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Chapter 1

Intr oduction

1.1 LFC

This documentdescribed FC, a low-level messagindayer for Myrinet [2]. LFC is intendedto be used
by the developersof runtimesystemdor parallelprogrammingsystemslt providespacketunicast paclet
broadcastfetch-and-addinterruptmanagemengnda microsecondimer.

1.2 LFC structure

LFC mainly providesa low-level pacletinterface. We have choserthis low-level interfacebecausét can

be implementecefficiently and becausalifferenthigherlevel interfacescanbe layeredon top of it quite

easily We have deliberatelyexcludedsucha higherlevel interface,becauseno suchinterfacesuits all

users.Our experiencewith variousclient systemsndicateshatthis wasa goodchoice.
Foragenerichigherlevelinterface we suggestooking atPandaaportablecommunication/multithreading

layerwhich hasbeenportedto LFC. Ontop of Pandawe implementedereralcommunicatiodayers(MPI,

PVM, CRL) andlanguageg¢Orcaandanefficient parallelversionof Java calledManta). Thedisadwantage

of layeringsoftwareis usuallysomelossof performancebut whendonecarefullythe resultingsystemcan

still bequiteefficient. In our experiencegheadwantagesn softwarereusecanoftenoutweightheslightloss

in performance.

1.3 Limitations

Thefollowing subsectionslescribethe limitationsof LFC.

1.3.1 Runtime ernvironmentand portability

LFC wasdesignedspecificallyfor Myrinet. Ourimplementatiorthereforeonly runson Myrinet. In addi-
tion, thisimplementatiormakesa numberof assumptionshataresatisfiedon our DAS clustersystem put
thatwill needextra effort on othersystems.

e Theimplementatiorassumeshatvirtual memorypagescanbelockedin memory Several, but not
all, operatingsystemsallow userlevel processeto achieve this usingthem ock systencall.

e Theimplementatiorassumeshatit canobtainthe physicaladdressesf locked pages.To achieve
this, it is usuallynecessaryo adda small driver to the operatingsystem. We have written sucha
pseudadevice driver (asmap) for Linux andBSD/OS.

e Theimplementatiorassumeshatall hostprocessorsisethe samebyte order Theimplementation
doesnot assumehathostprocessorsisethe samebyte orderasthe LANai.
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6 CHAPTERI1. INTRODUCTION

e Theimplementatiorassumethatthe network hardwareneitherdropsnor corruptspackets.LFC can
be configuredto testfor CRCerrors,but it doesnotrecover from sucherrors.

e Theimplementatiorassumes Myrinet device driver thattransformsall interruptsgeneratedby the
network interfaceinto auserlevel SIGIO signal.

¢ Theimplementatiorassumeshe presencef a startupdaemon.This daemoris usedto synchronize
all participatingprocessebeforethey sendany messagesverthe Myrinet network. Withoutsucha
deamonjnitialization messagesould block the network for a sufiiciently long time to causeprob-
lemsfor otherjobsrunningonthecluster (Currentlythe useof the startupdeamons aconfiguration
option).

1.3.2 Devicesharing

LFC is not capableto servicemorethanoneuserprocesger host,mainly becausé FC’s LANai control
programdoesnot separatéhe pacletsfrom differentusers.We have modifiedthe Myrinet device driverto
returnanerrorif asecondusertriesto obtainaccesso the Myrinet device.

1.3.3 Protection

LFC doesnot implementary form of protection. Specifically usersandadministratorsshouldbe aware
that:

¢ Userscanfreely modify the LANai controlprogramthatrunson the network interface.Oncemodi-
fied, thecontrolprogramcanbothreadandwrite all hostmemorylocations.

e LFC’'sLANai controlprogramdoesnot make a seriousattemptto rejectnetwork pacletsthatdo not
originatefrom the currentuser

1.3.4 Multithr eading

LFC is not multithread-safe.LFC’s initial clientswere all single-threadedndwe have beenreluctant
to make LFC dependenbn specificthreadpackages.We do have a port of the (multithreaded)Panda
communicatiorsystem[1, 9] to LFC. With somecarefullocking, Pandaavoids concurreninvocationsof
LFC primitives.

1.4 Statusand futur e work
UsingLFC, we have developedthefollowing client systems:

e CRL [5]. CRL is adistributedsharedmemorysystem.The CRL implementatioronly usesLFC'’s
core.

e MPI [4]. MPI is a standardmessag@assingnterface.Our port usedto be basedon the FM-2 port
of MPICH by Mario Lauria[7]. (MPICH is apublicly availableMPI implementation.)Ve now have
animplementatiorthatusesPandaasits intermediatdayer (seebelow).

e TreadMarkd6]. TreadMarkss page-basedistributedsharednemorysystemsThe LFC portuses
two extramodules:onededicatedo upcallhandlingandoneimplementingstreamsefficiently.

