
Project 2: Part 2: Basic Filesystem Operations

Due: 11:59PM Tuesday, March 1, 2011

1 Introduction

In this lab, you will embark on the actual file system implementation. In particular, you will start
by getting the following FUSE operations to work:
– CREATE/MKNOD, LOOKUP, and READDIR
Recall that YFS has the following architecture.

We provide you with skeleton code for both the YFS and extent server modules above. The YFS
module implements the core file system logic. This module runs as a single process called yfs client
that supports a mountpoint on the local host. The code skeleton for this module consists of two
pieces:

- The FUSE interface. This code lies in fuse.cc, and serves to translate FUSE operations
from the FUSE kernel modules into YFS client calls. We provide you with much of the code
needed to register with FUSE and receive FUSE operations; you will be mostly responsible
for calling the appropriate methods on the yfs client class and replying back over the FUSE
interface.

- The YFS client. This code lies in yfs client.cc,h. Unlike a traditional network file system
client, the YFS client actually implements the file system logic! For example, when creating a
new file, the yfs client must add directory entries in the directory block itself (In a traditional
network file system, the server performs this task). To fetch and store data blocks that contain
file data or directory entries, yfs client communicates with the extent server. Therefore,
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%./extent_server3772&Next,starttheyfsclientprocessusingthreeparameters:auniquemountpoint,theportnumberfortheextentserver,andtheportnumberfortherunninglockserver,whichisnotusedinthislab.Themountpointmustbeanemptydirectorythatalreadyexists.Tostarttheyfsclientusingmountpoint./myfsandextentserverthatlistensonport3772,typethis:%mkdirmyfs%./yfsclient./myfs37723762&Weprovideyouwiththescriptstart.shtoautomaticallystartextentserverandyfsclientandstop.shtokillpreviouslystartedprocesses.Actually,start.shstartstwoyfsclientswith./yfs1and./yfs2mountpointsrespectively.(Inthislab,youshouldonlybeconcernedwithoneyfsclient.Thenextlabwillusebothyfsclients.)Thus,insteadoftypingincommandsmanuallyasbefore,youcansimplydo:%./start.sh%./test-lab-2.pl./yfs1%./stop.sh2



