kptUnixunderPlankS.kBecKingsleyGerryScienceComputerHallAyresennesseeT37996TNuedLiKaiScienceComputeryrsit08544NJdun.e19945,2CS-94-24ScienceComputerennesseeT37996TN’95teri kpt: c t er nix KingsleyGerryduk.e37996TNLiKaieduon.08544NJ199429,Abstract August,executinganfailure.ngminimizimosttoe describkptingtUnixfor1 oltoarehliterature. hile kpt ctotallyalmostesdirectivThis ts.d cteationvork.t cti Consi has totimey e o applicationtherestarttoo s e ysa. i c hec rary esigne use oli c all,ust co rary t.a libckp. mo i erio evto is therestartline ag eroll ac mostthehec will lost,ean more of ysn n- failure-freeuous. 1 , 1 i c hec im-Ithec inwnliterature 89 , NP90 , J 92 , NP94 . i c uses Unix. i c has to an teste no mo i - co for eli c can taine cost ymous fromTPedu pt. cklibin leli c in-thec tro onatin li c - n n irecte hec - large hec e assumptionthis. p t kp i ti hec a n failure.ahec erforming , ac e faults in the program A 81 . toisa n hec ting ecause is transfers ecte le original hec - t a creatingcore to theusingundu p e ecve . hec is n n applicationthethe ehievhec hec sharetingis - will e 4. i c n - n n - n n n Chec with tingli c ure ust from ain to ckpt target les li c trolconhec the forer a rc .ckpthec hec In , li c is ena le main mo to ckpt target otherNomo i e . 2 y once efault,li c teneryta hec other canthe inc e escri allethe in.ckptrc ear le. line c g on o the in.ckptrc hec - If .o , li c hec ect The is efaulton . dir the hec t an foun The t .a ti e n e al hec the eginning hec t, oinli c calls alar n an ta hec h toase hec The of a ti e 600. hec e een escri e literature.i c osegeneral-purphec irecte optimi er turn.hec hec thesincehec can previousfromec ts. c c c i i 89 89 , J 92 protectionpagehar hec hec hec ting.oinincre l on o hec The efault is o . hec all.hec t ry ol onesery e elete hec t cannot e elete hec - , program’s hec thec t ervup ate y e toerer oun hec t necessaryishec t new then iscar les. or ose, purpli c inclu program yckpt utilit coa ofcollectionhec t hec t le. 3 a s n um hec t to . After hec t e , li c calls ckpt coa tocessthem one If hec canngccur. of a alance enehec total is The is 1. i c e talnec hec the e the to - n When.the t ayhan in lerli c to - the e as When .libckpt y irta hec the arepagesinclu e . hec as escri e tial ofxecutione hec t ealternativprogram’s executinghronouslythrea hec t hec NP94 hec the ec hec to is theofapplication. executiontheUnix ork e main-thec ting P 89 , S93 e hec e , li c for hec t cessproThe ork a xe t’s trol.ork on o the in.ckptrc e hec . The is efaulto . hec hec t-oining p NP90 , J 92 , NP94 y-on-copwrite using T C85 , R86 . of ork hanismmecspace Ste92 e hec ngtihec hec ng, ing of ork . hec ar e W el84hec t 90 94 y ucing 4 ec hec compressionofof is hec . hec only wnshoto een with is tion P 94 . hec toinin li c . i ct kp i ti hec throughtinga i canthatforstituteh user- irecte ec theehec hec ting.can e afromec t le are ea an of ea er us to e ec hec - not not hec t.ointi a es inashec , li c to .y calculation.athe the y er again nextthey hec ofey can e hec thisfromy . hec to ofeis e this inet.segmenThe ata hec clean not tois hec ng, tili c pagemonitorsmo i the the Thissignal.nesses cancallsa e page an on systems protect le. theexclusions,hec er. reason, thisli c toprogrammer5 calls.uree clude bytes n n n tellscalli c e se hec ts.oiny user these theforprogram. n