¢ Pandg[1, 9]. Pandais amultithreadeccommunicatioribrary thatprovidesreliablemessag@assing,
remoteprocedurecall, andtotally orderedgroupcommunication.The Pandaport only usesLFC’s
core.With Pandaasintermediatdayerwe have implementedrariousothersystemse.g.,MPI, PVM
andOrca.

OtherLFC relatedtopicswe areworking oninclude:
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e A zero-coping interface. Currently LFC usesProgrammed/O on the sendside and a restricted
form of DMA at the receving side. It would be interestingto seeto what extenta zero-copying
interfacewould gain (especiallyat the applicationlevel).

¢ A remoteread/writeinterface. It is fairly simpleto adda remotereadandwrite interfaceto LFC.
We arealreadyexperimentingwith suchan extensionto be usedin a parallelgametree searching
system.

¢ Alternativesfor the creditbased'careful” implementatiorof LFC. We arecurrentlyexperimenting
with variousotherimplementationsincludingasliding window protocolthatis ableto recoverfrom
pacletcorruptionandmessagéoss.
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Chapter 2

LFC core

2.1 Initialization and cleanup

Ifc_init

typedef enum { LFC.NO.INTR, LFCINTR } [fcintr_t;

void Ifcinit(int *argc, char **argv);
int |fc_groupcreate(unsigned *nenbers, unsigned nr_menbers);
void | fcstart(void);

void | fcexit(void);

Thecalltol f c_i ni t shouldprecedeall othercallsto LFC functions.Argumentvectorar gv is alist
of stringargumentsusuallythe onepassedsargumentto mai n. Functionl f c_i ni t parsesar gv and
removesall algumentshatit recognizes* ar gc containstheinitial argumentcountandis decreasethy
| f c_i ni t eachtimethatit remosessomeargument.As usual,ar gv[ 0] containsheapplicationname.

Functionl f c_i ni t is ableto derive the information aboutthe participatingnodesbasedon an en-
vironmentvariableHOSTS or by meansof the parameter | f c- host s=<host | i st > suppliedto the
application.

If the space(or comma)separatedhostlist is specifiedby meansof the ervironmentvariableHOSTS
(seeSection4.2),1 f c_i ni t expectsthat:

e argv[ 1] containsthe rank of the invoking process;this is the numberthat will be returnedby
| f c_ny_pr oc. Eachapplicationprocesshouldbegivenauniquerankintherange0 ... | f c_nr _procs() - 1.

e ar gv[ 2] containghenumberof participatingprocesseshisis thenumberthatwill bereturnedby
| fc_nr _procs.

Inthiscasd f c_i ni t removesbothar gv[ 1] andar gv[ 2] fromtheargumentlist.

Alternatively, the participatingnodescan be specifiedby the - | f c- host s=<host | i st > option.
Here,<host | i st > is acomma(or space)separatedist of nodenames.The rank of a processs deter
minedby theindex of its hostin the hostlist.

In addition,| f c_i ni t recognizeshefollowing aguments:

9



10 CHAPTERZ2. LFC CORE

-1 fc-use-hosts In caseervironmentvariableHOSTS is used,derive rankinfor-
mationfrom that alone. The rank and numberof nodesargu-
mentsarenot be passedeparatelyn this case.

-1 fc-verbose Show LFC configurationinformationduringinitialization.

-1 fc-ring-frames=<si ze> Changethe size of the host-residenteceive queue. LFC in-
creaseshe sizeon demandsothis normally shouldnot be nec-
essary

-l fc-no-intr Disableall receveinterrupts.This canbeslightly moreefficient
thanthe default behaiour, wherethe LCP polls the hostto see
if interruptsshouldbe generated.

-1 fc-interval =<usec> Initial andsubsequerninterruptdelayin microsecondsseeSec-
tion 2.4.

-l fc-intr-first=<usec> Initialial interruptdelayin microsecondsseeSection2.4

-l fc-intr-first=<usec> Subsequennterruptdelayin microsecondsseeSection2.4

-Ifc-stats Collect and print statistics,both on the hostandthe LCP; see
Section2.9. This optionforcestheuseof speciallyinstrumented
versionof the LCP, with aslightlossin performance.

-1 fc-1 cp=<LCPfil e> Usethe LFC LCP file insteadof the default oneconfigureddur-
ing thecompilationof the LFC library. Notethatboththelibrary
andthe LCP containa versionstringthat LFC checksto ensure
compatibility.

-l fc-tree=<tree> Specifyan explicit multicasttreetopology The allowedtypes
arebi nary, bst (binomialspanningree),andchai n (linear
forwardingchain). The default multicasttopologyis bi nary
which offersagoodcompromisen lateng andthroughputdue
to the constanfan-outof two).

-l fc-routes=<fil e> Use a different routing file than the default (usually
/usr/local / package/l fc/etc/routes. | fc.

Ifc_group_create

Processesancreatestaticmulticastgroupsby callingl f c_gr oup_cr eat e. For eachgroupto becreated,
all participatingprocessemustinvokel f c_gr oup_cr eat e. Lf c_gr oup_cr eat e mustalsobecalled
by processethatarenota memberof thegroupto becreatedLf ¢ _gr oup_cr eat e shouldbeconsidered
acollective operationalthoughthe currentimplementatiordoesnot synchronizehe calling processesAll
groupsmustbe createdbeforeinvoking! f c_st art .

