o000 oobooboobon

IPSJ SIG Technical Report 20030 DPSTI 1150 1 (12)

20030 110 14
Concurrency Control Protocol on Distrib uted Multimedia Objects

KeisukeHasumi, TomoyaEnokido, and Makoto Takizava
Dept. of ComputersandSystem<£Engineering
Tokyo Denki University, Japan
{hasu.eno,taki} @takilabk.dendai.ac.jp

Abstract

Multimedia objectsdistributedin networksare concurrentlymanipulatedoy multiple transactiondike co-
authoringsystems. Multimedia objectsare larger and structuredin a part-of relation. Not only statebut also
quality of service(QoS)of objectarechangedhroughmethods.We definenew typesof conflicting relationson
methoddsy takinginto accounQoSwhile only statechangds consideredn traditionalconcurreng controls.We
discussa protocolfor locking objectsto be consistentvith respecto the QoS-basedonflictingrelations.
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1 Intr oduction

In variouskinds of distributed applicationsmulti-
mediaobjectslike video and voice are manipulated.
In co-authoringsystemsandcooperatie working sys-
tems[1], multiple applicationsnot only retrieve but
also manipulatemultimedia objects which are dis-
tributed in networks. There are mary discussions
aboutconcurreng controlontraditionaldatalike two-
phaselocking [6] and timestampordering protocols
[1]. Differently from traditionaldata,multimediaob-
jectsare larger and structured. In addition, it is sig-
nificant to discusswhat quality of service(QoS)like
frame rate and numberof colours eachobject sup-
ports for applications. Eachobjectis an encapsula-
tion of dataand methods. The objectcan be manip-
ulatedonly throughthe methods.Therearea pair of
aspectdo discusspropertiesof methodson multime-
dia objects; stateand QoStypes. Stateand QoS of
objectaremanipulatedyy stateandQoSmethodsye-
spectiely. For example,the framerateof a video s
changedy QoSmethodwhile componenbbjectsare
addedto an objectby state method. Sometypesof
methodsmight changeboth stateand QoS of object.
Theauthorq14] discussovel typesof conflictingre-
lationsamongmethodson the basisof stateand QoS
of object. In this paper we extend and refine types
of conflictingrelationssothatof methodgo makethe
meaningof methodsmorestrict. We alsodiscusshe
hybrid type of concurreng control with locking and
timestamporderingmechanismso managemultiple
transactionsnanipulatingmultimediaobjects.

In section2, we discussa systemmodel. In section
3, wediscussa hierarchicalocking protocol.
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2 ConsistentRelations

A systemis composedf classesand objects A
classc is composedof attributesand methods An
objecto is aninstanciationof the classe. A tuple of
attribute valuesis a state of the objecto. Eachobject

hasonestateat atime. A stateof a classalsomeans
a stateof the object. An objecthasa unigueinvariant

identifier, i.e. objectidentifier (oid) while its stateis
variant.

A new classcy can be derived from an existing
classc;. In addition, a classc canbe composedf
component classes:, ..., ¢,. Letc.c; shov acom-
ponentclassc; of the classc. Let ¢;(s) denotea
projectionof a states of the classc to a component
classc;. For example,a classkaraoke[Figure 1] is
composeaf threecomponentlassesinusic, words,
and badkground [Figure 2]. badkgroundk) shavs a
stateof badground in a statek of a karaokeobject.
Thebadgroundclasss furthermorecomposeaf car,
tree, andcloud classes.

FIUSIC M,
(stereo)

LS5

Today 1s very fine day.

Figure 1. Karaoke object.
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Figure 2. Karaoke class.

Let op(s) denotea stateobtainedby performinga
methodop on a states of the objecto. Let [op(s)]
shav outputobtainedby performinga methodop on
thestates. Here,op; o opz andopy @ ops show that
apair of methodsop; andop, areseriallyandconcur
rently performedespectiely.

