2l — 2D —
ALy o s W €, TE pac B REIVFZZMCIT [B] SR 28 — Aty —
(&, =) B A SFEAEA M R KR CG (pae) (X
NIGE P RUE T CG(pae) B SE L, [A] Bt 35 2 T
Pacis HIE L 2 B FEA 5.

N
des_ Az . —(¢) =4 )— N\ \
teyes Atmin (Iey tex) Atxmm\\ \ tédfs—Atmin—(te’;‘—tej,
Pies L3

F—1 —

»ie J — 4] )F
lztxmin S | Atmi_“»:
[ | | |
| | | |

WallClock Time

y

Fig. 5 The computation of virtual receiving time of e,

ON Pes.

KI5 e TE pae MBI WO ) 250378 22 4]

H BB pR 2L HandleMessage(M, z‘f‘f ) HAK i
BT .
Procedure HandleMessage (M, tfff )
U3 M B M S £
{fP=CG(pu).add(r(e,) s t2 [ Atuins Atues s
p_csLCDy.size)]); [ * ¥ e, BYIUIGA A
CGCpa) IR B B |
for(iter=0;iter<<CD,,. size() jiter+-+)
[ = F1W e, 1925 HH R A F A2 B AT =/

[ * ba
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{if (CDy [iter]. r(e,). a<<VT (pus) [ CDy

[iter].r(e.). 1 ])

else

[ * & HAEEEHC AT =/
fp—>p_csliter]=FindInCG(CDy[ iter].
re.))s [ REIHPUITCHTE CG(pa)
FREF |

| % BEARPAT %/

{M'=FindInMQ(CDy[iter]. r(e.));
[* AW E RN FGEE M 2T E MQ
e

)

if(M") fp—p_csliter]= HandleMessage
(M=) [« A MQ v, i 13 4b 3
M |
else [ A ANTE 1 He It IR 1 2R 2%, iy 2t
B M |
{tmp=CL(e,) [CDy[iter]. d_cs]; | 3k
B SR R U SE LT CL Cey) HL >
for Citer 1= 03;iter 1<tmp. p_cs
Lnum]siter_1++) [ % gk —EF HZ
PUTCA H Y& A |
CDyr. add (tmp. p _cs[iter _1].
r(e) stmp. p_csliter_11); [ = #H
3L CDy % |
M'<(nullstmp. r(e). istmp. r(e.). as
null, tmp. [ Ats min s Atymax Js null, CDyy s
CLCe))s [ x 2B M x|
Lol = 10" = Al — (L —tmp. 1) 5
[ % TR BCFAFTE pac 9 HE S WO 8]
w x|
fp—p_csliter]= HandleMessage(M’,

L) 3} [ BVTAEHE M FEEE A R E
e B I F A

}
for(iter 2=0;iter 2<CN (pye). size();
iter 2-++) [ % 3 CN(pe.) & A T8 M H
Fe s A U JT 2+
if(CDy[iter]. r(e,) ==CN(py.) Liter_
2].7(e.)) CN(py). remove(iter 2);
[ % MER CNCpa) MRLITER * [

CN(pge).add(r(e) fp);

| % 1 CN(pa) T8 e, PTG TR ET * |
H(VT (p)[jI=>VT (pacd i D

VT (pad) 7 1=VT (p 515

/

x FH VT (o) BT8P x|

[ * AEBREAT e, x|
[+ 3 1] 4E ) oe, DT A Y FE

DeliveryEvent(e,) ;
return fp;

