000000000000 27000 (201000)00000

Jooodoodoodoodoodn

U0 ogooo oo o

goooooooooooooooooooooooooooooooooOOoOOOOOObObObOODOObOOODD
0000000000000000000000000000D0D0D0000 OTS/CateOBJOOOOOODO
0000dooooooooooooooooonoooooooooooooonoooooooooooooooon
0000000000000 0000000o0On OTS/CateOBJ 00 0D0D0ODOOOOOOOODOODOODO
goooooooboooooooooooOoOobObOO0oOoOooOooooOobObOOoOoOoooooooo

1 0DOo0o0

0000000 (Bucket Synchronization)[6] O O

0000000000000 0000000000
00000000000000000000000
000000000000000000000000
0000000000000000000000 [
[P 0000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 OTS/CafeOBJ[3][5][4] 000000
000000000000000000000000
000000000000000000

00000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000

A Verification of Bucket Synchronization by Using
Formal Method

Takanobu Nagaura, Yuki Chiba, and Kokichi Futat-
sugi, 00000000000 O0OOOOOOOOO,
School of Information Science, Japan Advanced In-
stitute of Science and Technology.

oobooooboooboooboooobooooon
goooooboooobobouoobooooooobo
ooooog
1. (D00DD00O00O0D0)0000DO00O00O0
odoooooooooboobooooooooon
oooooooooobooooo
2. (00D0OOUOOOOOoOO)ODoOooooooo
oooooooooooobboboboogooooo
ooog
3. (00D0D00DoODOO)ODoDOoDooDoDooOooDO
ubooobooobocoobobocoobooobooonn
goooooobooobobobooooooon
oobooboooooobooboobooooooon
ooo

2 0DO00bO0o0obooobon

udooooooooobooooooooobooboo
goooobooboooooboooooooobobooo
gooooboooooooobooooobooobobooa
goooooooooobooooooooobooono
goooobooooboooooooooooooon
ooboooobooooboooobooooboooon

2.1 JO0O0OO0OO0O0OOoOoOOOoOoobooOoOooonn
oooooooobooooooboooobboooobo



O00000oUo0ooOoD 27000 (201000)00000O

//A,-\’_FZL\,‘EA\\ ~Fa2 e [ Fa3 )--
JL—LE# JL—LE#H - IL—LEH
d1—"a® IL—LFa : : :
B PR PN PR N
e ~ — N - - - SN s
: o : <
[IL—LEH — IL-LEH —{IL-LE#H
1-Yb ® JL—LFb : : : :
Rla R1b R2b R2a R3b R3a
01 0000000
goobooooobooo 2.2 00OO0O

e NIDOIDOODODODODLDODLDOODOD
oooooooocoooooooooooboobooon
ooo
gobooobobooboooboooooooao
ooo0ooooobooooboooooobobooD
gobooobocoooooboooobooooooon
ooo
gboooocoooobooooooooobooo
00000000000 (DDO)0DoOoooooO
oobooooobood
goooooooobooooooboooboobobo
goboouobbooooooooboooon
gbooooooooooooooboooooo
dooooooooooobooooooooo
goooooooooooboooboooooooon
gobood
gbooooooooooobobobonoo
ubobooobodoooobooboocooooonn
ooo
gdooooooooooooooobooboo
goboooobooooooooboooooo
ooooooooooboooooooooboooo
goooobooooooboooooooooooboooo
gooooooooobooooboboooboon
gooooooooooooooooobooobooooo
oo

oooboooooobooboooboobooobooo
gooooooooooooooooboobobooo
goboooooooooo

e OOOOOLOOOLUOODOLOOUOOOODO
goooooooooboobobobogoooon
odooooooooooooboooooooon
obooooobooooobooooobobooD
oboobooocboobooocooboooooann
oooooog
gboooocooobooooooobooboooo
goooooooooooooboogooooon
ooooooo
gooooooobooboooooooboobo
odooooboobooooboooobooooooon
gooboooooooooooobooooooon
odooooooooooboboooooooon
ooooooooboooboOooboboooooon
gobooobbooooooboobooooo
OO0 a0000bODOOOOOOODOOOOOO
oobo0ol1ooo00obooooooooooooon
gbooooocooboooboooooobooo
O000000000000000 (Rpa # Rap) O
oboooobooooooooboooboobOooboon
gboobooooobooboooooooboooood
goooooboooooobooooooooobooboooo
gooobooooooooooooooooboooa




