EP 0-303 856 Bl Description This |nvent|on generally relates to

i nprovenents in data storage devi CE& %%Bg I nput and out put of infor-
mation to a data processing system Wi particularly, to a dual copy
function In a disk storage device. Each wite to the primary storage
device is Bessglptieptten to a secondary storage device. Tables are enpl oyed
to manage the records to be updated and their | ocations on the physical
medi um A st dhigiventiongenerally slales taimproyamets in dafs sfopaga feyicesfar the ipputand spfgut @i o
i dentifi caF‘Pm&;ﬂ'%?m s&‘l’“h"@t'ﬁ‘t’%%"‘@ﬁ“’&ﬂk “(ﬂ‘d"é'aew fB'F“'?'H@‘d‘&'E goragegieyiene
devi ces® anf®

to(w p it ta; | gﬁt& blgg.are employed
man a ement an um soem-
sexeral Rl F" ggg‘gé @Wﬁtﬁﬁa@%&%‘ﬁ i m@? ey

I N many,new @Iﬁ?&%&%&d “ﬁge aft HEfbSeentt gr&vﬁﬁ&o 4.,rm Gidhs, A evllitiofs braRfButbd briddss US®
of on-I7ney, ﬁmﬁ t&bh .ofa rrc&rauarsfsnﬁrate @rasﬁtaraﬁare
capacity a b i thd dge SPSrcliné Kln*iﬁ rbduiterhdht fdPdtGtagelcapaditlFand in-
devi ces. g@gmm{ygn@ﬁexm{ym eliaglancy, cross-check verr fication
bet ween var | GHS conbepts P Selfbst, irdthufta tér&@-cﬂer%k véHnBatibhSetwéel YarRliSsoliRbd of tlion N
the arts Pardithelikb are Wil knbivi iA telar. Faftc@EHy, With R UMPnEIr cbhhrillixidfyltal GMPRIeF Sybterhy Sdel M5
used for afepappiivaiiond Such dE frodess dOhtet rStpetvivoky cohtroR An Sxaple \6f Such §/syStar g iustratdin
exanpl e of Usurdlenti4,63275% to Hctles, Whititisesd gt of chahhefs.to édntirailly cdmphise’the’ Bvéntis @cdufiing €S,
whi ch usesinaaghabmputdr. Taéiconstarit soniperisonalbwsithe bdditiogabprisasser th aickiytake beer cantroliof the g

i n each coprpesssif the Gther procassadr fails. Tiecpngbiomi vt thissepbroaeh isttiedimadhat the extra propesear sesgior

t 0 qui Rl ytotbagirpronsesingaftenafejiureok ctiticel processesswch 4s atnhicleappdwer plant, ametiyerdag doslt be .
Thig_pr obl evhaogeptable. Ancthes prpragehipreseniedhin UiS. Ratent haT0, 168 to Murnhy et ahmbisk usesa plirelityl s
20 to begpfitrogessers seif ghecks anddgint gnswey chepkiag tora?ﬁu@rﬂrat?asa eas gasyme mrakimgaitily
nucl ear poifiion for anether prgpossor i the P‘QQ‘ of 8 fallere.Jbe Inprarsed roliabjlitvepresapien im thesegysioresde h

i s present @WeMy '$°“t?93 "éﬁ‘ﬁ"&pm th‘é’"PtS‘“RA‘ﬂ'W?'gﬂd ba“ﬂRHI“E‘I?" BRagaingmany data

|tolhgr aLSEK ﬁt'&? w :F checks f;&g callianswer C eckr n "It?o assure
processor T?{é!‘da%a ‘g;’: gﬂfﬂ Bﬁ?% in
hgﬁg?esyﬁs&%qtb &g‘;ﬂg ?éatfoﬁ : r thgp ches

4
devi cod® TEM vt Lok .esenrvg %ax&iénas %B}oﬁéihrny

conpri ses ﬁmm&heé?& DASH. Hhilep rG&ﬁﬁo%Q&siams%eéEﬁﬁH&E&d d HRbdNeS toRfata bR Gbgi
units. ThecdpgHsi tnmrakadrrethksadam uﬁaarﬁrajsﬂtmtf&mawnwn&ﬁ FoweiCEH BEkUM i 84 britioh- de-
vi ces and ﬁlattaesghgmagewmh@eﬁa i SHDASD Wordsten.concerned with the control
that prsvi desn d knbw daki grevassing eysteld \dhleméty donttailcicull 36nRectydltd éaarbfiaQlurdlifySF déngy | N
t he host phankessiecivelytediehens the AGhsnts ofaxiitrgpy firstof thgimdnwiyhahia fydiselagtéuzscoddof the mem-
thi s type af bankoio eswannegwtietsby) If @ fisstrhantbry bank is &rittel? intocting ufifisfiig GircLif Garisfarsitiecgntarts

al ., U S. irageesrbrd ni@orydasktiuerddy preventingaicss dfinformdtian. Améxarhplé 88yuch@aSystem iSihakrated

al . These ip&tSsRetent §,886:182 to Yamaderbal. ways t o enable a host to process in-

f owat i49n e Theprepgntdnventiosmovidan amethod danacagding o fissy andaveacond:data sterage devicedn 4 Jata end
t hemsel vespwmmweemmﬂmeawaﬁem anpitpchad @"Vﬂ'@k@ﬁ inp & set sfpigmgeipetys of
ret ai ni ng &tashed i 4 gache, adpta stnmonHevice go PWY“’BE&GF?- %‘W’Bﬁ‘"ﬂ ﬂi‘)ﬁf
desi gned t Ftﬂt?f“ge“ﬁP 79 89%‘? ?"%[B'Fﬁ'qn '°(?f‘d Eﬁﬁt‘f ‘PH?-S}%’H PB'Hg‘ dexice contryligr cg

known dat PBPHE 'ng'[ tronolsgr%a
Zr E! ;J: g‘tl ]E l”l&n '(ﬁ. 'sa e&éﬂg er.}d§ % de r% t%m n :ant
banks Inyé "ctu. ﬁﬁ ) , ; ,lf ﬁ {ng
uti|ising CF regihdr LEanStats pLa ats%mxfthmtmby
pr events NGy fhe FidEuhd Sdcotd¥a@ SiBRb4 &Oi dé?\ﬁ@ n@es th§|‘é sast§M§ rid Btdca cell number

1T 1T ustrat eghmphsi édpﬁ?&&ﬁhe@mﬁﬁ&oiﬁ@ f&@ac\{%fﬁﬁdi% fﬁJmth ata storbJ € deVicE Sid1!

