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Abstract
Multimedia objectsdistributed in networksareconcurrentlymanipulatedby multiple transactionslike co-

authoringsystems.Multimedia objectsare larger andstructuredin a part-of relation. Not only statebut also
quality of service(QoS)of objectarechangedthroughmethods.We definenew typesof conflicting relationson
methodsby takinginto accountQoSwhile only statechangeis consideredin traditionalconcurrency controls.We
discussa protocolfor locking objectsto beconsistentwith respectto theQoS-basedconflictingrelations.�������
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1 Intr oduction

In variouskinds of distributedapplications,multi-
mediaobjectslike video andvoice are manipulated.
In co-authoringsystemsandcooperativeworkingsys-
tems[1], multiple applicationsnot only retrieve but
also manipulatemultimedia objects which are dis-
tributed in networks. There are many discussions
aboutconcurrency controlontraditionaldatalike two-
phaselocking [6] and timestamporderingprotocols
[1]. Differently from traditionaldata,multimediaob-
jectsare larger andstructured. In addition, it is sig-
nificant to discusswhat quality of service(QoS)like
frame rate and numberof colours eachobject sup-
ports for applications. Eachobject is an encapsula-
tion of dataandmethods.The objectcanbe manip-
ulatedonly throughthe methods.Therearea pair of
aspectsto discusspropertiesof methodson multime-
dia objects;stateand QoS types. StateandQoS of
objectaremanipulatedby stateandQoSmethods,re-
spectively. For example,the framerateof a video is
changedby QoSmethodwhile componentobjectsare
addedto an object by statemethod. Sometypesof
methodsmight changeboth stateandQoSof object.
Theauthors[14] discussnovel typesof conflictingre-
lationsamongmethodson thebasisof stateandQoS
of object. In this paper, we extend and refine types
of conflictingrelationssothatof methodsto makethe
meaningsof methodsmorestrict. Wealsodiscussthe
hybrid type of concurrency control with locking and
timestamporderingmechanismsto managemultiple
transactionsmanipulatingmultimediaobjects.

In section2, we discussasystemmodel.In section
3, wediscussahierarchicallocking protocol.

2 ConsistentRelations

A systemis composedof classesandobjects. A
class Þ is composedof attributesand methods. An
object ß is an instanciationof the class Þ . A tuple of
attributevaluesis a àâáäãåáäæ of theobject ß . Eachobject
hasonestateat a time. A stateof a classalsomeans
a stateof theobject.An objecthasa uniqueinvariant
identifier, i.e. object identifier (oid) while its stateis
variant.

A new class Þèç can be derived from an existing
class Þåé . In addition, a class Þ can be composedofÞêßìë�íîßðïñæâïòá classesÞ é , óåóôó , Þâõ . Let Þ . Þ÷ö show a com-
ponentclass Þâö of the class Þ . Let Þâöðøùàûú denotea
projectionof a state à of the class Þ to a component
class Þâö . For example,a classkaraoke [Figure 1] is
composedof threecomponentclasses,ë�üýàâþÿÞ , �ªß�� � à ,
and background [Figure 2]. background(k) shows a
stateof background in a statek of a karaokeobject.
Thebackgroundclassis furthermorecomposedof car,á�� æôæ , and Þ�� ßìü � classes.

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

Let ßðí øùàûú denotea stateobtainedby performinga
method ßðí on a state à of the object ß . Let [ ßðí ( à )]
show outputobtainedby performinga method ßðí on
thestateà . Here, ßðí é��¶ßðí ç and ßðí é
	¸ßðí ç show that
apair of methodsßðí é and ßðí ç areseriallyandconcur-
rentlyperformed,respectively.

