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Chapter 1

Intr oduction

1.1 LFC

This documentdescribesLFC, a low-level messaginglayer for Myrinet [2]. LFC is intendedto be used
by thedevelopersof runtimesystemsfor parallelprogrammingsystems.It providespacketunicast,packet
broadcast,fetch-and-add,interruptmanagement,anda microsecondtimer.

1.2 LFC structur e

LFC mainly providesa low-level packet interface.We have chosenthis low-level interfacebecauseit can
be implementedefficiently andbecausedifferenthigher-level interfacescanbe layeredon top of it quite
easily. We have deliberatelyexcludedsucha higher-level interface,becauseno suchinterfacesuitsall
users.Our experiencewith variousclient systemsindicatesthatthiswasa goodchoice.

Foragenerichigherlevel interface,wesuggestlookingatPanda,aportablecommunication/multithreading
layerwhichhasbeenportedto LFC.Ontopof Pandaweimplementedseveralcommunicationlayers(MPI,
PVM, CRL) andlanguages(Orcaandanefficientparallelversionof JavacalledManta).Thedisadvantage
of layeringsoftwareis usuallysomelossof performance,but whendonecarefullytheresultingsystemcan
still bequiteefficient. In ourexperiencetheadvantagesin softwarereusecanoftenoutweightheslight loss
in performance.

1.3 Limitations

Thefollowing subsectionsdescribethelimitationsof LFC.

1.3.1 Runtime envir onmentand portability

LFC wasdesignedspecificallyfor Myrinet. Our implementationthereforeonly runson Myrinet. In addi-
tion, this implementationmakesanumberof assumptionsthataresatisfiedonourDAS clustersystem,but
thatwill needextraeffort on othersystems.

� Theimplementationassumesthatvirtual memorypagescanbelockedin memory. Several,but not
all, operatingsystemsallow user-level processesto achievethisusingthemlock systemcall.

� The implementationassumesthat it canobtainthe physicaladdressesof lockedpages.To achieve
this, it is usuallynecessaryto adda small driver to the operatingsystem.We have written sucha
pseudodevicedriver (asmap) for Linux andBSD/OS.

� The implementationassumesthatall hostprocessorsusethesamebyteorder. The implementation
doesnot assumethathostprocessorsusethesamebyteorderastheLANai.
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6 CHAPTER1. INTRODUCTION

� Theimplementationassumesthatthenetwork hardwareneitherdropsnorcorruptspackets.LFC can
beconfiguredto testfor CRCerrors,but it doesnot recover from sucherrors.

� Theimplementationassumesa Myrinet device driver that transformsall interruptsgeneratedby the
network interfaceinto auser-level SIGIOsignal.

� Theimplementationassumesthepresenceof a startupdaemon.This daemonis usedto synchronize
all participatingprocessesbeforethey sendany messagesover theMyrinet network. Withoutsucha
deamon,initialization messagescouldblock thenetwork for a sufficiently long time to causeprob-
lemsfor otherjobsrunningonthecluster. (Currentlytheuseof thestartupdeamonis aconfiguration
option).

1.3.2 Devicesharing

LFC is not capableto servicemorethanoneuserprocessperhost,mainly becauseLFC’s LANai control
programdoesnotseparatethepacketsfrom differentusers.WehavemodifiedtheMyrinet devicedriver to
returnanerrorif asecondusertriesto obtainaccessto theMyrinet device.

1.3.3 Protection

LFC doesnot implementany form of protection. Specifically, usersandadministratorsshouldbe aware
that:

� Userscanfreely modify theLANai controlprogramthatrunson thenetwork interface.Oncemodi-
fied, thecontrolprogramcanbothreadandwrite all hostmemorylocations.

� LFC’sLANai controlprogramdoesnotmakeaseriousattemptto rejectnetwork packetsthatdonot
originatefrom thecurrentuser.

1.3.4 Multithr eading

LFC is not multithread-safe.LFC’s initial clients were all single-threadedandwe have beenreluctant
to make LFC dependenton specificthreadpackages.We do have a port of the (multithreaded)Panda
communicationsystem[1, 9] to LFC. With somecarefullocking, Pandaavoidsconcurrentinvocationsof
LFC primitives.

1.4 Statusand futur e work

UsingLFC, wehavedevelopedthefollowing client systems:

� CRL [5]. CRL is a distributedsharedmemorysystem.TheCRL implementationonly usesLFC’s
core.

� MPI [4]. MPI is a standardmessagepassinginterface.Our port usedto bebasedon theFM-2 port
of MPICH by Mario Lauria[7]. (MPICH is apublicly availableMPI implementation.)Wenow have
animplementationthatusesPandaasits intermediatelayer(seebelow).