All callersmustspecifythe samélist (menber s) of groupmembersThislist containsnr _nenber s
processanks. The ranksshouldbe uniqueandall calling processesnustspecifythe sameranksin the
sameorder

Lf c_gr oup_cr eat e returnsa globally uniqgue multicastgroup identifier which can be passedo
| f c_ntast | aunch.

Ifc_start

Lf c_st art synchronizesll participatingprocesseaNo pacletswill bedeliveredbeforeall participating
processebave called! f c_st ar t . Interruptsarealwaysdisabledwhenl f c st art returns.

Ifc_exit

Lf c_exi t cleansupLFC. No LFC functionsshouldbeinvokedafterl f c_exi t .
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2.2 Configuration information

unsi gned | fc_ny_proc(void);
unsi gned | fc_nr _procs(void);
unsi gned | fc_packet size(void);

void | fc_print _config(void);

Ifc_my_proc

Returnsthe rank of the invoking process.This rankis in therangeO ... | fc_nr procs()-1. The
valuereturneds aruntimeconstant.

Ifc_nr_procs

Returnghe numberof participatingprocessesThevaluereturneds aruntimeconstant.

Ifc_packet_size

Returnghe maximumuserpayloadin bytesof bothsendandreceve paclets. Thisis aruntimeconstant.

Ifc_print _config

Printsconfigurationnformationon st dout (mainly compile-timeconfigurationinformation).

2.3 Sending

Thesendinterfaceis describedelow. To avoid unnecessargopying, LFC givesusersdirectaccesso send
pacletsin network interfacememory

LFC only preseresFIFOnesshetweenpacletsthat are transmittedby the samesendprimitive. For
example, FIFOnessis presered betweenall pacletssentby | f c_ucast | aunch, but no guarantees
aregivenwhenonepacletis transmittedusingl f c_bcast _| aunch andthe next pacletis transmitted
usingl f c_ucast _| aunch. Thedestinationof the unicastpacket may receve the unicastpaclet before
it recevesthebroadcaspaclet.

void *Ifc_sendalloc(int upcalls_allowed);

void | fc_ucast I aunch(unsi gned dest, void *packet,
unsi gned size, int upcalls_allowed);

void | fc_ntast 1 aunch(int gid, void *packet,
unsi gned size, int upcalls_allowed);

void | fc_bcast |Iaunch(void *packet,
unsi gned size, int upcalls_allowed);

All calls listed belon that take a parametemamedupcal | s_al | owed potentially drain the net-
work while waiting for resources. Upcal | s_al | owed indicateswhetherLFC is allowed to invoke
| f c_upcal | while drainingthe network. A nonzerovaluemeanshatupcallsareallowed; a zerovalue
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meanghatno upcallsshouldbe madewhile this functionexecutes This featureshouldbe usedwith great
care.In generalallowing upcallsis thesafestvay to go, evenif it complicates/our code.You shouldonly
disableupcallswhenyou know thatLFC hasenoughfree pacletsto buffer incomingdata.

Ifc_sendalloc

Lf c_send_al | oc allocatesa sendpacket on the network interfaceandreturnsa pointerto the datapart
of the paclet. The size(in bytes)of this datapartis givenby | f c_packet _si ze. Userscancopy their
datainto thedatapartof the paclet.

Warning Sendpacletsareallocatedin a specialvirtual memorysegment. Writesto this segmentarenot
guaranteedo be performedn programorder Usersshouldthereforenotreadfrom sendpaclets.

Ifc _ucastlaunch

Lf c_ucast _| aunch transmitsthe first si ze bytesin packet to dest. Si ze shouldnot exceed
| f c_packet si ze() . Packet musthavebeenallocatedusingl f c_send_al | oc. Lf c_ucast _| aunch
returnsownershipof the packetto LFC; userscannotusea pacletafterit hasbeenlaunched.

Ifc_mcastlaunch

Lf c_ntast _| aunch multicaststhefirst si ze bytesin packet to all processein groupgi d except
the sender Si ze shouldnot exceed! f c_packet _si ze() . Packet musthave beenallocatedusing
| fcsend.al | oc. Lf c_ntast | aunch returnsownershipof the packet to LFC; userscannotusea
paclet afterit hasbeenlaunched.

Ifc_bcastlaunch

Lf c_bcast _| aunch broadcastshefirst si ze bytesin packet to all participatingprocessegxcept
the sender Si ze shouldnot exceed! f c_packet _si ze() . Packet musthave beenallocatedusing
| fcsend.al | oc. Lf c_bcast | aunch returnsownershipof the packet to LFC; userscannotusea
paclet afterit hasbeenlaunched.

2.4 Receving

Packetscanberecevedin two ways,throughexplicit polling or by meansof a network interruptwhich is
transformedo a signal (SIGIO). In both cases|.FC passesanincomingpacket to a usersuppliedupcall
functionnamed f c_upcal I .

