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Abstract

In a researd and technolog application projed at Bell-
core we usel multidatabag transactiors to modé multi-
systen workflows of telecommunicatio applications Dur-
ing the projea a prototype schedulefor executig multi-
databag transactiors was developed. Two of the issues
addressdin thisprojed were concurrert executio ofmulti-
databag transactiors and theirfailurerecovery Thispaper
discusse our use of properties of the application and the
telecommunicatio systers to devel@ simpk and efficient
solutiorsto the concurreng contrd and recoveryproblems.

1 Introduction

ServieProvisionirgistheactivity of settirg up atelecom
municatio servie base on acustomersrequestsA provi-
sioningactivity involves acoordinateacces tomultiplehet
erogeneos telecommunicatio application systems called
Operatim Suppot Systens (0SSs) Ead 0SS typically
manage one function suc as billing, or inventor contrd of
aclas of circuit facilities. We believethat sud work flows
can be effectively modelal as multidatabas transactions.

A multidatabas transactio modé called Flexible Trans
actiorswere introducel in [7, 101 to modd globd transae
tionsin heterogene@imultidatabas systems The flexible
transactio modd separate thespecificatio of the protocol
for coordinatirg the componen transactios of the global
transactios from the specificatimm of the componehtrans
actions The coordinatio protocd goverrs both the control
flow and daia flow amorg thecomponebtransactions.

The applicability of the Flexible Transactio modé to
Bellcore Servie Provisionirg applicatiorswas evaluate by
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specifyirgtwo sud applicatiorsusingit andby developiga
prototypesysten forexecutirg sud flexibletransactio [2].

The prototype implementatio has shown tha mary work

flow applicatiors can be declarativey specifia as flexible

transactiosand provided the firstevidene tha itispossible
toautomaticaly synthesieapractica executakd implemen
tation from thespecification.

Although the preliminay resuls were promising the
scope of theorigind implementatio wasquite limited. The
earlig scheduledid not addres the issues of concurreh ex-
ecutin of flexible transactiosor the problenstha may be
cause by the failure of the scheduler It is quite clea that
both of theeproblenswould havetobesolved beforitises
tablishelthat theflexibletransactiostechnolog can beused
to successfulisuppot Servie Provisionirg Applicationsin
an industrid environment In this paper wediscus theim-
plementatio of concurreng contrd and failurerecovey for
applicatiorsbasel on theflexible transactio model We dis-
cusstheuse of modified altruisticlocking [9]astheproposed
concurrenyg contrd mechanism We als discus the failure
recovey of the Concurreng Controlle ard schedules of
individud flexible transactions Whetepossible we exploit
our knowledge abou the application and abou the system
environmemto desigh simple ard more efficient solutions.

2 Flexible Transactio Model

Aflexible transactia (Fr) [7, 10 is specifielby provid-
ing: the preconditio of the globd transactionase of sub-
transactionsthe externaly visible states of ead subtrans
action ard the possibé transitiorsamorg thes externally
visible statespreconditiolsand postconditios forthe posst
ble transitiors of ead subtransactignand the postcondition
of the globd transaction.

Thus a flexible transactio includes a protocd for co-
ordinatirg the contrd and datflow amorg the component
transactions This protocd is specifia by astat machine.
The preconditia for the globd transactio specifies its le-
gd initial states The postconditimof the globd transactiOfl



specifiegthe setof conditionsdefiningits legal (i.e. accept-
able) final states;someof theselegal final statesmay be
viewed as successfutompletion of the global transaction;
othersmaybeviewedas“successful(clean)failure” of the
global transaction. The setof externallyvisible statesof a
subtransactiomsuallyincludes: initial, executing,commit-
ted, preparedto commit, aborted. The preconditionsand
postconditionsnay be statedn termsof the statevariables
for the subtransactionand additional variables. The pre-
conditionamayexpresslependencielasedontheexecution
stateof othersubtransactiongswell asdatadependenciesr
temporaldependenciesNon-trivial postconditiongor tran-
sitionsmay be necessaryto expressorrectnesgriteriaon
outputmessagesontainingparametersecessaryor initial-
izationof the subtransactionsPreconditiondor transitions
mayexpresgorrectnessriterion on inputmessages.