� TreadMarks[6]. TreadMarksis page-baseddistributedsharedmemorysystems.TheLFC port uses
two extramodules:onededicatedto upcallhandlingandoneimplementingstreamsefficiently.

� Panda[1, 9]. Pandais amultithreadedcommunicationlibrary thatprovidesreliablemessagepassing,
remoteprocedurecall, andtotally orderedgroupcommunication.ThePandaport only usesLFC’s
core.With Pandaasintermediatelayerwehaveimplementedvariousothersystems,e.g.,MPI, PVM
andOrca.

OtherLFC relatedtopicswe areworkingon include:
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� A zero-copying interface. CurrentlyLFC usesProgrammedI/O on the sendsideanda restricted
form of DMA at the receiving side. It would be interestingto seeto what extent a zero-copying
interfacewouldgain(especiallyat theapplicationlevel).

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

� Alternativesfor thecreditbased“careful” implementationof LFC. We arecurrentlyexperimenting
with variousotherimplementations,includingaslidingwindow protocolthatis ableto recoverfrom
packetcorruptionandmessageloss.



8 CHAPTER1. INTRODUCTION



Chapter 2

LFC core

2.1 Initialization and cleanup

lfc init

typedef enum
�
LFC NO INTR, LFC INTR � lfc intr t;

void lfc init(int *argc, char **argv);

int lfc group create(unsigned *members, unsigned nr members);

void lfc start(void);

void lfc exit(void);

Thecall tolfc init shouldprecedeall othercallsto LFC functions.Argumentvectorargv is a list
of stringarguments,usuallytheonepassedasargumentto main. Functionlfc init parsesargv and
removesall argumentsthat it recognizes.*argc containsthe initial argumentcountandis decreasedby
lfc init eachtime thatit removessomeargument.As usual,argv[0] containstheapplicationname.

Functionlfc init is ableto derive the informationaboutthe participatingnodesbasedon an en-
vironmentvariableHOSTS or by meansof the parameter-lfc-hosts=<hostlist> suppliedto the
application.

If thespace(or comma)separatedhostlist is specifiedby meansof theenvironmentvariableHOSTS
(seeSection4.2),lfc init expectsthat:

� argv[1] containsthe rank of the invoking process;this is the numberthat will be returnedby
lfc my proc. Eachapplicationprocessshouldbegivenauniquerankin therange0 ����� lfc nr procs()-1.

� argv[2] containsthenumberof participatingprocesses;this is thenumberthatwill bereturnedby
lfc nr procs.

In this caselfc init removesbothargv[1] andargv[2] from theargumentlist.
Alternatively, the participatingnodescanbe specifiedby the-lfc-hosts=<hostlist> option.

Here,<hostlist> is a comma(or space)separatedlist of nodenames.Therankof a processis deter-
minedby theindex of its hostin thehostlist.

In addition,lfc init recognizesthefollowing arguments:

9



10 CHAPTER2. LFC CORE

-lfc-use-hosts In caseenvironmentvariableHOSTS is used,derive rank infor-
mation from that alone. The rank andnumberof nodesargu-
mentsarenot bepassedseparatelyin thiscase.

-lfc-verbose Show LFC configurationinformationduringinitialization.
-lfc-ring-frames=<size> Changethe size of the host-residentreceive queue. LFC in-

creasesthesizeon demand,sothis normallyshouldnot benec-
essary

-lfc-no-intr Disableall receiveinterrupts.Thiscanbeslightly moreefficient
thanthedefault behaviour, wherethe LCP polls the hostto see
if interruptsshouldbegenerated.

-lfc-interval=<usec> Initial andsubsequentinterruptdelayin microseconds;seeSec-
tion 2.4.

-lfc-intr-first=<usec> Initialial interruptdelayin microseconds,seeSection2.4
-lfc-intr-first=<usec> Subsequentinterruptdelayin microseconds,seeSection2.4
-lfc-stats Collect andprint statistics,both on the hostand the LCP; see

Section2.9.Thisoptionforcestheuseof speciallyinstrumented
versionof theLCP, with aslight lossin performance.

-lfc-lcp=<LCPfile> UsetheLFC LCP file insteadof thedefault oneconfigureddur-
ing thecompilationof theLFC library. Notethatboththelibrary
andtheLCP containa versionstringthatLFC checksto ensure
compatibility.

-lfc-tree=<tree> Specifyan explicit multicasttreetopology. The allowed types
arebinary, bst (binomialspanningtree),andchain (linear
forwardingchain). The default multicasttopology is binary
whichoffersagoodcompromisein latency andthroughput(due
to theconstantfan-outof two).

