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The Formal Analysis of Ice Protocol

YANG Xiao-Gang SHEN Zeng-Wei
(State Key Lab, of Software Development Enviroment, Beihang University, Beijing 100083)

Abstract Ice is the object-oriented middleware platform and is as powerful as CORBA without making all of CORBA’
s mistakes, it provides a new way to develop the application in heterogeneous environment. Ice protocol defines the
communication regulation between client and server. This paper gives a formal analysis of Ice protocol from two sides,
interaction and protocol entity, which highly embody the parallel and distributed feature of Ice.

Keywords Ice, Pi-calculus, Protocol compression

Ice(Internet Communication Engineer) a4 2 H ZeroC
2N B BT B A R R Y B 7ER B CORBA B
EAKARGEHEER L, BT CORBA MK 4%, KR T
CORBA By & R4 T — MR 5 AR R A BT EREMT
VRS ARITEYS.

lIee |REETHEE P /IRFHBMN K TR, API fIER X
B, XREFHARE TR R, &P SRS 5m e LUERAAR
R FEIES lce HEABT MG EFGHHT, FHITFRE
ARELETACHI AT .

Tce (il i 3 N EETHSEHM : —HABIERBD AN ; — 2
EEPHBRFRZEAITZEHHELKE; -HPEE M
R 5585 Z IR A E B9 PV I AR B AR A B BL I . Tee HMNALLT
— R (DX RELR L HITES, AW EFR. (D&
ATHERBENEGHEEZIE, BEEXHENATENHE
BEATAE T 4R RS AR TS, AT LA B b 80 B S E R B K
FHEMXIMUELX. (Dlce MUERTHEIEEEE. I
RS HEELE—FHEBARATPREHENRETS,
XA E R R E] LGE A F P ROk QR M R AR SRR, W
REPEJOEEE, XM AREE, ERET M A
R KHEBI R . (4)Ice 32 TCP, UDP #1 SSL3 i {64
. TCP #1 UDP 7E R M FF & T 15 Rk &, SSL X
HinTEEHEEME.

pi EEL R Milner % A ¥ CCS(Calculus of Communi-
cation System) ZtRli I 18 1 iy 45 4 WD, Bl R 46 FI
R, HitESkG AE 2 TR, Rir B g
BHEWGEAZ. BT pi MENRER KT E: —£
MNECEAESZEEHITHRD), R REERITES
RR 5 E CLBRE BRI RE ),

A3 e A pi BESMIEE R RE Iee HIGHETTIEX

TR WR HOF R 470 A EMERI S R BAFE. & X F
JAEREMZHAE, IER WP SR RS R E A
HH T RMBRIE ; HR LR A R LR A5 2l T 7E
AR S & USRI IIRE.

1 Ice Bl ZRHa#EiR

Ice MYZE T HAVE C/S G54, HEALWME 1 Bk,
AJLAX EH Sy R 4 B MR VHBE R/ R E it
B. BB F PN AR ERERXHEREHE lee
XRAFR O BRERSEE) . sE B UCR B w45 R
HEEAFEEAERBERMLR lee MEHIRERTHED S
W, BEHRHER I B L W R 5 R SRS/ R ISR A BT %
R Ice BTl B R F5 /IS8 20, X TH B BB TR R/ ®
G ERMEREN TEMNGHREELME AW, ERFH
S - BB 45 LA S W IR ATIE R PR B AL R HE

BETIRE S & vt BRI RERA
EFBH MR %5 A

4 4
A Y

ErHEE R % 2 # & &
A A

IR E HE/BEE

#RE HRE
ZE-3

1 IcethiByZA 554

* )EK 973 BB H (No. G1999032709), #/hAl B4 IR I M AMSER BehiH S, XM ALE HRTRINEER. B

HHEE,
+ 240 -



http://www.cqvip.com

2 pi RN

A RENE—T pi BEKIBEAMAE.

2.1 piRHEHIEE

B P,QERNHRE, 2,y K%, N pi WEHBRE LR :

P::=0la(x). Pla(x). P|z. PIP+QIP|Q|(0)P|[x=

y]P|A(y1 [/ ,"',y,.)
HEXBBNT .

