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To 制:hi~ve H fault寸:olerantclistributed systems， (:11制:kpointrec:overy h制 b問 nr附 earched出 )(1IJlany pm-
tocols havc bCCll dcsigllCd. A globa] chcckpoint takcIl by thc protocols havc to bc cOIlsistcnt. -For 
conventional rlata eommunication netwofk， a glohal checkpoint i8 ddin(!d .consistel1t if thc1'e is ndther Of-
phan nor lost message. For multimcdia comn1llnieation nctwork， there are rlifferent. reqllirement.s s1.1ch as 
tirne-cωI1strained failure free executioI1: large-~ize rnassages and allowarwe of eerta1n amOlJIlt of m附:~ages.
τhis [laper prnpo同 sa new criteria nf eonsistem:y for snpportiug rnultimedia eornUlllukatin!l network. 11) 
additiOIL fl ehe(:kpolnt prot.oeol with QoS b川相1c!oIlsistency i8 d附 ignedand叫>plie<it.o f...IPEG-2 dat“ 
tran討rnissioIl.

1 Introduction 

τhe advanced computer and network technolo-
gies have lea.d to thp. dp.vp.loprnp.nt of distt"ibutp.d 
systems. Here. an applic:ation i8 reaIi~ed by ll1ult.i-
ple processes locat.ed on multiple computers con-
nederl to a eommunkation nctwork sucb as t.1w 
lnt.ernct. Each proecss compllt.cs and eommu・
nicat.es with nther processe!=i by exchangIllg mes-
sages through a communkat.ion challnel. Some 
rnissiol1-c:ritieal app1ic:atioIl討 ar日 re(luiredto be日x-
ecuted fault-tolerantly. That is~ even if some pl'O-
cesses faiL execution of an application i8 l'eqnired 
to bc COllもinncd.Ouc imporもantmcthodもorcaH包C
fa:nlt-t.olerant distrihut.ed systcms is n checkpoil1t-
recovery 16~ 17]. D町 ingf;凶11lre-n・cccxeen t ion :似.~h
proccss takcs Iocal chcckpoints by storing stutc il1-
formatioll into a stab]e storage 115]. ]f a certain 
proc!附 sfails， t.he prm:es則自 r側 tartexec:uticJll from 
the ch日{:kpoint討 byrest.nring the st ate information 
frolll the st.able storage. For restarting executioIl of 
U11 app1ication corrcctly， a sct of ]oca] chcckpoints 
takcll by al1 thc proccs8cS alld仕omwhich thc pro-
cesses restart should form a consistent global check-
poinf. I~~]. A r.oll~ilìt.ent， global r.her.kpoint. is defir川 i
伐Sもhatth~re i8 neither o'{p}w.n 1fU~HMJ.gellor lm，t 
me.'isa.ge. However: the definitioll i5 too stric:t in R 

multimedia network system where messages carry-
ing a lal'ge lIlu]timedia data are exchanged amollg 
processes. ln this paper， we propose anovel consis-
tent globa] checkpoint for mu]timedia network sys-
tcms and dcsign a chcckpoint proもocol.

τhe re:it of this p叫叩ris organjzed s.S follnw討:
111 ser:tion 2. we review the r.onventiona] r.onsist，ent 
global c:he<:kpnint in H c:oIlventional data r:nrnmunj-
eation network. 111 sect.ion 3， we disc!u出 properties
of a multimedia network system and requirements 
for a consistcnt global chcckpoint. Scction 4 pl'O-
poscs a Ilovcl cOllsistCllt global chcckpoint support-
ing a multimerlia net.work system. Accorrling to this 
proJ>osal! we design a ehec:kpoint Pl'otc)(!ol whic!h is 
based on QoS (Quality ()f Servic~) for cOIlsistem:y. 
Fina]]v in問 ttiOIl6， for an evaluatioll， the (!OIlsis-
tenc:y and the c:her:kpoint prot.oc:o] are app1ied to 
I¥.1PEG-2 data ti.ansmissionI10). . The res¥山 shows
they work well in multimedia net.work syst.ems. 