-lfc-routes=<file> Use a different routing file than the default (usually
/usr/local/package/lfc/etc/routes.lfc.

lfc group create

Processescancreatestaticmulticastgroupsbycallinglfc group create. For eachgroupto becreated,
all participatingprocessesmustinvokelfc group create. Lfc group create mustalsobecalled
by processesthatarenotamemberof thegroupto becreated.Lfc group create shouldbeconsidered
acollectiveoperation,althoughthecurrentimplementationdoesnotsynchronizethecallingprocesses.All
groupsmustbecreatedbeforeinvokinglfc start.

All callersmustspecifythesamelist (members) of groupmembers.This list containsnr members
processranks. The ranksshouldbe uniqueandall calling processesmustspecifythe sameranksin the
sameorder.

Lfc group create returnsa globally uniquemulticastgroup identifier which can be passedto
lfc mcast launch.

lfc start

Lfc start synchronizesall participatingprocesses.No packetswill bedeliveredbeforeall participating
processeshavecalledlfc start. Interruptsarealwaysdisabledwhenlfc start returns.

lfc exit

Lfc exit cleansupLFC. No LFC functionsshouldbeinvokedafterlfc exit.
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2.2 Configuration information

unsigned lfc my proc(void);

unsigned lfc nr procs(void);

unsigned lfc packet size(void);

void lfc print config(void);

lfc my proc

Returnsthe rank of the invoking process.This rank is in the range0 ����� lfc nr procs()-1. The
valuereturnedis a runtimeconstant.

lfc nr procs

Returnsthenumberof participatingprocesses.Thevaluereturnedis a runtimeconstant.

lfc packet size

Returnsthemaximumuserpayloadin bytesof bothsendandreceivepackets.This is a runtimeconstant.

lfc print config

Printsconfigurationinformationonstdout (mainlycompile-timeconfigurationinformation).

2.3 Sending

Thesendinterfaceis describedbelow. To avoid unnecessarycopying,LFC givesusersdirectaccessto send
packetsin network interfacememory.

LFC only preservesFIFOnessbetweenpacketsthat aretransmittedby the samesendprimitive. For
example,FIFOnessis preserved betweenall packetssentby lfc ucast launch, but no guarantees
aregivenwhenonepacket is transmittedusinglfc bcast launch andthe next packet is transmitted
usinglfc ucast launch. Thedestinationof theunicastpacket mayreceive theunicastpacket before
it receivesthebroadcastpacket.

void *lfc send alloc(int upcalls allowed);

void lfc ucast launch(unsigned dest, void *packet,
unsigned size, int upcalls allowed);

void lfc mcast launch(int gid, void *packet,
unsigned size, int upcalls allowed);

void lfc bcast launch(void *packet,
unsigned size, int upcalls allowed);

All calls listed below that take a parameternamedupcalls allowed potentially drain the net-
work while waiting for resources.Upcalls allowed indicateswhetherLFC is allowed to invoke
lfc upcall while drainingthenetwork. A nonzerovaluemeansthatupcallsareallowed; a zerovalue
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meansthatno upcallsshouldbemadewhile this functionexecutes.This featureshouldbeusedwith great
care.In general,allowing upcallsis thesafestway to go,evenif it complicatesyourcode.Youshouldonly
disableupcallswhenyou know thatLFC hasenoughfreepacketsto buffer incomingdata.

lfc send alloc

Lfc send alloc allocatesa sendpacket on thenetwork interfaceandreturnsa pointerto thedatapart
of thepacket. Thesize(in bytes)of this datapart is givenby lfc packet size. Userscancopy their
datainto thedatapartof thepacket.

Warning Sendpacketsareallocatedin a specialvirtual memorysegment.Writesto this segmentarenot
guaranteedto beperformedin programorder. Usersshouldthereforenot readfrom sendpackets.

lfc ucast launch

Lfc ucast launch transmitsthe first size bytes in packet to dest. Size shouldnot exceed
lfc packet size(). Packetmusthavebeenallocatedusinglfc send alloc. Lfc ucast launch
returnsownershipof thepacket to LFC; userscannotusea packetafterit hasbeenlaunched.

lfc mcast launch

Lfc mcast launch multicaststhe first size bytesin packet to all processesin groupgid except
the sender. Size shouldnot exceedlfc packet size(). Packet musthave beenallocatedusing
lfc send alloc. Lfc mcast launch returnsownershipof the packet to LFC; userscannotusea
packetafterit hasbeenlaunched.

lfc bcast launch

Lfc bcast launch broadcaststhe first size bytesin packet to all participatingprocessesexcept
the sender. Size shouldnot exceedlfc packet size(). Packet musthave beenallocatedusing
lfc send alloc. Lfc bcast launch returnsownershipof the packet to LFC; userscannotusea
packetafterit hasbeenlaunched.