i nventi on &nmﬁ {boingla piBdetbthindaibit flSl e fﬁsﬁa sﬁra'*‘g@@&t%ds Sidbidngtedtadi €
devi ce i n perisifidally tPiaéHaRSSbbEreSYdWRIGH Kiive & ﬁbeﬁbﬁﬁ&wﬁlﬁﬂlh@ﬂat&fr&&ﬂi wifiohhb/thangéd

attached cioihesétohdiata@Rtpé devics) Yhétetiy tie fifst andbatomiiiataBfdla) 6 devicdofd idtaged tomaintehin e,

a dat a sst Gidengieal ttie vopive ofdatairécolds stored therdldN- Vol at i | e st orage, and a nenory

cont ai ni ng aThedhvehtionralsa yelatdsitaig tats processingy system {pr mahging a firsharellacsecond déta btbregeand
a st at us tdebibecomptisingehos systemconjainingasiuratityofchanmels| acontrafienattachedto atjeant dnaoftheng
means for channelgeed ¢omprising asetof storegerrfatha.each of thestarpge phtivsi hedng aceess to agachehaedatit a
storage devices in- 45 cluding a plurglity of records, a plurality of
tracks, and a device status track having a reconfiguration count, a device
I dentification nunber and controller identification nunber recorded
thereon, the status table in the joint array structure conprising nmeans for
storing the reconfiguration count, the device identification nunber and the
control I er |dent|f|cat|on nunber for each of the data storage devr ces. The

. Y .



EP 0 303 856 Bl storage device controller, a non-volatile storage, and a
menory conprising a joint array stg ure Fﬁw ng a data translation table
and a status table, and a plurali tﬁ'yﬁ gs of data storage devices
attached to the data storage device controller, each of the data storage
devi ces | retdragdidendcezconttollercd nonyrolatile sterage: ajwl,a memery.comipiising agéinttarraycstructuteheving a
devi ce st catadransiatioktablearidagtatus tablocantl a giunality pistingasfidata stosaggdevicopattaghadia the data | on
nunber ancPteregedevirelcentrolie each ofhe datd sforaga devises Inaluding p plprality efdroerds, i elumlity of trapks,

j oi nt ar r zApd adevipestatug tragk havieg areeentigyratieny countyleyiey i ﬂﬂeeﬁmumwa@ctmvw ideRe
reconfifu rta'ﬁtBh nymbatfpcordeth thergen, the joinf arey P"F‘M“ﬁ%ﬂf ?hO Fo! Hb?é’mp'aﬁ'ﬂﬂ “1°ﬁ'§ f%’GHf"ng!‘el er

| dent i fi c%‘?" 1"1"6’? Raride 'I‘f"’ﬁtf?é" coya

s Leggs on H]
g 09 t‘{“{r % waggs sstaé@nfg 12 16 topry ;

the i rst ﬁ §
orage

d ;
L?gg;t Z‘l” mg%w said II biatg iﬁﬁgé lfl‘ﬁ 15 %h vuet:'trg ans

storage 1

b33t aPAcEs Wh d
speci fyi ngg admsas mQﬁLgé&b Ao ot UhE mra@aa%'a hdrdi, perlodlac'?a

checki ng sa| Phud [ thérd is pRovidStEd Wy é d!mﬁqu%ﬁﬁdeﬁlffyiﬁgeﬁe% @ a\bhth %mme&hames&tposaaﬂ
means f9r diplickting thelittétmatith tdnothErGivdRlin. A\printaPy 4ha\é6coRdbry @R btdraye ldBfice R b UsIA 2
storage day infpmeliiey dalltopylevibhrmént. AiaRagemend fad.md @luledb Oyidate BRVecbANdrE fvicatiith
managed t GonlytteTiels that Hawddhargad orf the printtipy @vics) A ntbtHod off enplayinkithe ddte Retadeltevicds o
Thus, t herkeep impgrtantatatistnfarmativy nar-volatilie €on integrity phirpdsed Iy alsceniplopéd]s on a dat a

st or age devi The present inkentign wilpleciesabed Tirtheiuith rafarerice togn erhimdimehidnenauf asovell boan ex-
anot here neapleref thé\prjer arbendyilustrateddretheardempanying deawinge inewhichdevi ce are al so used
t a_i npl enent Figite1 igadlockdasyamshowingmpriorart dafy stnsaga gystesaf USaCdtent 4,207,689,used t o
updat e t he sEgumaigehighiy etvd'eﬂlw@hdmﬂys“mw e lemaets ofltha new dala algeage systemh e
primary devi Elgure Alsgblopkdagim pRstsofte jaint asray stRictiiree devi ces to kee

i mport ant st Hgyies isaflew diagrarpsho %thVﬂ?"a‘!fFF’%ta pierpoe raquesy from {he hogt fodhastorage s

enpl oy &Y. ThE d g‘s@ﬂt |nvent|on WI|| be scrlbed further with reference to

s e

|IIustrat fd'ﬁ‘gh
di agrams i T
t he newd mes SPeatich. sy% ure Is a a rams OWI ng arts

Figureg? vﬁif)mr

of the joint R&&rﬁ&YnoﬁTtJtH&éerﬁgs A%u &Ufe%an%aﬁa?ly& I'-fidufbw fi’.h.@%r &mw&@prfohﬁn JataOW
of a dat a sifddb Agktent. FiURST stowd & rditECPL? Breli IDASH %Qﬁfﬁﬁﬁtloﬁm u.s. Paihd
back; and ﬂoauaﬁsﬁgde&wefa&dmmkfmtrasnnsmmmushes GhdaNereMBrtePles hﬁecﬂ@ Rbman
number st aflheral réspetiivey APeNt, CHLON IECPUTIIQird SUithbdrda-cohnctddas &l péir of B6HErbll UARES212
met hod f orand 2% hweammmmmw and CUIRbvar Sdunterpgrechdéis AR thisasydrd, ORU Citaches ol €d
on them Shainsls 5 an8larndde AU atathes twoi chdnbéls@! 120andiCPUNICAtBCHRS tvotaharinkie 14laridats.

st orage deShamels 1andi2 of GPHd kenpinateid iCUTports scand birwhilé hannet3and 4 of CRUSI tdrmihate IngUi on
when a powiporteeanddrChetriekt of GPU U itdrmainatest in GV | pdntee with chapeet 2 oF PUNI attaching CU lltabport
vari f y4a hax Lastiy chapnel ot CPYHN driveariortd of Gl wdth ghannel 2 pf GPUAH drivink eeft H of QUL CU | and
control | er@V Wpitagh ﬂﬂ@eﬁtﬁi’tf@m@ma@w and 39,pnera demand{repronse interfase P'F'Prgc'fmow

to the dr mwgemmmﬁmﬁw’mﬁw% tlier 27 incluggstag lipes 6§ apd datadipjand

typical p Wmﬁaa'tdégét'wag?ﬂﬂeﬁg%?ﬂdw data/ouRaftie 6%and 6B pqupl ilERASD
shar ed DA ratlon accordl n Patent 207 %33 ass qgned to
the as |gne ‘p@ rmation

desi gnat ec?" one ano Wl crt%sa t ew ?sagaﬂ'lah n et)\fu‘ﬁ:
ar e Su'tati?’ s aabi W i g gt
ereinaft