The traditionaltransactionsare usually characterizedy
theatomicity, consistencyjsolationanddurability require-
ments,calledtheACID propertiesf transactionsTo better
supportperformancend autonomyrequirementsthe Flex-
ible TransactionModel relaxedthe isolationand atomicity
properties.

The full atomicityis replacedy theguarante¢hataflex-
ibletransactiormay terminateonly in oneof the acceptable
statesSomeoftheseacceptablestatesnay involvecompen-
sationof sometransactions.The consistency(correctness)
requirements replacedoy thecorrectnessriterion for flex-
ible transactionswhich is the existenceof aschedulethat
guaranteeghata flexible transactioncan reachone of the
acceptablestatesfor anyinitial stateof transactiorandthe
multidatabaseystem. Theisolationgranularity of a flexi-
ble transactioris asubtransactionFinally, the durabilityis
guaranteedy assumingthateachlocal systemprovidethe
durabilityof its committedsubtransactiorendby assuming
thatthe state of the scheduleipersistssubsequertb system
malfunctions.

The flexible transactionmodel allows bothcompensable
[8] andnoncompensablsubtransaction® coexistwithin a
singleFT. If compensatingransactionaredefined thecom-
pensationis consideredcorrect, if both the original trans-
actionand its compensatingransactionscommit, andthe
compensatingransactions serializedafter thetransactiont
compensateslf theoriginal transactions not executedor
aborted thecompensatindgransactioomustnot be commit-
ted.

3 Properties of TelecommunicationsEnviron-
ment

An importantpartof our prototypemplementationis a
schedulethatcontrolgheexecutiorof asingleflexibletrans-
actionanddetermineswhenvarioussubtransactionsan be
scheduled 3]. Oncescheduledor execution,asubtransac-
tion is givento the executioragentthatcommunicatesvith
an OSSsto executethe subtransactiorandpassesackthe

457

resultsto theschedulerThe remaindenf the paperoutlines
the concurrencycontrol andfailure recoveryaspectof the
scheduler.

To designconcurrencycontrol andrecoverymechanisms
thatare suitablefor our classof applicationswe carefully
analyzedheproces®f ServiceProvisioning We haveiden-
tified anumberof propertiesof the OperationrSupportSys-
temsinvolvedin theprovisioninghanmayaffectthe choice
of asuitablemethod.Thesepropertiesarelistedbelow:

* OrderPreservation:In everydatabassystemnvolved
in theprocessthe submissionorderof transactionsgle-
terminestheir executionorder,as long as the transac-
tions belongto the sameclass. Thereare only two
priority classes hot (expresspandnormal.

» Relaxedlsolation: The granularity of isolationis a
(sub)transactionTheresultsof a committedsubtrans-
actionbecomevisible to otherconcurrentlyexecuting
transactionsmmediately. If the provisioningactivity
(flexible transactionails, theseresultsare undoneby
executingcompensatingransactions.

* LimitedcommutativityFosomesystemsnvolvedin the
processof provisioning,the subtransactionsubmitted
to thesesystemsarecommutativej.e., theycan be ex-
ecutedn anyorder. However,onecan not assumehat
all subtransactiorsrecommutative.Forexample,if an
allocate-transactioand its correspondingleallocate-
transactiorrun concurrentlythe resultis unpredictable
andthemultidatabaseystemcanbeleft in aninconsis-
tentstate.Thisis becauséf specialprecautionarenot
taken,atransactiorperformingade-allocatiorof some
dataitem maybe executedbeforethe correspondingal-
locate transactioris performed.Therefore,adataitem
maybeleftin theinventorymarkedhs‘allocated”, even
thoughits correctstatusshouldbe “free”.

 |dempotency:The systemsinvolvedin theprocessof
provisioninghavethe “at leastonce” semanticge., the
executionof atransactiorcanberepeatedvithoutcaus-
ing anyinconsistencyUsually, whenthe samerequest
is issuedtwice, oncethe first is done,the secondis
rejected.

