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Abstract

Recentlythreadlibrarieshave becomea commonentity on

variousoperatingsystemssuchasUnix, Windows NT and
VxWorks. Thosethreadlibraries offer significantperfor

manceenhancementy allowing applicationsto usemul-

tiple threadsrunning either concurrentlyor in parallelon

multiprocessors.However, the incompatibilitiesbetween
native librariesintroduceschallengegor thosewho wish

to developportableapplicationsThis papempresents C++

library thatis implementecefficiently on variousoperating
systemspffersuniformandsimpleinterfacego underlying
threadlibraries,andallows applicationgo be portableand
easyto develop.

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

1 Introduction

Disciplined concurrent programming can improve the
structureand performanceof applicationson both unipro-
cessoandmultiprocessomachinesAs aresult,supporof
threads or lightweight processeshasbecomea common
entity of operatingsystemsandprogrammindanguages.

A threadis an independentlow of control within a
processcomposedf a context anda sequencef instruc-
tionsto execute.A threaddiffersfrom atraditionalnotion
of a hearyweight processn thatit separateghe notion of
executionfrom the otherstateneededo run a program.A
singlethreadexecutesa portionof a program,while coop-
eratingwith otherthreadsthat are concurrentlyexecuting
the sameprogram. A multi-threadedprogramusually re-
ducescomplity of a programby managinginformation
thatis normallykepton a perhearyweight-procesbasisin
common. On a multiprocessomachine,a multi-threaded
applicationrmayhave betterperformancéf multiple execu-
tions canbe carriedout in parallelon morethanone pro-
cessors.Evenon a uniprocessomachine betterresponse
time andincreasedhroughputtanbe achiezedby overlap-
ping computatiorandcommunicatiorfl].
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Although threadshave beenaroundfor decadesthe
useof threadsonly startedo becomepopularin the 1990s.
During this time, multiprocessosystem client/serer ap-
plications,real-timesystemsand parallelprocessingvere
making their way into daily computing. Almost all op-
erating systemsfor sharedmemory multiprocessorand
uniprocessosupportconcurrenprogrammingwith thread
libraries suchas POSIX Pthreadq2], SunOSLWP and
threadq3] andWindows Threadqd4]. However, threadli-
brariesdiffer in variousaspectsuchasuserthreadsor ker-
nelthreadspoundedhreadsor unboundedhreads,1 to 1
or M to N mappingfrom userthreadgo kernelthreadsand
soon. The syntaxof applicationprograminterfaces(API)
of thoselibrariesalso differ significantly Thereare even
subtledifferencedbetweerdifferentimplementationsf the
samePOSIX specification. Developing a multi-threaded
applicationusing a particularthreadlibrary will lead to
poor portability and higher maintenancdifficulty in ad-
dition to steepearningcurve of asetof APIs.

This paperpresentsa C++ library (cde/Thread that
hidesimplementatiordetailson a particularoperatingsys-
tem, providesa uniform setof interfacesto an underlying
threadpackageandfacilitateseasydevelopmentof multi-
threadedipplicationsy providingimplementationsf sev-
eralcommonlyusedconcurrentandparallelprogramming
paradigmsuchasbarriersynchronizatio5] andworkpile
model[6].

2 Design and Implementation

Developingmulti-threadedsoftwareis difficult sinceit re-
quiresdetailedknowledge of mary conceptssuchas (1)
creationandterminationof threads(2) synchronizatiorof
multiple threads,and (3) dataracing and deadlock de-
tection. Moreover, applicationsare often moredifficult to
portto differentoperatingsystemsandareharderto main-
tain. Developing multi-threadedapplicationsbasedupon
C++ interfacesthat encapsulatexisting C interfaceshelps
improve software quality factorssuchascorrectnessease
of learningand easeof use, portability and extensibility.
This sectionillustratesthe designand implementationn
brief of the cdevThreadlibrary.



2.1 Synchronization

In a multi-threadedapplicationthreadoperationgnustoc-

curin acorrectorder accesso sharedbjectsmustbe co-

ordinatedall threadsmustwork togetheito achieve thede-
siredresult. Several mechanismsre availableto coordi-
nate,or to synchronizethreadswithin a procesdik e mutex

andsemaphoreThecdevThreadlibrary encapsulatethese
mechanism severalclassegataorizedin thefollowing

sections.

211 Mutex

An instanceof classcdevMutex is an object that allows
multiple threadgo synchronizeaccesso sharedesources.
ThecderMutex hastwo stateslockedandunlocked. Once
amutex hasbeenlockedby athread otherthreadsattempt-
ing to lock themutex will block until they canlock themu-
tex. Whenthelockingthreadunlocksthemutex, oneof the
threadslockedonthemutex will acquireit. Anotherclass
is cdevCondwhichis a usefulsynchronizatioomechanism
whena threadneedsto wait for an eventto happen.The
above two classesareimplementedisingonly inline func-
tionsto minimize function call overhead. Several classes
like cdevRecusiveMute, cdevRWMutexandcdesSpinLo&
areprovidedin thelibrary for moreelaboratesynchroniza-
tions schemesFurthermoredefault 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
reducethe effort of locking/unlockingof a critical block, a
C++ classcdevGuad or cdevSyntironizedis implemented
to take advantageof C++ featuresto acquirethe mutex
whenan objectof this classis constructedandto release
themutex whentheobjectis destrged. Thefollowing code
segmentillustratethis feature:

classA
{

private:cdesMutex lock_;
public:
void foo (void)
{
cdevGuardguard(lock.);

Similarly a new baseclasscalledcdevMonitor is provided
to allow a derivedclassto be locked/unlocledin the same

way asthe above example. In additionit offerswait, no-
tify and notifyAll methodsto interthreadcommunication
within anobjectof the sameclass.Figurel shavs there-
lationshipamongsomeof theclasses.

cdevRecur sivel ockK>— cdevCond cdevRWL ock
lock() rdLock()
unlock() wrLock()
tryLock() signal() unlock()
broadcast()—
cdevMonitor
wait()
wait(float t) *
notify () cdevM utex
notifyAll() lock() — cdevBarrier
lock() unlock() cdevBarrier(int
unlock() tryLock() wait ()

Figurel: Classhierarchyfor someof the synchronization
classesisingOMT notation.