2.4 Receiving

Packetscanbereceivedin two ways,throughexplicit polling or by meansof a network interruptwhich is
transformedto a signal(SIGIO). In bothcases,LFC passesan incomingpacket to a user-suppliedupcall
functionnamedlfc upcall.

LFC generatesinterruptsaslong astherearepacketsthathave not yet beenpassedto lfc upcall.
Comparedto asuccessfulpoll, aninterruptis very expensive. Therefore,LFC delaysinterruptsfor a short
while, optimisticallyassumingthat theuserwill soonpoll. (This mechanism,proposedin [8], is calleda
polling watchdog.) Userscanoverridethedefault delayby meansof the-lfc-interval option(see
Section2.1).

In somecases,userscannotcompletelyprocessa packet in the context of lfc upcall. To avoid
copying, usersmay hold on to their receive packetsuntil they canprocessthem. In suchcases,it is the
user’s responsibilityto returnthepacket to LFC explicitly, usinglfc packet free.
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typedef enum
�
LFC UPCALL MCAST = 0x1 � lfc upcall flags t;

extern int lfc upcall(unsigned src, void *packet, unsigned size,
lfc upcall flags t flags);

void lfc poll(void);

void lfc packet free(void *packet);

lfc upcall

Lfc upcall shouldbedefinedby theuser. LFC callsthis functionexactlyoncefor eachincomingpacket
andonly (!) in oneof thefollowing cases:

� astheresultof auser’s call to lfc poll (seebelow);

� astheresultof aSIGIO signal,unlessLFC’ssignalhandlerhasbeenreplaced.

In bothcasesLFC disablesnetwork interruptsbeforecallinglfc upcall andre-enablesnetwork inter-
ruptswhenlfc upcall returns.

Theparametersof lfc upcall providethefollowing informationaboutthepacket:

� Src is therankof theprocessthatsentthepacket.

� Packet is a pointerto thedatapartof thepacket. Userscandirectly readdatafrom this datapart.

� Size is the sizeof the valid datapart in bytes. This sizecannotexceedlfc packet size()
bytes.

� Flags is a combinationof the flagsspecifiedin lfc upcall flags t. Theseflagshave the
following meaning:

LFC UPCALL MCAST Thepacket is amulticastpacket.

Thereturnvalueindicateswhethertheuserwantsto keepthepacket. When0 is returned,LFC assumes
the userno longerneedsthe packet andrecyclesit. Otherwise(nonzero),the userremainsthe owner of
the packet. When the userhasfinishedprocessingthe packet, he shouldreturn it to LFC by meansof
lfc packet free.

Warning Receive packetsarea relatively scarceresource,becauseLFC storesthemin pinnedmemory.
Usersshouldthereforereturnreceivepacketsto LFC assoonaspossible.

Warning LFC separatesthedrainingof thenetwork anduserprocessingof network packets[3]. While this
is usuallyconvenientin thatno unexpectedupcallsoccur, it alsoimplies thatLFC will run out of receive
packets if the usercontinuouslyinjectspackets into the network without consumingincoming packets.
Therefore,usersshouldeitherenableinterruptsor poll frequently(unlesstheuserknows thattherecannot
beany pendingpackets).

lfc poll

Userscanexplicitly poll for incomingpackets.Lfc poll will checkif new packetshave arrived. It will
invokelfc upcall oncefor eachnew packet. This invocationrunsin the context of the user’s call to
lfc poll, soblockingin lfc upcall will alsoblock thethread/processthatinvokedlfc poll.

lfc packet fr ee

Thepacket is returnedto LFC. Lfc packet free shouldonly beusedif thelfc upcall thatde-
liveredthepacket returnednonzero.
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2.5 Interrupt management

LFC allowsclientsto receivemessagesin aninterrupt-drivenway, by meansof theUnix SIGIOsignal.By
default,LFC catchesthis signalandprocessesit asfollows.

� If theclient systemrunswith interruptsdisabled,thesignalis ignored.
� Otherwise,the signalhandlerchecksif any new packetshave arrived. For eachpacket, it invokes
lfc upcall.

Clients can disableall network interruptsat startuptime (seelfc start). To disableinterrupts
temporarily, either to achieve atomicity or to avoid being interruptedwhile polling the network, use
lfc intr disable andlfc intr enable (describedbelow).

ClientsthatreplaceLFC’sSIGIOhandlerbyahandlerof theirown,cannolongerrelyonlfc intr disable
andlfc intr enable (seebelow).

void lfc intr disable(void);

void lfc intr enable(void);

lfc intr disable/ lfc intr enable

Lfc intr disable andlfc intr enable shouldalwaysbecalledin pairs,with lfc intr disable
going first. For convenience,suchpairsmay be nestedin time, but only the outermostpair will actually
affect thecurrentinterruptstatus.