Applications obtain servicefrom multimediaob-
jects only through methodssupportedby objects.
Each serviceis characterizedby quality of service
(QoS) like level of resolution. Eachstates of an
objecto supportsQoS denotedby Q(s). For exam-
ple, Q(play(s)) shavs QoS of music, sound, and
background imageplayedon a states of a karaoke
object.Q(s) indicateQoSof thestates of thekaraoke
object. Q(s1) dominatesQ(sz2) (Q(s1) = Q(s2)) iff
a states; supportsbetterQoS thananotherstatess.
For example, (30[fps], 16[colours} < (40, 64). The
formal definition of the relation < is discussedn pa-
pers[9, 10] Since" =" is a partially orderedrelation,a
leastupperbound({ub) ¢ U ¢2 of Q0Sq; andgs is
someQo0Sgqs in S suchthatl) ¢; < g3 andgy = g3,
and?2) no QoSqy whereq; < g4 < ¢q3 andgs < g4 <
qs. For example,(30[fps], 1024[colours] U (40[fps],
512[colours] = (40,1024.

An applicationrequiresan object to supportre-
quirementQoS (Ro§. Let r be RoS of an applica-
tion. If Q(play(s)) = r, theapplicationcanaccepthe
karaoke service supportedthought the method play
sinceenoughQoSis supported.

An objectk, createdrom thekaraokeclassis also
composedf a music objectm;, words objectws,
andbadgroundobjectb;. Anotherkaraokeobjectks
is sameask; exceptthatthe badgroundobjectof ks
is by (#£ b1). An applicationconsidersa pair of the
objectsk; andk; to beconsistensincetheapplication
is interestedn only words andmusic.

If theapplicationis interestedn stateandQoSof a
componentlassthecomponentlassis referredto as
state(S) andQoS(Q) significant respectiely. A class
cis referredto asSQ S andQ-typeif theclasscis S
andQ, S andQ, respectiely. In addition,if ¢ is not
significant,c is referredto asN significant. stypéc)
shows a significanttype of aclassc (€{ SQ S Q, N
}). For example,classeswords andmusic are SQ
types. Becauseno peoplecando the karaokewith-
out both the classeswith enoughQoS. On the other
hand,a classbadground is an N-type, in which ap-
plicationsarenot interested.Mandatoryandoptional
classeq13, 14] shav SQ and N-types, respectely.
We extend the consistentrelationsby newly consid-
eringthe significanttypesSQ S Q, andN of compo-
nentclasses.Therearefollowing typesof consistent
relationsbetweena pair of statess; ands, of aclass
c. Here,let ¢; indicatea componentlassof aclassc.

For a pair of significanttypesa and, “a / 5" stands
for“« or 3.

e s; is state and QoS (SQ consistentwith s, (s¢
— 8y) Iff 54 = 54

e s, is state(S) consistentith s, (sg ~ s,) iff s;
and s,, are obtainedby degradingQoS of some
states of c.

e s; IS Q0S(Q) consistentith s, (s; — sy,) iff s;
~ sy andQ(s;) = Q(su).

e s; is semanticallySQ (Sem-SQconsistentwith
Su (8t = su) Iff s — sy OF ¢;(st) = ¢i(sy,) for
every SQtypecomponentlasse;.

e s; is semanticallyS (Sem-$ consistentwith s,
(8¢ o 8y) Iff 55 ~ s OF i (8¢) ~ ¢;(sy, ) fOr every
SQStypecomponentlassc;.

e s; is semanticallyQ (Sem-Q consistentith s,
(s = sy) iff sp —~ sy 0Or ¢;(sy) = Ci(sy) for
every Q-typecomponentlassc;.

Furthermore there are following typesof consis-
tentrelationswith respecto RoS Here,letr besome
RoSinstance.

e s; is stateandRoSr (9r]) consistenwith s, (s;

~ 1] $4) iff sp — s, andQ(se) N Q(sy) =T

e s; is[r] consistenwith s, (s; ~[y) sy) iff 5p ~
su and@Q(s) N Q(su) = 1.

e 54 S semantlcallyi[r] (Sem-§1]) consistentvith
Su (8¢ =[r) 80) Iff 8¢ — (1) 50, 0Mci(5¢) = (77 €i(50)
for every Q-type componentIaSSci.

e s; is semantically[r] (Semfr]) consistentwith
Su (8¢ 2 r) 8u) iff 5p ~(p) 54 O ci(s¢) 2 ()
ci(sy) for every Q-typecomponentlassc;.