0: RIEE AR, EARRE SEM#ERZE,

alx). P RAKETEES « MEEERS v . B z,
HEGEHRR,

a(x). PGl @il 4 o FIEE NS — M4 o, 5
ERR P,

T. P:r%ﬂi%@bf’ﬁ,ﬁl‘%ﬂmﬂﬂo

PHQ:#BAHWEH , WEPIT P HEHIT Q.

P|Q:## P MQ HEPAT.

(DP. %Rz £ P HATER.

Le=y]P: &Mk, & 2=y, NBFEHE P, FN 0,

Ay, 32530 i&ﬁ*’iiﬂﬁ95ﬁ?@¢i&ﬁ*ﬁiﬂﬁ*
ﬁé’%‘zﬁﬁﬁﬁ)‘( Az sx2srrsxa) il =P9ﬁ"_‘P T} 9 X2 9% s Tn
3%

XTHBHOAHBZMZRENEESEX[5]. Fa
(D). PA(P H,2 B P KZRA;fE a(). P,z fMa £
PHHBA.

2.2 #E

FIA pl REBEE R EARES RRRHBZ [ E
BXR UREMNSIRNEES. RE-REITHE. RO
MiEE TR, A 2,

Mo #Hg

=0
W

B2 pi AR

3 Ice il BHR

Iee fEAT 5 MbRAERIUME S K IH R EE . B
MR e EE., HPERMit#RENE P HIRS 250,
BEERMNRFBINEF B, 51 B M 5 A 2 3 FGE R T
] % DL, HEIE R FUE R TR R R B ] T K

EX 1 X Tees EPHTHE 551N

requestmsg , batchrequestmsg , replymsg , validateconmsg ,
closeconmsg

Ice ALK B B — 14 FAWHE L MBSE AL, H
BLAFhUEAS REREAT . HEXBM . HENERR
BWHBRTEFER., HPESHRE lee 9 — MR, Bk
FHGFESREXHES ABREEERES LT 100 F5
BE ARG SE THE. BB bzip2 ik XK B4
HATEYE . HEKAES . H B LM compressionStatus HA
SFEHRSME AETHEREHITTES URREER
BHREESHOHE . HEFRSEESEXNT.

BN 2 EHRSEEEH

ComStatus={c0,cl,c2}

000 http://www.cqvip.com|

He 0 RAHEKRESR HELXE O BERESE
. SHEBRUOT R RIXANTERN, W EEHRES
REBBRH 0. ol FRFRBERESR, HERSF BT LIERE
EFEHER . c2 BARZEERELR M, TR = ¥ 80T L
RESW, AT IRAESN.

HRHEEALEHAR NN OTHEE  SENR
BIFRIRRIERB LUK A SRS,

HFRBELELEE - NHEN B ER, & FHEM
WeE—&. EROENFFRSREQ BEL AR
B VARASERMERLET X%,

EHNH KL — AN R, AR EE 5
BERERERE. EEHSHET 4 M FHEFER D, G HEHE
EEROPRE RSB ERMEMRENHIR, leBXHE 8 F
RE, EXHERREENT.

EBX 3 Iee EHREERN

ReplyStatus={r0sr1,72,r3,r4,r5,r6,77}

Het,r0 RARERBRI . rl RAAPRE. r2 B BN E
AFEfE., BRABEORTE. rd ERBELREE. B ER
KA Iee KRR, r6 RAKHE Ice HPRHE., 17 RR
RABFRHFE .

RIFEEOH SRS B ERAF E BN SR X ERW
E.ERERATHNAEENHEL. ZHERVURFHOESR
FEWER. ZERETNXMHEERRESE ., BIFEEEE
BITERA A (1) B 3% IR 55 28 3 B9 B LR A MRS IR AR .
QB ILE P EFIARE SRR T R 2Z AT B B Al A 1 28
WX, ERHEER. RIFEERERAHEL . BEHE
AR EEROESAENELT . BRIEEEHEHRER
=0,

KA EEESREFE - A EXAE RN, A% R
8. REEH RERTEEEENEE. BN CHERER
REHLL REWEK, XHEENERREN O, EH
BRI — AR LIRS B O R R AR EXHERE.

4 HURE

A F) A pi JEM T lee PRSGHITHRBMAE . &M
H BB, X T EM o LA S R o R A T 2 i A 5 s LR
PL—WIE RV A8 NSRRI BB X GEAT R B
%l ,

4.1 THIARPHRE

Iece P ERIIZE SR, SR LM EETRE,
HEESENE GHRAATIESE, TEaiaT2E.