regardwcg nlsct%ﬁ our ¢ nne S $ "E

channel s, 9, &hfyi’e &&Déslséd dithé? tHiriigh Bﬁsd mtr&tam bﬁsééonﬁaﬂr ﬂsGDAﬁ&HG&llaﬁml
and 2 of @Pudés akiBdrioR gl 35 BnddelqlendeQoAtiollét 47 Bsliphhg diViies §3 SverdpathsSsimiteniy DASDO
PU | LT e e
CU | port c sétiden e DASP bontioliefs 2Z8id 20) theté fe fusitipds@l dyhaniid pathing RRinbry26). Thigmekagyt | v,
channebs 1 cortaifsithé rheplof kbtworictBpoidgy dndthemboekidry contekt Infophtibingtilised bpthe CBPblinimahaging

dri vi ng pahetcofhection Gitwbdn.CPO td demioek. KMbindri 25 bdniptites d@air afeandand adcbss negniordsAFRAM)
cont r ol | e48 aRi45auhigh & be vammanly denessed by eltbey Ghidigough the apraapeate atkactmantlogic. &Y | eand
dat a | i nesaccegdfer reagingvritingor bpsiatingcpurpGigs RAM 48 amgiX¥§hreugh attashrhent logid 39, path 64 6Y Iit ag
| ines 65 and data/in and data/ out Ilneg 57 and 59. Likew se, tag |ines 67
and data/in and data/out paths 61 and 63 couple CU Il to DASD controller
29. 45 The demand/response type Interface is one in which the tag out
identifies and validates the information on the data |ine out and
vis-a-vis. In this regard, each CPU control unit/device operates
asynchronousl y W|th respect to one anot her |n V\:hl ch d| rectlonal control is

o - o r



the cbnnection between CPU's to devices. Menory 25' conprises a pair of
random access nenories (RAM 43 and 45 which can be conmonly accessed by

ei ther CU through the appropriate ERP383@RB1 | ogic. CU | can access for
reading, witing or updating purposes RAM 43 and 45 through attachnent

| ogi ¢ 39, qaatémnohly atidss the RAM's otsPatfachifiant I85i64Bdnd path 65. Theropelafiors coresmed With d8AM S
over att acdessingtof deyigescs534nvolsinglthp dispatdbing andpesitiqning af dlestre-mechanical slerdents suth @scthe
cessi ng of hedidiskzgn ass8mblyenadiredt agpessistorage deyizesthé is gpgulatdd ke comovandsgndparameters

el ect r o- messhidromadhel cortfobynis throughthedttachmentiagiciandispaubinedcontrofiercAnauaninle,of the hast GRUL:
access &t 0 QQ@WWPGWJ@@M isc compatiblegrawthcaystem which upes)eithan Mutlipledfirtuak e nt

fromthe WWMW %W%Mﬂ%‘ﬁ?“%gﬁ%‘%‘"ﬁ@ﬁ@éhﬁ@%@#mw er.
An  éxanpl demontils thaflow w 5’"‘ mﬂ'"s“?’?@ Q"BW’S'WG’"[?PE!%'QE gpvironment whislyis:$yg0 | s
a conpat i HPY3TRE e ible P W?ﬁ%ﬁ%‘ V;ppbligation, 3090 Processor

St or age/ e A =? - er 5 Rairs

”I;(

|g a 29is
é _ f’g;r om
e B3 70

::
oper at i'hg T ;,'f"
mai n -n“--i"; 1‘1 JES mscn

Corrpatlbl% u ) ... Jf 8 ‘;.'. Z' Drovides
publ i cat | Geguntligte mgﬁaé%m i ﬁJahngis&' isa@f aiors
Pl anni ng. Farg rﬁtoorﬂai

| BM 3880 rmﬂﬁleaa&di@hsammbé ifown hlidrest Wiver? ngo@ﬂ%m mﬁstn aohs
speed cachyashed tola/988GStsHgdIPecttr Eﬁ%ﬁﬁlﬁfoﬂr]unﬁé"@lxlé& acfiid). Wrick dbtsléd Uabdptioh of 20€
path for ithéiemessstemispaoRinda IBMipuBititios; 38sd n_a%mw UsePs Gulde, GAZB-16BY 3880

nodel 23 confdudbidrstinditise salgetfiiivehtidf, itwill bb Fédegatityltd disaiiss Sdine of thd\detaliSdt thobridr A€IBASD
Cont r ol20 Msystbm ggbrdhien. Vhaii the thos CPU maydirbs Qfddmation) ilyequeste i Byjabuesiing azpéaiifolohahasl] ces
0-3ar e t hentkiidrlaBBIBARD actuatoh Therchatinel @emizer & iaxmxbyterexidenimah aunsbecithel cantrelier ina foenb| y
(HDA) t hatbithemtiedinmatnuniber and the DASRIadlietor umbeeis & foarbit hwadrsimabnumbéraior exatnple 3fthel 5

wi t hi n a Jwstiseat adwahytehexadeciral atidred8 81011 ind starijenut/cuitnytopemtion Vs therTastuater enecatt Wo

| ndependertachediip pentrplier enet attached to chdnnél pre weuld prepimafor IQ-ank send the host EPY a readyt signghwn
addr es# V\/rﬁi'!PFl thednapeingdown andbaekinthe same, theeriginal transagtion hgadelrcamhsmsd fadetapninedhe o g
3880 st or Rt bagkialhe hopt Any Rost prpararm accessing thePASDcoyid sepd e headsr depgtingd above tauniger
detail ed dé‘?ﬁf'f‘? ?Pﬁ?PEﬂ“‘aﬁ‘ﬁ fo acqeRs- 3380 DASD 1 5 fog%l n I BM ubl |ycat i on, 3380

iag is shown.
Peser! P“%P g:i;
-ar t DAS 2(5’:;'; ;:ihtg

: te
equests E {he 'é§§s m[ or
The chann .
four bit h,gp?tg &rnt Iﬁhﬁso ggmatg t %bgﬁc}lt’duat or%Fnea er |sm|5 féﬁat?eaa

hexadegg mal ﬁ-lmﬁ farray $dfuctBné 800 i$ IlseEI h)ecom% thecHabt tE DAY intaMb @ ah@ ifipibRient iy
addr ess  014lidi cbgy, HighSbaRibility fnttidris Othb ddf cof\FBRcBEN providéd enhdnced dai BvaRabiliiPdng Felidbiliey

