;[\]7e3el. $3"1 6TWD 99/ 43002 PCT/ US99103955 PRESERVI NG LOOP FAI RNESS W TH

DYNAM C HALF- DUPLEX Thi s application cl aejmwmmmmmmmml t under 35 U. S. C
119(e) of U.S. Provisional Application S 60/ 075, 797 filed

February 24, The present invention rela L0 the fi%ﬁv

mass- st or age ézg/%(?% More 10 particularly, tqhsiglzgi nvention re %E)/(g?sgs%o an

i nproved fi bre- channel arbitrated-l1oop ("FC AL") apparatus and nethod to
met hod and apparatus for preserving |loop fairness with a dynam c hal f

dupl ex node of data transm ssion. Background of the Invention One key
conponent of anyRESERVIRG IS06P FRIRNESSMNTADYRARI®Y ﬁAﬂi‘tl@UPﬂﬁé?”p“t er
systens have nmany different devices where data can be stored e common
place for storing nassive anbunts of data in a conputer systemis on a disc
drive. The gqrost basic parts of aw&"ﬁ{‘e a disc that is rotated, an
actuator that noves a transducer toO varrous I ocations over the disc, and
circuitry that is Ubiedpnlisatigndlaims e bersfd uddar 35 US.@ntl Ae)ofiltthe di sc. The

di sc drive al f at it can be
Successt ul 1y P bpRER b b er 0SB ERIGR ST 221507

m croprocessor controls nost of Elhld_umm:hnzmhm of the disc drive, in

addition to passi n the dat ack .t stin omput er _and taki ng
data froma reques eh%re%eB u?nanf%?‘te tP@? tﬁfgg?fgnﬁsﬁégﬁﬁgg Vlﬁ%ehﬁﬁ? erface for
transferrimy qla:ttlaulb&)t wiehvelion délates tdran\mpmeu fitre-chemtl Bitratbd-iddp conmput er
systemis typ| such as the Small Corrput er Systens

,ab h
Interface (S )‘ﬁ{‘ )?ﬁpp#ra@gé‘i‘%ﬂgtg?ﬁ'ﬁﬁﬂﬂm g APRArHUS IO RIeteEving logpch

interfaces ar qiffebsomitpd dpdaichatRfhpiel nRydd OF ddth@insMisiogus devices from
di fferent manufacturers can be interchanged and all can be connected to a

common interface. Such standa Becified by sone standards
committee of 30 an%éﬁ%oﬁ%b&\'ﬁoﬁ uﬁchfyst‘éﬂﬁghaancé\éa%io%ta St andar ds
Institute ("ANSI") One standardize erface for exchangi ng data between

various st bt ag@mpatsr %?@%V%Nydhgfefé@rﬁﬁW@ﬁr‘%he%d%%@nﬁﬁBioéedc Rasnel . In sone

(descr | bed 1 urtRaen g senrs mals ARG BE RS BRBUFB0E 5908

enbodi nents, ke dflV%r'Elethh@lc rariaabiadise dninsper & disath8dstotdtédcan pr ot ocol f or

controlling d Ifd advant ages
over Smal | g@%}%@?tg{ﬁ%% EI?SE?%FFJ;%%? E%]I%Bﬁ&g?me dFSICgﬂ‘E r‘g'?rglghannel S )
provi de si gni fﬂil&tesmswtomrgh@rd 1Sadodataiiei agd from theidise rifHeydisgpirivealabout 106
Toganyt e BPT iSRER0G AYTRPERThDJRELIREN: Lilh AN LG Yadrady] =5 Per

second for ra Iona anne S provide dgreater
connectivity iand whigen mphedlsamefadrmnﬁdnmdonmmOyemtmlsdm ofthe Opepationsli ng t he