LFC generateinterruptsaslong asthereare pacletsthathave not yet beenpassedo | f c_upcal I .
Comparedo asuccessfupoll, aninterruptis very expensve. Therefore L FC delaysinterruptsfor a short
while, optimistically assuminghatthe userwill soonpoll. (This mechanismproposedn [8], is calleda
polling watchdog) Userscanoverridethe default delayby meansof the- | f c- i nt er val option(see
Section2.1).

In somecasesuserscannotcompletelyprocessa paclet in the context of | f c_upcal | . To avoid
copying, usersmay hold on to their receve packetsuntil they canprocesshem. In suchcasesit is the
usersresponsibilityto returnthe pacletto LFC explicitly, usingl f c_packet fr ee.
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t ypedef enum { LFC.UPCALL_MCAST = Ox1 } |fc_upcall flags._t;

extern int |fc.upcall (unsigned src, void *packet, unsigned size,
| fcupcall flagst flags);

void | fc_poll (void);

voi d | fc_packet free(void *packet);

Ifc_upcall

Lf c_upcal | shouldbedefinedby theuser LFC callsthisfunctionexactly oncefor eachincomingpaclet
andonly (") in oneof thefollowing cases:

e astheresultof auserscalltol f c_pol | (seebelow);
¢ astheresultof a SIGIO signal,unlessLFC’s signalhandlerhasbeenreplaced.

In bothcased FC disablesnetwork interruptsbeforecalling | f c_upcal | andre-enablesmetwork inter-
ruptswhenl f c_upcal | returns.
Theparametersf| f c_upcal | provide thefollowing informationaboutthe paclet:

¢ Src istherankof theprocesghatsentthe paclet.

e Packet isapointerto thedatapartof the paclet. Userscandirectly readdatafrom this datapart.

Si ze is the size of the valid datapartin bytes. This size cannotexceedl f c_packet _si ze()
bytes.

Fl ags is a combinationof the flags specifiedin | f c_upcal | [f | ags_t. Theseflags have the
following meaning:

LFC_UPCALL_MCAST Thepacletis amulticastpaclet.

Thereturnvalueindicatesvhethertheuserwantsto keepthe paclet. WhenO is returned LFC assumes
the userno longer needsthe paclet andregyclesit. Otherwise(honzero)the userremainsthe owner of
the paclet. Whenthe userhasfinishedprocessinghe paclet, he shouldreturnit to LFC by meansof
| f c_packet free.

Warning Receve pacletsarea relatively scarceresourcepecause FC storesthemin pinnedmemory
Usersshouldthereforereturnreceve pacletsto LFC assoonaspossible.

Warning LFC separatethedrainingof thenetwork andusermprocessingf network packets[3]. While this
is usuallyconvenientin that no unexpectedupcallsoccur it alsoimpliesthat LFC will run out of receve
pacletsif the usercontinuouslyinjects pacletsinto the network without consumingincoming paclets.
Thereforeusersshouldeitherenableinterruptsor poll frequently(unlessthe userknows thattherecannot
beary pendingpaclets).

Ifc_poll

Userscanexplicitly poll for incomingpaclets.Lf ¢ _pol | will checkif new pacletshave arrived. It will
invoke | f c_upcal | oncefor eachnew paclet. Thisinvocationrunsin the contet of the users call to
| f c_pol I ,soblockingin| f c_upcal | will alsoblockthethread/procesthatinvoked! f c_pol | .

Ifc_packet free

Thepacket isreturnedto LFC. Lf c_packet _f r ee shouldonly be usedif thel f c_upcal | thatde-
liveredthepacket returnednonzero.
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2.5 Interrupt management

LFC allows clientsto receve messagei aninterrupt-drivenway, by meansof the Unix SIGIO signal.By
default, LFC catcheghis signalandprocesseg asfollows.

e If theclientsystenrunswith interruptsdisabledthe signalis ignored.

¢ Otherwise the signalhandlerchecksif any new pacletshave arrived. For eachpaclet, it invokes
[ fc_upcall.

Clients can disableall network interruptsat startuptime (seel f c_st art). To disableinterrupts
temporarily either to achiese atomicity or to avoid being interruptedwhile polling the network, use
| fc_intr_di sabl e andl f c_i nt r _enabl e (describedelow).
Clientsthatreplacd_FC’s SIGIO handleby ahandlerof theirown, cannolongerrelyonl f c_i nt r _di sabl e
andl f c_i ntr _enabl e (seebelow).

void | fc.intr_disabl e(void);

void | fc.intr_enabl e(void);

Ifc_intr _disable/ Ifc_intr _enable

Lf c_i ntr _di sabl eandl f c_i nt r _enabl e shouldalwaysbecalledin pairs,with| f c_i ntr _di sabl e
goingfirst. For corvenience suchpairsmay be nestedn time, but only the outermostpair will actually
affectthe currentinterruptstatus.