Applicationsobtain servicefrom multimediaob-
jects only through methodssupportedby objects.
Each service is characterizedby quality of service
(QoS) like level of resolution. Each state à of an
object ß supportsQoS denotedby Q( à ). For exam-
ple, Q(í�� ã
� ( à )) shows QoS of ë�ü à÷þêÞ , à ßðü ï � , and� ã Þ������ ßðü ï � imageplayedon a state à of a karaoke
object.Q( à ) indicatesQoSof thestateà of thekaraoke
object. Q( à é ) dominatesQ( àðç ) (Q( àûé ) � Q( àðç )) if f
a state à é supportsbetterQoS thananotherstate àðç .
For example, � 30[fps], 16[colours]����� 40, 64� . The
formal definitionof the relation � is discussedin pa-
pers[9,10] Since“ � ” is a partially orderedrelation,a
leastupperbound( � ü � ) � é����ðç of QoS � é and �ðç is
someQoS ��� in � suchthat1) � é � ��� and � ç � ��� ,
and2) no QoS ��! where � é��"��!#�$� � and �ðç#�"��!%�� � . For example, � 30[fps],1024[colours]�&�'� 40[fps],
512[colours]� = � 40,1024� .

An application requiresan object to support re-
quirementQoS (RoS). Let r be RoS of an applica-
tion. If Q(í�� ã
� ( à )) � r, theapplicationcanacceptthe
karaokeservicesupportedthought the method í�� ã
�
sinceenoughQoSis supported.

An object � é createdfrom thekaraokeclassis also
composedof a ë�üýàâþÿÞ object ë é , �ªß�� � à object � é ,
andbackgroundobject

� é . Anotherkaraokeobject � ç
is sameas � é exceptthat thebackgroundobjectof �ôç
is
� ç ( () � é ). An applicationconsidersa pair of the

objects� é and �ôç to beconsistentsincetheapplication
is interestedin only �ªß�� � à andë�üýàâþÿÞ .

If theapplicationis interestedin stateandQoSof a
componentclass,thecomponentclassis referredto as
state(S) andQoS(Q) significant, respectively. A class
c is referredto asSQ, S, andQ-type if theclassc is S
andQ, S, andQ, respectively. In addition,if c is not
significant,c is referredto asN significant. stype( Þ )
shows a significanttypeof a classc ( *,+ SQ, S, Q, N-
). For example,classes�ªß�� � à and ë°üýà÷þêÞ areSQ-

types. Becauseno peoplecan do the karaokewith-
out both the classeswith enoughQoS.On the other
hand,a classbackground is an N-type, in which ap-
plicationsarenot interested.Mandatoryandoptional
classes[13,14] show SQ and N-types, respectively.
We extend the consistentrelationsby newly consid-
eringthesignificanttypesSQ, S, Q, andN of compo-
nentclasses.Therearefollowing typesof consistent
relationsbetweena pair of statesà/. and à10 of a classÞ . Here,let Þ ö indicatea componentclassof a classÞ .

For a pair of significanttypes 2 and3 , “ 254,3 ” stands
for “ 2 or 3 ”.6 à . is à÷áäãåáäæ andQoS(SQ) consistentwith à 0 ( à .7 à 0 ) if f à . = à 0 .6 à1. is state(S) consistentwith à10 ( à1.98©à10 ) if f à1.

and à10 areobtainedby degradingQoSof some
stateà of Þ .6 à . is QoS(Q) consistentwith à 0 ( à .;: à 0 ) if f à .8wà 0 andQ( à . ) = Q( à 0 ).6 à1. is semanticallySQ (Sem-SQ) consistentwithà 0 ( à .=< à 0 ) if f à . 7 à 0 or Þ ö øèà . ú < Þ ö øèà 0 ú for
every SQ-typecomponentclassÞ ö .6 à . is semanticallyS (Sem-S) consistentwith à 0
( à1.&>aà/0 ) if f à1.&8�à10 or Þâöðøùà1.ÿú?>kÞâöðøèà/0òú for every
SQ/S-typecomponentclassÞ ö .6 à . is semanticallyQ (Sem-Q) consistentwith à 0
( à1. : 7 s0 ) if f à1. : à/0 or Þâöâøèà/.ÿú : 7 cöðøèà/0 ú for
every Q-typecomponentclassÞ ö .