An outermostcall to lfc intr disable disablesnetwork interrupts;whenlfc intr disable
hasreturned,LFC will no longerinvokelfc upcall in thecontext of its SIGIO signalhandler. SIGIO
signalsmaystill begenerated,but they will besilently discarded.With interruptsdisabled,lfc upcall
canstill beinvokedastheresultof a usercall to lfc poll.

An outermostcall to lfc intr enable re-enablesnetwork interrupts.After lfc intr enable
hasreturned,lfc upcall canagainbeinvokedin thecontext of LFC’sSIGIOsignalhandler.

Thecostof usinglfc intr disable andlfc intr enable is modest;theseroutinesmerelyset
a globalflag in localmemory.

lfc intr status

Returns0 iff interruptsaredisabledandnonzerootherwise.

2.6 Memory allocation

It is unsafeto call malloc andfamily in thecontext of a signalhandler. Sinceit is sometimesconvenient
to dynamicallyallocatememoryin packethandlers,we havewritten a versionof malloc andfamily that
operateon a small heapthat is not sharedwith the standardC allocationroutines. Theseroutinescan
be usedsafelyin the context of lfc upcall, even if lfc upcall is invokedby LFC’s SIGIO signal
handler.

#include � stddef.h �

void *lfc malloc(size t size);

void *lfc calloc(size t nmemb, size t size);

void *lfc realloc(void *ptr, size t size);

void lfc free(void *ptr);
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Thesefunctionsbehavejust like theirC library counterparts,but operateonanother, independentheap.
(Theseroutinesarecurrentlynot partof LFC’s coredistribution).

2.7 Timer support

LFC providesasingletimerwith microsecondgranularity. In addition,thereis a routineto delayaprocess
for afixedamountof time. We foundthis usefulin theimplementationof severalbenchmarks.

void lfc timer start(void);

void lfc timer stop(void);

double lfc timer elapsed(void);

void lfc timer delta(unsigned microsec);

lfc timer start

Lfc timer start restartsthetimer.

lfc timer stop

Lfc timer stop stopsthetimer.

lfc timer elapsed

Lfc timer elapsed returnshow many microsecondselapsedbetweenthe lastlfc timer start–
lfc timer stop pair.

lfc timer delta

Lfc timer delta spin-loopsuntil microsec microsecondshavepassed.

2.8 Fetch-and-add

Thefetch-and-addfunctionis usefulfor obtainingglobalsequencenumbersefficiently.

unsigned lfc fetch and add(unsigned dest, int upcalls allowed);

lfc fetch and add

Lfc fetch and add performsan atomicfetch-and-addoperationon a per-LANai variable. The vari-
ableis storedin the memoryof the LANai attachedto the processorwith rankdest. All variablesare
initialized to 0 (zero).While waiting for theresult,lfc fetch and add will drainthenetwork. If and
only if upcalls allowed is nonzero,lfc fetch and add will alsomakeupcallswhile drainingthe
network.
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2.9 Statistics

LFC collectstwo typesof statistics: host statisticsand network interfacestatistics. Host statisticsare
alwayscollected,while network interfacestatisticsareonly collectedby aspecialLANai controlprogram.
Thiscontrolprogramcanbeselectedin two ways:

� by settingtheenvironmentvariableLFC STATS;

� by passing-lfc-stats to lfc init.

Notethattheselectionis doneat runtime.It is notnecessaryto recompileor relink to collectstatistics.
Userscancollectthevaluesof theper-processorstatisticsin asinglestatisticsbufferbycallinglfc stats gather.

Thecontentsof thebuffer canbedumpedto a file usinglfc stats dump.

#include � stdio.h �

void lfc stats reset(void);

int lfc stats create(void);

void lfc stats gather(int statbuf);

void lfc stats dump(FILE *fp, int statbuf, char *hdr, char *ftr);

lfc stats reset

Lfc stats reset is a collective operationthatshouldbecalledby all participatingprocesses.It syn-
chronizesall processes(likeabarrier)andresetstheir localhostandnetwork interfacestatistics.

lfc stats create

Lfc stats create createsastatisticsbuffer onprocessor0. It returnsauniqueidentifierfor thebuffer.
This routineshouldbecalledin thesameorderby all participatingprocesses,sothatall processesagreeon
theidentifiersof differentbuffers.This routinedoesnotsynchronizethecallingprocesses.

lfc stats gather

Lfc stats gather is a collective operationthat shouldbe called by all participatingprocesses.It
synchronizesall processes(likeabarrier)andcollectsthecurrentvaluesof all processes’hostandnetwork
interfacestatisticsin the statisticsbuffer identifiedby statbuf. All processesshouldspecifythe same
statbuf.

lfc stats dump

Lfc stats dump printsthecontentsof thestatisticsbuffer identifiedby statbuf to thestreamnamed
fp. Lfc stats dump shouldonlybecalledonprocessor0. Beforeprintingthestatistics,lfc stats dump
printstheheaderstringhdr andthefooterstringftr. A newline is appendedto bothstrings.If hdr is a
null pointer, no headeris printed.If ftr is a null pointer, no footeris printed.