at -t achedyhfaintaming (W idefticaltdpies alidhab.Rallel @ dGplsX DA bn menyamy gepara®l BASD liits, | / O
and send trérexdnis, thophindry b6t shiragé @hVIos 70 &HD theSietunBary Bta SHbragY dagicelTBMMhedush dORC K
i s the sarmas afilscopy of tfiertiala whiciiis Seferiot @iaslapamiary copyandesedorddopywhith istéfivedo dshe
path backtasetdndarpaspy.. Any host program accessing the DASD could send the
header descr | Quod thwisioplex paly isiestabjished, the/DARES gonteoller 160 pdviios arcimags of thetdoplagmie 9sing
Ref er ri ng caunwl infornfatien kept ithe JAS 208 @8 a singihkighilyayallable viiume. Botk valymes bttheduplek paimew
data stor ageupsgtsct a5 fPayilt gt rpingle Writerequaat Avsinglerrensirequest toa dualicppyiataisforage deyickisgur e
1. A host hemslledimageqrdanes with permal cgehe alperithmsiyplpssdhesata jamot ipthe cachedmwitieh casathr o | er
160 whifth tfoller aitamptsinaad the datadromherpricary Fw&g RPedSérﬁlsh fpibon the-prigarydevice grejatiemplads o
t hrough t 98¢ ég@f“i’ ‘!P‘"@%l?fﬂ‘ S YPIpHPEi o5t ce to be not ed bet ween t he

prior art an nigy o- %ﬁ? '°"
,[%"{,Q‘L"Fn%ﬂ”" i i o

cont ai ns I'?ft‘ﬁs %""Bﬁggﬂe
vital pro a.area cont

hat the su te si 0
non- volat E’:‘gf (igiﬁs%s“zm ﬂ:ggl
poi nt er s to |E‘3A§ ser%ﬁh&iﬁ:sttiﬁ bﬁénsla thd StEndhrd hBtk hédbiér A¥scitiel EJvan
(JAS) 200 jhey artblraked IFPGTES M the WetdaOSHY .éapofﬁﬁetdamro e AU & sqaf

dual copy tabitsOfhe Aisitablatialubddity frahiste i betuatdr HadrdssRnd fhe BYCcohd tablé ensdarmnaets the
enhancddaétarn Rst addrdas. Thé trudilfé of @b jombertal fsShdin inFdurd 22T j6k akrifyCstruslerg b

copi es of a\edy.foR Byte &rdd to 8Ghprt 46vIDé &drePStirdnslation. TheOAIVY Gls6 Sintalis Bévita Feftited p@ASD
units, f omrionaKkauE300, woriicontidl bleménts 3 6,tidtk Struztupey S201adisGiRystdn ftatas ihfBnatichaandar y
dat a st or ageAsiizoi-imege/ddthe Séntroldindistataoipfpmintian liated aliosd is canfned fn thelutherlindifa4adtiieh | S
referred to as a primary copy and a segond copy which is referred to as 40
a secondary copy. Once the duplex pair is established, the DASD controller
160 provides an image of the duplex pair using control I nformation kept in
the JAB 200 as a single highly available volune. Both vol unes of the dupl ex
pair are updated as a result of a single wite request. A single read
request to a dual copy data storage device is handled I n accordance with




The JAS 200 conserves the host Interface by translating the standard host
header descri bed above In the prior_art lllustrated in Figure 1 into the
actual physical DASD actuator throﬁ'bﬂaqaﬂécﬂge of a pair of translate
tables. The first table is used to translate the actuator address and the
second t ablAS 2p&forreduridancy. Thecsubsystere statueinfoiinatien 330 inclixdes the gldbhl statys anfiithe deviceladt ur e
of the |j oidmss snansiafion. Thesdeulpmaddressiransleiion Drovidéathe eddress lapkup yapability)nacessary to con-
conpri ses erveithersystenyinterfgnprand stil dake adyaniage ofthe duskeppy featurdcnop-yaatile sioradeand glebal The
JAS 200 aI sybsysten tatum 4o G’@WE&"‘WE‘P %ny AIpage %thwapss(i'aﬂ%atweb'e Mﬂt"ede'hl'qsbl

el ement% WW%GRS’SQWPE‘H%" B 9st,goes it gyer the chan
mirror- | ﬁ @flﬁgargrat o IbYtg @6’%@8’9 420ls ams“’

t d
rzduﬁ'dzﬁcy %Eg; zm %& ggngé%”r mgﬁ% ﬁ ol e
andth de §1 urn Fb% éa na4 s i enas
provi des t lUPns?x %) f&@ Th§§£e ?'ndfn sﬁt fi
|nterfacet eat ur e, non-vorl a
storage an tatﬁH Mﬁ &rﬂeﬁéraatﬁlléfe Qmﬁ&ﬁﬁgﬂ I@d iHed bn’ﬂh&ngQheCJnﬁfohé\ynt B:Q—e
usage of td@ﬁe@ﬂﬁi’gﬁ‘r@Q Afl’rﬁaﬁk %ﬂam&l@Qh ﬂnngl'f()aﬁd Q%ﬁ'ld%atagtoaﬁe e In sﬁm sldaé | ON
has r eqsieHa@éla dddichtod Btat fof the Fekeniidn@F sthtls informmBiord Pd dedibetdd B4R is GriSabieP Ut

over the cﬂy&&p@stempﬁﬁaﬂ.oﬁa #htl Adidins TS Epldt 61QRE glodal sabsy<tdrh) stadiefoPthb Behtrbilel sdeant h
byt e of t hstahddeyorkd date etorayé dovidsh(I TiRSfordga Blibdysfedils the s@tRORREMDS the conbrbir andithe
act ual additiached ddta stdrsgedevidas.in thedxeanple) thid dondistd i the singlaicontsaller 126 srdeiatwd datastgpped
to. Twent yage Hevices T0santi i act ual actuator address as shown at 425, so

act uat @ t weStatps inforgadion aboyd the pubsysténtisretainé dacmsahoweridowmsdy wiiting 4 Shglerendid ofstayusal
ats430. Haoandidentification m@mim twise pinthe etatustrack oteacindevice. Ginhal sulisystnystetueie sleakept t 0
| ook up t ra thedirei and sgepnd data storagegievices 70 and 75 Dayiceidentifieationsis keptinall e devigss ifdhen
addr ess t rsibpystembytglobel subsgetentetatug s enly kepian dhedtwa glpbal datg storage devioes.The glehabeybed
at 450, arfustfmﬁ%t"wrti%ﬁm regerd is faratied byt pot uged if the deyice isaekene of the ko glebdl Pubaxstezreo

The usé5 rf‘t'il"t |sat|on of .the device address transl atlon tabl e

l's
presented in @Qf”* % Q%E: oountof
f d, roige,
Figure 2. gfg wr&a{ %%'g M&&?@?@E :g"' E:w“ ol g papr's "

st oragg, dev ‘ﬁﬁdo’ﬂal%ﬁ e‘gﬁﬂtﬁi&%ﬂ at ed st atus track for the
retention of palogbliStatu %d@.kmﬂa Gﬁ % eJac‘ﬁ el PY
non- syst erﬂg@@&l@bﬁﬁéddﬂ? bdi Wita e%%v mb§ bicdtes
status f Orthérl%ﬁbé“r@f}HeQ @&inﬁ the Bath stbrade devl id et