Furthermore,thereare following typesof consis-
tent relationswith respectto RoS. Here,let r besome
RoSinstance.6 à1. is stateandRoSr (S[r ]) consistentwith à10 ( à1.7A@ B/C à10 ) if f à/. 7 à10 and Dgøèà/.ÿúFEGDgøèà10îúH� r.6 à1. is [r] consistentwith à/0 ( à1. : @ B/C à10 ) if f à1. :à10 and Dgøèà/.ÿúFEGDgøèà10îúH� r.6 à1. is semanticallyS[r ] (Sem-S[r ]) consistentwithà 0 ( à .I< @ B C à 0 ) if f à . 7A@ B C à 0 or Þ ö øèà . ú < @ B C Þ ö øùà 0 ú

for every Q-typecomponentclassÞ ö .6 à . is semantically[r] (Sem-[r ]) consistentwithà 0 ( à . : 7 @ B/C à 0 ) if f à .�: @ B/C à 0 or Þ ö øèà . ú : 7 @ B/CÞ ö (s0 ú for every Q-typecomponentclassÞ ö .
If a pair of statesà/. and à/0 are �;D -consistentwith

oneanother, ( à1. - à10 ), bothstateandQoSof à/. and à10
arethesame,i.e. à1. ) à10 andQ( à1. ) = Q( à10 ). In Fig-
ure1, supposeevery imageobjectis fully coloredand
soundobjectsupportsa stereotypeof sound.A stateà é is obtainedby changingstates of the car object
with monochromatic image. Anotherstate àðç is ob-
tainedby changingthe soundobjectwith monochro-
matic one. Here, à é and àðç are � -consistent( à .A:à 0 ) but not �;D -consistent( à . à 0 ). Thus, à . is � -
consistentwith à 0 but Q( à . ) and Q( à 0 ) may not be
thesame.

Figure 3. State and QoS change .

Figure3 shows stateandQoSchangeof anobject
of a class Þ with two componentclassesÞ é and Þ ç .
First, QoSof a state à é of the componentclass Þåé of
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Þ is changedto anotherstate àâç andthenthe stateofÞ é is changedto à�� . Here,supposeÞ é and Þ ç are J -
and �&D -types,respectively. A pairof thestatesà é andà ç are � -consistent( à é 8©à ç ) becauseÞ ç ( à é ) = Þ ç ( à ç )
and Þ é ( à ç ) is obtainedjustby changingQoSof Þ é ( à é ).
In addition,thestatesà é , àðç , and à � aresemantically�;D -consistent( à é < àðç < à � ) since Þèç ( à é ) = Þèç ( àðç ) =Þèç ( à � ) for the �&D -typeclassÞèç . Next, supposeQoSof
thecomponentclassÞ ç of à ç ischangedto à ! . Here,à ç
and à ! arenot �;D -consistentbecauseÞ ç ( à ç ) () Þ ç ( à ! ).
Let R be a setof possibleRoSinstances,namedRoS
set. Let 7LK , < K , : K and : 7 K show sets+ 7%@ B/C&M r
* r
-
, + < @ B/C M r * r

-
, + : @ B�C M r * r

-
, and + : 7 @ B�C M r

* r
-

which arereferredto as �;N -consistent,seman-
tically �;N -consistent,R-consistent,andsemanticallyN -consistentrelations,respectively. Here, let SQ, S,
Q, Sem-SQ, Sem-S, Sem-Q, SR, R, Sem-SR, andSem-R
denoteconsistencysetsof possibleSQ, S, Q, sem-SQ,
Sem-S, Sem-Q, SR, R, Sem-SR, andSem-Rconsistent
relationsof a class Þ . Let C be a consistencyfamily
which is a family + SQ, S, Q, Sem-SQ, Sem-S, Sem-Q,
SR, R, Sem-SR, Sem-R