An outermostallto | f c_i nt r _di sabl e disablesnetwork interrupts;whenl f c_i ntr _di sabl e
hasreturned LFC will nolongerinvokel f c_upcal | in thecontext of its SIGIO signalhandler SIGIO
signalsmay still be generatedbut they will besilently discarded With interruptsdisabled] f c _.upcal |
canstill beinvokedastheresultof ausercallto! f ¢ _pol | .

An outermostcall to | f c_i nt r _enabl e re-enablesetwork interrupts. After | f c_i nt r _enabl e
hasreturned) f c_upcal | canagainbeinvokedin thecontext of LFC’s SIGIO signalhandler

Thecostof usingl f c_i ntr _di sabl e andl f c_i nt r _enabl e is modesttheseroutinesmerelyset
aglobalflagin localmemory

Ifc_intr _status

Returng0 iff interruptsaredisabledandnonzerootherwise.

2.6 Memory allocation

It is unsafeto call mal | oc andfamily in the contet of a signalhandler Sinceit is sometimegorvenient
to dynamicallyallocatememoryin paclet handlerswe have written a versionof mal | oc andfamily that
operateon a small heapthatis not sharedwith the standardC allocationroutines. Theseroutinescan
be usedsafelyin the context of | f c_upcal | , evenif | f c_upcal | isinvokedby LFC’s SIGIO signal
handler

#i ncl ude <stddef.h>

void *Ifc_mall oc(sizet size);

void *Ifc_calloc(sizet nnenb, sizet size);
void *Ifcrealloc(void *ptr, sizet size);

void | fcfree(void *ptr);
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Thesefunctionsbehaejustliketheir C library counterpartshut operateon anotheyindependenieap.
(Theseroutinesarecurrentlynot partof LFC’s coredistribution).

2.7 Timer support

LFC providesa singletimerwith microsecondjranularity In addition,thereis aroutineto delaya process
for afixedamountof time. We foundthis usefulin theimplementatiorof severalbenchmarks.

void | fc_timer_start(void);
void | fc_timer_stop(void);
doubl e [ fc_tinmer_el apsed(void);

void | fc_timer_delta(unsigned m crosec);

Ifc _timer _start

Lf c_ti mer _st art restartghetimer.

Ifc_timer _stop

Lf c_ti mer _st op stopsthetimer.

Ifc_timer _elapsed

Lf c_ti mer _el apsed returnshow mary microsecondelapsecetweerthelastl fc_ti mer start—
| fc_tinmer_stop pair

Ifc_timer _delta

Lf c_ti nmer _del t a spin-loopsuntil i cr osec microsecondsave passed.

2.8 Fetch-and-add

Thefetch-and-addunctionis usefulfor obtainingglobalsequence@umbersefficiently.

unsi gned | fc_fetch_and_add(unsi gned dest, int upcalls_allowed);

Ifc _fetch_and_add

Lf c_f et ch_and_add performsan atomicfetch-and-addperationon a perLANai variable. The vari-
ableis storedin the memoryof the LANai attachedo the processowith rankdest . All variablesare
initialized to O (zero). While waiting for theresult,| f c_f et ch_and_add will drainthe network. If and
onlyif upcal | s_al | owed isnonzero] f c_f et ch_and_add will alsomake upcallswhile drainingthe
network.
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2.9 Statistics

LFC collectstwo typesof statistics: host statisticsand network interface statistics. Host statisticsare
alwayscollectedwhile network interfacestatisticsareonly collectedby a specialLANai controlprogram.
This controlprogramcanbe selectedn two ways:

e by settingthe ervironmentvariableLFC _STATS;
e bypassing | fc-statstolfc.init.

Notethattheselectionis doneatruntime.lt is not necessaryo recompileor relink to collectstatistics.
Userscancollectthevaluesof theperprocessostatisticsn asinglestatisticshuffer by callingl f c_st at s_gat her .
The contentsof the buffer canbe dumpedto afile usingl f c_st at s_dunp.

#i ncl ude <stdio. h>

void | fc_statsreset(void);

int Ifcstats_create(void);

void | fc_stats_gather(int statbuf);

void | fcstats_dunp(FILE *fp, int statbuf, char *hdr, char *ftr);

Ifc_stats reset

Lf c_st at s_reset is acollective operationthatshouldbe calledby all participatingprocessesilt syn-
chronizesall processeflike abarrier)andresetgheirlocal hostandnetwork interfacestatistics.

Ifc _stats create

Lf c_st at s_cr eat e createsastatisticshuffer on processo®. It returnsauniqueidentifierfor the buffer.
Thisroutineshouldbecalledin thesameorderby all participatingprocessessothatall processeagreeon
theidentifiersof differentbuffers. This routinedoesnot synchronizehe calling processes.

Ifc_stats gather

Lf c_st at s_gat her is a collective operationthat shouldbe called by all participatingprocesses.It

synchronizesill processeflik e abarrier)andcollectsthe currentvaluesof all processedhostandnetwork

interfacestatisticsin the statisticsbuffer identifiedby st at buf . All processeshouldspecifythe same
st at buf .