host) may be ¢ red to. a n or fifteen
devices in typ?g{gl sg%%\ze en#d?ttr)gﬁﬁe feging e y%ixbﬁﬁﬁgmtﬁ%ﬁﬂ‘éﬁsgé%ﬁonbn&tcfo attached
with a singl eandmkmgtdatafmndaréqmsstmg)tommmlfasmtomngm ﬁheblscA fibre channel
usi ng coaxial elec c_I C rs operates ances of up.to thirty.
neters between dev}ré “@ﬁ%ﬁ"ﬁ a’fsgmf‘ &)% aﬁes‘ﬂifs g 2R B’Féesf) ics for an
entire fcha:zfnelthe AU DALeRs typialla bu s ohkueics budhes eieBredl Cdmpudert vvgnt y-five
meters for env n SCSI __environnents, errors in data
transni ssi oncgryéteﬁékrﬁgfaéﬁl(%ﬁtsbigqﬁﬂlﬁ%brﬁfchﬁ%‘ﬁlt?ﬁ”%@?% fisHel i bre channel s,
errors are i defiteifideste Biterfstarndarnlizes udéraaéthattvxmﬁfaqeﬁwéalﬂo% dighepdancy- code
check ("CRC check”) inforpation. Mre information can be found in U S. Pat.

No. 5, 802, 080 Wf@@%@%lw&%wlﬁn_ew@ﬁea&wmcnn a Ml ti-port
Desi gn, " and %t&fa@agucﬂ\‘.@andé'd§§%’ctjﬁ%%llgQ;r;]é%ﬁ‘fehtbg%lné éﬁrﬁa?&%oxﬁﬂﬁt@é! g, " both by

t he present inventor, West by, 'y asSigned to the present assignee
Seagat e Tedh n@p@ggamzptmp such as the American National Standards Institute (“ANSI”).

One standardized interface for exchanging data between various storage
devices and various computers is the fibre channel. In some embodiments, the

fibre-channel standard includes arbitrated loops (described further below). In
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The fibre-channel arbitrated loop ("FC-AL") is an industry-standard system
enpl oying a byte-oriented DC bal anced (0,4) run-length-limted 8B/ 1
OBpartitioned bl ock-transm ssion code schenme. The FC-AL operates at a clock
25 frequency of 106.25 MHZ. One form of an 8B/ 10B encoder/decoder is
described i W@PM30®at. No. 4,486,739 granted Decenber 4, FP§BASIEPSSpyte
Oriented DC Bal anced (0, 4) SB/ 10B Partitioned Bl ock Transm ssion Code" by
Franaszek et al. A fibre-channel arbit at ed Ioop ("FC-AL") allows for ‘
mul tiple devi goqﬁeen?o%dﬁm Gidltofelna ?gtgr?ardstlg SRNIGRE B BPRE NST - A node
may be any device (a conputer, workKs , P Ri%er I'S rrve, scanner,
etc.) of the caomplingdateyrgusfers. havr ng an interface allowing it to be

at 1 east one port . o HAReS rerrgsel e ant s AET SR birr USoy 03055
Itoop port ) tStapdzmd/ImkefaﬁcC‘SﬁfSI’Ddcsmb” els‘lbrmﬂhmmels‘ﬂml (;dhosmm fmnt]yshltghat connect
wo or et he 0 i v called a ogy" or a

"1 oop. " Ea h ﬁ ‘}égnﬁﬁﬁ’f‘@% %%O?tﬁ%gffg&)%eéPeﬁ%M WHEHA?P % *®he provi ded

t opol ogy or Ibaweerﬁwlbtaﬁd BveRtyl ez abBReE kécond for raditibriapSESLdEaiAe!l node, though
whi ch data ma Bgss over. .the fibre channel to ports of other nodes (the

outside world lbr% PSISPEPVigs gpater CRUNRSRYIGP AL umgonediyndsed teny-si% aged wi t hi n

the drive's ngégees Eﬁ@tim tht:hbﬂ%hsd@e%coﬁn&@édras%m bl &I Smaxin@Rfort O carry
|nforrrat|on into the por one to carry |nforrrat|on out of the port.