If apair of statess; ands, areS@Q-consistentvith
oneanother(s; - s,,), bothstateandQoSof s; ands,,
arethesamej.e. s; = s, andQ(s;) = Q(sy). In Fig-
urel, supposevery imageobjectis fully coloredand
soundobjectsupportsa sterecotype of sound.A state
s1 is obtainedby changingstates of the car object
with monotiromaticimage. Another states; is ob-
tainedby changingthe soundobjectwith monodiro-
matic one. Here, s; and s, are S-consistent(s; —~
sy) but not SQ-consistent(s; s,). Thus,s; is S-
consistentwith s,, but Q(s;) and Q(s,,) may not be
thesame.

51

¢ ¢ [N G

Figure 3. State and QoS change .

Figure 3 shaws stateand QoS changeof anobject
of a classc with two componentclasses:; and c,.
First, QoS of a states; of the componentlassc; of
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¢ is changedo anotherstates, andthenthe stateof
c¢1 is changedo s3. Here,suppose:; andcy are V-
andSQ-types,respectiely. A pairof thestatess; and
so areS-consisten(s; ~ s2) becauses(sy) = c2(s2)
andc; (sz2) is obtainedustby changingQoSof ¢ (s1).
In addition, the statess;, sz, and sz are semantically
SQ-consisten(s; = so = s3) Sinceca(s1) = ca(s2) =
co(s3) for the SQ-typeclassce. Next, suppose€)oSof
thecomponentlasscs of s; ischangedo s,. Here,s,
ands, arenot SQ-consistenbecauses(ss) # ca(s4)-
Let R be a setof possibleRoSinstancesnamedRoS
set Let —r, =g, ~g and ™ g shaw sets{ —,; | r
erp{=plrerh{~plrerjand{ = |r
€ r } which arereferredto as.S R-consistentseman-
tically S R-consistentR-consistentand semantically
R-consistentrelations,respectrely. Here,let SQ S
Q, Sem-SQESem-SSem-Q SR R, Sem-SRandSem-R
denoteconsistencygetsof possibleSQ S, Q, sem-SQ
Sem-$Sem-QSR R, Sem-SRandSem-Rconsistent
relationsof a classe. Let C be a consistencyfamily
whichis afamily {SQ S Q, Sem-SQSem-SSem-Q
SR R, Sem-SRSem-R of the setsof the consistent
relations. For a consisteng set« in the consisteng
family C, let O, shav ana-consistentelation. For
example, O= standsfor the semanticallySQ (Sem-
SQ consistentelation=. For a pair of methodsop,
andop, of aclassc, “op; O, op2” shavsthatana-
consistentelationop;(s) O, op2(s)” holdsfor every
states of aclassc. For apair of consisteng setsa and
£in C,“a dominates’” (o« — [5) meansy C 3, shawv-
ingthats; Og s, if s; Oy s, for every pairof states
s¢ ands,, of aclassc. Figure4 shovs aHasseadiagram
wherea node« shows a consisteng seta in C anda
directededgefrom anode« to anothemode/3 shovs
adominantrelation“« — 3". For example,“SQ —
Sem-SQmeanghats; = s if 51 — so for every pair
of statess; ands,. Letr; andr; shav a pair of RoS
instancesi.e. r1, 72 € R. Thatis, r; dominates-, (r1
— 1) iff 1 > ro. Here,r; = (40[fps], 1024[colours]
= ro = (30[fps], 512[colours]. Suppose; — ra. s1
E[TQ] 52 if 52 E[rl] S1. [7‘1] — [7‘2], S[T‘l] — S[’I"z],
SemS[r1] « SemS[rz], andSem[r1] < Sem][rs].

S s

Figure 4. Hasse diagram.

