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Abstract  The multi-versioning technique based on object replication strategy can meet consis-
tency model while the conflict operations occur in the cooperative graphics editing systems (CG-
ES) ., but it does not efficiently solve conflict between non-geometry attribute operations and com-
plex graphics objects. A new distributed multi-versioning model based on version replication is
proposed for consistency maintenance of discordant conflicting operations according to the con-
flicting features and types of concurrent operations in CGES. To guarantee intention of conflict-
ing operations, leaf-versions must be replicated from the original version based on the reduce
strategy, and then applying conflicting operations to the corresponding object of the different rep-
licated versions. The leaf-versions can be created by MOVIC algorithm in which the comparison-
number of compatible operations is too much. A Fast Multiple Versions Incremental Creation
(FMVIC) algorithm based on the compatible and conflict group is presented in this paper. The fi-
nal versions constructed by the FMVIC algorithm is the same as that constructed by the MOVIC
algorithm, but it can decrease the comparison-number of compatible operations and narrow the

scope of comparison operations for the removing redundant versions.

Keywords  cooperative graphics editing; concurrency control; version replication; consistency

model; compatible and conflict groups
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WHIRFFHAT— D H B EAE O O 2 R FX S8 A [F]
BRAEEAT IR S BOCE BB o b 5 R AT
FFRTEB R T OO, WA nh R ERAEH A O, 4
2 MCGS; A~ CG A #AE O, Itk O, 7%
5 O T 2 IILEL.

(2) T2 CG & F HIF WA BAE . 259K
gl CG TR R, 3 )G — 2 KR ITR A AU
0, PR A A BN 2. O AT T MCGS; i) 7™
HETHAFHFER CG, ZBRITR AL TTRM
CG 3T T —F5 1A 25 21 A Rk,

A SCH WA AR v AL B 2 A v g B A
EATHE A A AR — DA i b,
1117 3k B 22 UK T A At U/ L B R BORN 5 O AR B Y
A5 PR A B
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VEAR B M 58, WPKE X 26484 30 g — > mh S 4R VE 4.

ENX S5, HMEHxEAH (Compatible and Conflict
Groups).
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P AP I B 4y H R AR AR AR A —
D EZ AN B D HEHZ AR KR H
UG AR oh S H AR AE A A A Rs &R
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YHE—HBAE GO, B X AR Z M 45 vh
5 LH BB A% P A #RAE I BE B H X AH #RAE 22 18] Y B
A IR I FR S DR K S8 A 2 w0 O — A
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4 —HEAE GO EW— MM RH CCG, ,
HEEE T GOEAE T CCG, MAER A CCG. . Rs
S — B A v g, W it CCG, lg — A % KR AR 25 o
Y.
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G — 4L #AE GO B — 4 CCGS, # X A
CCGS v v 413, 25 1 AR 25 98 2 R 2 die R AH 25 v 98 40
MCCG FF HHEE AR T GO 1§ MCCGs , W] I AH %5
RSk STaboB T oA ERSRULEAS T

R LOE—PE).  EMAV B —H#8AE
GO, WIAEAE 5 2Z % 1 i M — /) MCCGS.

4.1 ETHBINRANSHXRES RAGNEZE

WA V) — HEEAEL O, O,y -0, O, 1 I
FPARAT . B J A B 1 0 N R — RAVA F I
MCCGS :MCCGS, , MCCGS, , -+, MCCGS,,. T H B
A 3 P 22 WA 3o 14 1) A AR

Algorithm FMVIC (O, ,MCCGS, ) : MCCGS,.

1. MCCGS, = {} 3

2.if i=1, then R, ={0,}; CCG,,.Rs={R, };

CCGpey .C=T 3 MCCGS, ={CCGpe } 3
else

for every CCG,, € MCCGS,;

(a) if CCG,,.C=, then

if O.®CCG,,.R,, then
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CCG,.R, =CCG, .R, +1{0;};

else if there is only one operation that {O|

(0O€ CCG,,.R) N (OXO0;)} . then
CCG,,.R,=CCG,,.R,—O;
CCG,,.C=1{0,;}+1{0};

else

R... ={0[(O€CCG,, . RHONOGO,) };
CCGhev .Rs=Ryev 3 CCGLere .C=1{0;} 5

MCCGS; = MCCGS,; +{CCG, } .
(b) else if O, ©CCG,,.C, then
for every R, € CCG,,.Rs
if CCG,,.R,®0: , then
CCG, .R,=CCG,,.R, +1{0;};
else
R...={0](0O€ CCG,,.R.) A
OO0} +1{0:};
RS temp = Riemp + {Rue | 5
for every Ruew € Rsiemp
if Ry € Rsyeny andR,., &Ry, » then
R 1emp = RStemp — Ruew 3
CCG,,.Rs=CCG,,.Rs+ Rsmp-
(¢) else if O,XCCG,,.C, then
if O;,©CCG,,.Rs, then
CCG,,.C=CCG,,.C+1{0;};
else
for every R, € CCG,,.Rs
if O,®CCG,,.R. , then
RS$iemp=RStempt (R, } 5
else
R...=1{0[(0O€ CCG, .R) A
(OO0} ;
RS iemp = Riemp T { Ruew | 3
for every Ry € Rsimp