O00000oUo0ooOoD 27000 (201000)00000O 3

goooboboooooooooooboooboooboooo
goooobooooooooooboooobobooo
goooobooooooooooooooooooo
oooo

2.3 0000000
gbooooboobooboooooooboobooo
goooooooooobooooocoooooooo
gooooooooooooooooooooooo
gooooooooooooooobooooooooo
gobooooboooooboooooooooo
e JOD0OODODOD WaitOODOOODODODOOO
oooooog
e NIOUODOODLOOOOODOODODOOOODO
gooooooooooooooooooooo
oooooooooooooooooooooon
ooooooo WwaitOoooooOoOoOOoOoooo
o NOUDOODLOOOOODOOOLOOOOOOODO
goooobobooobobooobobooon
OO0O00000000 Delay 0000 Wait O
Delay OO0O0OOOOOOOOCOOODODOO
oobooooboooboocoooboooooo
02000000 A000O0OO0OO0OOOOOOOO
000000000000 A0BOOOOOOOO
gooooooooooobooboobooobooo
goboooboobooooooooo
Delay 0 Wait OO OOOOOOODOOOOOO
000000000 00000000000 Delay
gbooooooobooooboooobooboooo
gooooodooooooooooouooooboooo
gboooooooboooooboobooooooono
gbooobodooobooobooobooobooaa
0000000000000 000D000 Delay O
Wait 0000000000000 00000DOOO
oooo

3 OTS/CafeOBJ OO0 O0OOOOOO
gboooooboobooooboobooooo

gboboooooooobooooobooboooboon

goooobooooooooooooooooooo

O000O0ooTS/CafeOBJ OO D OOOOOOO
0000000000000 00O0TS/CateOBJ O
gboodoboobobooooboobooooooboooo
gooooooooooooooooooobooboonoo
gooooobooooooboobooooooboobooog
oboooooobooboooboooobooboon
goboooboooboooboooooooon

3.1 JOO0OO0OO0oO0oOoooa
obooooocoobooobooobobooboobooo
O0oOoooo OTS/CateOBJ OO OOODOOOO
0000000000000 SESSIONOO0O0O0
gbobobobooobobooboobob
-- transition
op init : Frame -> Session
bop send : Session Uid Event -> Session
bop receive : Session Uid Message -> Session
bop nextframe : Session Uid -> Session
-- observations
bop wait : Session -> Frame
bop frame : Session Uid -> Frame
bop usernetwork : Session Uid -> Network
bop userworld : Session Uid -> UserWorld
bop userbucket : Session Uid -> Bucket
gbooobooooobooooobooooooboooon
gooooobooobooo
e Session : UOOOOOOOOOODOCOOODO
e Frame : 00O OOOOOOOOOODODOO
ooo ID
oooad
: 000000OEvent O Frame O OO
0000000 Message JO 00
e UserWorld : O OOODODO

: Event 0O O0OOOO0OOOOOOO

e Uid :
e Event :
o Message

e Network :

e Bucket

3.2 0000
OTS/CafeOBJ 000000 DOO0OOODOOOO
gooooobooodoooooooobooobobooo
goboooooooo



O00000oUo0ooOoD 27000 (201000)00000O

-
I3

~

Do, S
4 N\
I>Z |Wait—DeIay);
DN, i

YA

-~

/\ aitﬁ’éﬁm]yw\

/

F1IL—L F27L—L FE3IL—L

%

F4IL—L

Tl

= — >

$E5IL—L F6IL—L E7I7b—L

02 0000000

: 0000000 WaitdO
ruid00O0O0ODOOO0O0O0OO0

e wait(s)

e frame(s, uid)
agoag

e usernetwork(s, uid) ud ODOOODOOO
O Message 0 0 00O Network

uid 00000 User-

userworld(s, uid)
World

e userbucket(s, uid) : uid 000 OO0 Bucket
3.3 0OOQOO
00000OooOTS/CafeOBJ 0 O0OODOODOO
obooooooobbbooboooboobooobo
gooboboboobooboobooog