-
of the setsof the consistent

relations. For a consistency set 2 in the consistency
family C, let O�P show an 2 -consistentrelation. For
example, O=Q standsfor the semanticallySQ (Sem-
SQ) consistentrelation < . For a pair of methodsßðí é
and ßìí ç of a classÞ , “ ßðíòéRO P ßìí ç ” shows thatan 2 -
consistentrelation ßðí é ( à ) O P ßðí ç ( à )” holdsfor every
stateà of aclassÞ . For apairof consistency sets2 and3 in C, “ 2 dominates3 ” ( 25ST3 ) means2VUG3 , show-
ing that à1.WO�X©à10 if à/.5OYPGà10 for every pairof statesà1. and à/0 of aclassÞ . Figure4 showsaHassediagram
wherea node 2 shows a consistency set 2 in C anda
directededgefrom a node 2 to anothernode3 shows
a dominantrelation“ 2ZS[3 ”. For example,“ �;DTS
Sem-SQ” meansthat à é < à ç if à é 7 à ç for every pair
of statesà é and àðç . Let � é and� ç show a pair of RoS
instances,i.e. � é , � ç *\N . Thatis, � é dominates� ç (� éS]� ç ) if f � é �^� ç . Here,� é = � 40[fps],1024[colours]�
��� ç = � 30[fps], 512[colours]� . Suppose� é
S_� ç . à é< @ B ç C àâç if àâç < @ B é C à é . [ � é ] ` [ � ç ], � [ � é ] `a� [ � ç ],
Sem- � [ � é ] ` Sem- � [ � ç ], and � æ÷ë [ � é ] `[� æâë [ �åç ].

Figure 4. Hasse diagram.

Now, we definean 2 -compatiblerelation b P on
methodsof a classÞ for 2 in C.
[Definition] A method ßìí . is 2 -compatiblewith a
methodßðíc0 for aconsistency set 2 in C ( ßðíc.%bdP¸ßðíc0 )
if f ßðí . �ºßðí 0 ( à ) O P ßðí 0 �¶ßðí . ( à ) for every stateà of

a classÞ . Oßðí . is referredto as 2 -conflict with ßðí 0 ( ßðí . (b Pßðíc0 ) if f ßðíe. is not 2 -compatiblewith ßìíe0 . Here, bfP
is assumedto be symmetricbut not transitive. Let 2
and 3 be consistency setsin C. If ßìí . b P ßðí 0 , ßðí .
and ßðíe0 areallowedto beperformedin any orderwith
respectto a consistency set 2 .
[Theorem] bdPTUgbfX if f 2G`h3 . O

A sameHassediagramasFigure4 holdsfor con-
flicting and compatiblerelations. For example, ßðí .b Q ßðíe0 if ßðíc.fbWi<ßìíe0 sinceSem-SQ ` SQ.

Next, let usconsiderwhetheror nota pairof meth-
ods ßðí . and ßìí 0 canbe concurrentlyperformedwith
respectto someconsistency set 2 in C. Let + ßðíe.kjßðí 0 ( à ) - beasetof possiblestatesobtainedby concur-
rently performing ßðí . and ßðí 0 on a state à of a classÞ .
[Definition] A pair of methodsßðíe. and ßðíe0 are 2 -
independentif f for every state à of a class Þ , à ’ O Pßðí é ��ßðí ç ( à ) or à ’ O�PXßðí ç �¹ßðí ç ( à ) for every stateà ’
*\+¹ßðí é%jýßðí ç ( à ) - . O

Here, ßðíe. and ßðíe0 are 2 -exclusiveif f ßðíe. and ßðíe0
arenot 2 -independent. If ßðí . and ßðí 0 are 2 -exclusive,ßðí . and ßðí 0 cannotbe concurrentlyperformedon a
stateof a classÞ with respectto theconsistency set 2 .
If ßìí . and ßðí 0 areconcurrentlyperformed,a stateob-
tainedby ßðí . j ßðí 0 is not consistentwith respectto2 . The 2 -exclusiverelationsarealsorepresentedin a
sameHassediagramasFigure4.

3 Hybrid ConcurrencyControl

3.1 Timestampordering(TO) scheduler

Each object is provided with two types of con-
currency control mechanisms;a timestampordering
(TO) scheduler[1] and locking protocol [1] [Figure
5]. The TO scheduleris usedto serializeconflicting
methodsissuedby transactionswith consistency sets.
An object is lockedin orderto realizemutualexclu-
sion amongmethods.Eachtransactionl is assigned
a timestampáäà (l ) which shows a local time when l
is initiated.For every pair of differenttransactionsl é
andl ç , eitheráäà (l é ) mtáäà (l ç ) or áäà (l é ) npáäà (l ç ). Ev-
ery method ßìí issuedby a transactionl carriesthe
timestampáäà (l ), i.e. áäà ( ßðí ) = áäà (l ). Weassumeeach
transactionissuesa methodby usinga synchronous
remoteprocedurecall.