2 COl1ventional COllsistency 

A distribtlt.ed system S is modeled by a tuple 
(V!乙)whcrcν_= {pl! . .. ，Pn} is a sct of proccsscs 
Pi alld乙gνis a set of communicat，ion chan-
nels {Pi! Pj) from a pl'oce~s Pi. t 0 anotber process 
Pj. EXE:!cntioIl of au app1ic:at!ou ill Pi i討IIlodeledby 
a sequence of events. A stαte of Pi changes at each 
event. There are two l<Inds of events: local event.s 
and cornrnunication events. At a local event， Pi 
changes a state by local computation without ex-
chansiIlg a message. At. a communieation evellt! 
Pi communicates with anothel' process hyexchang・
iIlg a message and cbauges a state.τhere are two 
kinds of commnnication events: a m(;lltm.qr: .gendin.Q 
(;1Jf:ni .ct(m) and a m.f:lUif1 •. qe rer.eipt (;1J(;nt r( m) for a 
message m. 

111 order to reaJ1~e a fault-tolerant distributed 
system， thcre arc two muin kincls of meth-
ods: cheekpoint-recovery aud repliC!atjol). Iu the 
repJicat.ionI1， 8~ 9，14， 18]: ear.h pl'ocess is replicated 
and plaeed OIJ rnultiple c:omputt!fs. Even if a certaiI1 
prnc:ess fai1討， other replkated. proc:e封印討 <:anC:01)-

titlue to exec:ute anapplication. On the other hand! 
in the checkpoint-recoveryl2， 4， O， 1 L 13. 17. 2L 22]. 
each process Pi sometimes takes a lo(;C}.l che.ckpoi'l1.t 
Ci by st.oring state il1formatioll into a stαble stor.・
αge[15]. If a r.f!巾inpl'OCf!附只照liP防ifa削:a川a剖illi丹丸，p抗ir閃附但釘計刷ta剖uば川rt.削7寸t
e肘c刊C11河川11川l此tio【O】11 from Ci b匂yre悶st(ω01'】川汀川r吋~i加ng も吋山hestate i加11食釦')1'口.'matioll】
f仕'romthe stable s剖torage.If a process restarts ind← 
pendent]y of the other processes， there may be two 
kinds of incollsisient messages: lost rnessages and 
orphan messu，qes [3]. Let. processes Pi a川町 take
]oea] eheekpoint.s Ci and勺， respeetively. Suppose a 
m<!ssage m is transmitted仕omPi t.o pj t bfongh a 
communication cluumel (pi ~ Pi)' 

[Inconsis七entmessageJ m is 1，1.ω1l.'1ulf.C1I.t iff m 
is a lost mes~age or川 1orpllflIl rnessage for a set 
C{刊め}= {Ci: Cj} of]o cal checkpoilltS. -m is a los1. 
me.r;.9alle i妊.s(m)o(!curs h巾 rotaking C'I in Pi and 
1・(m)occurs after takingり inPj・'mis 8n orphan 
mClUJa.Qe iff s(η1) oc:curs after taking Cj in Pi and 
-r(.，n) oc:c:urs before taking (;.1 in 1J.i・C

ln order to achieve conect recovery frOIll a fail-
ure， there should be neithet' lost nor orphan n聞か
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sagc in any comlllunicatioIl ChanIlcl in乙 Tlms，if 
a process Pi fails， not only Pi but a1so other pro-
cesses Pi are required to rest.;ut. execution from 
local checkpoint.s Cj・ Hence:a globαl checkpoint 

Cν = {Clγ ・.: Cn} which is a set of local check-
points of a11 the processes in νsho111d be consistent: 
i.e. satisfy the fol1owing condition [3]: 

[Consister時 globalcheckpoin吋Aglobal chcck-
point 0νin S is consistent iff thel'e is no inconsis-
tcnt m(!ssngc~ I.(!. ncithcr lost nor orphnn mcssag(!， 
iIl any eOIIlIIJllnkRtion dlfumel in c..ロ

3 M ultimedia N etwor ks 

Reeellt.ly， distributed applications such as dis-
tance learning: tele-conference: tele-medicine and 
video on demand are developed on communication 
networks [16] ~ e.g. the 1nterr則.Tl削 is:messages 
c~U'ryillg multimedia data inc1uding text. voice~ 
sonnd， picture and video are exehanged among pro-
cesses to ex'ecute an applicatioll. These messages 
are so large that it 1.akes time to transmit 8nd re-
ceive t he messages as shown in Figllre 1. Here: t.he 
following f011r f!venb; (lre de白nedf()r a IJlultimedia 
message m transmitted from a process Pi 1.0 another 
process Pj [19]: 
・ゆかrかlJiHta山 tramm山tingm. 
• se(m): Pi ends transmitting m.. 
• rh(m): Pj st.arts receivi時 m.
・n:(川):lJj en<is rec:eiving m. 