The st or agens shbsystdntdinpénehts,h cate sloR A5 8id mnﬂanammors@rm Qhd @ch@d"ﬁ éhd®5 as

att aches (iataﬁisﬁd‘dfbyw@ed%ysta\e&mrdaﬁdst he exanple, this consists of the single
control | er 1fafornEfich dnitike stats teaoK i disilledinto Ggice idéntifiation ahd sE infoPmatidh) Device identi-at US
i nf or mat i dieatioh MEbimétibeis nsdd3y Réupthat SheDASDIdeviéh aftGched s tHa@nE thatdhe/ suBsybtym \ékpettsNg a
si ngl e r eCbe statos infotnstiorsis dividbdiintketab typesc subsystem stshusrandideviosistitus. Sabsyatent distussdoad US
track of deimstinfaimatiopthat petaiisdd theentimsatispstentratheriimn ko spdcific dévine buch s thinglolfal stegus and
sacond 4 atrgintet, whedlipe the @ulisyatemn St@Fagerisiavaiiable enat endl informatianfto kiedt insyre thesintegrity ofthe al |
t he devi céen-vaiatilelstores Thegipvcastatusisontainglinfasmption thetpprainate aspeeilicDASD deyitesuphgstheon
the two glchanael adrsess thatthy daviee wilbtepropdto, whetberdhasigyice iaagtjve fay, Rﬁfsqtﬂﬂtasf"pbmdl on
of the reémmwamtmwe Vli&Pf'}?Ut“bfﬂ?w i "fc'"éwléﬂ'fﬂ@eﬁfe'@s '%‘*-H'B‘! abgyparesxampiee o

.gljgi)gls sutss W"’ enitie Vi c%sglPThe obakﬂ;%t a‘?é? Qter cont ai ns
nmany ti ma%{%”ﬁv by AUl °é‘fh°\"ﬁ' ?
3"% %gs tﬁat %.n

program | 3 mFsP Pnaeon-

st at us palcg,mI lféMin
provi dga Qéh asdeplcte &591 Fi? _ys em sta u on5| s s o
follownglnﬁg HichhatieR incuddds: 9! oba atus pointer vvhlchlsafour bytefleld

| ncl udi ng pick& ee- byt e address of each of the data stor- age devices

| ncl udi ng dohryufatidn” St and second gl obal data storage devices and a two-byte
nunber whisgélerh Adbperdnd Sydténeadarsaber of times the definition of the data

st or ag® d®vbsystem Borege AGAINGEIGh G obal status contains the status of the
subsyst emseraygp Cotrot SerialNutbarfie st ore 145 and a non-vol atil e storage 220, and
devi ces 7®ubaysteny Stomge Sige est abl i shed by failure or system conmands.

| nf or mat i dlon-wolatidRorageBizes track is divided Into device ldentification and
status information. Device identi- ficgtion Information is used to insure
that the DASD device attached is the one that the subsystem expects. The
status information is divided into two types: subsystem status and devi ce
status. Subsystem status con- tains information that pertains to the entire
subsystemrather than to a specific device such as the global status 40

poi nter, whether the subsystem storage is available or not and Information



Each control l er has vital product data that Is maintained and used to

I dentify and establish infornatiogkr :@ a&ﬁ]nl ng the hardware
characteristics of the attached d S e vital product data Is stored
In EPROM in 50 each controller as depicted at 95 and 96 of Figure 2. The
i nf or mat i @iebplftatusRointer \bdel type Configuration System Adapter and System
Addr ess 5GontrolipriyrefoekackBigng, ge Identlflcatlon St or age Control Seri al
Nurbers SMss 'Pé'm"a'efr ?%‘g@WW 8id e St orage Size EP 0 303 856
Bl d obal St oA { i PF"er'Asr dn the pontrolier 128 to ‘@é SRR of
Drives 5Coé&w H“#W"E;ﬁép ” gPnipine teaddreseeniitat dfe stereqpsisyica /9 "F‘h‘i"t“i smgge
the JAS 2 s

5 reerct t e current systerns con-
fi uratlon

q)rn t a
st or age dg h egr ;:Hﬁﬁ"
Wien the %)%] cﬁi?&chl . t o& %P 4% R&e :
devi ces ug 7@3*52%95@@5 ol ﬂolﬁﬁj\@? o beridopa s
operat i On%ger&ﬁﬁa’ll Tﬂi@b is\es‘o?d hated for &l dr e 8 PMo ffiRe Yi6dyster Redlidihd \6h tRd dorrdh
devi ces. 'EaghsPi126 & Sonpitd\ML RbiBpeRteRtoPth@siRer EPs. TiRAstatbn bf sdiobhIB@tub Mvicdavdqﬁiﬁdm
byt he supperolefasdesd is bamitted. Ifbﬁer&feﬂoeSﬂoﬁt’eaﬂ Qvailate, 68 modiPeeritHBinteEmutlagree with the
addr es@ablagailabléniee rctiavites I 61RAMIS Qevich ﬁdintdirouivﬁlfabﬁﬂf #ust poirt toakihb devide Vit @entidalvVi ce
70 or 75. péinterasihe IMLSdevicecpointer Ha@s hot havalto beddentical tol theidevidepsintere t hat t he st or age
pat h i s operThin,tegiobal Slitisgstqor statescagray is rezd frord iesich bttble fwoiglobal BubsysteimtataSidgaga 46 | n
t he subsy skea?5madtodWhen veid anth cureatigiobad bubeysteinfatusiisciddntifitid, thel§obabaubsystam btetusis| M.
| nde pen d e writtanfto bdthedata stnsage Spvices Hlinsure thednformation s consigteptnn both pfthe devidesyAxdevices
requi r&@d bedome avajishiscthedevice pumbeniand sulisysten idgpiificaion pimpp bdata atqrage devipp isireadb| e,
t hes most  apdqbpckedrgaingtdhe glohal statys areay tognsure thet the eorest hardwang isattaphod and npmovementces.
i f one | MhagRogymed V\BEP fhiscprocess is-completeds the host js nptifled ofitha aveilable SB3,140 gad nopmal pipe-H
i dent i cal epriNgRemmencesyavice dentificationisv fc'ﬂ“ﬁﬂ@?“’ﬂ'ﬂ%‘é“ﬁmt'"I‘f!?\?‘é““(‘l?"l?émm%'ﬂt’?"d“al to
t he deV| cé" Pﬁ'ﬂ°€|‘° theyyropg d‘E"ﬁ%‘”ﬁ?‘Bﬁ M@W%’G&S&F P%R?" ceteplacament, igf

