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Abstract— Checkpointing of single-threaded applications has
been long studied [3], [6], [8], [12], [15]. Much lessresearch has
beendone for user-level checkpointing of multithr eadedapplica-
tions. Dieter and Lumpp studied the issuefor LinuxThr eads in
Linux 2.2.However, that solution doesnot work on later versions
of Linux. We presentan updated solution for Linux 2.6, which
uses the more recent NPTL (Native POSIX Thr ead Library).
Unlik e the earlier solution, we do not need to patch glibc.
Additionally , the new implementation can take advantage of
the ELF architecture to eliminate the earlier requirement to
patch the user's main routine. This �lls in the missing link
for full transparency. As one demonstration of the robustness,
we checkpoint the Kaffe Java Virtual Machine including any of
several multithr eadedJava programs running on top of it.

Index Terms— checkpointing, user-level checkpointing, multi-
thr eaded,Linux, NPTL, NAS Parallel Benchmark

I . INTRODUCTION

SMPcomputersarebecomingmoreprevalentthroughcom-
modity dual-core chips, and the roadmapof at least one
prominentvendorcalls for quad-corecommoditychips.This
makesimperative theneedfor checkpointingof multithreaded
programs.Kernel-level checkpointingpackagessuch as [7]
requiremodi�cations to the kernel (or in somecases,kernel
modulesthatmustbeupdatedalongwith new kernelversions).
Application-level checkpointingpackagessuchas [2] require
the enduserto addcodefor checkpointing.

We presenta user-level checkpointingmethodthatprovides
transparentlibrary-basedcheckpointingof multithreadedpro-
cesses.Dieter and Lumpp demonstratedan initial implemen-
tation for LinuxThreadsfor Linux 2.2 [5]. Unfortunately, that
versiondoesnot work beyond theLinux kernel2.2.Theuser-
level checkpointingof multithreadedprogramswepresentruns
with NPTL (Native POSIXThreadLibrary) on Linux 2.6.We
describethe issuesencounteredin this implementation.

The packagecheckpointsuser addressspace (including
libraries,data,stack,heap,etc.),threads,open�le descriptors,
signal state,mutexes, and processenvironment. It doesnot
support checkpointingof sharedmemory, processids, and
sockets, since thoseare relatedto a collection of processes.
As a demonstration,we checkpointand restartan entireJava
Virtual Machineincluding a runningJava program.

a) Portability: This implementationis known to run on
Linux 2.6 systems.We wrap the clone systemcall in order

to maintaina list of threadsin theprocessbeingcheckpointed.
Notethat in Linux, pthread create callsclone . Writing
a wrapperfor clone insteadof pthread create allows us
to capturethelocationof thestack(anargumentof clone),and
thereforewe can specify the location of the stackon restart.
We alsousetheproc �lesystem to retrieve thememorylayout
andopen�le descriptorlist at checkpointtime.

b) Full transparency: Currently we require the user to
link againsta library andaddoneinitialization call. In future
eventhis will not beneeded.It is possibleto addanadditional
sectionto an ELF binary containinga wrapperfor main and
thenmodify the entry point of the binary to refer to that new
code.

c) Layout of paper: SectionII describesthe implemen-
tation. At the time of checkpoint,all memory segments(as
readfrom /proc ) aresaved to disk, alongwith their original
addressin memory.

SectionII-A describesthe checkpointingprocess.The sys-
temcheckpointsa processby �rst, at programstartup,spawn-
ing a checkpointingcontrolthread.This threadwill checkpoint
the programon a user de�ned interval. To checkpoint,this
checkpointingthreadgainscontrolof all otherthreadsby using
signalsand then writes out all state to disk, after which it
resumesthe suspendedthreadsthen hibernatesuntil time for
anothercheckpoint.

SectionII-B describestherestartprocess.Restartis doneby
callinganindependentapplicationmtcp_restart . This �rst
munmaps all of its own memorysegmentsoutsideof program
code.It then rebuilds the original processby �rst remapping
the checkpoint library mtcp.so from the checkpoint �le.
Control is transferredto that routine, which then continues
readingthe checkpoint�le into memoryto restoreremaining
addressesthat were in use at the time the checkpointwas
taken. Finally, all threadsare restarted.