Each "fi ber" Fe;'e&%%f?qca F‘e"d%FP i pisaleYGS! gpvirogmgnts. Rhefifae ehasaelicagbe ;| each

fiber is agt ughdcedwdPRA{hAL coMnbRor(dBid Does xﬁpéﬁﬁl?éaﬁﬂféﬂefﬁt fifle GIQJHHHC'[ ors) used
when the nodes are in close proximty to one another); 1n ot

embodi nents, 8SiRg gnaxial dectrigg] condvaters opesatasnt distanessiof fp ryethlrryanetqs | east sone
of its path (Gehedn dMRES, Wo%n%tﬁaﬁﬁ@?ﬁkﬁt fdYe cé‘fwﬁ%ﬂpl e distance,

such as nodes in differéent cabinets or, ecl a rent buil dings).
The pair of fFhsepd, sscampaedly ampaximen t?ielrlﬁng(dompdatwc}lrtmgvmttarsrfm o the port,
the other cargyg @ﬁrgi}SS out fromthe port) is called a "link" and is
part of each topo ogy Inks carry information or signals packaged in
"frames" bét ween nodéS] elarohmets lerromrin Hata thrsmissioniapd deteciedelsongh f r anes

(e.g., initia , al fr S).. nce each fiber carries
data in one d!lgr Z"?ﬁ"‘“@ﬂ'% a?inﬂggg&gﬁéelg ggﬂ,fﬁ‘ggﬂg%h{s%% Ener al ong a
| oop, wher ei ndispreithadaeyclimustdundnigiytaodt ehetlo¢CRANthec”) mtfortztaeod ddpre20 when t hey
have data to nf%% & canb’g‘rfobu'nﬁr |Sog?‘|t $8I5t§3§ 0?@. tﬁ%ﬁ 8I{EC |nat| ng the

nodes to determ ne ich one B%annel
arbitrated | obpsiag atQR&t@cmdtctrnqnh MulmﬁasDresﬁgrt ’hﬁld|lﬂlSpPaMNd16Lﬁ63J7M)S or

Swi t ches. se ar r.at Lon o eration ablish a

poi Nt - t 0- JOi nanglg? P@%@s récrodeg, ih ?@e t’ingc"amda’scftg?'ﬁt} ed topol ogy where,
eﬁch port Iancﬁﬁiﬁsnlﬁihssigﬁ&Stg t?&;ﬁciﬁhfﬁsﬁ?ﬁﬂegéa@mgr&ﬂé’gyt Imaction to estrrglbl i s][I
the circuit. The rated-1 o ol o ,Jused to connect any nunber o
nodes bet ween t\/\oa'émo‘lbé?t‘éhaﬂ’ﬁﬁt 8¥§A§‘gf2’8)‘“%%5‘6%4¥% In some
embodi ment's, etk mﬂ@ymgt&ta;u@leﬁexfdmCmah&dQ@mn%@ﬂﬂ%ﬁéh g@16B-separate

| oop) which proyide redundancy so that if _one loop fails, the other 30 one
can ful fill tPEUTNSH blacktraesmissipn code soheme) The BG-Abwperiss Aigsdleck e, g. , two

host conpugser gquecy5dta06:28MHANIb&: Bid ¥Lan 8B/ VB SR6ARACLHIBGE/ 1IS99/ 03955 4
"Fai rness" in t?‘ue context of the present invention is a node of operatr on

wherei n a shaf@gibeddplrs Bat. %19(:‘}14393738 grntpdDeceraban dl 1984d¢r, “Byte made avail abl e
on a tinely b@%hﬁcégc%%%céhf(o%) %Hbﬁlﬁa&%oﬁ)éd Bi3 ¥ r(tﬁ(’figs%naéo 9 )(?aCh of a

plurality of disc drives 0; out un ay, an or an anount
of tine propoFtan’tfﬁ%iqettab 5 the am)unt of data each disc drive 100 needs to

transfer. "Playingy L}mr@-!:ﬁannélirb?trated loop (“FC-AL”) allows for multiple devices,
30 each called “a node,” to be connected together. A node may be any device (a
computer, workstation, printer, disc drive, scanner, etc.) of the computer system
having an interface allowing it to be connected to a fibre-channel “topology”