A mcssugc scnding cvcnt s(m.) for m starts at sb(m) 
and cnds at sc(m) in Pi. A mcssagc l'cccipt cvcnt 
r(m) starts at. rb(m) and ends at. re(m) in Pi' 

Pi Pj 

C; rb(m) 

C~ 
J 

re(m) 

Figure 1: ?¥'Iultimedia message transmission. 

In t.he conventional distributed syst.ems with 8 
message carrying c:onve凶 on81ù8ta~ s(m) and巾fl)
are assumed to be at.omic. Here. in t.he defini-
tion of a consistent global checkpoint [3]! each local 
checkpoillt is assu1lled to be taken 01l1y between 
two Ruccessive event.s. However: for achieving a 
fault-t.olerant m1.lltimedia network svstem. each 10・
<.!al checkpoInt Ci is rcquircd to be t.akcn cvcn whil(~ 
a process Pi is transmitting and/or receiving a mul-
timedifl message m. That is， as in Figl1re l! r.heck-
pOInts (!i aIHl/or (;j Ulay be taken between功(m)

and se(m) and/ol' between rb(m) and rl:(m)! re-
spcctivcly. 

1n addition， in a lJlultimcdia app1icatiol1! a ccr-
taill amount of data in a multimedia message can be 
Iost in a r.ommunir.ation channel. Such a11 applica-
tiOIJ requires IJot to retransmit 10品 messageぉbuttu 
transmit messages with shorter tl'ansmission delay 
and smaller jitter. Hence! an overhead for taldng 
a cbeckpoint dUrIng a failure-free execution is re-
quil'ed 1.0 be reduced. 

1n aωmputer commullicat.ion network! proto・
(:01討 arehierHrc:hic:aIJy eompoおecl.For eX8mple: an 
IP clatagrHII1 IIlay be d尽<:oll1posedint.o IClultiple Eth-
ernet fl'ames in a sender pror.ess since the rnaxi-
mllm size of an IP datagran】is_64[1向寸e]and that， 

of an Etbcnlct framc is 1.5Ikbytc]. 'l'hcsc framcs al'C 
gathel'ed in a l'eceiver process. Thus， a Illultimedia 
mC8sage m. is assllmed to hc decomposed into n sc-
quence (P(ll"" :Pα1) of Il1u1tip1e pac;kets for trans-
mission in an underlying protoco1 as in Figure 2. 

Pi Pj 

pa 1 

pa I 

time 

Figure 2: Packets for a multimedia message. 

4 N ovel Consistency 

As discusscd in thc prcvious scction! sincc a mul-
timcdia mcssagc is much lal'gcrもhana cOIlvcntional 
data message! it t.akes longer time to transmit and 
rer.eive the m附 sage.111 s. eonvent，ioIlHl clata C:OIU-
IUuIJication network， H r.OIIlrrJUIlkation event! Le. 1'¥ 

message sending event and a message l'eceipt one， 
iお削sllJl1eclto be atoIIlic ancl cOInpleted iIlstan-
taneously. Hence， in a conventional checkpoint-
rec:overy pl'otocol， a process tal<es a 10C81 checlc-
point only bet.ween two Sl1c(:essive events! not. dur・
ing an event. However in a .lllultimedia commu-
l1ir.ation network! since larger messages are tral1S-
mitted amOl1g processes， 1oca1 rher.kpoint.s are re-
quired to be takell even dU1'Il1g a comml1nication 
event in a process. Dy allowing taking a local check-
point during a communication event: synchroniza-
tion and cOIllmunication overhead is l'educed. Tf 
the convf:'.ntional protocol is 8ppHed: a process is 
required t.o take a }ocal chedcpoint befol'e starting 
or nftcr finishing transmission undJor rcccption of 
a message. Hence， whole message is required to be 
ret，ransmitted a針:erl'f!covery. Howevel' I hy taking 
a lm:al dl制:kpointdllring a c:c>IlmJllllic;at.icm event. 
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cach pl'OCCSS takcs it immcdiatcly and only a pal'も of
a lllessage~ is required to be retransmitted aftf!r re-
covery. Sinr.e r.ollsistency of a global r.heckpoint has 
been defined for r.onventional data. r.olDmullica.tion 
networks [3J: it is req山 edto define differellt con-
sister】cyfor multimedia communication networks. 