2.2 Thread Management

A threadundegoesa seriesof statetransitionsonceit has
beencreatedAll threadshaveto bemanagedby eitherali-
braryor by applicationsUnfortunatelynotall librariespro-
vided by operatingsystemshave a simpleandeasythread
managemenAPI . To allow easycreation,cleantermi-
nation and betterinformation retrieval of a thread, cde-
vThreadPtrcoupledwith cdevRunnableanbe usedto de-
scribethebehaior of athread.A threadcanalsoberegis-
teredinto a group (cdevThreadGoupPti) which manages
all threadsthat are registered. This group can wait for
all threadsto finish, to apply certainactionsto one or to
all threadsandso on. A threadcan be stoppedor killed
by otherthreads. A cleanupmethodcan be insertedinto
an objectof cdevRunnableclassto allow cleanexit of a
thread.Furthermorea simpletechniquenf countedpointer
is usedin cdevThreadPtrandcde/ThreadGoupPtrto han-
dle memorymanagemendf threadsandgroups. Figure2
presents hierarchicalview of the classesn this section.

2.3 Commonly used paradigms

In orderto reducedevelopmenteffort for concurrentand
parallel applications, implementationsof several com-
monly used paradigmsare provided. Two of these
paradigmsareworth mentioninghere.Oneis syndironiza-
tion barrier (cdevBarrier) which offers the capability to

haltseveralthreadsatapointuntil all threadshave reached
this point. Another is workpile model (cdes\WbrkPile)

which spavns a predefinednumberof threadsas worker
threadgo wait for work assignedy a mastetthread.



3 Applicationsand Examples

This sectionpresentsan applicationusingthe cdevThread
library to increaseits sener network responsienessand
to reduceporting effort to differentoperatingsystemsand
illustratesa simpleexampleusingthe workpile paradiagm.

cdevRunnablePtr

&

cdevRunnable

void run (void)

void cleanup (void

‘cdevMonitor‘ ‘ cdevThreadGroupPtr

cdevThreadGroup

cdevThreadPtr

cdevThread
void run (void)

int count (void)

void start (void) void destroy (void

void stop (void) void spawn ()

int isAlive (void) void cancelAll()

void wait (void) void killAll ()
void yield (void) int has ()
void kill (void) void list ()

Figure 2: Classhierarchyfor threadmanagementising
OMT notation.

3.1 Common Message L ogging System

The Common MessagelLogging System[7] (CMLOG)
systemis an object-orientedand distributed systemthat
not only allows applicationsandsystemgo log data(mes-
sages)pf ary typeinto a centralizeddatabaséut alsolets
applicationsview incoming message real-timeor re-
trieve storeddatafrom the databaseaccordingto selec-
tion rules. It consistsof a concurrentetwork sener that
handlesncominglogging or searchingnessages client
daemonthat buffers and sendslogging messageso the
sener, aMotif browserthatcanview incomingmessagen
real-timeor display storeddatain the databaseand APIs
thatcanbe usedby applicationgo senddatato or retrieve
datafrom the databaseia the sener. Therequestgo the
senersof the CMLOG systemare eitherto log messages
or to querythe database.The servicedurationfor these
requestgangefrom very shortfor logging a single mes-
sageto very long for retrieving a large numberof mes-
sagesn the database.lt is thereforenecessaryo imple-
mentthesenerusingmulti-threadedechniqueso improve
concurreng. In particular implementatiorof theworkpile
paradigmprovidedin the cdevThreadlibrary is usedin the
CMLOG senerto allow amastetthreadto addnetwork re-
guestgto a queue.Worker threadsare signaledto perform
the work accordingto the requestsn the queue. In addi-
tion the CMLOG systemhasto be portableamongvarious

operatingsystemssuchas SunOS HP-UX and VxWorks.
Using the cdevThread library makes porting much easier
Figure3illustratestheruntimearchitecturef the CMLOG
systemandits sener.
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Figure3: CMLOG systemandsener architecture.

3.2 Paralle Quicksort

Quicksort is a good example of a divide-and-conquer
algorithm that can be implementedusing the workpile
paradigm.Thealgorithmis easilyadaptedo this paradigm
by makingthe unit of work the sorting of anarray The
following is acodeseggmentof thisimplementation:

classparaQSorterpublic cdesWorkPileWbrker
{
public:
void doit (void);
private:
float* data,
intn;
b
main ()
{
paraQSortetworker[NTHREADS];
cdevWorkPilework (NTHREADS, worker[0]);



work.run();
work.wait ();

4 Conclusions

The cdevThreadlibrary helpssimplify the developmentof
correct,concise portable andefficientconcurrenandpar
allel applications. It usesclassesto encouragemodular
APIs, provides frameworks to enablerapid development,
offersdefaultvaluesto simplify theinterfacesandto reduce
programmingerrors, and inlines functions to eliminate
overheadCurrentlythelibrary is portedto SUNOSHP-UX
and VxWorks. Portingto Windows NT is undervay. Fi-

nally, sourcecodeis availableat http://wwwjlab.org/cdes
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