(defined just below). Each node has at least one port, called an NL port (“node-



node of operation wherein one user, for exanple one disc drive, will take
control of the shared resource, for exanple the Fibre Channel |oop, either
too often or for too long a period of tinme, thus depriving other disc
drives that pegfsbd use the loop of its use. 10 "Fairness"p@d@ysogach port
to gain access to the |loop (based on priority) and transmt as nuch
information as it wants (no tinme limt)3 It nust then wait to arbitrate
gain until all other ports have used their access. The protocol for the
Loop permts &mplpoit”)Roptovidalasescialotiet nadel.0Die qonipoheradithht ddatidet &N be ei t her

a normal loop port "NL Port" or fabric-]| o ort, 1 S "F|,_ Port" that is
used general | ¥ P8P F%Foéﬁthﬁe%? C(}lﬁf)t“ieg'ocﬁge‘{% tg?fg°?é’n8f Aelopp ﬁaﬁénti nuousl| y
arbitrate to acdeasmniunialesofith al ofifer pdet Within tRSFTbBETobSloAGo®AT t i Ci pat i ng
L-port based on the Arbitrated Loop Physical Address (AL PA). As with other
prioritized prot chcrrgs,aret t&?F £onngeHogs F%E%F-aﬁfgws@?ﬂr,dﬁwg%@fé Hen®Yower
priority L sPopiss o0aniefibrg dhdinéla6 poss df@tHehfode® ARe outtlge REAGS A fyficsIness

al gorithm 20 ts.u n.access W ndow in which all L Ports are given an
opportunity t%ggfqyﬁ‘g’reg@%veﬁﬂw PPrisPaekaged withip thedsiyp’s nogea Eagh port. "Port s have

had an oppor t yehidys 4 xiPSCEs&st DEnd 8RR PRAFRMaBord 1B BEFGEMd¥nBdPW i s started.
An L Port may arbitrate again and eventually win access to the Loop in the
new access wi A¥Brinfopationt of the peyt.t Eqch “fiberiiisracdriallatacorssstiothend.aop i n any
one access W BROM bodRnaMh €l Bber iRV L& e ai rness

al gorithm has arbitrated For anc a\(/a\onn%(%%glsay?géﬁi%’ ?_O%g%f&?’ﬁéer L Port shall
not ar bi t r &t e cengaptarsuvaeil when the madds arie clogé prokiastylie ene dmotis)intdtien by t he L
Port. The ti . t I; to. . W, arbitratjon and transmtting
an Idleis agglggg&e}sp@ﬁ\%an g\r/v{s n@%ﬁ%@?@%%’rq@’f‘ rlg’tbfrotﬁr ﬁr‘faﬁ‘ stofr\?ec’?gfgnal (i.e.,
ARB(FO)) is usst(¢.9, phavwedes aeseqparated byas eppredialdddistanceanek asnotlesislow. The

details of the. fairness. al gokrd t | re contai ned.i.n the Fibre-Channel
FC- AL Speci fi gﬁ%ﬁ’g‘ﬁ&%}{h |°r§%%°ﬁéleﬁu‘§f#e‘ﬁ?‘rbgﬁ‘gd’&ﬁs nﬁé‘f P‘f—‘"cf?ffﬂ’e%snl/ Pr oj ect
960D/ Rev. 4. 5camecttd foreaciGhranioeé cdrfpink] dtaXRBIHd frpjiRethet ¢33MdReNa 6. 3) . VO
99/ 43002 PCTNS99 03955 Js) ess. f,airness rithmdaqoes not limt the