Sifihd"ané m;Q *gfgﬁ i r%?ﬁ%g?ea 58 FES T piele e SYEHiotn oo
ﬁ‘ mne p

subsystem t h data storage devices to Insure the

| nf or mat i on ngf t he devices. As devices 20 becone

avai | agl e, sgﬁj gﬁ jleaubsystem i dentification nunber of each
sUe

data stor agerhd‘él\ébéiﬁ‘ubbﬁte ces BRGIEE thatlighbd By thd &atrdileMAh th%toé‘ﬂddﬁer 8dn'aaly 1O
ensur e t habeeddtine 61 pait of debiedsllitRisRedeSsafyf fortkn{ Bithe¥eakoRddesBiv&d EbVe to n{ﬂgﬁb'fhbed
When t hi ssmeagmasrdg.&fma@mtbgdgfonm- host 1s notified of the avail able SPs
140 and nor Myincimenst theG@chfiylration Sohrb fthe gléBaNstates pomtdR tol showe @ kecorfigurstion Réd thikefd t O
assuresst hat pieé.a | eft In the non-volatile store for a device is not applied
t o t he w on) Giebal subsystetrestests wilf becwrittervio tie new QibbHE! status devicaits aratua will @eflattithegiew
device repl geement, for 25 instance. If the current device availability

al | ows a bet3) e gpbalisulisystamistatus wilhbesaritten to the oldibutstilbwankingglobel status device ¢in the vase e s
wi || be recofithe gafungtioping wnihi ng t hese rul es: 1) put the devices on separate

stwi ng¥;, 2) ?bmesﬂq#e stptupipelnter wilhbedipsiated-in koth ERROM vitalprpdaghareas 95 and 96;yt t he

devi ces on S W%‘E“’Sdpﬁyﬂﬂ?é@b°??1'é"@l*t‘ﬂ?ﬁ[‘“"s"&%§°§t’%ﬁ‘f"§'!'§?%”’H@ﬂfl%@ﬂb"&ﬁ@"al so
reaSS|gne roIIer mhen t he controller an on a cess one of
pair of d VI "’t'?'}' IfIe her fhe g’ W"ﬂ fpra %8?‘1‘;9& "a?)ove
to recgnf mﬂﬁg'" w g ""_: sI "B °'ns flﬁ

| ncr ement ,;' W a
reconflgu ken :!:%ji' 2) sgys%bsc 2 Wi finjma m\f\’n@

witten to jasme 9@%’0 é}édé?ﬁwvﬁfﬁ to%ﬂe%kl%oﬁ%&dct efl ect the new
pair. 3) Th %irﬂ&l %Qg ﬁma Sthélidizstdtage de é‘e .A’\(réaiek thB&bh‘i reQteabhbdth a§&d-' !
wor Ki ng gLyl which @beshofkroiide the(dudl cb @mﬁ@o‘heN& decdrid e%' bidfaGd denich i3 haliRinkd, Al
4) The gl pad@iwits balitiSactaies tRladdibdsbd dath stindde oth EP vital pr oduct
areas 95 andufiex or fiwo cogytvoRimeOthe Db volumes; aﬁmary hnd%ﬁodh&ﬁrih &Rl ideitified 3 & dapisit paipady
f or use woalpthe pAmap eatfdtbrageiedicdilelty docebuibiecbytiechost GySienT] The sedodapiatadtorge, | f
ei t her t hdevies rejeats\all direct Host calls @xvaplairyr dihghaaticst or age devi ce begins to show
si gns 8f f aibupiexxPending is a temporary state. The two volumes, primary and secondary, are identified as a duplex
pair and the subsystem carries out a copy to synchronise the two devices. Only the primary data storage device
Is directly accessible by the host systems. The secondary data storage device rejects all direct host calls except
error diagnostics.



the controller will repl ace the fa| | i ng device and copy the gl obal status
to anot her data storage device. ﬁpo §3 épat data storage device's
address will be substituted into t address transl ation of the JAS
200 as the secondary storage device for the dual copy and the systemwill
conti nue to [ailedBuplexig anierreristatentie twayslumes, primari endisecondary: engridenkified as:a duplax)pair.
devi ce st ckither ap pitaching hoptaysten hag raques S'Ftthﬂﬁumgefd should pes sontinyeduplicaiewritss; fertie x
or "si ngl eduplgpRair ofthe eoptsollerfrpdeipgmigedth nghia,tp gynchranise the sontents.of the fim gkmes
ver e at t acifdfagsyppsesgedsluplisie t@mm it map.ls maltaingd g Peryolalia stopgeyto trackile
functi dh. w"’g'ge' i gh'sm’a & ﬂ#baa@md@l}?ee@ rIogveriAPATEHATA 8 dteepibpd FhovRwhAP e

act|¥| \1/E)|y ﬁ‘é&}” 'h: a dr s§ ata s ra e dgé/"écemo% %‘“’PD‘E_{'P{? 3 egg ‘EY\D
?Eg ﬁ)c() pa ] g Qﬁ}gﬂ g‘%x u mmu 's é %%ne - ost
calls exc

i’nngba ﬁai E

Incatethe
state. The t’\% H mch%mmoﬁ %Béged%b.@eh rU| yfaﬁﬂniiu; bl
pai rand t hg a%dé%%ﬂg@ﬁ&vﬁafsrehﬁﬁydaufhe ?neﬁn@@u‘derﬁiﬂee%ﬁf&ﬂﬁ&@ idifis dnfifie datdbtdrdgy u&ﬁes
Only the pidthdala siikdgd d&vidalspins; tHd NeidAveite hdadClif £ @lek irive BicBGitdrdfidids Ad dnikil ghifa -
systenss TriaGenIRCRUIYEANYrodessing Mist be\giorisistied Buring these dapsitietwedh the €ibldd) ata&rwfea.ld.s
except er rriptestdrpidhitionsis the device bvBirunb)bcélio Whithldebraild thélpdridimance. | S an error
state. The t Bachvezbrd s®red ofithé date sforaye device hauar anigue identifier. [ 3 Balled the cell Aembsr. Gedgdrd> X
pai r. Eit Heéantiioationt tancieidogicdtaisn timjtmtic so theyowil mtjidertifyccpatticalér rédor. Thalosllminbenis
shoul d nottheexattilovation dfibé pavat fieldvanithecdsivd’sotrack.Hach rdeqod eantajna Hweedields: ICound,ddey amd | er
has deter riates dhe dethnumibpr issterediin thielceunt fisldiy a celimumbes field whichdeotwodytesslongf t he t wo
voldnes and Agthe derine spine; g counpfialdsarecenppuntered for leyery fepard on the trackaEvetytcelypymbers
mai nt ai nedrompaphyeut Gield isippshed ontn axgiack indherqoptraller; The thpe high prdpribitain dheygel] number are,
thi s mode.mefifled rgefdorending awhich tyea if writs eremtienis reqyigeipdhytheisaanad orfeadiest; Aneremplsoy e
when t hi s ¥pngelemeat @?&ﬂ't“é‘ﬂbe"ﬁﬁf‘é’?ﬂ’é’eﬂ?ﬂh"@x pair Is in the full duplex
node, t?he controller ensures that the two vol umes are |dentical by updating
both volunes_as the result of any wite Issued to the primary data storage
devi ce of t’he pal’r This dup"flcate wite Is trandparent to the attaching
host systefs. ©Thé d’éplgca‘?e lipdaid |"§""a’€€orfﬂl3Péhéd Byservedt (@) 10 ihe
primary, data stogage dgvice and performng a br aEChI ng wite, updati? g t he
prinary date—stereage—teviee e—el-at—a—neeess-a-r—yu-t-o
duplicate the wite to the secondary data storage device. To update only

the changed friead sicor anelbriit ¢ thé @i Yurhkdk fack isthe@antBR\theIChit ifthd Réy BRTkhd Dbt is the
uni quel y  dsfaibii ThE callin@inbs is@ithifeer Bit flelGWIsthAP ELifiee te GiRiqieTedditn ®heafita storge BRicE.0d

| dent i § eSTharugeredtialbyd@reh is@drfifturd Bnhfi@melns. Whed €ithergite G) R'ét B bit is &) thi Rs2ord Alcapied