Eachtransactionl manipulatesobjectsaccording
to someconsistency set 2 in theconsistency family C
(á�� íîæ (l ) = 2 ). l issuesa methodßðí , whereá�� íîæ ( ßðí )
= á�� íòæ (l ). Transactionsissuerequestsof methodsto
the TO schedulerof an object ß . The methodsare
bufferedandareorderedin theTO scheduleraccord-
ing to thefollowing timestampordering(TO) rule:
[Consistenttimestamp ordering (TO) rule] For ev-
ery pair of methodsßðí é and ßðí ç on an object ß , ßðí éí�� æôÞêæ � æ à�ßìí ç in theTO schedulerof theobject ß ( ßðí éoZp ßðí ç ) if ßðí é 2 -conflictswith ßðí ç ( ßðí é (bdP9ßðí ç ),áäà ( ßðí é ) mcáäà ( ßðí ç ), and 2 = á�� íîæ ( ßðíòé ) E á�� íîæ ( ßðí ç ). O

Supposetherearea pair of transactionsl é and l ç
where áäà (l é ) m¸áäà (l ç ). The transactionl é issuesa
methodgrayscaleandthe othertransactionl ç issues
anothermethodadd-car to thebackgroundobject

�
of

Figure1. Supposeá�� íîæ (l é ) = á�� íîæ (l ç ) = D . Since
grayscale D -conflicts with add-car, lñéqD -conflicts
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with l ç . grayscalehasto precedeadd-car in theTO
schedulerof theobject

�
(grayscaleoZr add-car) sinceáäà (grayscale) mtáäà (add-car). Next, supposeá�� íîæ (l é )

= D and á�� íîæ (lòç ) = � whereRoS[ � ] shows “applica-
tion is not interestedin the colour of a car.” DTE [ � ]
= [ � ] sincegrayscaleandadd-car are[ � ]-compatible
(grayscale O @ B C add). Hence,add-car o r grayscale
evenif áäà (grayscale) m_áäà (add-car).

First, supposea transactionl issuesa method ßðí
to theTO schedulerof anobject ß . Thereis a variableë�áäà ( ßìí ) showing thetimestampof amethodßðí which
is mostrecentlystartedon the object ß . Thevariableë�áäà ( ßìí ) is initially 0. Themethod ßðí is storedin the
TO scheduleraccordingto the orderingrule as “ ßìíts
precedesßðí ( ßðíus oZp ßðí )” if ë�áäà ( ßìí�s ) m�áäà ( ßìí ) for
every method ßìívs
2 -conflicting with the method ßðí .
Otherwise,ßìí is rejectedandthenthetransactionl is
aborted.Thenumberof transactionsto beabortedcan
bereducedif a top methodßðí of theTO scheduleris
delayedasdiscussedin thepaper[1].

Figure 5. TO scheduler and loc king.

Supposethere are a pair of transactionslñé andl ç which manipulatea background object
�

whereáäà (l é ) mkáäà (l ç ). The transactionl é issuesa method
grayscaleandl ç issuesadd-car to theobject

�
. Sup-

poseá�� íîæ (l é ) = D and á�� íîæ (lòç ) = � . � = DhE$� .
Sincegrayscale � -conflicts with add-car, grayscale
is requiredto precedeadd-car in theTO-schedulerof
theobject

�
. Next, supposeá�� íîæ (l é ) = á�� íîæ (l ç ) = ��s

(“not interestedin colour of car”). Sincegrayscale
is [ �ts ]-compatiblewith add-car, add-car canprecede
grayscalein theTO schedulerof theobject