a ero, these e se hec tiluninclude s bytes If n is these e hec starting hec t. hwhicnot clean, will cleanecomehec us, calling ye clude bytes athe n can exclusionthethey clean.ecomeinclude bytes n ecause ea can can ecome , yli c thersinge tells calli c theee su se hec us,Thinclude ts. bytes to callse clude bytes callsalthoughto , e bytes to callse clude bytes . y efault, li c inclu all an evnot ha e . User- irecte can incre- hec t les, ust isorye hec se ancauseresults.e hec nghec of ata otherwise ofcan e hec is state n n n e thensmall,ect. hec user tsoinhec hec ts hronousSyncec canexclusionect. c int ere hec - t.oin6 hec y - this li c al hec to e . inti e n erio pass e- hec The is If inti e secon since hec then t,c nt ere . hec Ifa ti e secon an hec has lasttheec hec orymemto as ene hec If the inti e an a ti e al eenwhec hronousasyncec will hec en, ummaximreset.areIf timers a ti e is hec are isa le cation can e hec ts, orymeme nee only to callsc t ere nee not e hec t en .irecte hec erfor-pof ypicaly in intsa oin of hec withprogramirecte hec in ngli c hec ust the atc nt ere le le hec is ecause e If irecte hec willhec will astvhec ting in will e yirthec .tirecte hec ng.c ic p i ti c hec therefore egin cess efore escri the hec ting.oin7 c programercreation, restoration,statean restoration.state1. cessorprohec te ecialspofortionexecution. i c line, etects routine.ry2. evmeansrestorationrea hec t of ofconsistsan ts.segmen3. ataasstatehec t. systemeratingmoster,hec call e , an relynotstate. i c en hec t,oinan hec , eryli c systemtheen hec Allt.e y li c . 4. programthestac ters hec en. In li c use eset p cessorprousing long p ernevinstea t secon return thefromset p hec routine.tingthis hec When ta hec t, oinli c using stateset p recor thes8 en the an ata to is . p i t hec ng using programsli c . long-running an written runtoun can ene hec fault-fortolerance. ngpplication bbreviation anguage unning umtTime talmm:ss ize min atrix cationT C : . inear quation er: . Cellular utomata C C : . w ater delT : . y wC : . instancesapplicationa e icate ar HP6000 is applicationstheare of escri e e escri applications i l i lic i cation.pli615 from is an pro ismatrixoutput le. i i l from high-aroutines DS86 generatesprogramuses U theeto is separateenuations. ll l 2048 cellularofor generations.ll l program Nationalthemo el ase theonmetho HJW93 is onal amo ele hours.six9 l ic i l o net-ymetho Ken79 onrunscommo s.itiee runningees runtoi for atesli c . hec c i i erage hec to nish. c i e theofhec hec hec - hec y-on-cophec hec hec timethe is application.c i i hec t le. hec metrics. ini- mi hec t, hec .tlyhec aisreasona goal NP90 94 . inimi hec as is space Whenmetrics.ec hec completeuser hec to hec apping,-swec cannot hec toin. t graphsthean are wn 2.hec shoul shoul e hec e. wingshoec an hec runs escri e in 2.le10 Chec tinghec with ork hec to is hro-asynchec uces hec ting in This thegraphshec ng using ork . ts ork y-on-write, y-on-cophec ng cases.allting Using ork hec hec toinhec hec ting.oinapplications CN applications’thea mo i e hec theinhec hec tlycanre uce mo i e hec hec in11 S an C hec is n costtheset hec to is . talnChec Increme tinglishe hec - ons 89 , NP90 , J 92 , NP94 thetheue user- irecte hec e the inserte co un co hec exclu thesefromec e escri the application w.A ing the inear of are ea will e will theaten insert ee