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Abstract

Recentlythreadlibrarieshavebecomeacommonentityon
variousoperatingsystemssuchasUnix, WindowsNT and
VxWorks. Thosethreadlibrariesoffer significantperfor-
manceenhancementby allowing applicationsto usemul-
tiple threadsrunningeitherconcurrentlyor in parallelon
multiprocessors.However, the incompatibilitiesbetween
native libraries introduceschallengesfor thosewho wish
to developportableapplications.ThispaperpresentsaC++

library thatis implementedefficiently onvariousoperating
systems,offersuniformandsimpleinterfacestounderlying
threadlibraries,andallows applicationsto beportableand
easyto develop.

Keywords: Thread,concurrentandparallelprogram-
ming,object-orientedsystem.

1 Introduction

Disciplined concurrent programming can improve the
structureandperformanceof applicationson bothunipro-
cessorandmultiprocessormachines.As aresult,supportof
threads, or lightweight processes,hasbecomea common
entityof operatingsystemsandprogramminglanguages.

A threadis an independentflow of control within a
process,composedof a context anda sequenceof instruc-
tionsto execute.A threaddiffersfrom a traditionalnotion
of a heavyweightprocessin that it separatesthenotionof
executionfrom theotherstateneededto run a program.A
singlethreadexecutesa portionof a program,while coop-
eratingwith other threadsthat areconcurrentlyexecuting
the sameprogram. A multi-threadedprogramusuallyre-
ducescomplexity of a programby managinginformation
thatis normallykeptonaper-heavyweight-processbasisin
common. On a multiprocessormachine,a multi-threaded
applicationmayhavebetterperformanceif multipleexecu-
tions canbe carriedout in parallelon morethanonepro-
cessors.Evenon a uniprocessormachine,betterresponse
timeandincreasedthroughputcanbeachievedby overlap-
pingcomputationandcommunication[1].

�
Author for correspondence.

Although threadshave beenaroundfor decades,the
useof threadsonly startedto becomepopularin the1990s.
During this time, multiprocessorsystem,client/server ap-
plications,real-timesystemsandparallelprocessingwere
making their way into daily computing. Almost all op-
erating systemsfor sharedmemory multiprocessorand
uniprocessorsupportconcurrentprogrammingwith thread
libraries such as POSIX Pthreads[2], SunOSLWP and
threads[3] andWindows Threads[4]. However, threadli-
brariesdiffer in variousaspectssuchasuserthreadsor ker-
nel threads,boundedthreadsor unboundedthreads,1 to 1
or M to N mappingfrom userthreadsto kernelthreadsand
soon. Thesyntaxof applicationprograminterfaces(API)
of thoselibrariesalsodiffer significantly. Thereareeven
subtledifferencesbetweendifferentimplementationsof the
samePOSIX specification. Developinga multi-threaded
applicationusing a particular threadlibrary will lead to
poor portability and higher maintenancedifficulty in ad-
dition to steeplearningcurveof asetof APIs.

This paperpresentsa C++ library (cdevThread) that
hidesimplementationdetailson a particularoperatingsys-
tem,providesa uniform setof interfacesto anunderlying
threadpackage,andfacilitateseasydevelopmentof multi-
threadedapplicationsby providing implementationsof sev-
eralcommonlyusedconcurrentandparallelprogramming
paradigmssuchasbarriersynchronization[5] andworkpile
model[6].

2 Design and Implementation

Developingmulti-threadedsoftwareis difficult sinceit re-
quiresdetailedknowledgeof many conceptssuchas (1)
creationandterminationof threads,(2) synchronizationof
multiple threads,and (3) data racing and deadlock de-
tection. Moreover, applicationsareoftenmoredifficult to
port to differentoperatingsystems,andareharderto main-
tain. Developingmulti-threadedapplicationsbasedupon
C++ interfacesthatencapsulateexisting C interfaceshelps
improve softwarequality factorssuchascorrectness,ease
of learningand easeof use,portability and extensibility.
This sectionillustratesthe designand implementationin
brief of thecdevThreadlibrary.
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2.1 Synchronization

In a multi-threadedapplicationthreadoperationsmustoc-
cur in a correctorder, accessto sharedobjectsmustbeco-
ordinated,all threadsmustwork togetherto achievethede-
siredresult. Several mechanismsareavailable to coordi-
nate,or to synchronize,threadswithin aprocesslikemutex
andsemaphore.ThecdevThreadlibrary encapsulatesthese
mechanismsin severalclassescategorizedin thefollowing
sections.