By checkpointingall memory segments (instead of just
read/writesegments),we avoid the dif�culty of the random-
ized addressspacefeatureof Linux 2.6, where it will load
librariesat randomlyselectedaddresseseachtime a particular
programis loaded.Thekerneldevelopersdo this to slow down
the progressof remote,automatedvulnerability attacks.See
SectionIII for detailsof how this is handled.

We demonstratescalability by checkpointingNAS Parallel



Benchmarks,both the C version that usesOpenMPand the
Java versionunderKaffe. This hasthepotentialto checkpoint
all Java programssimply by checkpointingthe Java Virtual
Machine.For detailson this seeSectionIV.

A. RelatedWork

Transparentcheckpointing refers to checkpointing tech-
niques that can be applied directly to application binaries.
This can be a convenience(no sourcecode transformations
needed)or a necessity(vendor-provided software in binary-
only format). There are two forms of such checkpointing:
kernel-level (modi�cations to the kernel or use of kernel
modules);and user-level (no kernel modi�cations). (A third
checkpointingstyle, application-level, requiresend usersto
make possiblynon-trivial modi�cations to the sourcecode.)

User-level checkpointingwasimplementedby Libckpt [12],
followed by variations [3], [6], [8]. Variations have been
introduced for more recent architectures,such as the Intel
IA-64 underLinux [15].

Much less work has beendone on transparent,user-level
checkpointing.Dieter and Lumpp were the �rst to produce
a user-level checkpointingprogram for multi-threadedpro-
cessesin Linux [5]. Unfortunately, that work is basedon
LinuxThreadsand runs only on Linux 2.2, which is now
obsolete.Abdel-Sha� et al. presentuser-level threadmigration
and checkpointingon Windows NT by taking advantageof
the Brazos run-time parallel system[1]. The current work
describesthe issuesfor Linux 2.6, which uses the NPTL
(Native POSIX ThreadLibrary), insteadof LinuxThreads.

Other work on transparentcheckpointingof multithreaded
programs includes the application-level checkpointing of
OpenMP applications[2], and a kernel-level checkpointing
packagewith the additionaladvantageof checkpointingmul-
tiple processeson a network [7]. SafetyNet[14] provides a
hardware-assistedsolution for sharedmemory multiproces-
sors. See [11] for a web page listing other checkpointing
packages.Thework of this papergrew out of earlierwork [4]
on single-threadedcheckpointingto ef�ciently supportmaster-
worker parallelism.

I I . IMPLEMENTATION

The acronym MTCP stands for MultiThreaded Check-
Pointing. The checkpointing implementationrelies on two
binaries: mtcp.so and mtcp_restart . The main idea
is that mtcp.so periodically saves the stateof all threads,
memory and list of open �les to a checkpoint �le. The
mtcp_restart utility can reconstructthe processon de-
mand from that checkpoint �le. mtcp.so is the runtime
library addedto theusersapplication.mtcp_restart is the
commandline utility usedto restarta checkpoint.

Currently, to add checkpointingto an existing application,
the userneedsonly to link against our mtcp.so and add a
call to our initializationroutine,mtcp_init , at thebeginning
of their main routine. In the next version (in progress),we
eliminateeven this minor lack of transparency. This is done
by providing a utility to modify the userbinary by addingan

additional ELF section containing our initialization routine.
Thenew sectionis madetheentrypoint. It usesdlopen and
dlsym to load andcall mtcp_init , after which it calls the
original entry function (main ) of the user's binary.

SectionII-A describeshow mtcp.so savesthestateof the
user's programto disk. SectionII-B describeshow the restart
utility, mtcp_restart , reconstructsand restartsthe user's
process.SectionII-D discussesthemoretechnicalissueof how
to make systemcalls during restart,when even libc.so is
not yet resident.

A. Initialization and Checkpointing

The initialization andcheckpointingis summarizedin Fig-
ure 1.

The initial routineregistersa signalhandlerfor somesignal
(con�gurable) that is not usedby the application.A wrapper
function around clone can modify the input and output
of clone , while using dlopen /dlsym to call the actual
clone library code. It then setsup internal data structures
so that these wrapperscan track creation and deletion of
threads.Finally, it spawns a checkpointing control thread,
which arrangesfor periodiccheckpoints.