Chapter 3

Compiling LFC programs

Thefollowing explainshow to compileprogramsthatuseLFC. We use$
�
LFC � to referto theroot direc-

tory of theLFC installation.

3.1 Include files

Every programthatusesLFC mustinclude$
�
LFC � /include/lfc.h. Eachmodulesuppliesits own

includefile in $
�
LFC � /include.

3.2 Libraries

Every programthatusesLFC mustbelinkedagainstanLFC library. Librariesarefoundin subdirectories
of $

�
LFC � /lib. By default, two versionsof the LFC library areavailable: optimized anddebug.

Usually, library optimized shouldbeused,sinceit offersthebestperformance.However, if you expect
somethingis wrongwith yourapplication,it maybeusefulto link with thedebug version,sinceprovides
additionalassertionchecksin the LFC library, andgivesmore useful stacktraceswhenexamining the
processstateor corefile with a debugger.

In addition,thefollowing DAS andMyrinet librariesareneeded.Theselibrariesareusedby LFC for
initializing thenetwork interfaceswith LFC’sfirmwareandsettingup theMyrinet routes.

libdas.a
libDpi.a
libLanaiDevice.a
libbfd.a
libiberty.a

3.3 Example Makefile

TheGNU Makefile in Figure3.1canbeusedto compiletheexampleprogramlatency.c.

17
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CONF := optimized # which LFC library version to use

LFC := /usr/local/package/lfc
MYRINET := /usr/local/package/myrinet
DASLIB := $(LFC)/support/das

CC := gcc
CFLAGS := -g -Wall -Wmissing-prototypes -Wstrict-prototypes
CPPFLAGS := -I$(LFC)/include

LD := $(CC)
LDFLAGS := -L$(LFC)/lib/$(CONF) -L$(MYRINET)/lib/intel_linux -L$(DASLIB)/lib
LDLIBS := -llfc -ldas -lDpi -lLanaiDevice -lbfd -liberty

vpath %.a $(LFC)/lib/$(CONF)

latency: latency.o -llfc

.PHONY: clean
clean:

$(RM) latency latency.o

Figure3.1: ExampleMakefile



Chapter 4

Running LFC programs

4.1 Files

LFC usesseveralfilesat runtime.

� The routing file containsall routesbetweenall clusternodes. Userscanforce the library to use
anotherroutingfile by meansof theenvironmentvariableROUTES. Undernormalcircumstances,
you shouldnever (have to) do this. Note that all usersshouldusethe samerouting file to avoid
network deadlocks.

� TheLANai control program or lcp containstheexecutableprogramthatwill berunonthenetwork
interface. This file is usuallynamedlcp.lfc. By default, it residesin the samedirectoryasthe
matchingLFC library. Whenloadingthecontrolprogramontothenetwork interface,theLFC library
will look for thecontrolprogramin this directory. Userscanforcethelibrary to useanothercontrol
programby meansof theenvironmentvariableLFC LCP.

4.2 Envir onmentvariables

All runtime optionsto LFC can also be passedby settingenvironmentvariables(seeSection2.1). In
generalany LFC optionparam which canbe setusingruntimeflag -lfc-param[=value] canalso
besetusingenvironmentvariableLFC PARAM (i.e., in capitals)with thesamevalue.

The only exceptionsto this rule areHOSTS andROUTES, which correspondto -lfc-hosts and
-lfc-routes respectively. (Theonly reasonfor this differenceis thaton oursystemtheseenvironment
variablescanbeusedfor non-LFCprogramsaswell).

4.3 Running with prun

On our own platform, the DistributedASCI Supercomputer(DAS), theeasiestway to run programsthat
useLFC is to startall processesby meansof theprun(1) program.Prunautomaticallyassignsa rank to
eachprocess,selectshosts,andstoresthenamesof theselectedhostsin theHOSTS environmentvariable
(seebelow). Whentheprogramis startedusingprun,theapplication’smain functioncanpassits argument
countandvectordirectly to lfc init.

On platformsthatdon’t have Pruninstalled,it shouldbepossibleto configurethenative clusterman-
agementutilities to supplytherequiredargumentsandenvironmentparametersto theapplication.Thiscan
be doneusingthe-lfc-hosts parameteror HOSTS environmentparametermechanismsdescribedin
Section2.1.