4.1.1 #4428

EPRSREIRRTEENIBNT . % PR
YRR EER, RS SRR, R EER, A
MEPRERIEEEHE. TMNAEEREHE. BRI
BlIEEREEHS MRk, FME L YFTHE., ATHR
AR BT EAHBHRS HE, ETE— I EN i
2, TG a3, 2 i 3% B P R R R R
3.

# x RE RS REEE, y B F 5 E 258
B iclient BB SRR, server IR A5 MR, T, BEM
2B, connectrequest B PR B EEFH R L., re-
plymsg BIRF IR EMER S s€ Re plystatus & E K
BAHRREE. stmsg BEPHER ShHEM W B timeout-
msg REMNBEME P ABKBEHEE ., stmsg F timeout-
msg RERHER e BMUEE . BT HEXHEE.

. 241 -


http://www.cqvip.com

4 cp=1{x»y,connectrequest , replyrequest, timeoutmsg  »
EREPHBN ARG REABNAME Nsp— {2, con
nectrequest,replymsg) s BATHBER B H B j{J?Z= {y,st msg,
timeoutmsg ) ; M HEHA B EHBAIRRIAT

client (;;)é (z(connectrequest) |
y(stmsg)). (x(reply msg) ([s=r0]. client
+[s7%70]. 0) + y(timeoutmsg). 0)

ser'ver(?;b)éx(connectrequest)x_( replymsg). server

T, (_tj:)éy(stmsg). T, +y(timeoutmsg). 0

EEMBH LR =ANHEI LA

client(cp) | server(sp) | To(ep)

4.1.2 XAE#iTiEH2 S

FAEETUHEFRERFHIET—FHEHEE. T
w53 F RS,

DEFREEHXEAEETE

FRRMEBHXAEELBNT . (DEFF RELMAERE
HE. OFPXRAEENE . (3) RS 3K EENIE
W, N TFHEPRAEEEBA TR, (9RFHFXAEEN
B,

EXAEERNE PN H 3 MR AE 3) . XA &
BE PR Clp, BRER writer (ZG R reader. writer
Bl client XM E 5.8 closewmsg WEITHERIER
openwmsg ; reader FEWL client W)X PFER I B closermsg BY
FITTFIE WY B openrmsg . u, v 53 R Clp 5 writer
reader B3I .

B3 XHERHE

4
—»
cp=

m

Clp (?Z) LDox(closeconnctionmsg).
. writer(u,closewmsg). x(replymsg).
reader(v,closevmsg). client

{x,u,v,closeconnectionmsg ,replymsg} ,

writer(u,closewmsg , openwmsg) Qulclosewmsg) . writer
+ulopenwmsg). writer

reader(v,closermsg, openrmsg) LNu(closermsg). reader
“+ulopenrmsg). reader

FPE R AR5 55 % P .

4

—_— .

sp={x,m,n,closeconnection,replymsg} ,
y

Sa GZ) LD x(closeconnectionmsg).
reader(u,closermsg).
x(replymsg). writer(v,closewmsg). server

(2) i S5 a8 i R K A E B

R8s m AR XA ERNI BN T (DEFEER LR
FRA R, R R X RN R . (DFRIMEPITIER
STRLIFBRELER . DOMF[/MEFmELXAEEER.
(WOMFH/EAZEENE . (OFF HmXAEENS R MIE
S » F IR 95 % 5% P E 4 Al 5

v 242

000 http://www.cqvip.com|

it %5 ARt B R R T -

Salreader(u,closermsg). wait forresult(t,waitmsg).
x(closeconnectionmsg). writer(v,closermsg). server

Hh, wait forresult BEFRBEWL server M waitmsg BB, SRy
EPATHIER, BRI A WHRIITR, BaB W, ¢ & serv-
er Fl wait forresult SERHEIE .

wait forresult Dt (waitmsg). wait forresult

Bt RERNT

ClpAz(closeconnectmsg)x(replymsg).
writer(u,closewmsg). reader(v,closermsg). client

4.1.3 HEERBHEE

Tce XHFHEBIESS, X2 Ice XHIF Corba M EEH514
Z—, BdRE—AEESE TTUERGEEHEHEESR,
XEZFHRFBRFTESHABNBREANEETHH. R
FHWMRETEOESE L, R TEF REREBHERR
A HANME 3 H R, & c€ ComStatus REF SiER
HERESRE, WS ERERNET R PABRZ BT .