Periodically, when it is time for a checkpoint,the check-
point control threadsignalsall otherapplicationthreads.The
signalhandlerscausethosetarget threadsto save their integer
registersto their stackthroughsetjmp/longjmp.In additionto
setjmp/longjmp,an assemblyroutinewrites the �oating point
registersto the stack.The target threadsthenwait on a futex
(Linux native conditionvariable).The checkpointthreadthen
writes the stateto disk. The stateconsistsof:

1) the contentsof all memory regions, including stacks,
code,heap,any dynamicallyloadedlibraries(via dlopen,
etc),mmap'edregions,etc.This alsoincludesthe regis-
ter setsfor eachthread,sincethey were saved on their
respective stacks.

2) a list of open�le descriptorsandthepositionwithin the
�le they are pointing to. Only “regular” �les and ttys
aresaved.

3) and per-threadstorageareadescriptorsand per-thread
signalmasks.

The details of saved thread state can be found in sec-
tion II-C.

Whenthecheckpoint�le is written, thethreadsarereleased
from waiting, andthe checkpointthreadsleepsuntil it is time
to write a new checkpoint.

The checkpointcontrol threadexecutesthis loop:

Loop:
Wait for a few seconds
Signal all known threads to suspend

and check for exited threads
Wait for those threads to all suspend

also check for exited threads
If all known threads have exited,

then this thread exits, too
Write the checkpoint file



Fig. 1. Internalsof MTCP (Multi-ThreadedCheckPointing)

Resume the suspended threads

The wait operationconsistsof a simple nanosleep call.
Nanosleep was preferredto sleep becauseit does not
dependon SIGALRM, which maybein useby theapplication.

We loop through our internal list of known threadsand
use the Linux-speci�c systemcall, tkill , to senda user-
con�gurable signal (e.g. SIGUSR1 or other signal not con-
�icting with the programlogic). The Linux-speci�c clone
wrappersetsup a signal handlerfor the threadsthat, when
called,will:

1) save the thread's state(registers,tls parameters);
2) setsa �ag in its statestructureindicating that its state

is saved;
3) wake the checkpointcontrol thread;
4) and thensuspendby waiting on a futex cell.
To prevent troublein caseof a crashduring thewriting of a

checkpoint�le, the checkpointis �rst written to a temporary
�le. Then,whenthe temporary�le is complete,the temporary
�le is renamedto the permanentname, thus replacing the
previous checkpoint only with a complete checkpoint. If
desired,it is easyto extend this schemeto save the last “n”
checkpointsfor addedsafety.

B. Restarting

To restart a process from a checkpoint �le, the
mtcp_restart commandis invoked with the nameof the
checkpoint�le as its argument.The contentsof the address
rangethat was mmap'edfrom mtcp.so at the time of the
checkpoint are written to the beginning of the checkpoint
�le. The mtcp_restart routine directly reads this into
memory at the same addresswhere it was found in the
original application.Thus the mtcp.so portion of memory
is restored.The mtcp_restart routine then calls a restart
routinewithin mtcp.so .

The above assumesthat there is no clash betweenthe
addressesused by mtcp_restart and those used by
mtcp.so . Due to addressspace randomizationin future

versionsof the Linux kernel, this may not always be true. If
therewerea clash,it would be possiblefor mtcp_restart
to be linked at two widely separatedaddresses.Then if a
con�ict occurswith one mtcp_restart imageagainst the
mtcp.so being restored,the alternative mtcp_restart
canbe automaticallyloadedandthe restartcanproceed.

The restartroutine thenperformsthe following steps.

1) Switch to an internal stack area containedwithin the
mtcp.so image's addressrange.

2) Unmap everything in user addressspaceexcept the
restored mtcp.so image. All of mtcp_restart ,
libc.so , etc. are unmapped.Speci�cally, we call
munmapon two addressranges:from address0 to the
beginningof mtcp.so ; andfrom theendof mtcp.so
to the beginning of kernelspace.

3) Readthe rest of the memorycontentsfrom the check-
point �le into exactly the sameaddressesfrom which
they were written. There can be no addressclash,
sincemtcp.so was readinto memoryfrom that same
checkpoint�le.

4) Restore �le descriptorsand the offsets within �les.
Restoresignalhandlers.

5) Create a new thread for each thread that existed at
the time of the checkpointand have eachthreadagain
wait on the original futex. (The thread is created
using the Linux-speci�c clone call, and the orig-
inal stack is passedto clone . The thread calls a
restart_thread routine,which calls longjmpto re-
enterthe original signalhandlerroutineandagain wait
on the original futex.)