�

3.2 Serializability

Let l ö andlxw beapairof transactionsissuingmeth-
ods ßðí ö and ßðí w to anobject ß , respectively. Thetrans-
actionl ö 2 -í�� æôÞêæ � æôà&l w with respectto aconsistency
set 2 (l ö PSyl w ) if f ßìí ö 2 -conflictswith ßìí w ( ßðí ö (b Pßðí w ) where 2 = á�� íîæ (l ö ) Eªá�� íîæ (l w ) and ßìí ö is started
before ßðíew on the object ß . The 2 -precedentrelationPS is transitive.
[Theorem] A transaction l ö$2zs -precedesanother
transactionlHw (l ö Pe{SRlxw ) with respectto a consistency
set 2zs if l ö PSGlxw and 2zsIS|2 . O
[ 2 -Serializability ] A collectionT of transactionsl é ,}�}
} , lH~ are 2 - àôæ�� þÿãu� þ�� ã � � æ with respectto a consis-
tency set 2 if both l ö PS�lxw and lHw PS�l ö do not
hold for every pair of transactionsl ö and lHw where
2 = á�� íîæ (l ö ) Eªá�� íîæ (lIw ). O

Let �;D , � , D , N , � æâë - �;D , � æâë - � , � æ÷ë - D , and� æ÷ë - N besetsof possibletransactionswhichare �;D ,� , D , N , � æ÷ë - �;D , � æ÷ë - � , � æ÷ë - D , and � æâë - N -
serializable,respectively. Let SR be a family +��;D ,

� , D , N , � æ÷ë - �;D , � æâë - � , � æ÷ë - D , and � æ÷ë - N - of
the transactionsets.For a pair of transactionsets 2 é
and 2 ç in SR, “ 2 é S�2 ç ” shows 2 é U 2 ç . Let T be
a setof +/l é , óåóôó , l õ - of transactions.Suppose2 é S2òç for 2 é , 2òç�* SR. T is 2òç -serializableif T is 2 é -
serializable.For example,T is D -serializableif T is� -serializable.The Hassediagramfor SR and S is
isomorphicwith Figure4.
[Serializability ] A set T of transactions is 2 -
serializableif f

PS is acyclic for every consistentset
2 in C. O
3.3 Locking protocol

A topmethodßðí in theTO scheduleris first taken.
We have to decidewhetheror not the method ßìí can
beperformedon anobject ß . A setof methodswhich
arebeingperformedon theobject ß is storedin avari-
able �#� . If themethodßðí satisfiesthe following exe-
cutionrule, ßðí is removedfrom theTO schedulerand
is performedon theobject ß :
[Executionrule] If oneof thefollowing rulesis satis-
fied,a methodßðí is performedonanobject ß ,

1. N p is empty.
2. If N p is not empty, ßìí is not 2 -exclusive with

every method ßðívs in N p where 2 = á�� íîæ ( ßðí ) E
+ìá�� íòæ ( ßðívs ) M ßðívsI*GN p - . O

If the method ßðí completes,ßìí is removed fromN p . If ßðí doesnot satisfy the execution rule, the
methodßðí waitsin theTO scheduler.

In order to realizethe executionrule, the locking
mechanismis adopted. For a top method ßìí in the
TO scheduler, a lock requestof a mode� P ( ßðí ) is is-
suedto the object ß where 2 = á�� íòæ ( ßðí ). For every
methodßðívs in N p , if �FP ( ßðíus ) is not 2zs s -exclusive with
� P are 2zs s = 2zs%E 2 , the object ß is locked in the
mode�FP ( ßìí ). If succeededin lockingtheobject ß , the
methodßðí is startedperformedand ßðí is addedto N p .
Here, ë�áäà ( ßìí ) := max(áäà ( ßðí ), ë°áäà ( ßðí )). Otherwise,
themethodßðí is keptwaitedin theTO scheduler.