B/

3 XBREREHN

T UEAS ST AR A A A R T 2 R R —
FOPEAR T O 3k 0 A Sk L AT AE B B R K ORAT 5 4
Ay Ak B 7 BB S s AR O A T 4 A
g 25 PR R — BOPE AR 40 56 UF 2R 8% L IS )2 DL G it BH-
RTIVM YR R id 17 i S £ 850, v 8] )2 383 1 W 4%
A AR T SRR PR PR R — Bk R R AL )2 DR
PN ANy I R N D O R (S B o T W s = L
L B UE R B AR R A5 W] 6 R, S TR
B P9 2E 3R A7 O 6 i 5 B8 B T Spirent ConNIE ff
P FAX S BT S i) 5 40 E 3R 4 45 b 3 S R A
A HE B BRI B — [F A i I8 B i
BONBEUF (receive order, RO) 2 AU, 432 5 52 K 8
iof R SINE BT R A — Bk 4R 9. 2 2
A= i JE 45Y H R R % S AR TR IR

Federate Federate Federate
Causal Order Causal Order Causal Order
Consistency Consistency Consistency

A A 4
Y Y Y
Network Delay Network Delay Network Delay
Simulator Simulator Simulator
RTI (Run Time Infrastructure)

Fig. 6 The architecture of the causal order consistency

simulation and verification environment.

6 RIS — B PR A6 E PR B 1 R 254 1R

T 52 56 5 A2 o, FRATT 3 2ok g H A PR R — Bk
7 2 B e B R B AIE LCO [RS8, B LCO &%
Xof S5 40 I B b AR R Y PR — BobE 4R R O kL BT L
S0 PRBE 1 L AN [R) 25 L i LA SCER 3 1A STk
L4 1A AR 1 A i J8 300 24 o DR R — 3k 4 il O vk
e T AE I BIORS 8 [7] 20 45 8 T A RIS 4T . N BB A A% Hh
S5k, L E SIS H LCO ¥ 5 2 i 5 — 3o
i 5 vk HEATXF B X T 1] Sk A ) ) — 0P 4
IR A SCHRL7 145 AR R M7 15 Vector Time;
Xof T 4 D DR ) — SR AR T R SRR DY
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RFEeEJ7 % IDR (immediate dependency relation).
TE 2 SE 0 v 23 T 2 RO S AR R BAR I e
3600 4% 5400 42,7200 42,9000 42 F110 800 41, 14
SY AR AE AR RE Y A5 L U R SE AR A R — % 3 B
B s R manE 7 R

[x#0 w20 =B GR2EO sBG)
IR

B
= Qf

ERBREHIHE:
EIR . 24
A%l g, s00
[FEIER: R Delay)
[BFREFFE...

fIgig

A 10 IRTR S -

[ =

Fig. 7 The GUI of the causal order consistency

simulation and verification environment.

7 PR — B AR 6 i B B 8 AT A T

H T DR SR — B 24 A 1 A 1 n] DR RS IR
BOEAT 0 M AT 23 5 I AN e 3 7 3 M5 ik
TEA 7 EOBE T (Y R 2R AN — BUR A B R AT T
BUAE 5 1 R 2R — Bk 4 1 07 v 1 38 B AL S A RO
AT AT R A A PSR A ] £ R A O o Al
S AT EE X A [] f) 190 28 2% A 45 SR R T 1B AT
TS IR M TR A AR R 2 RN S S A
B OC A SRR A R A 8 k.

FEIE 8 (), 2 IDR (19 2 P S 45 8 1
AT BRI G B — BRI N R B RS
R A i S U 4 SRR B AR B TG ik A i 2 F
TR 1] 22 J DAL o Aol DR S 1 A BE A 445 SR S i A 3
Wb B 7 Ty et TR R A B0 TR I A5 Rl MR R
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1200 : I:' Vector Time

- [ LCO
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(a) The number of causal order violations