» Monotonicity Oncetheprecondition$or theexecution
of a (sub)transactiobecometrue theydo not become
false later. In particular,the (sub)transactiorcan be
undoneby executinga compensatingransactionif the
schedulingpreconditiongorthe compensatingransac-
tion aresatisfied.

The abovepropertiesare usedin thedesign of practical
concurrencycontrol andrecoverymechanismsor the flex-
ible transactionausedto model ServiceProvisioningwork-
flows. Orderpreservatiortogethemwith theassumedigor-
ousnesgd4] of the local concurrencycontrollersallows the




early releag of locks Relaxel isolation requiremerg elim-
inate the neal for globd commitmen protocols Limited
commutativiy mears tha exclusivelocks are requiredonly
for sone classe of subtransactionsAs aresut the concur-
reng/ contrd mechanism wedesigné allows ahighe degree
of concurrency than theonepossibewithout thisknowledge
of the applicatiorsand systenenironment.

The remainirg propertiessignificantly simplify therecowv
ery mechanisms Sincethesystensareidempoteninthecase
of afailureof thescheduleit can safel resubmi all transae
tionstha werescheduldard forwhichno acknowledgement
wasreceivel atthetimeoffailure. This ardthe monotonicity
propery allow the roll-forwardrecovey of transactios that
were in progres at thetime of afailure from the re-db logs.

4 Schedulig Of Flexible Transactions

The procesof schedulig of aflexibletransactio is pre-
sentel in Figure 1. The schedulefirst checls for satisfac-
tion of the preconditiors for executio of ead subtransac
ton,i.e., determing whetheasubtransactioisschedulable.
A schedulal# subtransactio may be submittel for execu-
tionto the transactio agent Once the agen notifies the
schedule tha thesubtransactiois completegthe scheduler
checlswhethea an acceptald stak hasbea reached If this
is the case the flexible transactia is completed otherwise
theschedulig preconditios for subtransactiosare checked
agahardnew subtransactiocsmay beconeschedulableThe
proces continues until the flexible transactio completes
successfull or until it reache a compensat state In a
multi-use environmentthe schedule mug consut with the
concurreng controller to decide whethe a subtransaction
may be submittel for execution It al need to log the
staeinformationin thesecue storage so tha the scheduling
can be resumé in ca of afailure. Thes issue will be
discussd in detal in the followingsections.

4.1 Concurreng Control

Multidatabag transactios and the relatel concurrency
contrd techniqus arereviewal in [5]. In particulara num
be of method can be usal to assue globd serializability
which constitutes asuitabk correctnes criterion for concur-
rert execution of multidatabas transactionsin theabsence
of additiond information abou therr semantics In the dis-
cussim below, we will attemp to take advantagof theprop-
erties of the Servie Provisionirg describe above to relax
therequiremerg of globd serializabiliy and allow a higher
degre of concurrency With this objective in mind, we will
introduetheconcepof FT-serializability which webelieve
to bea suitabkcorrectnescriterion forour environment.

The objective of concurreng contrd isto assue tha the
(relative) serialization orde of multidatabas transactions
shout be the same at all sites they execute [6]have shown
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Figure 1: Execution Environment for Flexible transactions

tha the abowe condition is sufficiert to assue globd seri
alizability. However in the provisionirg environmen this

requiremencan berelaxeal to require tha the (relative sert
alization order of Flexible Transactios shoutl be the same
only at thos siteswhere they conflict This would lead to

aweake notion of serializabilily (called FT-serializability),
whichwill sene as our correctnescriterion for concurrent
executio of Flexible Transactions.

Wefirst mud define conflictsamorg flexible transactions.
Commutativiy is apropery of aparticula clas of transae
tions For example two allocate transactios may be com-
mutative if they allocae differert items for even though
differertitems may beallocate if the transactios arerun in
adifferertorder, theallocatel items are “satisfactory” Two
(sub)transactiomiconflict i f they execue at the sarre (local)
system ard they are not commutative.

The conflictrelation is transitive and hen@ determing a
sd of equivalene classeswhich wewill call conflict classes.
Conflict classs can be usal to determirethe granulariy of
locking. To define flexible transactio serializabiliyy (FT-
serializability), let us conside two flexible transactios FT,
and FTy, and conflict classes, i and j.