3.3.1 init(delay)

delay 0 Wait 000 0000Session 00000
O00000mit00000000000 frameO 0
0 O usernetworkO userworldO userbucket 0 O O O
O00000O0OwaitO0OO delayOOOQOOOO
O000000mitO000 wait OODOOODOOO
00000000000 000 init(delay) DO OO
0000000 Session 00 0OOOwait J0O0O delay
gooogo

3.3.2 send(session, uid, event)

ud 00000 Event 000000000 0OOODO
000000000 usernetwork O O Message 0 O
000000 Message UODODOOOODOOOOODOO
event 0 frame(s, uid) 0000000000000
userbucket(session, uid) 0 event 00000000

gbboboooboobobbooobooboobo
userworld 0000000000 Oframe0000O0O
goobooboboboboboboboboobobobooboobo
ogboobooobooobooboooboobobooobo
gogobooobbooobboooobo

3.3.3 receive(session, uid, message)

udO000D0 message 00000000000
message [ usernetwork(session, uid) 000000
0 O O userbucket(session, uid) 0 message 0 0 0
event 0 0000send 00000 OO Oreceive O
0000 frame 00000000000 OOOOO
OO000C0O000DOOO0000QuserworldO O OO
oog

3.3.4 nextframe(session, uid)

ud 00000000000 000000O0000
userbucket(session, uid) 0000000 Event 0O
0 00 Ouserworld(session, uid) 0 000000000
0 0O O frame(session, uid) 0 0000000000
O O nextframe O usernetwork 0 0 0 O O wait O O
gboobobooboobooboboboobooon
gboobooooboobobooboobbobooog
gbooboobooboobobooboooboobo
00000000000000D000 OTS/CafeOBJ
gboboboobooboog
ceq nextframe(session, uid) =

session if not( c-nextframe(

usernetwork( session, uid ),

wait( session ) ) )




O00000oUo0ooOoD 27000 (201000)00000O 5

O00O0Ocnextframed wait 0000000000
ONetwork D0 O0O00OQO0O0ODOOO0OOOOOOOO
agoo

3.4 OO
obooboobooooboobooooboooo
gbooboooboobobooobuooboobooon
ooobooooobbobooboboboboooooo
gboooooobooboobooboooobo
gbooboobboooboobooboobooobo
gooogd
Vs € Session s’ € Session Yul,u2 € Uid.
s'> s A frame(s,ul) = frame(s’,u2) —
userworld(s,ul) = userworld(s’, u2)
000 s>s00s8 00 sO00000000O00O0O
gboooooobooooboooobooboobo
gobooooboobobbboboobuoobo
gpooog

4 000000000

OTS/CafeOBJ 00000000000 OOOO
goooooooooooooooobooooooo
gooooooooooooooboobbooooo
gooooooooobbooooooobooboooo
Oo00O0O00000 cafeOBJOOOOOOOOODO

goooboboooboooooooooooboooooo
oooooooon

ogooaob

[1] Eric Cronin, Anthony R. Kurc, Burton Filstrup,
and Sugih Jamin. An efficient synchronization
mechanism for mirrored game architectures. Mul-
timedia Tools and Applications, 23(1):7-30, 2004.

[2] Stefano Ferretti and Marco Roccetti. Fast de-
livery of game events with an optimistic synchro-
nization mechanism in massive multiplayer online
games. In ACE ’05: Proceedings of the 2005 ACM
SIGCHI International Conference on Advances in
computer entertainment technology, pages 405—412,
New York, NY, USA, 2005. ACM.

[3] Kokichi Futatsugi. Verifying specifications with
proof scores in cafeobj. In ASE, pages 3—10. IEEE
Computer Society, 2006.

[4] Elie Najm, Uwe Nestmann, and Perdita Stevens,
editors. Formal Methods for Open Object-Based
Distributed Systems, 6th IFIP WG 6.1 Interna-
tional Conference, FMOODS 2003, Paris, France,
November 19.21, 2003, Proceedings, volume 2884 of
Lecture Notes in. Computer Science. Springer, 2003.

[5] Kazuhiro Ogata and Kokichi Futatsugi. Proof
scores in the ots/cafeobj method. In Najm et al.
[4], pages 170-184.

[6] Multi-Player Game On, Laurent Gautier, and
Christophe Diot. Design and evaluation of mimaze,.
In Proceedings of IEEE Multimedia Systems Con-
ference, pages 233—-236, 1998.