For the simpletestprogramsincludedwith the LFC distribution we includea simpleexampleusing
plainrsh below.
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4.4 Starting programswith rsh

LFC’slatency testprogramcanbestartedonnodesnode0 andnode1 usingthefollowing commands:

$ rsh -n node0 ‘pwd‘/latency -lfc-hosts=node0,node1 -nsend 1000 &
$ rsh -n node1 ‘pwd‘/latency -lfc-hosts=node0,node1 -nsend 1000

The rsh -n option is usedto specify that there is no terminal input (redirectionfrom /dev/null
achievesthe same). The-lfc-hosts option specifiesthe participatingnodesto the LFC library; the
node’s index in de host list determinesits rank. The additionalparameters-nsend 100 are left to be
processedby theapplication.

4.5 Debugging tips

You shouldbeableto useany debuggerto debuga programthatusesLFC.
Oneproblemthat we have encounteredduring debugging(usinggdb(1)) is that it is not possibleto

print an the contentsof datain LANai memorydirectly. With gdb, you cancircumvent this problemby
calling a function in the programbeing debugged. Within the program’s context, it is possibleto read
LANai locations,soyoucanwrite afunctionthatprintswhatyouneedto know (andthenrecompile,rerun,
etc.).



Chapter 5

LFC ExampleApplication

In this sectionwe will discussan exampleapplication:a simplified versionof the standardLFC latency
testprogram(file test/latency/latency simple.c in the sourcedistribution). The application
performsanLFC latency testusingtwo differentwaysto receivemessages:usingpolling andusinginter-
rupts.

#include <stdio.h>
#include <stdlib.h>
#include <lfc.h>

#define UPCALLS_ALLOWED 1

static char *progname;
static unsigned nsend = 10000;
static volatile unsigned nreceived;
static unsigned last_nr_received;
static unsigned pktsize;
static unsigned msgsize = 16;

static void
usage(void)
{

fprintf(stderr, "Usage: %s <options>\n"
"\t[-nsend <nrsends>] number roundtrips\n"
"\t[-size <msgsize>] message size\n", progname);

exit(EXIT_FAILURE);
}

static void
command_line(int argc, char **argv)
{

unsigned i;

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

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

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

} else {
break;

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

}

Figure5.1: Exampleapplication:argumentprocessing

Figure5.1 shows the include files neededby the program(in particularlfc.h), global definitions
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int
lfc_upcall(unsigned src, void *data, unsigned size, lfc_upcall_flags_t flags)
{

nreceived++;
lfc_packet_free(data); /* free packet ourselves */
return 1; /* to indicate that we are freeing it */

}

static inline void
await_messages(unsigned n, int poll)
{

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

}
last_nr_received += n;

}

Figure5.2: Exampleapplication:receiving packets

andfunctionsfor argumentprocessing.Theapplication’sargumentprocessingdoesnot have to dealwith
LFC-specificoptions;theseareall handledandremovedby thecall to lfc init from main (asshown
laterin Figure5.4). Theapplicationhastwo options-nsend and-size thatmaybeusedto changethe
numberof iterationsandmessagesizerespectively.

Figure5.2 shows how receivedpacketsarehandledby the application. As discussedearlier, whena
packet arrives, the LFC layer canperforman upcall to the application’s lfc upcall function in two
ways:

� asa resultof anexplicit call to lfc poll (in theexamplethis happensin await messages);

� from aSIGIOsignalhandlercausedby aninterrupttriggeredby thenetwork interface.

Receiving packetsby meansof asignalhandlercall is significantlymoreexpensivethanusingpolling, but
maybeconvenientfor handlingunexpectedrequestswhile theapplicationis busycomputing,andregular
polling is inconvenient,impossible(e.g.,while in a mathematicallibrary call) or whenregular ineffective
polling calls causeto muchoverhead.For many applicationsa combinationof polling andinterruptsis
ideal.

In the example,lfc upcall just incrementsa global counterwhenreceiving the packet with con-
tentsdata and sizesize. A more real-life applicationwould obviously usethe contentsthe packet
(e.g.,copying it to a destinationdatastructure),possiblyperformupcallsto additionalsoftwarelayersor
sendbacka reply to thesender(thesrc argumentto lfc upcall). Thefinal argumentflags is not
usedin this case;it only needsto be inspectedin applicationsthatusea mixtureof unicastandmulticast
communication.

Functionawait messages simply spinsuntil the requirednumberof packetshave arrived. It has
two modesof operation:if parameterpoll is true,it repeatedlycallslfc poll to explictly readpackets
away;otherwiseit dependsonlfc poll beingcalledby theSIGIOsignalhandler.