4

?;= {z,requestmsg,replymsg} ,
il

cliert(?Z)é;(requestmsg). z(replymsg). client

é\?z= {z,requstmsg,replymsg_cO,replymsg_cl}
Hh replymsgc0, replymsg—cl 53 5 5 FE 48 1% B A 4E FE 48
HE., M.

seruer(?Zéx(zequstmsg). (Le=c0]x(replymsg_c0)
+c=c1](z(replymsg—_c0)+zx(replymsg_cl))
+e=c2)(xreplymsg—c0)+z(replymsg_c1))).
server

4.1.4 wRAMLAEGLS

lee WEPERBAFTRE S /. R R 80 58
WAL R, FZ AR .ERAYE, ZPRBEHEE,
HERATREKE; PR - Z P RARGRETHER
sh BB —AEEX S, B P AT RS S BE E R
SRARASER BENEAREARSR anAM . F5
MAREHERAER, RESFEDNE BIERAH . 58
MEAEL, ZEFPm R R EAER, AR RS FFWN, 5
BEFAFRAFRNRERERILE ZERE UDP AR
TCP;H#EAL IR =, - A5 B AL 82 o] 8 A A L BB i A, &
BENMAREET P REWEkR  REHA—FEEE D XA
FR S TR ARCES .

B4 BEXCSHERFAE

CS = { sychromous, asychromous, oneway, datagram,

batched}

H A sychromous,asychromous,oneway ,datagram, batched 4}
FIRREE 2P A R A

}ﬁ?; = {z,c, smsg, srmsg, amsg, armsg , omsg, dmsg,

bomsg ,bdmsg} ,

Hep c R B EEE, smsg BARREH B, srmsg R[5 W
Rl B amsg B REWM B armsg TARRSWRIIY B, omsg
RrBEHE L dmsg RAEBRMM B bomsg Rt ibH
75 8., bdmsg AR BEBEERIER. s€CS RAMAI R,
NZEF wEREASERTRRNT -

Clp(cm _
s=synchromous )z (smsg). x(srmsg) +
[s=asychromouslz(amsg). x(c). c(armsg)
+[s=onewa y}x (omsg)+ [s=datagram§x (dmsg)
+[s=batched |([t=batchoneway]z(bomsg) +
(t=batchdatagram]z(bdmsg)). Clp

(FH# 246 T)



http://www.cqvip.com

DRI LRSI R RREBFERE K EHER.

OEEETREMLRIFR, BIE T R ENARE.

HAI{UA\ RS W R HBERN BHHR RABEFENH
HATHRE b B RBHF RNER T SR ES.

2 % Xk

1 Chikofsky E J,Cross J H I Reverse Engineering and Design Re-

covery; A Taxonomy. IEEE Software,1990,7(1);13~17

2 Kiczales G,Lamping ], Mendhekar A, et al. Aspect-Oriented Pro-
gramming. In:Proceedings of the European Conference on Object-
Oriented Programming (ECOOP), June 1997

000 http://www.cqvip.com|

3 Liu M L. Distributed Computing Principles and Application. (&%
KRR, 2004, 4

4 PR SR RARRNBST . (8 ] mER TR
FA¥,1991

5 ZHFWLBRY, £, Ry, im TRDRFEANTR. HHHEH
2%3R,2004,4 .

6 Li Q S,Chen P. XDRE 2. 0 Reference Manual Software Engineer-
ing Institute. Xidian University, 2004

7 HEH. ZUEGEEWERRSREEMRATR. (HL 208
. TR FRHE K, 2005

(&% 242 T
—
4 sp=1{z,c, smsg, srmsga, msg, armsg, omsg, dmsg,
bomsg ,bdmsg} ,

0 AR 55 2% S AL B st B R K g«

Sa(?j)))é([s=synchrmous:|1(smsg). z(stmsg)
+ [ s=asychromous) x(amsg). z(c). c(armsg)
+[s=oneway]x(omsg)
+[s=datagram]x(dmsg)
+[s=batched ([ t=batchoneway]x(bomsg) +
[t=batchdatagran]x(bdmsg)). Sa

4.2 R AHBCEEE FHEGHTRE

AT lee PSGHITREMZIE . B E—WH KA
B A, A UM SEAAR nfa Bi R 4 AR AT S B Tee BN
i FEREEE. A 4,2 HELE RN HE HRE R
B/MBE AR EHREN Clp,Cm, Cc 0 Cr; Jj 55 2535 Xt B
BitBHN Sap,Sm,Sc M1 St. E—NERFHALE D, &h
WL HRARZEmE 4.