Ifc_stats.dump

Lf c_st at s_dunp printsthe contentsof the statisticsbuffer identifiedby st at buf to the streamnamed

f p. Lf c_st at s_dunp shouldonly becalledonprocessof. Beforeprintingthestatistics) f c_st at s_dunp
printsthe headeistringhdr andthefooterstringf t r . A newline is appendedo bothstrings.If hdr isa
null pointer, no headeiis printed.If f t r is anull pointer, no footeris printed.



Chapter 3

Compiling LFC programs

Thefollowing explainshaw to compileprogramghatuseLFC. We use${LFC} to referto therootdirec-
tory of the LFC installation.

3.1 Include files

Every programthat usesLFC mustinclude${LFC}/ i ncl ude/ | f c. h. Eachmodulesuppliesits own
includefile in ${LFC}/ i ncl ude.

3.2 Libraries

Every programthatusesLFC mustbelinkedagainsian LFC library. Librariesarefoundin subdirectories
of ${LFC}/ | i b. By default, two versionsof the LFC library areavailable: opt i m zed anddebug.
Usually library opt i mi zed shouldbeused sinceit offersthe bestperformanceHowever, if you expect
somethings wrongwith your application it maybeusefulto link with thedebug version,sinceprovides
additionalassertionchecksin the LFC library, and gives more useful stacktraceswhen examining the
processstateor corefile with adelugger

In addition,the following DAS andMyrinet librariesareneeded.Theselibrariesareusedby LFC for
initializing the network interfaceswith LFC's firmwareandsettingup the Myrinet routes.

li bdas. a

i bDpi.a

| i bLanai Devi ce. a
libbfd. a
libiberty.a

3.3 Example Makefile

The GNU Makefilein Figure3.1 canbeusedto compilethe exampleprograml at ency. c.

17
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CONF = optimzed

LFC = /usr /| ocal / package
MYRI NET = /usr /| ocal / package
DASLI B = $(LFC)/support/das
cC = gcc

CFLAGS =-g -Wall -Whrssing
CPPFLAGS := -1$(LFQ)/include

LD = $(CO

LDFLAGS = -L$(LFC)/1i b/ $( CONF)
LDLI BS = -l1fc -ldas - Dpi

vpath % a $(LFC)/Ii b/ $( CONF)

latency: latency.o -llfc
. PHONY: cl ean
cl ean:
$(RM latency |atency.o

# which LFC library version to use

/1fc
/ myri net

-prototypes -Wstrict-prototypes

-LS(MYRINET)/lib/intel _linux -L$(DASLIB)/lib
-1 Lanai Device -1bfd -liberty

Figure3.1: ExampleMakefile




Chapter 4

Running LFC programs

4.1 Files

LFC usessereralfiles atruntime.

¢ Therouting file containsall routesbetweenall clusternodes. Userscanforce the library to use
anotherroutingfile by meansof the ervironmentvariableROUTES. Undernormalcircumstances,
you shouldnever (have to) do this. Note thatall usersshouldusethe samerouting file to avoid
network deadlocks.

e TheLANai control program or Icp containghe executableprogramthatwill berunonthenetwork
interface. This file is usuallynamed! cp. | f c. By default, it residesin the samedirectoryasthe
matchingLFC library. Whenloadingthecontrolprogramontothenetwork interface theLFC library
will look for the control programin this directory Userscanforcethelibrary to useanothercontrol
programby meansof the ervironmentvariableLFC _LCP.

4.2 Environmentvariables

All runtime optionsto LFC can also be passedby settingernvironmentvariables(seeSection2.1). In
generalany LFC optionpar amwhich canbe setusingruntimeflag - | f ¢c- par an{ =val ue] canalso
be setusingenvironmentvariableLFC_PARAM(i.e., in capitals)with the samevalue.

The only exceptionsto this rule are HOSTS and ROUTES, which correspondo - | f c- host s and
-1 f c- r out es respectiely. (The only reasorfor this differenceis thaton our systemtheseervironment
variablescanbe usedfor non-LFCprogramsaswell).

4.3 Running with prun

On our own platform, the Distributed ASCI SupercomputefDAS), the easiestvay to run programsthat
useLFC is to startall processedy meansof the prun(1) program. Prunautomaticallyassignsa rankto

eachprocessselectshosts,andstoreshe namesf the selectechostsin the HOSTS environmentvariable
(seebelow). Whentheprogramis startedusingprun,theapplicationsmai n functioncanpassts argument
countandvectordirectlytol f c_i ni t .

On platformsthatdon’t have Pruninstalled,it shouldbe possibleto configurethe native clusterman-
agementitilities to supplytherequiredargumentsandenvironmentparameterso theapplication.Thiscan
be doneusingthe- | f c- host s parameteor HOSTS ervironmentparametemechanismslescribedn
Section2.1.