Now， wc introdncc aμobal r.on.~i.st f.ncy furu:-
tion Consistency( Cν) whcrc a globa1 chcckpoint 
Cν= {Cl:'" : Cn} is a set. of 10ea1 checkpoints of 
a11 t.hc processes inν. Consisten仰 (0ν)denotes a 
degree of eOI1SisteIH!y ()f 0νin S. 1I1 a r.cmventiOIlal 
uata COIIlII111I1Icat.ion network: COl1S'lstency( 0ν) is 
de自Ileda討 foJlows:

Consi.9tenr;u( Gν) = 

ωcnrs aftcr taldn呂匂 inめ・ pαA・isaIl orphan packct 
iff s(pαk) occurs after taking Ci Ill P.i and 1'(pαk) 
occurs before taking Cj in Pj ・口

Suppose that Pi takes C'i between .，，(paJ and 
S(1)(1叶1) and 1)j takes (:j between叶叫，'.)and 
r(pα'r+l) whel'e 1 :::; -s: rく l. Clearly， if .s = r・
lv!consuitency(m， ('-i! Cj) = 1. 

If s > 1'， {par+l'・・・:pall} is a set of lost packets. 
These packets are not retransmitted after P'I and Pi 
restart from Ci and Cj， respective1y. In some con-
vent.ional checkpoint protoco}s app1ied in rlata com・
mUl1ication ndworks， Iost messagcs are stored in u 
stable storage with the state illformation at a Iocal 
d附 kpointand rf!stored in附 overy1121. Howeveれ
a chec:kpoint protoc:nl in a IIlultimedia c:cmmmnka・(「l1n1…OI山 n川…tm】吋伽

o othe日目f刊汀rwis悶e.
(1) tiOll . net.~v~)rk _ i~. reql山'edto be M:hieved wl th le出

overhead in faiJure-free execution since many ap-
p1ications rcquirc timc-constraincd cxccution. For 
CX81llp]C， storing a Illcssagc log in a stablc stOl'-
age makes transmission delay 8nd jitter 1ar島町 in
1vIPEG-2 data transmission. On the othcr hund. 
)ess than a certaill threshold， a eertain rmmber of 
paekets can be lost IIl rec:overy to execl1te 8n ap-

In a multimedia (:omJllunICat.IoJl lletwol'k. a local 
checkpoint ean be taken during a communication 
event， In adrlition! it is acccptahle for an applicu-
tiOl1 to lose a part of a multimedia message. Hellce、
tbe dOlllAin of Consisf.e.ncy( 0ν) is required to be a 
山封印1i 

4.1 Message Consistency 

First. w日 defineぬ mes.'UJ.ge(:(J1lsu;f.e.ncy fa川;・f.um
MconsistεnCY(l1J.: Ci: Cj) as a. degl'ee of consistency 
for fl set. {Ci: Cj} of local r.he制m州dうk王<poω山in凶1t此tsa1 
Il1制UaIIle附凶sag臼 m whe町re1川日 is討 tr奇a創U1S日mitt旬edf:仕ro】rna
process Pi to anoth】erprocess Pi' Here， Ci and C.i 
arc taken by Pi and Pj 1 l'cspcetivdy. For cornpat-
ibi1ity with thc convcntional dcfinition in (1)ーもhc
following should be satisfied: 

Alconsistency(r.九 Ci:Cj) = 1 

p1ic:at.ioIl. Here! we clefine lost c:oIlsistenc:y for a set 
{Ci: Cj} of local checkpoints as a ratio of va]ue of 
the losもpackets{pczr+1，.; . ! pa

ll
} ill a message m. 

to valuc of m. Hcncc:もhcmcssagc consistcl1cy fo1' 

m is dcfincd as follows: 
[Message consistency function] 

Mconsistency(m~ Ci: Cj) 

- I一ε;=r+1旬alue(仰 k)
'l1Cll'lLe(1n) 

(6) 
(2) 

jf {:i→ゆ(m，)and (!j→ .rb(m). 
Here: the domain of Mconsistency(m I Ci.! Cj) is an 

(3) open int.ervaJ ((): 1)・M cowi'i.steru:y (帆九 (~j) = 0 

if Ci→ sb(m) and re(m)→り・

!'vlconsistency(行LCi: Cj) = 0 
(4) 

if se(m)→ C; and Cj→ rb(m). 