clude bytes solution a thenc int ere nally include bytes theehec t.oincan in to callse e bytes an c nt ere ena hec t to hec t, hec - hec ting.previoustheecomes ea calculationthese e user toesec the ea heacec hec as setinti e hec te . in user hec ,inglyhec user asus,12 Chec Application to callse e bytes an c t ere succee thevinghec hec fails.ngChec Application -only ata. r,epro talnec e clude bytes calls with n e also pro hec con-tse hec The withapplicationar hec ting after ata ecomes rea se hec s.tin t ones, hec taine user samethesi taine hec ting. erw, faults.t k has h hec ngtihas oin te cessors 90 , S92 cessors NP90 , NP94 , transputers S S94 puters P 94 an istri ute systems J 92 , S93 . o Con or S92 an S93 co e ts. hec isesigne hec Con for programmingh13 Chec the ApplicationTre toaccessinfrastructure. ations calling ork . User- irecte hec ng hec ters y hs 90 , an a S S94 t n n theishec placeuseral c nt ere etimsystem run eci e hec usernoin e an unal- the in of tsengaine irecte hec applications.Thec a hec userthehec e hec uil statethe h usingysu . ur h i ers hec not the ata. c i hec , raryli c fault-esitsare. i c ymous toTPedu pt. ckwith tsli c w toeasyhec all applications theofco relin with ingli c . le to is erio the ork an talnec so esire . all to ramati- hec te y li c ’s ork optimi ation. the hec er-v14 hea uce t hec us, Thli c le hec ar hec literature.i c irecte hec hni thenghec ng ase hec - . hec - can hec hec morete few e applications,theyiel of cases.irecte hec t-ointhe placesc t ere use ata ence to callse clude bytes an include bytes The ene y e . y r ea omit.ySecon hec ts.oinhec t,oincorrectness.teehec e y li c shoul e theothhec ofuseas hli c failure.k t Jian forterKai AARPan Division.c A 81 A. ee. n n n tice Hall Inc., o Cli 1981.DS86 Sorensen. computers.57 1986.J 92 N. lno D. W. tconsistenhec In n 47, cto 1992.89 I. el C. . program e re-viaexecution. n n n 1 112 1989.Jan15 R86 R. it geral an R. tmanagemenan t. n n n - 2 147 7, 1986.HJW93 o D. testatermetho NationalTN-388-STR,h, oul 1993.Ken79 co o y - lems Southern etho ,y1979. rsit90 J. K. TCH Compiler-assiste hni hec - In n n n n n n pages,74 1990.S93 J. e A. . iste. foristri ute U-CS- Carnegie , e 1993.NP90 K. J. hec par-forIn n n n n n A, 1990.NP94 K. J. . hec ngtiprograms. n n n n , 5 8 874 1994.S92 . it hec migrationcessoutsi Unix In n n n n n n n n San 1992.P 89 D. A. pro-parallelgrams. of n n n , 24 1 124 1989.P 94 an K. p hec puters. n n 2 1994.Ste92 ens. n n n n n n ison- ing, 1992.S S94 . a, . J. trans-onIn n n n n TN, 1994.T C85 . A. execu-remotethe In n n n n 11, Decem 1985.er16 erformance compression. , 17 8 1984.W 89 T. In n n n n n n n n n 1989.June17 pp i ppli User Incre ork unning CkptCkptum cation irec talTime head Time ize of essec sec head sec Ckpts T no no no . . . . . no esno . . . . . no no es. . . . . no eses. . . . . esno no . . . . . esesno . . . . . esno es. . . . . eseses. . . . . no no no . . . . . no esno . . . . . no no es. . . . . no eses. . . . . esno no . . . . . esesno . . . . . esno es. . . . . eseses. . . . . C no no no . . . . . no esno . . . . . no no es. . . . . no eses. . . . . esno no . . . . . esesno . . . . . esno es. . . . . eseses. . . . . T no no no . . . . . no esno . . . . . no no es. . . . . no eses. . . . . C no no no . . . . . no esno . . . . . no no es. . . . . no eses. . . . . hec tsn18