For the simpletestprogramsincludedwith the LFC distribution we include a simple exampleusing
plainr sh below.
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4.4 Starting programswith rsh
LFC’sl at ency testprogramcanbestartedonnodesnode0 andnodel usingthefollowing commands:

$ rsh -n node0 ‘pwd‘ /I atency -Ifc-hosts=node0, nodel -nsend 1000 &
$ rsh -n nodel ‘pwd'/latency -1fc-hosts=node0, nodel -nsend 1000

Thersh -n option is usedto specify that thereis no terminal input (redirectionfrom /dev/null
achievesthe same). The - | f c- host s option specifiesthe participatingnodesto the LFC library; the
nodes index in de hostlist determinedts rank. The additionalparameters nsend 100 areleft to be
processetby theapplication.

4.5 Debuggingtips

You shouldbeableto useary detuggerto delug a programthatuses.FC.

Oneproblemthat we have encounteredluring detugging (using gdb(1)) is thatit is not possibleto
print an the contentsof datain LANai memorydirectly. With gdb, you cancircumventthis problemby
calling a function in the programbeing delugged. Within the programs context, it is possibleto read
LANai locations soyou canwrite afunctionthatprintswhatyou needto know (andthenrecompilererun,
etc.).



Chapter 5

LFC Example Application

In this sectionwe will discussanexampleapplication: a simplified versionof the standard_FC lateny
testprogram(file t est/ | at ency/ | at ency si npl e. c in the sourcedistribution). The application
performsan LFC lateng testusingtwo differentwaysto receive messagesusingpolling andusinginter-
rupts.

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i nclude <l fc.h>

#define UPCALLS_ALLONED 1

static char *prognane;

static unsigned nsend = 10000;
static volatile unsigned nreceived;
static unsigned |ast_nr_received;
static unsigned pktsize;

static unsigned nsgsize = 16;

static void
usage( voi d)

fprintf(stderr, "Usage: % <options>\n"
"\t[-nsend <nrsends>] nunber roundtrips\n"
"\t[-size <nsgsize>] nmessage size\n", prognane);
exi t (EXI T_FAI LURE) ;
}

static void
conmand_| i ne(int argc, char **argv)

unsigned i ;

prognane = argv[0];
for (i = 1; i < argc; i++) {

if (strcnp(argv[i], "-nsend") == 0) {
if (++i >= argc) usage();
nsend = atoi (argv[i]);

} else if (strcnp(argv[i], "-size") == 0) {
if (++i >= argc) usage();
negsi ze = atoi (argv[i]);

} else {
break;

}

if (argc - i !'= 0) usage();

Figure5.1: Exampleapplication:argumentprocessing
Figure 5.1 shaws the include files neededby the program(in particularl f c. h), global definitions
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nt
fc_upcal | (unsigned src, void *data, unsigned size, |fc_upcall_flags_t flags)

_~—~——

nrecei ved++;
| f c_packet _free(data); /* free packet ourselves */
return 1; /* to indicate that we are freeing it */

}

static inline void
awai t _messages(unsigned n, int poll)

while (nreceived - last_nr_received < n) {
if (poll) Ifc_poll();

last_nr_received += n;

Figure5.2: Exampleapplication:receving paclets

andfunctionsfor argumentprocessing.The applications agumentprocessingloesnot have to dealwith
LFC-specificoptions;theseareall handledandremovedby thecallto | f c_i ni t from mai n (asshavn
laterin Figure5.4). The applicationhastwo options- nsend and- si ze thatmaybe usedto changethe
numberof iterationsandmessagsizerespectiely.

Figure 5.2 shavs how receved pacletsare handledby the application. As discussecarlier whena
paclet arrives, the LFC layer can performan upcall to the applications| f c_upcal | functionin two
ways:

e asaresultof anexplicit callto| f c_pol | (in theexamplethis happensn awai t _messages);
¢ from aSIGIO signalhandlercausedy aninterrupttriggeredby the network interface.

Receving pacletsby meansf asignalhandlercall is significantlymoreexpensve thanusingpolling, but
may be corvenientfor handlingunexpectedrequestsvhile the applicationis busy computing,andregular
polling is incorvenient,impossible(e.g.,while in a mathematicalibrary call) or whenregularineffective
polling calls causeto muchoverhead.For mary applicationsa combinationof polling andinterruptsis
ideal.

In theexample,| f c_upcal | justincrementsa global counterwhenreceving the paclet with con-
tentsdat a andsizesi ze. A more real-life applicationwould obviously usethe contentsthe paclet
(e.g.,copying it to a destinationdatastructure)possiblyperformupcallsto additionalsoftwarelayersor
sendbacka reply to the sender(the sr ¢ agumentto | f c_upcal | ). Thefinal agumentf | ags is not
usedin this case;jit only needsto be inspectedn applicationghat usea mixture of unicastand multicast
communication.