!'vlcon.sistency(m，ci: Cj) = 1 
(5) 

if se(m)→向 alld1'e.(m)→勺

Suppose a process p; takes a local checkpoint 
Ci while Pi is transmitting a mn1tirnedia messflge 
m andJor another process Pj takes a 1oca) check-
point Cj whiJe Pi i5 receiving m as in Figure 1. 
As disCllSS(KI in thc preVi0118 sect.jon~ a rnnltime-
dia message m 1s decomposed int.o a sequence of 
multip]e packets (pα1 :・・・ :pα，)..s(pα".) (1 :::; k :::; l) 
iH H l}(wkt;t .'it;1Uiillg (!'iJfmf. and 'r (1，内)is a ]J(lCkf;t 
T官的:])1.e1jfmt. ぉ(m.)is c:omposed of a 附 lUfm仰

い(pa・1):・・・:s(pa.z)) 剖ld'r (m) is composed of a !ie-
qllence (γ(pa・1):・・・ :r(pa，白)). LOCfl) checkpoints C.t 
and Cj arc takcn bCtWCCll S(pils) and s(pa・s+l)(1三
Sく l)and between r(pι) and r(pa.，・... ・1)(1:5 rく l)I 

respectively. A lost packet and a11 orphαnpαcket 
are ahm defined same as the definition of fllost rnes-
sage anrl an orphan message. 

[Losむandorphan packets] pak is a lost packct 
iff s(pa・k)OCCut's before taldng Ci in Pi andr(pak) 

lfsくれ {pa叶 1:・・・!p1l1.} is a sct of orphan 
padwts. Jn a convcntional rlat，aωmDlunication 
network，日norphan III附 sagernight not be re-
transmitted after re(!overy due to llon-deterministk 
property of a proeeH日. H owever ~ t.h日お巳 pac:ket討 flre 
surely retransmitted after l'ecovery sil1ce Ci and Cj 
are taken durillg tral1smissioll and l'eceipt of m 
and thc contcnt of m bcing cal'ricd by a scqucncc 
(Pu.・1:・・・:pu，) of packcts is 110七changcdaftcr rccov-
ery. Hence1 a set {Ci: Cj} oflocal r.heckpoints Ci and 
勺 isconsistel1t: i.e. NlconsistencY(TlL Ci. Cj) = 1. 

Figllre :1 shows a me!iSflge consistency fnnction 
Mco問 stency(s!r) for s and T. Leもlbe a number 
of packets consisting of a message m. i.e. m = 
(pα1・・・pal). Herc:.~ 壬o (r 三0) mean8 that Pi 
(Pj) takes a ]oca] checkpoint Ci (Cj) before sb(m) 
( 7・lJ(-m))and .s > l (ヤl'> lり)1I削nstnat P釦i(ωPjう)t.ake附S 

礼 10川∞〉χ刊c:刈t
• Ac∞c∞O印rてd也d必li加ngtω0(2幻LlvIcω()川Tη凡Eι.si.ste仰η:r:y(μ.9lrけ)= li江fs三
o and rく O.

. .A1 consistency( s，・r)= 0 jf s :::; 0 and r > 0 sillce 
m is an orphan message. This case shows (3). 

• Mcon."itif.encll(ムr)= gl(l~) where dgl(.~)/d.r; さ
0， lims→O.Ql (s) =. 1 and limll→l.Q1(S) = 0 if 
Oく.9< l and r :5 o. 
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Figure 3: ivlessage consistency. 

. J.，1 consi . .，t.ency (s ~γ) = 92('S! 7・)where 92(U! u) = 
1(0 く 11. < l)， dY2(ム'f')/ds 三 oand 
d92(S: l')/drさ 0，lims→1 92 (S~ r) = 93(r) and 
lim，.→11 92(S: 7・)= gds) if 0 < s く l!0 < r < l 
and s > r. 

• Mcow;u，teru:y(ふ T)= 1 if 0く 8く lanu s ~ r. 
• Ar.r.ording to (4)， Mr.οn机l~ten(!1J (.q: r) = 0 if l ~ 
s and rく O.

・Prlconsi1Jte.ncy(ふけ =ω(r)whcl'c dg3(r)/drさ
0， lilllr_O .fJ3(r) 0 nnrl limr→1 .fJ3 (r) = 1 if 
l < s and 0 < l'く l.

• Accordillg to (5)， Mω1l!;istency ( s: r) = 1 if l :S; 
s and 1 ~ r. 