. / ’
if Roew € Rsiemp and Ryee &Ry s then

Rstemp = Rtemp = Ruew 5

CCG,e .Rs=R5mp 5 CCGery .C=1{0; };

MCCGS; =MCCGS; +{CCG,,, }.
(d) else
C,={0](0€ CCG,,.C) N (OO0}
C,={0|(0€ CCG,,.0) N (0RO} 5
il O,®CCG,,.Rs, then CCG,,.C=C, ;
CCG,,.C=CCG,,.C—C, ;
for every R, € CCG,,.Rs
Riw=R,+{0;};
CCG,,.Rs=CCG,, . Rs+ R, s

MCCGS; =MCCGS; +{CCG, } 5

else
for every R, € CCG,,.Rs,
if O, ®OR, . then

CCG,,.Rs=CCG,,.Rs'R, ;
CCGle . Rs=CCGl,.Rs+R, 5
Ruw=R.+{0:};
R imp = Riemp T { R } 3
else
R... ={O[(OER,) A
(OO0} +1{0:};
RS iemp = R$tcmp T { Ruew 1 5
for every Rucy € Rsiemp
if Ry € Rsemp and Ry & Ry s
then Ry = RStemp — Ruew 3
CCGpoy Rs=Rsmy :
CCGLee .C=Cy 5
CCGrew.C=Cy 5
MCCGS,; = MCCGS,; +{CCG,er, } +
{CCGrev ) 5
(e) MCCGS,=MCCGS,;+{CCG,, };
3. We should check the redundant groups in MCCGS,; if
there are two situations as follows.

(a) if O, € CCG,.C, and there is CCG, in which
the groups that include O; also include CCG,.Rs,
then CCG,.C=CCG,.C—0O;;

(b) if CCG,.CNCCG,.C=C,#, CCG,.Rs(
CCG,.Rs=R,# & , C; should be removed and CCG,..,
is created that CCG,.,.Rs = CCG,.Rs U CCG,.Rs.,
CCGpey .C=C,;.

A LA B g RAR 25 o 58 A i 45 0 T DA e R AR
JE L DR TIE S IR 2% 20 A 8 A () A 25 454 L BT AR
PHAT 48 AE FIRH [5] AH 258 #8422 18] 1 L A U EIeRs R R0
s TS A 2 b R S A it R R R A R S gL B
DL AT MG A 1 A 2 e 58 4 Y 31 TR AT AL
MR /N T 5 JUH Y BT AR A B 58 Y 45 AR R U A A
[7) PR AH 2 45 A O 2R I 2% 4R A 30 E 2 HAN i 4K
— B MCCGS 45 e KM sp & 41 MCCGs 1y
Rs SR W & DM AL A C £ 4> J0 K A 45
o B R LUAT B AH DAY 45 AN ROAS BE MCGS. By A
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Background

Real-time collaborative graphics editing systems allow a
group of users to view and edit the same graphics document
at the same time from geographically dispersed sites connect-
ed via the Internet. To interact freely and naturally, the col-
laborative graphics editing systems should meet the following
requirements; Interactive in real-time, collaborative distribu-
tion and non-restriction in operations. Consistency mainte-
nance in the face of concurrent access to shared objects is one
of the core issues in the design of these types of systems. It
seems that the only way is to adopt a replicated architecture
for the storage of shared documents. To support concurrent
editing in the replicated architecture, consistency mainte-
nance is one of the core issues.

There are four strategies to solve conflicts among opera-
tions, lock mechanism, serialization, dOPT and object repli-
cation. The multi-versioning technique based on object repli-
cation strategy can meet consistency model while the conflict
operations occur in the cooperative graphics editing systems
(CGES), but it does not efficiently solve conflict between
non-geometry attribute operations and complex graphics ob-
jects. A new distributed multi-versioning model based on

version replication and reduce strategy are proposed to guar-

antee intention of conflicting operations. Based on MOVIC
algorithm, a Fast Multiple Versions Incremental Creation
(FMVIC) algorithm based on the compatible and conflict
group is presented in this paper. The final versions construc-
ted by the FMVIC algorithm is the same as that constructed
by the MOVIC algorithm, but it can decrease the compari-
son-number of compatible operations and narrow the scope of
comparison operations for the removing redundant versions.
The research work is supported by the Natural Science
Foundation for Higher School of Jiangsu Province of China
under grant No. 07KJD520112. The project is aimed at relat-
ed techniques in real-time collaborative editing systems. The
research team has gained a fruitful achievement in some relat-
ed areas, such as collaboration transparency, heterogeneous
synchronized collaborative design. In consistency mainte-
nance area, they have proposed a cooperative multi-versio-
ning approach, developed different strategies and researched
the object identification scheme on the multiple object ver-
sions. The work in this paper focuses on a new strategy a-
bout the version replication and improving efficiency of dis-
tributed algorithm for incremental creation of multiple ver-

sions.