6) Resumeall the threads.We call futex oncefor each
threadto unlockthethread.Eachthreadwill thenrestore
its registersand signal masksfrom its own stack and
resumeexecutionwherethe checkpointwas taken.

7) Thecheckpointthreadthensleepsuntil it is time to write
anothercheckpoint.

The restorationof memoryassociatesthe original mapped



�les as much as possible,by saving the state indicated by
the �lesystem information from /proc/self/maps . This
information consistsof the memory addressrange, the ac-
cesspermissionsand a �lename (if any). Thus, subsequent
checkpointswill have this information available. Also, by
using/proc/self/maps to determinethe currentmemory
con�guration, a programis free to mmapand munmapseg-
mentsat will, and the checkpointis able to save an accurate
memoryimage.Finally, by using /proc/self/maps , it is
not necessaryto placewrappersaroundmmapandmunmap.

We found it necessaryto wrap the clone system call
to track the creation of threads(see section II-A). By in-
tercepting the child tidptr parameterand forcing the
CLONECHILD CLEARTID �ag, we areable to detectwhen
a threadhasexited andthuswe know we do not have to signal
it to suspendwhen it is time for a checkpoint.

Thereare somepoints aboutitem 2, above, that are worth
noting. First, by unmappingall other addressesoutside of
mtcp.so , it hasalsounmappedlibc.so . Hence,it cannot
make calls, even systemcalls in libc.so , that are not part
of themtcp.so imageitself. Thesolutionto this is described
in SectionII-D, below.

Second,during the restartprocess,mtcp.so cannotref-
erenceany memory outside the mtcp.so image address
range,such as would be provided by malloc , as it might
interferewith restoringthe restartedprocess'memoryareas.
This implies that somesystemcalls, suchas fopen , cannot
be usedfor restarting,becausethey call malloc .

C. SavedThreadState

We alsosave informationabouteachthreadin memory, so
that it will be checkpointed.This information includes:

1) tid — the thread-id as returned by gettid() . It
is used to determinewhich is the 'current' thread. It
remainsvalid even after the threadhasexited.

2) mtcp state — the statemtcp considersthe thread
to be in. This is an int who's possible values
are RUNDISABLED (running with checkpoint dis-
abled), RUNENABLED(running with checkpoint en-
abled),SIGDISABLED (hasbeensignaledto suspend,
but checkpointsare disabled and so it continues to
run), SIGENABLED (has been signaled to suspend
with checkpointsenabled),SUSPINPROG(suspendin
progress),and SUSPENDED(stateis saved, waiting to
resume).The state may be updatedonly via atomic
updates(in practice,by thethreaditself or by thecheck-
point thread).The Linux futex systemcall is usedby
threadsto wait for a changeof the mtcp state .

3) parent , children , siblings — theselinks are
used to keep track of the thread hierarchy. This is
necessarysothat,uponrestore,thethreadsarere-created
with thesamehierarchy, in casetheapplicationdepends
on that hierarchy.

4) clone_flags , parent_tidptr — theseare the
values the application originally passedto the clone
throughpthread_create . Mtcp detectsthesevalues

via a wrapper around clone. It saves the values in
orderto recreatetheclonewith theoriginal �ags during
restart. See given_tidptr and actual_tidptr
for exceptions.

5) given_tidptr , actual_tidptr — thesearenor-
mally copiesof the child_tidptr parameterpassed
to the wrapperfor clone as its sixth argument.How-
ever, mtcp usesthe child_tidptr functionality of
theclonesystemcall to detectwhena threadhasexited.
The Linux system will clear (zero out) the location
pointed to by child_tidptr when the threadexits
(sinceLinux 2.5.49).Sincethe child_tidptr is an
optionalparameterto the clonecall, if the original call
from usercodedid not call this value,thenthe themtcp
clonewrappermust�ll in this parameterwith a location
of its own beforeinvoking the actualclonesystemcall.

6) Sigblockmask , sigaction , jmpbuf , fs , gs ,
gdtentrytls — these �elds are used to save the
thread's state while it is suspended.They are saved
and restoredjust like any other memory location in
the restoredimage. When a restart is performed,our
restartthread function will load thesevaluesinto
thecorrespondingthread's kernelcontext andthe thread
will resumeprocessingas before. Restartthread
doesits work via thesystemcallsset_thread_area
(for gdtentrytls ), sigaction , sigprocmask
(for sigblockmask ) and an assemblermov instruc-
tion to load the fs and gs registers.Finally, it calls
longjmp on jmpbuf to restorethe stackpointerand
other registers.