4.2 Channe] and Global Consis七ency

Based 011 the message cOl1sistency fUllction 
A--fconsi.stency(m! C1.! Cj) for a multimedia m聞 閥 解

m anrl lo<.!ul checkpoints C; nnd Cj in proccssω p; 
and P:i resp舵 tively，a r.hannel r.onsistency function 
Ccon.9'u;tf:nC1/( (pi: Pj)， (!z: (!j) is defined flS fl degree of 
eOllsi討ttm(:yof a 討削斜i{九 C匂ωj-}【()f]0似ωc:a
ac∞omml乱m川ul叩mica杭州l此川tio∞nchann汀mel(ωPiれ:P釣j)E ζ where んMiji泊s 
a set of messa艮estransmitted thro∞ugh (ωPi:P--;)' 
[Chal1nel consistency functiol1] 

Cconsiste.ncy( (Pi: }Jj): c.;:り)=

(1if山
fI Mωnsistency(m: C..::匂) otherwise. 

mεん1jj

(7) 

]n n dis叫叫tl芯川l'吋.j泊b】mt旬cdsyst旬ernS = ( ν t 乙)! a g副10汁h】t川1]con-
討吋山is叫te目11】町【
机wh】阻e訂r巳 f!時宅狩a制'Hじ:11lo(川【Cω:沖kぬ叫1叶1dl日肌〈じ:kドoIut.c向ii討 take目nb】ya.p】roce附討白
1'iενhi definml base 011 t.he duulI1el r:O!HiI抗日Il<:Y
fUIlC:tion 山日IH-!clin (7). 

ln a convent.ional data eOJlullunicat.ion network， 
each JocaJ checkpoint is taken hetween two suc-
r.essive 10(:81 events or ~ommullication events. 111 
addition， at 8 r.ommunkation event， i.e. 8 mes-
sage sending event or a message r巳ceipt.続vent.:each 
pro(~ess exdumgeH a rnet)sage with other proeesses. 
In the multimedia data comrnunication network， 
each local checkpoint maゲ betaken during t he oc-
currence of a communic:ation event. Tn additioT11 

a process may exchange muJt.iple messages with 
multiple prm:esses simultaneous]y. A global COI1-
sistcncy iH culcula.f{~ò accoroing to rdutions of ul1 
the set.s of two checkpoints Ci and Cj where there 
is a communication rhannel (Pi，Pj). That is: fl 

global c:onshdenc.y is c:ah:ulated by using c:haIlI1el 

consistencies. Therefore， a global consistency func.;， 

tion Gonsiste'l1.cy( 0ν) is induccd by a mnltiplicu-
tiOll of Cconsi.stenCY((lJilPj)1 (:il勺)for alJ t.hc charト
l1eJs (pi: Pj) ε ι. 1/1.c is a Ilormali乞抗iOllfactor 
whc!rc I乙Iis thc Dllmher of channc]s in S. 
[Global c∞o叩n凶 ste叩nc句yfunction] 
Con.flu;tency ( Cν)= 

II CωCωo仰 i.. “.</伽何仰州jバ((仇p仇idl仰1)的叫J初j
(Piめ )eC

The above definition is compatible wit.h the con-
vcntionul consistcncy rlcfinition. If thcrc is 
at. ]east one cmnpletely ]ost Ol' o1'plum mes-
sagc in a communicu tion dHtnne1 (p;，! pj) ει  
COTlSilーtf:nr;y(Cv) = O. where Ci: Cj E 0ν.τhis is 
ber.amie Ccoru;Ilitf!nr.u ( (pj: P j) : (!i !勺)= O. 

5 Checkpoint Protocol 

Hert~ ， we show u ch(~ckpoint pl'Otoco] for a mul-
t1media <:omUJunicat.icm IH~tw()rk a(~{:ording to t he 
cOllsistenr.y de自nedin (8).τhe proposed protor.ol 
is ha.Hed OIl a three-pha:;e (~oordiIlat制1 C!hef:kpoint. 
protocol in [13]. Howcvcr! OU1' protocol docs 110も
rcqnire proccsscs to b]ock cxccnt.ion of an appJica-
tiol1 during thc chcckpoint protocol.τhat is! it is 
a non-l占州b]叶]0加o以ω】lck込!k山島gprotocol [7: 20:. 1n 色叫出出hi吋ispn 
there is a c∞o∞【ordi加na叫tOl'pro伺 s邸sp仇c. Here! we make 
the following a8剖unptioI1日:

• A sequence number Sfq(m.) is assigned to each 
m回 sagem when m is t.ransmit.t.ed. .'le.q(m) is 
piggied back t.o eac.h packet p向。f171. 