Supposethe top method ßìí in the TO scheduler
doesnot satisfy the executionrule. The method ßìí
hasto stayin theTO scheduler. Until thetop method
satisfiesthe executionrule, i.e. the object is locked,
every methodhasto wait in the TO scheduler. In or-
der to increasethe throughput,anothermethodsthan
the top methodis tried to be performed. A method
which is 2 -compatiblewith ßìí andprecededby ßðí in
theTO schedulercanbeperformedon theobject ß .
[Definition] A methodßìí is 2 -� æôã � � in theTO sched-
uler of anobject ß with respectto a consistency set 2
if f ßðí satisfiesthe 2 -executionrule andevery methodßðíus precedingßìí in theTO scheduleris 2 -compatible
with ßðí and 2 = á�� íîæ ( ßðí ) E á�� íîæ ( ßðí s ). O

An 2 -ready method ßðí is referredto as áäßðí�2 -� æôã � � methodin theTO schedulerif f ßðí precedesev-
eryother 2 -� æ ã � � methodsin theTO scheduler. If the
top 2 -� æôã � � method ßðí satisfiesthe execution rule,ßðí is removedfrom theTO schedulerandthenis per-
formedon theobject ß . This is repeateduntil thereis
no 2 -� æ ã � � methodin theTO scheduler.

Supposetherearea pair of transactionslñé and l ç
where áäà (l é ) m¸áäà (lòç ). lñé issuesa pair of methodsßðí é and ßðí ç to objects� and � , respectively. l ç is-
suesßðí ç and ßðí ! to � and � , respectively. ��� and ���
show the TO schedulersof objects� and � , respec-
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Figure 6. 2 -readymethod.

tively. Supposethat ßðí é9�ýæâë - �&D - conflictswith ßðí ç
( ßðí é](bWQPßðí ç ) and( ßìí � (bWQPßðíu! ). ßðí é precedesßðí ç
in theTOscheduler� � ( ßðí é o � ßðí ç ) and ßðí � o � ßðív! .
In the TO scheduler��� , ßðí é is removed and is per-
formedon theobject� . Then, ßðí ç is examinedfor the
executionrule. Since ßðí ç is � æ÷ë - �;D -exclusive withßðí é , ßìí é is keptwaitedin � � until ßðí é completes.On
theotherhand,after ßðív� is startedontheobject� , ßðí !
is performedbecauseßðív! is not � æ÷ë - �;D -exclusive
with ßðív� .

If a method ßðí completesandthe lock of ßðí is re-
leased,the procedurepresentedhereis appliedfrom
thetop methodin theTO scheduler.

Figure 7. Concurrent access.

3.4 Commitment

We discusshow a transactionterminates.A trans-
actionissuesspecialtypesof methodsÞêßðë�ë°þ á ( Þ ) andã � ß/� á ( ã ) to objectsin additionto methodsto manipu-
latetheobjects.Supposea transactionl issuesmeth-
ods ßìí é , }�}�} , ßìíe~ to an object ß . After the methodsßðí é , }
}�} , ßðí ~ areperformedontheobject ß , thetrans-
action l issuesa commit method Þ to the object ß ,
andthecommitmethodÞ is performedontheobject ß .
Here,thelocksheldby themethodsßðí é , }�}
} , ßìí ~ are
released.Similarly, the locksarereleasedif ã � ß/� á ( ã )
is performed.Thatis,astricttwo-phaselockingproto-
col � 1� is adopted.Eachof commitandabortmethods
is timestampedaswell astheothermethods.
[Definition] Let æ é and æðç be commit or abortmeth-
odsof an object ß issuedby transactionsl é and l ç ,
respectively. æ é precedesæðç in the TO scheduler( æ éoZp æ ç ) if áäà ( æ é ) mkáäà ( æ ç ) and l é 2 -conflictswith l ç
when 2 = á�� íîæ (l é ) Eªá�� íîæ (l ç ). O

Supposea top methodis a commit method Þ of a
transactionl in the TO schedulerof an object ß . If
thecommit Þ satisfiestheexecutionrule, Þ is removed.
Theobject ß is physicallyupdatedandthelock of the
object ß is released. If the top methodis an abort
methodã , thelock of theobject ß is just released.

4 Concluding Remarks

In this paper, we definednovel typesof consistent
relationsamongmethodsby taking into accountQoS
changein addition to statechange. Baseda consis-
tent relation,we definedtheconflicting relations.We
discussedconcurrentlycontrol with two mechanisms
timeordering(TO) andlocking protocols.
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