D. Making SystemCalls during Restart

We need to have all referencesby the mtcp.so restart
routineresolvedwithin themtcp.so imageitself, since,when
mtcp.so restartis running,it canonly dependon addresses
within its own image mapped.Everything else, including
libc.so , hasbeenunmapped.(SeeSectionII-B.)

Simply performinga staticlink of mtcp.so with libc.a
presentsaproblem.Supposea restartroutinewithin mtcp.so
referencesa systemcall such as read . This leads to the
following problematicscenario.

1) Linking mtcp.so staticallydutifully includesread.o
from libc.a in mtcp.so .

2) Whentheapplication,linked to mtcp.so , is run, how-
ever, the dynamicloaderlinks the restartroutine's read
call to the externallibc.so ratherthanto the internal
copy of read.o .

3) When the restart is attempted,the mtcp.so restart
routine points to the read within the application's
libc.so . But it no longer hasaccessto this dynam-
ically linked read , as it hasn't beenrestoredyet. The
internal, statically linked copy of read , though still
present,is not referenced.

To work aroundthis problem,for eachsystemcall usedby
the restartprogram,we:

1) extract the object �le from libc.a ;



2) disassembleto a source�le; and
3) includethatdisassembledsourceaspartof theassembly

of the restartmodule.
Since all sourcesfor the restartmodule are assembledas

one source�le, as far as the dynamic loader is concerned,
it hasno external symbol referencesas they are all resolved
at assemblytime. Thus the dynamic loaderwill not be able
to redirect any referencesto libc calls, such as read, to the
external libc.so . If the routineswere simply extractedin
objectform from libc.a andlinkedin themtcp.so image,
the dynamic loader would seethe 'external' referencesand
direct them to an external libc.so imageat runtime, thus
breakingthe requirementthat mtcp.so have all references
be internal to itself.

Currently, the system calls that are disassembledand
statically linked into mtcp.so are: close , dup , dup2 ,
getppid , lseek , mmap, mprotect , munmap, open ,
read , andwrite .

The disassemblyis done automatically by a utility we
provide that is invoked by the make�le, so any updatesto
thosesystemservicesin glibc will betakeninto accountby re-
makingthe mtcp.so image.Shoulda future changeto glibc
make this methodunworkable,anotherpossibilitywould beto
link mtcp.so with a static libc.a , then post-processthe
mtcp.so imagewith a utility thatwould resolve the linkages
internally to the mtcp.so image.

In fact, we use “nocancel” versionsof the above system
calls, such as __close_nocancel . This is becausethe
standardversion close refers to the tls (thread local
storage),which hasnot beenrestoredyet. We don't needto
referto threadlocal storage,sincewehavenotyet restoredany
threadsat the time that we make thesesystemcalls. We are
consideringreplacingthecalls to __close_nocancel by a
directsystemcall, for examplesyscall(SYS_close, fd) .
This avoidstheunwantedgluecodein libc.so . This hasthe
furtheradvantageof removing the requirementto disassemble
routinesfrom libc.a .

I I I . ADDRESS SPACE RANDOMIZATION

Addressspacerandomization(since Linux 2.6.9) and the
exec-shieldpatch (commonly usedin someversionsof Red
Hat andFedoraLinux) areadditionsto the Linux kernel that
randomizethe initial locationof thestackandof thebaseload
addressof dynamically loaded libraries such as libc.so .
This is an attemptto thwart attackson a systemby exploiting
bugsin coding,wheretheprogramwill allow erroneousinput
to corrupt the programstack. Such an exploit will causea
returnaddresson the stackto be overwrittenthuscausingthe
program to execute code that will compromisethe system,
allowing unauthorizedaccess.Theseexploits rely on codeand
databeingat known positions.By randomizingthemto some
degree,anattacker will needto try severalpossibilitiesbefore
succeeding,thusdiscouragingor delayingtheattack.See[13]
for further analysis.

By using addressspacerandomization,there will be no
�x ed addressfor the addressof a buffer on the stack(for the

buffer overrun) and no �x ed addressfor the exploit code(in
somedatasegment).This makesthe job of the attacker more
dif�cult. However, it also makes the job of the checkpointer
more dif�cult if the image loaderwill not guaranteeto load
a code or data segment into the requestedmemory address
range.For this reason,we mustquery the kernelvia the proc
�lesystem to determinewhere libraries are actually loaded.
The detailswerediscussedin SectionII-B.