Now, we definean a-compatiblerelation ¢, on

methodsof aclassc for «in C. ) .
[Definition] A methodop: is a-compatiblewith a

methodop,, for aconsisteng seta in C (op; ©q 0py)
iff op; o opu(s) Oa opy © opi(s) for every states of

aclassc. O L
op; 1s referredto asa-conflictwith op,, (op: ¥a

opy) iff op; is not a-compatiblewith op,. Here, &,
is assumedo be symmetricbut not transitive. Let «
and 3 be consisteng setsin C. If op; <o opu, op:
andop,, areallowedto beperformedn ary orderwith
respecto aconsisteng seta.
[Theorem] O, C Op iffa«— 3.0

A sameHassediagramas Figure 4 holdsfor con-
flicting and compatiblerelations. For example, op;
O= opy if opy O_ op, sinceSemSQ+«+— SQ

Next, let usconsidemwhetheror nota pair of meth-
odsop; andop, canbe concurrentlyperformedwith
respectto someconsisteng seta in C. Let { op; ||
opy(s) } beasetof possiblestatesobtainedby concur
rently performingop; andop,, on a states of a class

C.
[Definition] A pair of methodsop; and op,, are a-
independentff for every states of a classe, s' O,
op1 o opa(s)ors’ Oy ops o opa(s) for every states’
€{op1 ||op2(s) }. O

Here,op; andop, are a-exclusiveiff op; andop,,
arenota-independentlf op; andop,, area-exclusive
op; and op, cannotbe concurrentlyperformedon a
stateof a classc with respecto the consisteng seta.
If op; andop,, areconcurrentlyperformeda stateob-
tainedby op: || op, is not consistentvith respectto
«. The a-exclusiverelationsarealsorepresenteith a
sameHassadiagramasFigure4.

3 Hybrid ConcurrencyControl

3.1 Timestampordering(T O) scheduler

Each object is provided with two types of con-
curreny control mechanismsa timestampordering
(TO) schedulerf1] and locking protocol [1] [Figure
5]. The TO scheduleiis usedto serializeconflicting
methodsissuedby transactionsvith consisteng sets.
An objectis lockedin orderto realizemutual exclu-
sionamongmethods.Eachtransactiorl” is assigned
atimestampts(7") which shavs a local time whenT
is initiated. For every pair of differenttransactiond;
andTy, eitherts(Th) < ts(T3) orts(1y) > ts(1z). Ev-
ery methodop issuedby a transactionl” carriesthe
timestamps(T), i.e. ts(op) = ts(T). Weassumeach
transactionissuesa methodby using a synchronous
remoteprocedurecall.

Eachtransactionl” manipulatebjectsaccording
to someconsisteng seta in the consisteng family C
(type(T) = ). T issuesamethodop, wheretype(op)
= type(T). Transactiongssuerequestof methodso
the TO schedulerof an objecto. The methodsare

bufferedandareorderedin the TO scheduleaccord-
ing to thefollowing timestampordering(TO) rule:

[Consistenttimestamp ordering (TO) rule] For ev-
ery pair of methodsop; andops on an objecto, op;
precedes ops in the TO scheduleof theobjecto (op;
=, op2) If op1 a-conflictswith ops (op1 ¥ op2),
ts(op1) < ts(opz), anda = type(op1) N type(opz). O
Supposeéherearea pair of transactiong; and7;
wherets(11) < ts(1>). Thetransactionl; issuesa
methodgrayscaleandthe othertransactioril: issues
anothemethodadd-car to the badgroundobjectb of
Figurel. Supposeype(T1) = type(1s) = Q. Since
grayscale Q-conflicts with add-car, T1 Q-conflicts
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with T5. grayscalehasto precedeadd-car in the TO

scheduleof theobjectb (grayscale=-, add-car) since
ts (grayscal@ < ts (add-car). Next, supposeéype(T1)

= @ andtype(T:) = r whereRoS[r] shaws “applica-
tion is not interestedn the colourof acar” @ N [r]

= [r] sincegrayscaleandadd-car are[r]-compatible
(grayscaleO |, add). Henceadd-car=>, grayscale
evenif ts(grayscal® < ts(add-car).