ti me that lgrE E“%IE)W 818(98;?18Icgl??%ﬁe‘?‘ﬂ%o‘ﬁlddﬁﬁaét ‘fafjteg% tﬂg‘n%%ﬁt’?l%ft%, just as
ANSI X3. 230, bhfferidtidwerssigials gatkigéd inNEraiesrefvwaen oddsaEachllink@amect i on.
However, if aEce S i]ﬁageni ed hon%ier than E D TOV, the access wi ndow is
reset and an al}gier‘fm e PHITUPE (-8 aimiRjizationagiats, B¢ FORFPL framesyr ¢ s shal |

i npl ement the fairsigsseash Gbéri chitidl dit® i diRdirkdtioRQhlySndHRE aldleolBRElS tAT ©
required to use the fairness algorithmat all tines. For exanple, if one L

Port requires°Rotetheppipngt loapsuersin s nodes myishaspitiatedigy qogirok afghe lporpor t may

choose to fip Whkdihky hhR dafaQ¥ LRI UAILIRRIBRSS thebrbddss $Q8Prdltingdnk L Ports,
i.t is recommended 10 that each L _Port use the access fairness algorithm

Wien an L Por fiodes tqdstergunerighighrensdas soritrohefdhe loppyoFibrerhannel atbifraged] [ ed a

“fair” L Port joof0shcR nfubtipie ﬁodgﬂntth@ﬁ%p ﬁi‘itgb\h @b s géhe@n‘ﬂhMC?ﬁﬁsess to the

Loop and does not_detect 'that another Port 1s arbitrating, at L Port
may keep the &sqabitrapncgperatipus togatpblishdepinkiotpsint deta-transfrcitcht FGi r cui t and
retain owner shirps Qlistit i i - ghibi ing) to open
anot her L Port 0?1 tﬁe Lo%ﬁ&omﬁv}{a&%%ﬂpw%@?F&ﬁggagé@e@@ﬂ%’%ﬁt he Loop and
det ects t haft aeessdanyfunctioore establigh thieciraitii. e atbireatéd-Bop topniagy slwsek t he Loop
at the earlie i i h Port shall .clgse. .the Lo nd
arbitrate agai%rlcc’l%ﬁ&'?h@ﬁ%éﬂepg%%o-eﬁgs gbé\}fmw%e(%‘\’/vvo eé,b“B lgﬁihﬁa%é'mﬁg rent L
Port. node ports.

In some embodiments, each node includes dual ports (each connected to
a separate loop) which provide redundancy, so that if one loop fails, the other
30 one can fulfill the loop duties. Dual ports also allow two hosts (e.g., two host

computers) to share a single drive.

Faimess Background



20 The configuration of some Loops may require that certain L Ports have
nore access to the Loop than just once per access w ndow. Exanples of these
L Ports include) but are not limted to, a subsystemcontroller or a file |
server. An L Port may be initialized (or may tenporarily choose) not to use
the access fWPPME8% al gorithm Wien an L Port is not usi ndGHE*Y®¥ness
algorithm it 25 is called an "unfair" L Port. The decision whether to
participate in access fairness is left to the needs of the inplenentation.
When an unfair L Pegt 6; J oop and
does not detect thgft?glrgg%t f@ppt&éﬁfgﬂhé%ﬁﬁpﬁr %@@Hgs?&l?ﬁ%&@pggﬁ}my keep

t he existing ovhersin a sheysd mespurde fshghi ase|Fybre Charingkleop, hemadsi aveilabie cred r et ai n

isting o pde i winsbloop remnads avo ain
Port on {he LSnety el R0 Beh be Foturatty e w0 B LR MBS AR8 TO0: 0% e

anot her L Por tdrives 180fid ,rvathiontyyndudéelayn frad for in danunt eftimepropetidabtohoop at t he