2.1.1 Mutex

An instanceof classcdevMutex is an object that allows
multiple threadsto synchronizeaccessto sharedresources.
ThecdevMutex hastwo states:lockedandunlocked.Once
amutex hasbeenlockedby athread,otherthreadsattempt-
ing to lock themutex will blockuntil they canlock themu-
tex. Whenthelockingthreadunlocksthemutex, oneof the
threadsblockedonthemutex will acquireit. Anotherclass
is cdevCondwhich is a usefulsynchronizationmechanism
whena threadneedsto wait for an event to happen.The
abovetwo classesareimplementedusingonly inline func-
tions to minimize function call overhead.Several classes
likecdevRecursiveMutex, cdevRWMutexandcdevSpinLock
areprovidedin thelibrary for moreelaboratesynchroniza-
tionsschemes.Furthermoredefault valuesfor mutex con-
structionsareprovidedto preventprogrammingerrorslike
priority inversion[8].

2.1.2 Block Synchronization

Programsusing the above synchronizationmechanisms
have to lock a mutex at the beginning of a critical block
andunlockthemutex atall exit pointswithin thisblock. To
reducetheeffort of locking/unlockingof a critical block,a
C++ classcdevGuard or cdevSynchronizedis implemented
to take advantageof C++ featuresto acquirethe mutex
whenan objectof this classis constructedandto release
themutex whentheobjectisdestroyed.Thefollowingcode
segmentillustratethis feature:

classA�
private:cdevMutex lock ;

public:

void foo (void)�
cdevGuardguard(lock );

......................

�
� ;

Similarly a new baseclasscalledcdevMonitor is provided
to allow a derivedclassto belocked/unlockedin thesame

way asthe above example. In additionit offers wait, no-
tify and notifyAll methodsto inter-threadcommunication
within anobjectof thesameclass.Figure1 shows there-
lationshipamongsomeof theclasses.

cdevRecursiveLock

lock()

unlock()

tryLock()

wait()

wait(float t)

notify ()

notifyAll()

lock()

unlock()

cdevMonitor

cdevCond

wait()

wait(float t)

signal()

broadcast()

cdevMutex

lock()

unlock()

tryLock()

cdevRWLock

rdLock()

wrLock()

unlock()

cdevBarrier

cdevBarrier(int)

wait ()

����

����

Figure1: Classhierarchyfor someof thesynchronization
classesusingOMT notation.

2.2 Thread Management

A threadundergoesa seriesof statetransitionsonceit has
beencreated.All threadshaveto bemanagedby eitherali-
braryorbyapplications.Unfortunatelynotall librariespro-
videdby operatingsystemshave a simpleandeasythread
managementAPI . To allow easycreation,clean termi-
nation and better information retrieval of a thread,cde-
vThreadPtrcoupledwith cdevRunnablecanbeusedto de-
scribethebehavior of a thread.A threadcanalsoberegis-
teredinto a group(cdevThreadGroupPtr) which manages
all threadsthat are registered. This group can wait for
all threadsto finish, to apply certainactionsto oneor to
all threadsandso on. A threadcanbe stoppedor killed
by other threads.A cleanupmethodcanbe insertedinto
an object of cdevRunnableclassto allow cleanexit of a
thread.Furthermore,asimpletechniqueof countedpointer
is usedin cdevThreadPtrandcdevThreadGroupPtrto han-
dle memorymanagementof threadsandgroups.Figure2
presentsahierarchicalview of theclassesin thissection.