• Each par.ket pak carries 1Jal1川p向J/'lJal'IJ.f:(m).

The checkpoint protocol is as fol1ows [Figure 4]: 

p 
c 乃 P 

J ろ

time 

Figul'e 4: Ivlultimedia che<.!kpoint Pl'Otocol. 

[Cbeckpoint protocol] 
1) A r.oordinator process Pc sends che~kpoint re・

quest messages Reqs to a]] the processes p，εν. 
Here~ Pc determ，ines a requil'ed r.onsistency RC 
(O~ RC三1).

2) Each process Pi takes a tentativE' 10cal check-
point te; and scnrls buck an aclmowlcdgcmcn色
mcssugc Acki to Pc・Forcvcry communication 
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challncl (p~! Pj) ((Pj!凶)!seq(7nij) {scq(mjd)， 
tvalue (?1lij ) . =乞value(pαiJ/val包e(仇ij)
(t叩 lue(rn-ji)=玄tJalue(pak) / 1Jαlue(mji)) for 
all t.hp. par.kets p向。ft he lOfit message mi'i 
(mji) send (received) before taking Ci: where 
sb(mij)→ Ci (1・b(mμ)→ c.j)are piggied back 
to Acki・ τha1. is~ Ack・4・seqij = seq( Tnij )， 
A ck i . t?H.山 eij = b.;αlue(m'ij)， Acki.seqji = 
seq(mjd and Acki・tVl山 eji三tvalt叫mji)al'e 
piggicd back to Acki・

3) 011 reeeipt of all the Ack.;. JIl附州gruifrolIJ lJi E 
ν 1)巴 ealc:ll叫Ila叫te側t凶c:ha低t江Ilne叫1c:omお瓜dおst偲 l叩(!yCc向与!担4“=
Ccωonsi臼似stency((ωPilPjρ)! C向i!C勺ω'j)for every c∞O∞UlI白山山n白11U
n凶ica剖tio∞IlChatlIlCl (pれp;)ει
3・1)If Acki.seq-;jく Ackj.seq-;j，CCij = O. 
3-2) ]f Acki..W~fJi:i = Ackj .sefJij: C(;i:i = 1 -

(Acki・tvalueij-Ackj .tlほんe';j).
3・3)If Acki.seqi.i = Ackj.seqi.i + 1: CCi; 

Ack.'i.tvalueij(l -Ack'i.tvalueij). 
3・3)If Acki..seq;:j > Ackj・seqij+ 1， CCi:i = O. 

4) PC calculates global r.onsister町 Gc :;: 

C附 i.ste印7ηt句州(0αωωνω;)= I1(伽拘Pi，P♂拘p町山j

5め)IfGc > RCt P仇csends Done llle白ssage白sもωop防t巴ν.
Ot.herwise， Pc sends Cancel messages to Pi Eν. 

6) On receipt of Done: each Pi changes tCi to 
a stable local checkpoint r-i. On receipt of 
Cancel: each Pi discards tCi・E

6 Evaluation 

In order to evaluate tbe proposed r.onsistency 
and the c:heekpoint protoeol， we apply thern to 
l¥.1PEG-2 data transmission. rvlPEG-2 is a specifi-
州 ;ionof vidωdat.a <!ornprcssion [11J. The amount. 
of a.n ori島inalvidco _data is 720 x 480 Idots/frumc]， 
29.97 If・即I附/蹴:]1 Each frame is encoded to 
t hree kindH of 1】ietures;I-pieture， P-pi(:tUl"(-! and B-
picture. An I-pic:ture i討 ac:hievedby eIl("!oding. arJ 
original frame with DCT (Diserete Cos剖ineτT司ra削削n
fo併rm官r町m)ト.An original frame is acbieved by de創飢附【Cα∞~(羽oα吋)ding
811 I-p凶ict色机ur叩ca叫10印Il叩c.A P-picturc and a B-pictul'C arc 
achieved by using the motioll compensation.τT可h珂e 
s叫i究取別csof a P-picturc and a B-pictオturcare about 1/3 
ar吋 1ν/6 of a仙n1-中p戸iω山川e巳 re凶叫S叫p児胤肌e町飢c!ω:
frame encoded tωo a P作3孔)-寸.pict北tureis a肘cカ制bi叫ie肝ve吋dby the 
P-pkture and t.he previous frarIH-! eneocled tc> au 
I-pictnre or a P-pktl1r日. If the previom:; ]・pictllre
01' P-pkt.ul'e is 1081.， the original frame caunot be 
achieved. An original pictt1re encoded to a B-
picもurcis achicvcd by using七hcbidircctional prcdic-
tion. Here: the previous and the following I-picture 
or P-picture is l1sed. Thus， if one of the pictures 
is l08t. the origin叫 framet:annot be achieved. A 
GOP is a unit of coding and decoding. A wide]y 
used GOP includes 15 pictures for O.5[secJ video. 