earliest possible ti 9] 430 PCTI| US99/ 039 6 The.ynfair L Port
may retain %M@r%ﬁ“B@#afaﬁ\é&L‘ﬁﬁfp@(‘lfg@ I,le%&i t B’Bffg e‘?l}ymgtup THH and open
anot her L Por tmods of byerdtion pherintome tibet) fopéxam@lefdne Ri3E riv& wall vikys t he hi ghest
priority L Port on e based.on it A Port is exenpted from

he Loop L_PA __An F
usi ng access P&W%ggg‘e haé‘fddﬁ”l“fcﬁ’rﬁob@@%zﬂetﬁ? ﬁ‘grerﬁl}aa??lhppo?lﬂie{ Wotraffic is
with the rest ofitn bifer 108 MngQ peMBESE tin, Eiusﬁgmvirfgmmerrqlss iR thap@pedand detects
that another NL Port is I_;'érbltratlng, the FL Port may cl ose the Loop at the

earliest possidpse theleep oldlsistise the FL Port has the highest priority and is

exenpted fyem fai r iEgMess” hllosl cactPporery Saiiabeedd Bithe 185 ﬁ;asedmgﬁeﬁt%e, i
comuni cation is required with 10 angtther NL Port, the FL Port 'may retain
its access t o3t Eanspyms much inforggatiomasit wads Gotimerlimig) ltanest 8158 Walnot her

NL_Port on the, kBite chHEInGil ifothdrpeHEhReSiscdtndlfflledsOr an arrangement to
preserve | oop fairness, particularly in fibre-channel enbodi nents that

i ncl ude a dynami c RKbg¢ proteapli ferthe begn peamits Gl hnRarty(alsp called alleeparor on A net hod
and apparatus g $ ¢ IRe I I NG 0PN Qi S enbodi nment s

i ncl ude a dynaa}rlnic ﬁ‘gﬁnﬁug{ég nf)g%tﬁz(rﬁ)gbo&giag{)}gco?acf@ﬂg()pﬁ)?%gent i nvention
i ncl udes alxofflRatithay bsechgenenslly toyintersonieot tworlesps ta/omecanbthep) td ai r ness t hat

i ncludes a firgt. Qﬂﬂp . i one ,0f.. ort each port 20
supporting an&glrelat{nt%ac e%{”tt@%gg?%lggréet@eg[ﬁ%? he né’?’??f’?rag LGk fooc(?gﬁseri al

communi cat i onpaxtinpatireg L-pGihbased pntheApbitratdeéﬂ Plasisalt Address fAL RXNt rol of that
port s att ac.h%g v%ﬁlaoq{l]e?:prion e e}ort]oc%fgntrh{s.%loulgflea% rt]éa si ug 19nr§%&|/helreotgg Jower C€
arbitration i$°won, a farrness preserving apparatus causes control of the
conmruni cat i ongpriohigin @brtt canhe grinlacasen thakbag. The heastfairmespagdritm whet her a

pr edet er m ped nt _of e has 25 occurred between the first port and the
conmmuni cat ongggﬁé%%ﬁgéssﬁ%‘{oﬁvelp Wé‘écﬁ'ea@ﬁ‘-(??ﬁ? fe gB’F%E‘é?RPO?tHWb’ntPi on provides a .
conmuni cat i onarbiredthad wihatcessto thedampaMlich RRLI Perts iave hadninropporafnitg | oop of a

fibre-channel arbitrated-Ioop serial caonmunjcation hannel ; and rel easing
control of thd® ESATHIR I¢°3Pi°8?fgaeﬁ‘§ﬁ?f§?s Vb‘ag%‘sé{ar*@a‘g’t‘ii-ﬁ“b’é‘?}f on whether a

predet er m ned adftragBai andlevétb@llpain Bedsts 4 [6H MEBOndw seckdsiviihddaert and the
comuni cati ons_channel. I n sonme enbodi nents of the above s(iystem and et hod)

the predet er mMPSEVeR bR ibFeayied to3eqentias Laon ingny prsacetss ¥indowst

predet er m pgd anDURthen an L_Port which uses the access faimess algorithm has arbitrated
for and won access to the Loop, the L_Port shall not arbitrate again until at least
one Idle has been transmitted by the L Port. The time between the first L._Port
to win arbitration and transmitting an Idle is an access window. A special
arbitration Primitive Signal (i.e., ARB(F0)) is used to prevent an early reset of