2.3 Commonly used paradigms

In order to reducedevelopmenteffort for concurrentand
parallel applications, implementationsof several com-
monly used paradigmsare provided. Two of these
paradigmsareworthmentioninghere.Oneis synchroniza-
tion barrier (cdevBarrier) which offers the capability to
haltseveralthreadsatapointuntil all threadshavereached
this point. Another is workpile model (cdevWorkPile)
which spawns a predefinednumberof threadsas worker
threadsto wait for work assignedby a masterthread.
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3 Applications and Examples

This sectionpresentsanapplicationusingthecdevThread
library to increaseits server network responsivenessand
to reduceportingeffort to differentoperatingsystems,and
illustratesasimpleexampleusingtheworkpileparadiagm.

void run (void)

void cleanup (void)

cdevRunnable

cdevRunnablePtr

cdevThreadGroup

int count (void)

void spawn ()

void cancelAll()

int has ()

void list ()

void destroy (void)

void killAll ()

cdevThreadPtr

cdevThread

void run (void)

void start (void)

void stop (void)

int isAlive (void)

void yield (void)

void kill (void)

void wait (void)

cdevThreadGroupPtr��		 cdevMonitor

Figure 2: Classhierarchyfor threadmanagementusing
OMT notation.

3.1 Common Message Logging System

The CommonMessageLogging System[7] (CMLOG)
systemis an object-orientedand distributed systemthat
not only allows applicationsandsystemsto log data(mes-
sages)of any type into a centralizeddatabasebut alsolets
applicationsview incoming messagesin real-timeor re-
trieve storeddata from the databaseaccordingto selec-
tion rules. It consistsof a concurrentnetwork server that
handlesincomingloggingor searchingmessages,a client
daemonthat buffers and sendslogging messagesto the
server, aMotif browserthatcanview incomingmessagein
real-timeor displaystoreddatain the database,andAPIs
thatcanbeusedby applicationsto senddatato or retrieve
datafrom thedatabasevia the server. The requeststo the
serversof the CMLOG systemareeitherto log messages
or to query the database.The servicedurationfor these
requestsrangefrom very short for logging a singlemes-
sageto very long for retrieving a large numberof mes-
sagesin the database.It is thereforenecessaryto imple-
menttheserverusingmulti-threadedtechniquesto improve
concurrency. In particular, implementationof theworkpile
paradigmprovidedin thecdevThreadlibrary is usedin the
CMLOG serverto allow amasterthreadto addnetwork re-
queststo a queue.Worker threadsaresignaledto perform
the work accordingto the requestsin the queue. In addi-
tion theCMLOG systemhasto beportableamongvarious

operatingsystemssuchasSunOS,HP-UX andVxWorks.
Using the cdevThread library makesporting mucheasier.
Figure3 illustratestheruntimearchitectureof theCMLOG
systemandits server.
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Figure3: CMLOG systemandserverarchitecture.

3.2 Parallel Quicksort

Quicksort is a good example of a divide-and-conquer
algorithm that can be implementedusing the workpile
paradigm.Thealgorithmis easilyadaptedto thisparadigm
by making the unit of work the sortingof an array. The
following is acodesegmentof this implementation:

classparaQSorter:publiccdevWorkPileWorker�
public:

void doit (void);

private:

float* data;

int n;

� ;

main()�
paraQSorter*worker[NTHREADS];

cdevWorkPilework (NTHREADS,worker[0]);
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work.run();

work.wait ();

�

4 Conclusions

ThecdevThreadlibrary helpssimplify thedevelopmentof
correct,concise,portable,andefficientconcurrentandpar-
allel applications. It usesclassesto encouragemodular
APIs, providesframeworks to enablerapid development,
offersdefaultvaluestosimplify theinterfacesandto reduce
programmingerrors, and inlines functions to eliminate
overhead.Currentlythelibrary is portedto SunOS,HP-UX
andVxWorks. Portingto Windows NT is underway. Fi-
nally, sourcecodeis availableathttp://www.jlab.org/cdev
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