TheskeletoncodeimplementsonlytheGETATTRandSTATFSoperations,andsothefilesystemyoujustmountedwillnotbeusefulatall.However,onceyoufinishthislab,youshouldbeabletorunthePart2testssuccessfully,whichtestscreatingemptyfiles,lookingupnamesinadirectory,andlistingdirectorycontents.Note:testingthislabonthecommandlineusingcommandsliketouchwillnotworkuntilyouimplementtheSETATTRoperation,whichisnotrequireduntilthenextlab.Fornow,youshoulddoyourtestingviathecreate/open,lookup,andreaddirsystemcallsinalanguagelikePerl,orsimplyusetheprovidedtestscript.3YourJobYourjobistoimplementtheextentserver.Youmuststorethefilesystem’scontentsintheextentserver,sothatinfuturelabsyoucanshareonefilesystemamongmultipleservers.Forourlabs,itisokaytoimplementasimpleextentserverthatstoresdataonlyinmemory;thismeansthatifyourestartit,allthedatapreviouslystoredwillbelost.Tomakeyourlifeeasier,werecommendavoidingtheimplementationofanyextentserver/clientRPCfunctionsthatarenotalreadydefinedforyou.Ifyouchoosenottofollowthisguideline,youwillhavealotofworkforyouinstoreinPart6.YoumustthenimplementtheLOOKUP,CREATE/MKNOD,andREADDIRFUSEoperationsinYFS.Specifically,youmustimplementfuseserverreaddir,fuseserverlookup,andfuseservercreatehelperinfuse.cc.Onsomesystems,FUSEusestheMKNODoperationtocreatefiles,andonothers,itusesCREATE.Thetwointerfaceshaveslightdifferences,butinordertospareyouthedetails,wehavegivenyouwrappersforboththatcallsasinglecommonroutinecalledcreatehelper()whichyoumustimplement.Asbefore,ifyourserverpassesourtesterontheofficialclassprogrammingenvironment,youaredone.Ifyouhavequestionsaboutwhetheryouhavetoimplementspecificpiecesoffilesystemfunctionality,thenyoushouldbeguidedbythetester:ifyoucanpassthetestswithoutimplement-ingsomething,thenyoudonothavetoimplementit.Forexample,youdon’tneedtoimplementtheexclusivecreatesemanticsoftheCREATE/MKNODoperation.Youmaymodifyoraddanyfilesyoulike,otherthanthetesterscript.YoumustusetheRPClibraryyouextendedinPart1.ThePart2testeristhetest-lab-2.plscript.RunitwithyourYFSmountpointastheargument.Here’swhatasuccessfulrunoftest-lab-2.pllookslike:%./start.sh%./test-lab-2.pl./yfs1createfile-yyuvjztagkprvmxjnzrbczmvmfhtyxhwloulhggy-18674-0createfile-hcmaxnljdgbpirprwtuxobeforippbndpjtcxywf-18674-1...Passedalltests!%./stop.shThetestercreateslotsoffileswithnameslikefile-XXX-YYY-Zandchecksthattheyappearin3
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test-lab-2:cannotcreate/tmp/b/file-ddscdywqxzozdoabhztxexkvpaazvtmrmmvcoayp-21501-0:NosuchfileordirectoryThiserrormessagemayappearbecauseyouhavenotyetimplementedtheCREATE/MKNODoperationwithFUSE.4DetailedGuidance-Implementingtheextentserver:Youwillneedtoimplementtheextentserverinextentserver.cc.Therearefouroperations:put(key,value),get(key),getattr(key),andremove(key).TheputandgetRPCsareusedtoupdateandretrieveanextent’scontents.ThegetattrRPCre-trievesanextent’sattributes;thishasalreadybeendoneforyouasasanexample.Theattributeconsistsofthefilesize,lastmodificationtime(mtime),changetime(ctime),andlastaccesstime(atime);thesefieldscanbepopulatedusingtime(NULL)atthetimeofaccessorcreation.Trackingthisdataintheextentservershouldbestraightforwardinthehandlersfortheput(key,value)andget(key)RPCs.Wewillgooverhowtheseneedtobemodifiedinrecitation,butfeelfreetouseGoogletounderstandwhenthesevaluesshouldbemodified.Theatime/mtime/ctimevaluesyousetherewillbetestedforcorrectnessonlyinPart4,butyoushouldtrytoimplementthemproperlynow.-Decidingonthefilesystemrepresentation:YFSshouldnameallfilesanddirectorieswithauniqueidentifier(muchlikethei-nodenumberinanon-diskUNIXfilesystem).Wehavedefinedsuchan64-bitidentifier(calledinum)inyfsclient.h.SinceFUSEaccesseseachfileanddirectoryinthefilesystemusingaunique32-bitidentifier,wesuggestyouusetheleastsignificant32-bitsofinumasthecorrespondingFUSEidentifier.Whencreatinganewfileordirectory,youmustassignauniqueinum.Theeasiestthingtodoistopickanumberatrandom,hopingthatitwillindeedbeunique.(What’sthecollisionprobabilityasthenumberoffilesanddirectoriesgrows?)YFSneedstotellwhetheraparticularinumreferstoafileoradirectory.Todothis,youshouldensurethatany32-bitFUSEidentifier(i.e.thelower32-bitofinum)forafilehasthemostsignificantbitequaltoone;likewise,thatbitforadirectoryshouldbesettozero.Theprovidedmethodyfsclient::isfileassumesthispropertyholdsforinum.Next,youmustchoosetheformatforstoringandretrievingfilesystemmeta-data(i.e.file/directoryattributesanddirectorycontents).Youdonotneedtostoreorretrievefilecontentsinthislabyet.Afileordir’sattributecontainsinformationsuchasthefile’slength,modificationtimes.Adirectory’scontentcontainsalistofnametoinummappings.Thus,resolvingafile’sinuminvolvesaseriesoflookupsstartingfromthefilesystemroot(Therootdirectoryhasawell-knownFUSEidof0x000000001).Notethatyoushouldcreatetherootdirectorymappingwhentheextentserverisinitialized,i.e.createa1−>””4
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-ImplementingaFUSEfilesystem:Fortheselabs,youwillbeinterfacingwithFUSEviaits”lowlevel”API.Wehaveprovidedyouwithlotsofcodeinthemain()methodoffuse.ccthathandlesmuchofthelowlevelnastiness,alongwithskeletoncodefortheoperationsyouwillneedtoimplement.Youcanfinddetailsonwhatthemethodsyouimplementneedtodobygooglingforfuselowlevel.h.StudyourgetattrimplementationtogetasenseofhowafullFUSEoperationhandlerworks,andhowitcommunicatesitsresultsanderrorsbacktoFUSE.EveryFUSEhandlershouldeitherpassitssuccessfulresultusingoneofthefusereply...routines,orelsecallfusereplyerrtoreportanerror.Whereappropriate,wehaveprovidedcommentsinthecodespecifyingwhatfieldsofafusestructureneedtobefilledandhow.SendingbackdirectoryinformationfortheREADDIRoperationisabittricky,sowe’veprovidedyouwithmuchofthenecessarycodeinthedirbufadd,replybuflimited,andfus-eserverreaddirmethods.Allthat’sleftforyoutodoforREADDIRinfuse.ccistogetthedirectorylistingfromyouryfsclient,andaddittothebdatastructureusingdirbufadd.Thoughyouarefreetochooseanyinumberidentifieryoulikefornewlycreatedfiles,FUSEassumesthattheinumberfortherootdirectoryis0x00000001.Thus,you’llneedtoensurethatwhenYFSmounts,itisreadytoexportanemptydirectorystoredunderthatinumber.-Misctips:Thestart.shscriptsredirectstheSTDOUTandSTDERRofthedifferentprocessestodifferentfilesinthecurrentworkingdirectory.Forexample,anyoutputyoumakefromfuse.ccwillbewrittentoyfsclient1.log.Thus,youshouldlookatthesefilesforanydebuginformationyouprintoutinyourcode.IfyouwishtotestyourcodewithonlysomeoftheFUSEhooksimplemented,beadvisedthatFUSEmayimplicitlytrytocallotherhooks.Forexample,FUSEcallsLOOKUPwhenmountingthefilesystem,soyoumaywanttoimplementthatfirst.5HandinPleasesubmityourcode(*not*justthefilesyoumodifiedinthispart,butallthefilesyouneedforpart2towork,includingtheMakefile)to:/afs/andrew/course/15/440-sp11/handin/proj2/your_andrew_id/part2/PleasefollowthesameguidelinesoutlinedinPart1formultiplesubmissions.6C++TutorialsandResources-C++Tutorialhttp://www.cplusplus.com/doc/tutorial/5



-C++Referencehttp://www.cppreference.com/wiki/start6