Supposc thcrc arc two proccsscs Pi and P:i COl1-
Ilcctcd by a. communicatiOll challDcl (Pi:pj) alld 
a multimedia rnessagem is transmitted through 
(pl! Pj)，悩 inFigure 5. In t.he proposed chcd← 
poiIJf protocol. Req rn脳出¥g附 art:!traJlsIIJitt~d frmn 
Pr; to Pi andpj. On rer.eipt of the Rr:q mesliages: 

1 This encoding is cal1ed MPí.~ML (Main Profile， Main 
Lcvcl). 

O 
2 

z R 与

time 

Figure 5: Evaluation pararneters. 

斗.5 ・ .().5 0 0.5 1.5 

11T持田1
2 

Figure 6: COJlsistency in MPEG-2 (1.0 Isec]). 

Pi and Pj t.ake local r.heckpoints Ci and Cj! respec・
tively.・ Let.1i be a tilIle duration frmn.CJb(m) to 
'r(Req)， i.e. taking (;i iu Pi!仰 d1j be a time clll-
ration from 1叫m)to 7・(Req):i.e. -ta凶llgCj in町-

Here， message t.ransmission delay of commuIlication 
chaUllels (Pc: Pi) and (PC! p;) are IlOt the same. Let 
sT= Ti -Tj. 

Figl1re 6 and Figure 7 show，l'elat.ioDship be-
tween sT and message consist.ency Jl.，IC = 
A1cσnsiste~cy(!'l， Ci， Cj) f~r a_ message m whir.h in・
dud侃1.0[sec} and 60 [secJ A-IPEG-2 data. In 
MPEG-2: if a s-picture is lostt onJy one frame can-
not bc dccodcd. Howcvcr， if sll I-pictul'c is Jost! all 
thc fr8mes in the GOP caIInot h(~ decoded. Thut. 
is: l1a.lne(p α k) is (品u宜伍&伽m附
mappi加ngf:仕'romdT t旬o1ル1¥，1C is not onc-tもωo争-onchll吋t 
one-to-.N a制ssぬho】Wl1i加nFi氾.gUl'閃7湾e6. According to Fig-
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川c7~ lHC(5.52) = [0.900! 0.907] alld Ji.fC(5.90) = 
[0.894.0.900]. Hence: if a required consistency is 
0.9 and f:lT く 5.52，a global r.her.kpoint {Ci， Cj} 
is consistent. In additioll，if dTく 5.90，{Ch CJ} 

might be consistent. τhis depencls on which pic-
tures are lost. due， to difference oft.ransmission de]ay 
for Rcq messages. Therefore， even if Pi and Pi are 
Ilot c:ompletely synchl'onized: we can achieve QoS 
based consistent. glohal checkpoint. 

7 Concluding Remarks 

τhis paper proposes novel consistency of g]obal 
chcckpoints in multimcdia nctwork systcms. Un-
1ikc tbc COllvcntional consistcllcy， it ul1m¥'s for・pl'O・
eesses to take local checkpoints during communicn-
t ion events and t.o ]08日ぬ part.ofぬ rnessagein t.he 
rec(Jvery. In additioI1， we show a cheekpoint protcト

じり1based ou t.he proposed <:ou討istenc:y.The巳valu-
at.iOIl showぉthat the (~()IJsist ell(!Y HIld the proto<:ol 
¥Vorks well ill the system translllitting an MPEG-2 
nata. In O¥lr fllturc wOl'k! by introducing a tradc-
off bctwccn consistcncy and l'CCovcry timc~ wc wi1l 
design a QoS based checkpoint protocol in a multi-
media coms1unication net¥'¥o'ork. 
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