Figure5.3 shows how messagesaresentby the application.LFC hasa maximumpacket sizethat is
reportedby lfc packet size. Messageslarger thanshouldbefragmentedinto separatepackets;this
is doneby send large in theexample.Sendinga packet in LFC is doneby thefollowing threesteps:

Allocatea packet: void *pkt = lfc_send_alloc(upcalls_allowed);
Copy thedata: lfc_memcpy(pkt, databuffer, pktsize);
Triggertransmission: lfc_ucast_launch(dest, pkt, pktsize, upcalls_allowed);

Occasionallylfc send alloc andlfc ucast launchmighthaveto wait until enoughresources
areavailable(e.g.,becauseall sendbuffers areoccupied). During this time they will poll for incoming
messages.If at thatpoint the applicationis ableto processthe resultingupcalls,it shouldpass1 asup-
calls allowed parameter;otherwiseupcallswill bedelayeduntil later.
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/* Fragment the message buffer (sendptr) */
static void
send_large(unsigned dest, void *sendptr, unsigned size)
{

void *pkt;

while (size > pktsize) {
pkt = lfc_send_alloc(UPCALLS_ALLOWED);
lfc_memcpy(pkt, sendptr, pktsize);
lfc_ucast_launch(dest, pkt, pktsize, UPCALLS_ALLOWED);
size -= pktsize;
sendptr += pktsize;

}
pkt = lfc_send_alloc(UPCALLS_ALLOWED);
lfc_memcpy(pkt, sendptr, size);
lfc_ucast_launch(dest, pkt, size, UPCALLS_ALLOWED);

}

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

unsigned nr_packets;
double elapsed;
unsigned dest;
unsigned i;
void *pkt;

if (! poll) lfc_intr_enable();

dest = (lfc_my_proc() == 0 && lfc_nr_procs() > 1) ? 1 : 0;
nr_packets = (size + pktsize - 1) / pktsize;
if (nr_packets == 0) nr_packets = 1;

if (lfc_my_proc() == 0) {
/* wait till receiver is ready too: */
if (lfc_nr_procs() > 1) await_messages(1, poll);

lfc_timer_start();
for (i = 0; i < nsend; i++) {

send_large(dest, send_buf, size);
await_messages(nr_packets, poll);

}
lfc_timer_stop();

elapsed = lfc_timer_elapsed();
elapsed /= nsend;
if (lfc_nr_procs() > 1) elapsed /= 2;
printf("Size: %4u, polling: %d, latency: %3.1f microseconds\n",

size, poll, elapsed);
} else if (lfc_my_proc() == 1) {

/* tell sender I’m ready: */
pkt = lfc_send_alloc(1);
lfc_ucast_launch(dest, pkt, 0, UPCALLS_ALLOWED);

for (i = 0; i < nsend; i++) {
await_messages(nr_packets, poll);
send_large(dest, send_buf, size);

}
}

if (! poll) lfc_intr_disable();
}

Figure5.3: Exampleapplication:sendingpackets
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int
main(int argc, char **argv)
{

void *sendbuf;

lfc_init(&argc, argv);
command_line(argc, argv);
lfc_start();

pktsize = lfc_packet_size();
if (msgsize > 0) {

sendbuf = malloc(msgsize);
if (sendbuf == NULL) {

fprintf(stderr, "%s: out of memory\n", progname);
exit(EXIT_FAILURE);

}
} else {

sendbuf = NULL;
}

do_test(sendbuf, msgsize, 1);
do_test(sendbuf, msgsize, 0);

if (sendbuf != NULL) free(sendbuf);

lfc_exit();
return 0;

}

Figure5.4: Exampleapplication:mainroutine

If theexampleapplicationrunson two nodes,it first synchronizestheparticipatingprocesses,andthen
performsa timedroundtriptestfor a givennumberof times. If theapplicationonly runson onenode,it
will sendmessagesto itself without needingprior synchronization.

Note that while messagedelivery using interruptsis used,network interruptsareexplicitly enabled
usinglfc intr enable. By default network interruptsaredisabledin LFC.

Finally, Figure 5.4 shows the properinitialization and terminationof LFC. Functionlfc init is
calledfirst. It takescareof processingany LFC-specificruntimeoptionspassedto the application. The
remainingargumentsareprocessedby the applicationitself in the call to command line. The call to
lfc start really causesLFC to initialize thecommunicationover Myrinet. Whenthefunctionreturns,
all participatingnetwork interfacehaveexchangedsynchronizationmessages,andtheLFC moduleis ready
to beused.

The applicationthenperformsthe two versionsof the latency test(polling andinterrupts)by calling
do test. Finally, theapplicationproperlyterminatestheLFC moduleby callinglfc exit.
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