B4 Ice MABIHE

4}\3: {z,requestmsg,replymsg} , W
Clp(?;)=x_( requestmsg). x(replymsg). Clp
Clp BT « i R A E K requestmsg , ¥ = Bl
BRI KL replymsg
R
S cmp={x,y,reqestmsg ,replymsg ,msg,rmsg} »
m

Cm(c—n—l;) = (z(reques tmsg). y(msg)
+y(rmsg). z(replymsg)). Cm

Cm HBH « BEBEWIE K requestmsg , G B Ice H1HH
BUHB msg, 1 y MR SHFBEOE v BEERMHES
rmsg  Fe BRI W B, replymsg W x BEBIEL Clp.

/—“;\E;)= (y,zymsg ymarshalingmsg ,unmarshalingmsg} ,

y

Cc(;;) = (y(msg)z(marshalingmsg) +
z(marshalingmsg). y(unmarshalling)). Cc

Ce B XEMTHBMHD/MFE TE B vy BEREK
B3R B msg , RIS B marshalingmsg T§ B IFHS 2z B2 B
B BBOE A » Bl (IR BH B marshalingmsg , iR B

» 246 -

unmarshalling 1§ 8., 3 y @i H.

/—;,\E;Jz{z,t,msg} ,

C(cp) L (z(msg). t (msg) +1(msg). z(msg). Ct

CHEFEMAHRERSB/ANE A HZIMERHEE. B
Bl = BBWH B msg , 00 ¢ EiBIEH B RS 2800 R\ W ¢
BIEBWIHB I « EiEE .,

BANEFIRMITHOT .,

client(t,msg) ACLp|Cm|Cc|Ct

B AT LI#R IR S5 A8t & 12, AU HEGR .

it ACHA pi WEXTTF Ice Up M, AZH M
WA mEZIE T UL, piEEFR T RHEE HEE
FITH R B AR B AR I & GE A4 5 3R 2 8] 458
ffrh. EULHER.EHNTRXRBSEFEITN . E8B T E58
ERHERBEARLTERORESHENRFERULTREX
FERAES  RERIE A TR EG . Rt pi BERET™
BARBEMER T, A pl BEHR Iee MR T
FF LA CHE T B o — B R T L RAE, v
PIFE b ERY EiTie Iee WMXEITE S 5 R E&HERIE .,

2 % x|

1 Henning M. A new approach "o object-oriented middleware, IEEE
Internet Computing,2004,8(1); 66~75

2 Henning M, Spruiell M. Distributed programming with ICE.
www, zero, com. 2003

3 Milner Ry Parrow J, Walker D, A Calculus of mobile process,
parts I and IL. Information and Computation,1992,100;:1~77

4 Milner R. The polyadic m-calculus; a tutorial: [ Technical report].
Department of Computer Science, University of Edinburgh, 1991

5 Milner R. Communication and mobile systems: the pi-Calculus.
Cambridge, Cambridge University Press, UK;1999

6 Park J, Miller R. A compositional approach for designing multi-
function time-dependent protocol [A]. In:Proc. of 5% Intl. Conf.
on Network Protocol. Los Alamitos, USA. IEEE Computer Soci-
ety,1997. 105~112

7  Carbone M, Nielsen M. A formal model for trust in dynamic net-
works. In;Proc. of the Software Engineering and Formal Meth-
ods, SEFM’03. IEEE Computer Society Press, 2003

8 Albert T R, Esterline C. Using the pi-Calculus to model multia-
gent systems, Lecture Notes in Computer Science,2001,1871:164
~179

9 XA EBE BRUZERREPHLERZHYML RG¥
1#,2001,12(8):1177~1182



http://www.cqvip.com