Aglobd schedubisFT-serializabkif for any subtransac
tions ST*and Sk € FT,, andST’ and ST’ € FT,,
such tha conﬂlct(STX ST " and COﬂﬂIC'[(éTX STy
ST < ST'=>ST* < STfy a all sites they conflict
The relationsh]b is definad in terms of locd serializabit
ity. Fr-serializabiliy establishe a(partia) orde amorg all
flexible transactions.

ToensueFT-Serializability weassune that ead schedw
ing automata of aflexibletransactio send alock request
to the globd Concurreng Controlle to determire whether
a given subtransactio can be scheduled Once thelock is
grantel the subtransactiomay proceelfurther, otherwisit
mug wait.

Becaus of the assumptia statel earlier, thesubmission
orde at eat system can be usal to determire the execu-
tion and eventually the serializatim orde at eat site We
rely on the concurreng contrd mechanim of the locd sys
tem to assuetha the transactiostha are submittel to the



local systemwill be executedcorrectly with respectto the
local concurrencycontrol. Therefore, the lock held by a
subtransactionan bereleasedissoonasthe subtransaction
completedts submissiophase Hence wemayhaveseveral
transactionshatareexecutingconcurrenthateachsite.
Theproposedalgorithmis similarto thealtruisticlocking
introducedin [1]. We havetakenadvantagef the proper-
tiesthesystemsdnvolvedin the provisioningto reducethe
durationof the locks from the time neededto completea
transactiongo thetime neededo submitit. Although we
usethe samelocking granularityas altruistic locking, our
algorithmallowsahigherdegreeof concurrency.

4.2 FailureRecovery

The objectiveofrecoverymechanismén transactiooman-
agementis to enforcethe failure atomicity of global trans-
actions. In the caseof flexible transactionsthe recovery
proceduresnustmakesurethata failedflexible transaction
eventuallyreachesan acceptablestate. possiblythecom-
pensatedne. Weassumethatthelocal systemsnvolvedin
ServiceOrderProvisioningusetheir local recoverymecha-
nisrnsto handletheirlocal failures. Therefore,in our dis-
cussionwe will concentrat®n handlingthefailuresof the
executioncontrollersfor flexible transactionsywhichinclude
schedulersgoncurrencgontrollerandthe local agents.

To recovetheexecutiorenvironmentontextweneedto
restorghestateinformationghatconcurrencygontrollerand
schedulerhadatthetime of failure. Thestateinformation
of the concurrencycontrolleris statusof its lock table. The
statusof the schedulerincludesthe informationaboutthe
executionstatesof eachsubtransactioandthe information
abouttheschedulingpermissionseceivedrom theconcur
rencycontroller. Thisinformationmust be keptin thelocal
logs maintainedeparatelpy theconcurrencycontrollerand
theschedulers.

One of the major advantagef our failure recovery
schemss its modularity. Eachschedulerandthe concur-
rencycontrollermay recoverfrom afailure usingonly the
informationfrom its ownlog. Sincethe transactioragents
areresponsibldor the executionof asingle(sub)transaction
thereis no needto recovettheir state.Once afailure of an
agentis detectedfor example,by settingup atimeout)the
agenprocesganbesimplyrestarted Thiscannotauseny
harm,sinceweassumehatthelocal systemsireidempotent.

5 Summary

In thispaper, we showedhow currenttechnologiesor
heterogeneousiultidatabassystems(flexible transactions
combinedwith altruisticlocking), canbe appliedto improve
alargeclassoftelecommunicatiorindustryapplicationsSer-
vice Provisioning. We first, analyzedthe characteristicof
the ServiceProvisioningandthe existingsystemshat par-
ticipatein processingthe applicationsandthendeveloped
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suitabletransactiormanagementechniques.By takingad-
vantageof the specific propertiesof the local systemsin-
volvedin the ServiceOrder Provisioningwe were able to
designsimpleand efficient concurrencycontrol andrecov-
erymechanismsThesanechanismsrelessgenerathanthe
solutionsproposedn theliteraturefor multidatabasérans-
actions,howeverthey allow a higher performancein the
specificreal world environmenin whichtheyareapplied.
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