St or age dawthe eecoquiaryataistomge asvidé\r i t head of the disk drive encounters
fields and sPaunétwitapawiye modify the onard fieldstaad $eit thb caint O'Hitl Kayaoddatafleldg arroachsidnally
acconpl i sheodifiddwesuiting inlthedr bitshwing sdi.diorexample, pdafeiwrited nevermddify aount fielde bt withehmages ar y
revol ut i orkey kior data fields, This infapmation ismetin the-call numilier ertthaiiatp staduge déwicepad dopiedriaitioe .
Each r & orstackindecagntroier; This stagk provides Flh@e infRepation tolrapy aﬂrﬂ‘qmﬂdljeéflﬂ@aﬂtﬂﬁ prigery | t
i s cal | ed deyiee te the pecapdapyslevicaeracor d i dentificati ons can be dupI i cated on the
track, so thE mgthop forerpatingths celly '“%P' ‘F"t"i' %P%NW'P&W intheflowcdiagram af Figyre p-s

t he exact ‘4"15'8 F@ '%?"’Wé“ ‘E’B'l‘ﬁ'l “I“FQ ydn ) °F'Pf§" seskillad n-the a’E‘%H’“P@'&%WH‘

cont ai ns t ﬁe 9“’? é’°'?,t ¢n

in the co unct nt le |s :

o g aa"a. Kos
ﬁ%

track. Eve ed ontoas

the contr oy | rwh n‘e ~°te Bp&#ﬂﬁm&ﬁkhm&h‘ﬁﬁ% ol 'bLéned
or set sfleRRRhtErEd. Q’r& aIsH&‘ﬁ thrb e thah & bétbAdthst Is%eﬁ&ﬂbhea'i terhing if the
channel  Orgey @ ﬁﬁcmﬁ@uwmﬁgﬁ&& PR\Gas WriREHEMn thY coll mﬁ\bE&kLyH’ilmﬁaﬁ dridfich 1 S
provi ded bpebesso. 2

22 C 2 N, conB-ol ﬂaustoaecisfaa bibckiSnoWitkKe o tdst B )perfoimed MmmedtheGﬁBﬂeld has been

2 2 eficountered. Ifa data field hastbeen encountered, then a second test is performed at decision block 580 to

2 30 ss5a determine ifthe data fieldowas written to a data storage device. If it was written, then the celPnuiber’s data

a The C bibitiseétomat funbtionbindk 560 Whither the dita fialdvzs writtenacriot, the fiéltisentry issavel atfynctidne K
bit is thélokle8p0bihe celltnuwbedinfarmatipsis stared dmihe sthdktat fuidtion ek B1unber is a
thirteen bi tTheicentrgllenmarageatheidentification and capying)eftherchangedinformationdo the secondatyrdalge
device. 35 The reserved 4 byte area isgforfuture enhancenents. Wen either
the C Kor Dbit is on, the record |s copied to the secondary data storage
device. Format wites aI ways nodify the count fields and set the count C
bit. Key and data fields are occasionally nodified resulting In their bits
bei ng set. For exanple. update wites never nodify count fields but wll
change key and/or data flel ds Thi S Information is set in the cell nunber



it could be maintained in any nenory area. Referring nowto Figure 5,
control enters at decision block 5%9 4@ &?ﬁre a test is perforned to
determine If a count field has beef %R red on the data storage device.
Then, at function block 510, the cell nunber of the count field is

t enpor ar i | sporagedievics. Tha modigied I'P@rq;@refeemmmmhe chohe to the sedohdaryidedion) While thetransiet ne
i f the coudfinformatipnis fipmacagheite secondary stormge, engtoterdinapy sisl in theartwil escognise that apymedium
written, t998pe ysedfopsiorngeof tip informationthatihasfepn ghanged.inclydingthe prithacy dataFigsagg devicsso.
Next, contAftsrthe trengfer of @W’P’S‘P@M sefopdary datagtorage device, t“!°é’§'!"°"%' 815@? #tetuea the ayall-

det er mi%he 8 %f en 50 encount ed f e Id has been
encountered
 d v&&E" §°8‘°% : '?f“g' F%' ""E;%gg

I ﬁunber Ei‘ z@ S'tﬁ% % %T' ¥)b‘1’h°§"f’o
t d
froel Schzlsoge I eJﬁrt tBﬁ? okjtﬁ {lﬁ&?@ge;bo%pl%h%rﬂe@r@atbd;ta“ﬁﬁgagﬁrg
second t est sﬁnn@r:ﬁ e‘rarrmia&n i a%& theamee?mrnfaet:mmﬂata
field was wrpg ﬁ rﬁlup%taetmep.aﬁya&eew ni rsacm:ihar\rraa(ten then t
cel | nunber’ g ylafthe faffed 368 Offonithe togreérédoanahwdmyEaammm@tfmerttamadamdy

field weis w bdeh@spigar not, the field' s entry I's saved atfunction bl ock 600.
The cel | nur’rbﬂ-'rastlwafe&rlmtbmﬁbrﬁleﬁﬁmrﬂdrtﬁﬂcdphﬂoﬁﬁmk at function bl ock 610.
The contr ol | wheneduplgesairisestablisiasd] thd priematyl devicedmitle pairis foroa indd fastimeite dbemtiaited state.

| nf or mat i dffadt evritelecdesiesd oitaha by spbeified after the Hilpled paiOi8 edtahBishigd. Iftheprirgey dibveive ae fasfihe
nodi fi ed rveitepactidty.dep thempir witl bé in fast wrikeanagle.Inecathe misaes, the naymal siua) capp elgarithm wikibd e
t he tr ansfused. On caché bitsithe following prodedwraisparidmmed: 0 secondary st orage, one of
ordinary ski DiThe data fiem the hoshivill be wiittop tprthesaubsypiem storage and thenan-volatilesborageed f or
storage of tAdeyiex Qﬂ# Wﬂit’? igwnediptely pragsgted todhe hesthawevar the deipa will rmepaie busy pntil thedaja