IDR ) PRSRS — Bk B8R 2 i 2 19, 3 000 HEASE i) 42
i 300, 11000 MBI i 1 1400, Vector Time
SEREIC SR 1A A SR 1Y 3 5 I B, A% i A0 B AR
OGS B AR i Ji 45 SR iy 7 45 i A
TR I8 3 K AN BE ST % T A 2 A% 2 5 5 4
JRae TSI S N & SN SIS 2 7 N N - A L 50
3000 FUALEHIR T 100, 1M bifi 25 A3 K, 7395 Uk A0
IR .9 000 BLASE I 29 35 m E] 7 000 FLAL Y 166 %,
11000 FEALHE 9000 HLALL RN E) 187 %. LCO IE#f
PES PSR GUAR G, 5 SRR TE 56, 78 3 000 FLAR
B AN —F R BuE i F Vector Time, {HFTE 3 000 #i
LA b3 5 72 B AR BB IK T Vector Time, JU
FESE R FLREHE I 3 11 000 B A — B 8045 i 16
200 Ay . 29 Ny 1A 4 AR Vector Time i 15 ALY
30% IDR FY 15% . K 4f i 4 i 1 B SR — ot 4 4
f) TE B

Kl 8(b) 45 th T Z R W 25 25 LCO BRI 4 1l
F RSP RN Vector Time BURFEHIME B H 7
Lt o B Bt S A B AR 34 n ) A5 46 5¢ & Vector Time
HIAE R AN BN OGn) , 5 S0 IR LB B 3 H 4
SRS S TTR VTS NN 3 R AR B T S i
Ry 50 ms FIELARFLAE Ky 3000 Bf, LCO PR 45 il
R KNG K Vector Time B 6%, 7 M 45 F
Y9 3R KGN g e I A% 3 g Ji TR S T e G 22
H TAIHEES A RGN R &R L LCO R EHIF
SRR S K H S B IE AR S 200 ms B s 2 i )
Vector Time PR35 H1E B R/ 279 2. B &
SR FLRLHE A, Vector Time 55 8 % 4 6 A, (1
LCO PR HIME BN G SR A TG, Jir LA TE %
I % 264 LCO PR =5 BB K /NE 43 1
O BE FLASTHE RN 2T B A AE 3000 FUALET, F- 1
M 4% EIR 50 ms, 100 ms, 150 ms, 200 ms 214 F 1

30
—&— 50 ms
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S

(2}
T
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o

0 L L L ! !

3000 5000 7000 9000 11000
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(b) The average causal control information percentage

Fig. 8 The evaluation of experimental results of causal order consistency control methods
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LCO W R #= M5 BB KANE 5 4y 25k 6%,
13%0,22%,27% , M RABLHE N F] 11 000 B, 4 M 4%
AT AR LCO PR = il 45 B F B R/ANA 4 L
EZRWMKE 2%,3%.6%.7% 247 Ml HE Vector
Time A & AR T 14 A5 TR 8 78 2 40 A Xk
FASE K 0L 2 55 S I 2 B2 R 1 [ I, 4 4y i 4 8 T 3R
BTy .

4 Z5FRIE

TE] 50 32 17 1 o A 3 AR R 0L 2R 8% b, 4
P2 A ) DR SR — B0 B R S R W A A R
Az it JEL B PN 58 B T DO %A T R A R RN B A P
S B0 o R 0 TG T 6 R T A A A SR N
i R BB N S @B LR R 37 Nl Bee= A G S 51 <]
R SE R R A SCHR H — o (9 A= i L 29 R
0 DR SR — SO R 7 12 LCO, SR FH IR W) 725 46 46 g
2 T B A S5 2 o PR SR s il £ 2 2 L) o 24 5 3k T )
4% 4%ty IsF [R] DX [R) 6 7. 2 3% a0 BB PR R 4 o 4 8L B &8
Al DR SR AT B P2 B D 5 AR O Bl A Y
17 76 © A% 20 0 F5 44 v U3 AT SR R R Y
A T SRR A A PR — B 4R P OR A2 R A B
PRS2 . SE00 25 R B, 5 DU ) O i A
LCO BEAT DLy SRR — SO 4 A 3% 8 35 14
R A R IR 5 B 5 B R TC O, B AR
& 4 R TT8 - DT BE 8% S B 4 B A= ] 30 24 R
B PR —E .
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