Functionawai t _-messages simply spinsuntil the requirednumberof pacletshave arrived. It has
two modesof operation:if parametepol | istrue,it repeatedhcalls| f c_pol | to explictly readpaclets
away; otherwiset depend®n| f c_pol | beingcalledby the SIGIO signalhandler

Figure5.3 shavs how messageare sentby the application. LFC hasa maximumpaclet sizethatis
reportedby | f c_packet _si ze. Messagesargerthanshouldbe fragmentednto separatgaclets;this
is doneby send_| ar ge in theexample.Sendinga pacletin LFC is doneby thefollowing threesteps:

Allocatea paclet: void *pkt = Ifc_send_alloc(upcalls_allowed);
Copy thedata: | fc_nmencpy(pkt, databuffer, pktsize);
Triggertransmission: | fc_ucast | aunch(dest, pkt, pktsize, upcalls_all owed);

Occasionally f c_send_al | oc andl f c_ucast _| aunch mighthavetowait until enoughresources
are available (e.g., becauseall sendbuffers are occupied). During this time they will poll for incoming
messageslf atthatpoint the applicationis ableto processhe resultingupcalls,it shouldpassl asup-
cal | s_al | owed parameterptherwiseupcallswill bedelayeduntil later.
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/* Fragment the nessage buffer (sendptr) */
static void
send_| arge(unsi gned dest, void *sendptr, unsigned size)

voi d *pkt;

while (size > pktsize) {
pkt = Ifc_send_al | oc( UPCALLS ALLOWED);
| fc_mencpy(pkt, sendptr, pktsize);
| fc_ucast _| aunch(dest, pkt, pktsize, UPCALLS ALLOWED);
size -= pktsize;
sendptr += pktsize;

}

pkt = Ifc_send_al |l oc(UPCALLS_ALLOVWED) ;

| fc_mencpy(pkt, sendptr, size);

| fc_ucast _l aunch(dest, pkt, size, UPCALLS_ALLOWED);
}

static void
do_test(void *send_buf, int size, int poll)

{
unsi gned nr_packets;
doubl e el apsed;
unsi gned dest;
unsi gned i ;
voi d *pkt;
if (! poll) Ifc_intr_enable();
dest = (Ifc_ny_proc() == 0 & Ifc_nr_procs() > 1) ? 1 : O;
nr_packets = (size + pktsize - 1) / pktsize;
if (nr_packets == 0) nr_packets = 1;
if (Ifc_nmy_proc() == 0) {
/* wait till receiver is ready too: */
if (Ifc_nr_procs() > 1) await_nessages(1l, poll);
Ifc_timer_start();
for (i =0; i < nsend; i++) {
send_| arge(dest, send_buf, size);
awai t _nmessages(nr_packets, poll);
Ifc_timer_stop();
el apsed = | fc_tiner_el apsed();
el apsed /= nsend;
if (Ifc_nr_procs() > 1) elapsed /= 2;
printf("Size: %u, polling: %, |atency: %8.1f microseconds\n",
size, poll, elapsed);
} elseif (Ifc_ny_proc() == 1) {
/* tell sender I'mready: */
pkt = Ifc_send_alloc(1);
| fc_ucast _| aunch(dest, pkt, 0, UPCALLS_ALLOWED);
for (i = 0; i < nsend; i++) {
awai t _nmessages(nr_packets, poll);
send_l arge(dest, send_buf, size);
}
}
if (! poll) Ifc_intr_disable();
}

Figure5.3: Exampleapplication:sendingpaclets
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int
mei n(int argc, char **argv)

voi d *sendbuf;

Ifc_init(&rgc, argv);
command_| i ne(argc, argv);
Ifc_start();

pktsize = | fc_packet _size();
if (megsize > 0) {
sendbuf = mal | oc(nsgsi ze);
if (sendbuf == NULL) {
fprintf(stderr, "%: out of menory\n", prognane);
exit (EXI T_FAI LURE) ;

} else {
sendbuf = NULL;
}
do_t est (sendbuf, nsgsize, 1);
do_t est (sendbuf, nsgsize, 0);
if (sendbuf != NULL) free(sendbuf);

Ifc_exit();
return O;

Figure5.4: Exampleapplication:mainroutine

If theexampleapplicationrunson two nodesit first synchronizeshe participatingprocessesandthen
performsa timed roundtriptestfor a given numberof times. If the applicationonly runson onenode,it
will sendmessageto itself without needingprior synchronization.

Note that while messagealelivery using interruptsis used,network interruptsare explicitly enabled
usingl f c_i nt r _enabl e. By default network interruptsaredisabledn LFC.

Finally, Figure 5.4 shavs the properinitialization and terminationof LFC. Functionl fc_i ni t is
calledfirst. It takescareof processingary LFC-specificruntime optionspassedo the application. The
remainingargumentsare processedy the applicationitself in the call to command_l i ne. Thecall to
| fc_start reallycaused FC to initialize the communicatiorover Myrinet. Whenthe functionreturns,
all participatingnetwork interfacehave exchangeaynchronizatioomessagesndthe LFC moduleis ready
to beused.

The applicationthen performsthe two versionsof the lateng test(polling andinterrupts)by calling
do_t est . Finally, theapplicationproperlyterminateshe LFC moduleby calling! f c_exi t .
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