dat a st or agelsdedipgsd rimar ‘Fﬁ!b‘!ransfer of |nforrrat|on to the secondary

e S

for fuff her ai t he

sane to the SLTe40H ﬂT°" f‘@)’h'? 'L?g %Sa

device wi || 3% g it o R cobhd i b amretq 6 gtlons
;3’ L"E’g:%% Ff Fs p ForRE

su

d

1) The devi c

(the I ggical &\aliabhit inf h%%ﬁea% veh\Epieas Griftektion ddiek GE -
10 2) thherrtﬂ%ﬁ%’u s rAid iﬁs fhe bt tah%tﬂcgﬁ aw@. YaulS €N
copi ed, i tyevbd, toppthe ﬁﬁ%dﬁﬁs&ﬁg&b@ib&émbﬁmﬁﬁu fifto §YRchkone
bei ng wri tlgaqshw.modthﬁyasssloﬁnﬁmﬂ&ew ce being copied from 3) If the /0 Is a
write and |t TheSpefféimance barelitsohvivite dpafatidihe it eehe &rorhiRd to dpbraibn®Where thé Gats iRk d
from dewi Gethéicache. @aneriinl 2l dala in Wik operationy\gdeb dirsptlictb the Uit storage ddvlicd £ vib ws echarhen
I t r eachedn érberto kbépthddatatiirrdnban@\non-yolatife nistie. Hastiwrits @xtersia the pérfonmantcélisenéfigief cach-
secondary ing tb write cdnymends withbwt mpiadtitig thé relidbiiity dr avabdbilkyes the hecessed/ dath Without fadl edte,
copi ed. 5)wrkeasdquiverd data siairdge device atnesyio erfsone thatithe data $tored ascrresult of theowrife reguest will
conpl et e. nefterioshaschrpiuliof gledsiof fowerdg thabénkrglleed, the primary device In the pair
i 5.f or ¢&d | ningrdecfonfaatwiite to funstion; the fellawingenvnoement ustexst wite is desired, it
can be speci DiNog-velatiestorageugt bg asliablain thecantrglier.ab| i shed. |f the prinary

devi ce has f@ﬁ“%‘?’f‘%@ﬁ?%?ﬂﬂ""l‘”&n the pair will be in fast wite node.

On cache nis )é::?“hi’tg raﬁtéYP%gu y algorithmwi Il be 20 used. On cache
hits the fol edtafro ho
bedvvrl ﬁeg t g@s’% un‘g W%;'Hﬁg?ﬁﬂ Hcalyy Wt@%%ﬂﬁ&”’i&’ ‘\&\/l ce
end will be 3%;}%’& ?fﬂ,ﬁéﬁvﬁé m@mwrv\sress sourt@r.rg%
[ the nonisiatet A q& VR

|
deviceg 2 t:ssasb d§§99& ?fl;‘%prﬁ'f ive (ﬁ’n%&dd% bﬁo?srﬁﬁﬁd’nb@a“ndo&rﬁag‘ﬁ-
non-vol at 'I:Je&de@amgittﬁﬁd?ls & 86ld godted PRENRS the bdnipletibhdl e Beklity obthe Smnialds

non- vol at iginge hakiPtygédiy mmu@aornha:smmsumrmnﬁanle%prfnﬁttomeie@vamdd be
i nacti vef Qﬁd«u&ﬁemamorz) sulpoft/Indeftion df@lneWBata Skt orl 4 volufiv Invdived@skedutlon bl ercominérn

t he ent ri ahich Woild\sbaith the \eatir&VTOCIocking o2 a d4ite sét WhitiThad la Bhrye e sehiog €@ dbta sétlicbe
secondss aragdedHesich awipticatetiaialsetiname ia fooiid, the névodatd sst it hat addad;fotherviise, theindw data set

vol ume. 30s added by subsequeint @mimend. Fissaomeandwhidh searahies fabthé ddplicate daiwenamb slies ang t WO
copi es of NeReeord friundte indifate thétoo duplicaterexists.Gorsthls casé, Ne Redord Fourdanustcleasy be reportadh e
secondar y sgeehmnaus tortheppxeeition of thecomrhands.t he control l er can efficiently repl ace
the faulty device, copy the Informatiog fromthe working data storage
device, and bring the dual copy back into synchron- isation w thout any

| oss of information. The performance benefits of wite operations with
cache are linmted to operations where the data exists 35 in the cache.
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an 25 internal controller that perforns anticipatory de-staging.
Anticipatory de-staging is designed to avoid an in- stance of a wite
request bei ng del ayed because there is not space avail able for aliocation
in either the non- volatile storage orgthe cache. Anticipatory de-staging
mai ntains a buffer of unnodified space In both the non- volatile storage
and the cache. Space in these buffers iis imedi ately avail abl e

forall ocation to satisfy requests to the controller. The anmount of
avai | abl e space maintained in each of the buffers is such that concentrated
30 bursts of activity which require space allocation would rarely result



‘a circular buffer. Wen space is needed for allocation, it is

I mredi ately In front of a free space he Anot her poi nuull Uﬂ m WI“"H ’
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described in t erwhereby said fiost efidseeondidatasiasatierievines (77, 75) asqyeanageddo mplutsinemieel Y9 st em
envi ronnment , coplepofaiawidchideeforpdithertie. art wi | | recognr se that the invention can
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storing said rec sal evice | I cat1 on nunpber and
sai d control "&§™ 1dent|f|cat|on nunber for each of the data storage devi ces,

sai/d met hgd Kaithbd &9 dtinddEcidih 2 éhefn the8¢popa itd iy datpstoregel devicd falitbs bammiiess: Of
bits for each of inébifentifthé rBonfigupation count it the status sdblech the joint enay sfriicture to inditatea
storage devi ghafa redonfiguration Ha® takéhplkice;fapd changes to the records; storing on a
stack a cel | nuniniting the mpreinsitstiyecoafigiraionctiat enterihe devica tatye trackof the furctioning detac h
of the re- cewmgedevicon t he first data storage device, said cell nunber being
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structgre W HeFIe@Jr&Battﬁe%n,lt Bt sy Biciudf fhid B6ritrolbR (200) coMAjriaing inednd &t sitingi C e
as the repl aggdeEdnfigurdtion ddtntfsaid d6vibe eiitmicatomfiuer stiéstidratroBer idéntifiedtiomolimier for
claimed i n agachpf @fiexiaB@ragé dévitks, Wwherein an initial nmenory |oading of a data
storage devi ce 30 is prevented from bei ng successfully conpl eted
unless the controller ldentification ngrberand the device identification
nunber In the status table of the joint array structure of the controller
mat ch respectively the device and controller identification nunbers on the
device status track of the data storage device. 4. A nmethod as clained in
any preceding claim wherein the data storage devices distribute

Inforrratron fl ow over each of the stri ngs by 35 connectr ng each
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means. 40 5. A nethod as clained in claim2, wherein the r
data storage device failures conpr ementl ng the re‘@ﬂ |Fﬂ| "p IIII
count in the status table of the J%‘Sﬁ‘“&%{/ structure to] [ e
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conpri si ng meentrollef identification nwnbers dainat werentively mateh.i on count, said device

i dentification nunber and said controller Identification nunber for each of
sai d data storage devices, 10 EP O 303 856 Bl neans for assigning a
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et
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Dat ensat z auf den genannten
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