First, supposea transactiorl” issuesa methodop
to the TO scheduleof anobjecto. Thereis avariable
mts(op) shaving thetimestampf amethodop which
is mostrecentlystartedon the objecto. Thevariable
mts(op) is initially 0. The methodop is storedin the
TO scheduleraccordingto the orderingrule as“op’
precedesp (op’ =, op)” if mts(op’) < ts(op) for
every methodop’ «a-conflicting with the methodop.
Otherwisepp is rejectedandthenthetransactiori” is

aborted.Thenumberof transaction$o be abortedcan
bereducedf atop methodop of the TO schedulelis

delayedasdiscussedn the paper1].

object TO scheduler /l:|
@7

O - O‘—E transaction

Figure 5. TO scheduler and locking.

« -exclution lock

Supposethere are a pair of transactionsi; and
T> which manipulatea badground object b where
ts(Th) < ts(1z). Thetransactionl; issuesa method
grayscaleand7 issuesadd-car to the objectb. Sup-
posetype(Ty) = Q andtype(Tz) = S. S=Q N S.
Since grayscaleS-conflicts with add-car, grayscale
is requiredto precedeadd-car in the TO-schedulepf
the objectd. Next, supposéype(T1) = type(Ts) = 1’
(“not interestedin colour of car”). Sincegrayscale
is [']-compatiblewith add-car, add-car canprecede
grayscalein the TO scheduleof theobjectb

3.2 Serializability

LetT; andT; beapairof transactiongssuingmeth-
odsop; andop; to anobjecto, respectrely. Thetrans-
actionT; a-precedes T; with respecto aconsisteng
seta (T; % Tj) iff op; a-conflictswith op; (op; Pa
op;) wherea = type(T;) N type(T;) andop; is started
beforeop; onthe objecto. The a-precedentelation
4is transitive.

[Theorem] A transactionT; «’-precedesanother
transactiori; (Ti”—'>Tj) with respecto a consisteng

sete! if T;-%T; ando/ — . O

[«-Serializability] A collectionT of transactiond,

-+, T,, area-serializable with respecto a consis-
teng seta if both7; % T; andT; % T; do not
hold for every pair of transactionsl; andT; where
o = type(T;) N type(T};). O

LetSQ, S, Q, R, Sem-SQ, Sem-S, Sem-@Q, and
Sem-R besetsof possibleransactionsvhichareSQ,
S, Q, R, Sem-5Q, Sem-S, Sem-@Q, and Sem-R-
serializable,respectiely. Let SR be a family {SQ,

S, Q, R, Sem-5Q, Sem-S, Sem-Q, andSem-R} of
the transactiorsets. For a pair of transactiorsetsa;
andas in SR, “a; — ay” shavs a; C an. Let T be
asetof {T1, ..., T),} of transactionsSupposey; —
as for aq, as € SR T is as-serializableif T is a;-
serializable.For example, T is @-serializableif T is
S-serializable. The Hassediagramfor SR and — is
isomorphicwith Figure4.

[Serializability] A set T of transactionsis a-
serializableiff % is agyclic for every consistentset
ainC.O

3.3 Locking protocol

A top methodop in the TO scheduleis first taken.
We have to decidewhetheror not the methodop can
be performedon anobjecto. A setof methodswhich
arebeingperformedon theobjecto is storedin avari-
able R,. If themethodop satisfieghe following exe-
cutionrule, op is removed from the TO scheduleand
is performedon the objecto:

[Executionrule] If oneof thefollowing rulesis satis-
fied,amethodop is performedon anobjecto,
1. R, isempty
2. If R, is not empty op is not a-exclusive with
every methodop’ in R, wherea = type(op) N
{type(op’) | op’ € R,}. O

If the methodop completesop is removed from
R,. If op doesnot satisfy the execution rule, the
methodop waitsin the TO scheduler

In orderto realizethe executionrule, the locking
mechanismis adopted. For a top methodop in the
TO schedulera lock requestof a mode . (op) is is-
suedto the objecto wherea = type(op). For every
methodop’ in R, if ua(op’) is nota’-exclusive with
e area’” = o’ N «, the objecto is lockedin the
modep.(op). If succeedeth lockingtheobjecto, the
methodop is startedperformedandop is addedo R,.
Here, mts(op) := max{s(op), mts(op)). Otherwise,
themethodop is keptwaitedin the TO scheduler