IV. EXPERIMENTAL RESULTS

In our �rst test (Figure 2) we attempted to see how
scaling memory usagewould effect the time to checkpoint
a program.Here we checkpointa single threadedprogram
usinga variableamountof memorysetto randomvalues.The
memory is allocatedin 1 MB chunks using malloc . The
resultsshows that,with our hardware,that time to checkpoint
scaleslinearly with memoryusageat therateof approximately
0.3 secondsper 100 MB of memoryusage.Thereis also an
additionalcostof checkpointingbecausetheoperatingsystem
writes data to disk asynchronously. This leaves two timings
to report (a) interruption in execution of the usersprogram,
(b) time for checkpointdatato asynchronouslyreachdisk. We
approximatelymeasurethis “time to reachdisk”, by timing the
command“sync”.

In our secondtest(Figure3), we attemptto seehow scaling
the numberof threadswould affect the time to checkpoint
a program. Here our test program createsa predetermined
numberof threadsusing pthread_create . This test was
run on a single processormachine,but all threadswait on a
mutex sothat thecheckpointingroutinewill not bestarvedfor
CPU cycles. Thesetestsalso show a linear increasein time
with the numberof threads,but take longer thanexpected.

Theextra time hereis becausewe do not (yet) optimizefor
zero-pages,which arenot mappedto physical memory. When
a pthreadis createdapproximately8 MB of memoryaddresses
are reserved for that thread,but thesepagesare not actually
allocateduntil they are �rst written to. Our currentcodewill
write all 8 MB of addressspaceto disk. So the 100 thread
test, produceda checkpointof approximately800 MB. Not
handling zero-pagesspecially also has the disadvantageof
forcing the physical allocation of all pagesof memory on
restore, thus increasingthe memory usageof the restored
program.Optimizing the handling of zero-pagesis planned
for a future version and will greatly increasethe speedof
checkpointingprogramswith many threads.

To test our checkpointingsolution with a real world ap-
plication we ran NAS Parallel Benchmark(NPB) [10], with
our checkpointingpackage.NPB has beenported to several
different programming languages,we chose the OpenMP
version becauseit provides an example of a multithreaded
process,for us to checkpoint.

As a more robust test, we checkpointedthe entire Java
Virtual Machine(JVM) including the Java programon which
that virtual machine was running. Speci�cally, we check-
pointedtheKaffe implementationof theJVM. Wesuccessfully
checkpointedKaffe running many small Java test programs



Fig. 2. Left: Delay in executionof userprogramto createcheckpointas the sizeof memoryincreases.Right: Time for checkpointdatato asynchronously
reachdisk as the sizeof memoryincreases.

Fig. 3. Left: Delay in executionof usersprogramasnumberof threadsincreases.Right: Time for checkpointdatato asynchronouslyreachdisk asnumber
of threadsincreases.

NAS CLASS Size Checkpoint Restart
W 33x33x33 0.07 s 0.07 s
A 64x64x64 0.19 s 0.17 s
B 102x102x102 0.95 s 0.51 s

Fig. 4. Timings running the benchmarkLU from NPB2.3-omp-C[9] (in C
/ OpenMP, derived from NAS Parallel BenchmarkNPB-2.3-serial)

and the Java port of the classic NAS Parallel Benchmarks
(NPB) [10].

All timings, except for the last two were run on a Mobile
AMD Athlon 64processor3000+with 512MB RAM, running

NAS CLASS Size Checkpoint Restart
W 175 MB 0.7 s 0.6 s
A 632 MB 12.0 s 19.7 s

Fig. 5. Timings runningthe benchmarkMG from NAS Parallel Benchmark
NPB-3.0-JAV (in Java, on top of the Kaffe Java Virtual Machine)

Linux 2.6.12. The last two timings, concerningKaffe and
OpenMP, were run on a Pentium4 2.4 GHz processorwith
1 GB of RAM, runningLinux 2.6.12.

Figure6 demonstratesthat the time for restartinga process
grows linearlywith memoryusageat therateof approximately



Fig. 6. Time to restarta processwith 4 threadsas the size of memory
increases.

25 MB/second.Sincethis is a mobile harddisk (2-1/2” ATA
disk), we assumethat therestartprocessis limited only by the
bandwidthof disk.
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