Supposethe top methodop in the TO scheduler
doesnot satisfy the executionrule. The methodop
hasto stayin the TO schedulerUntil thetop method
satisfiesthe executionrule, i.e. the objectis locked,
every methodhasto wait in the TO scheduler In or-
derto increasehe throughput,anothermethodsthan
the top methodis tried to be performed. A method
whichis a-compatiblewith op andprecededy op in
the TO schedulecanbe performedon the objecto.
[Definition] A methodop is a-ready in theTO sched-
uler of anobjecto with respecto a consisteng seta
iff op satisfieshe «-executionrule andevery method
op’ precedingop in the TO scheduleis a-compatible
with op anda = type(op) N type(op’). O

An «-ready method op is referredto as top a-
ready methodin the TO scheduleiff op precedesv-
eryothera-ready methodsn theTO schedulerlIf the
top a-ready methodop satisfiesthe executionrule,
op is removed from the TO scheduleandthenis per
formedon theobjecto. Thisis repeatedintil thereis
no a-ready methodin the TO scheduler

Supposeéherearea pair of transactiong; and7;
wherets(T1) < ts(1z). Th issuesa pair of methods
op1 andop, to objectsz andy, respectiely. T; is-
suesop, andop, to = andy, respectiely. S, and.S,
shav the TO schedulersof objectsz andy, respec-
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TO scheduler

Method is performed
on the object ¢

T @-ready method

Figure 6. a-readymethod.

tively. Supposéehatop; Sem-SQ- conflictswith op,
(op1 ¢= op2) and(ops ¥= opa). op1 precedesp,
intheTO schedulelS,, (op1 =, op2) andops =, op4.
In the TO schedulerS,, op; is removed andis per
formedontheobjectz. Then,op, is examinedfor the
executionrule. Sinceop, is Sem-SQ@Q-exclusive with
op1, opy is keptwaitedin S, until op; completesOn
theotherhand,afterops; is startedontheobjecty, op,
is performedbecauseop, is not Sem-SQ-exclusive
with ops.

If a methodop completesandthe lock of op is re-
leased the procedurepresentechereis appliedfrom
thetop methodin the TO scheduler

71 172

Figure 7. Concurrent access.

3.4 Commitment

We discusshow a transactiorterminates.A trans-
actionissuesspecialtypesof methods:ommit(c) and

abort(a) to objectsin additionto methodso manipu-
late the objects.Supposetransactioril” issuesmeth-
odsops, ---, op,, t0 anobjecto. After the methods
op1, - -+, opy, areperformedontheobjecto, thetrans-
action 7' issuesa commit methodc to the object o,
andthecommitmethodc is performedontheobjecto.
Here,thelocksheldby themethodsopy, - - -, op,,, are
releasedSimilarly, thelocks arereleasedf abort(a)
is performed.Thatis, astricttwo-phasdocking proto-
col [1] is adopted Eachof commitandabortmethods
is timestampedswell asthe othermethods.
[Definition] Let e; andes be commit or abortmeth-
ods of an objecto issuedby transactiong; and 75,
respectiely. e; precedes: in the TO scheduler(e;
=, e9) if ts(e1) < ts(ez) andTy a-conflictswith T5
whena = type(11) N type(1z). O

Supposea top methodis a commit methodc of a
transactionl” in the TO scheduleof an objecto. If
thecommitc satisfiegsheexecutionrule, ¢ is removed.
Theobjecto is physicallyupdatedandthelock of the
object o is released. If the top methodis an abort
methoda, thelock of theobjecto is justreleased.

4 Concluding Remarks

In this paper we definednovel typesof consistent
relationsamongmethodsby taking into accountQoS
changein additionto statechange. Baseda consis-
tentrelation,we definedthe conflicting relations.We
discussedoncurrentlycontrol with two mechanisms
time ordering(TO) andlocking protocols.
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