30 the access window. The details of the access fairness algorithm are contained in

the Fibre-Channel FC-AL Specification (ANSI Standards: Fibre Channel FC-AL
X3T1 I/Project 960D/Rev. 4.5 and Fibre Channel FC-AL2 X3T11/Project
1133D/Rev. 6.3).



WO 991 43002 PCTNS99/ 03955 7 of data. In sonme such enbodi nents, release of
control of the channel is inhibited if less than a second predeterm ned
amount of data remains to be transferred. Brief Description of the
Drawings. FIG 1 is a block diagramof a disc drive 1 UO w
fibre-channdfOéi®?i nterface. 5 FIG 2 is a block diagr amvigo as%g/owss

i nformation-handling system 1200 incorpgorating the present invention. FIG
3 is a block diagramof a fibre-channel node-interface chip 110. FIG 4 is
a bl ock di agram of Tig debdis ErirabR AR HNP&Is REY timif ink GitlelthaA@n LFPS% 5 is a bl ock
di agram of a fibre-channel |oop-control circuit 40. 10 Defailed Description
In the fol | owFelirofehal-pepcPrgel dinsyrbigatiqn: justas ANE e} 230dFePbbdrcrpett s,

reference i S [REGhd Gmb RE 2 T TRENELRGS. q{%%ﬁ’amgﬁpd%ﬁéﬁoﬁ%eggfah her eof ,

and in which are shown, by way of illustration) specific em ments in
whi ch t he i nvEaPLBAV il aesessprindaw saeset and and._Port by begle pbiteatiigt hat ot her

embodi ment s may 15&&&%5%‘;,5%&% RAFIAL R i SRANGER R ncRfigrade Wi t holt

departing fromthe sco e pres I nvention. e 1nvention described
in this appli €htPats nosNUsRdrislard roquirekdito nsegbsfaphiess algarittimi ay el fimiesic| udi ng

har d-di sc dri rpv | -disc drives, .,optical -disc. drives,
CDROM ("corrpag?r-s%‘féhﬁrgggq gﬁﬁ’%‘f rﬁ@ﬁﬁ%g’qe ]g?‘)lp\%%e,ssegﬂ}ﬁ‘g;w%befﬁ‘e?mﬁ’/pe 20 of
drives, syst ertmt hfPaltmyechop=utcbe asfaiz. " r edundant array of

i nexpensi ve/i ndependent. di sc,drives." or RAl onfguration r ot her

devi ces, where datﬂ" B’i”é’deSMﬁ‘iCES&tE{%le}é’P%‘ﬁﬁHET—?W&‘t °‘B’E“Hé‘%‘jegevi ces or

i nformati oro hafadédch@_Byrsts2Be ackeds SatiessdotitinEWhen arf D Popri€§8RA thenvention i s
useful in node int .rface]s fﬁ‘ra non-di sc, de)éij)es) such as hubs and swi tches
(such as are ﬁ%céﬁfffe“fi“eﬁ%a ot 558 Bif br &% hannel | oops to one anot her),

wor kst ations, priniiesa faid PokhRAS arldtiateadsr M woRfaedesPbitREdbpndli ng systens
t hat are connected &n a fibre channel arbitrated |loop. Figure 1 shows a

fib
bl ock di agr amf%s 1Qt drtect that anpthegik fogs arafing.has Le Posg g‘aﬁ keghrid$ node

i nterface. Nbregstiirrlgf&&ﬁwggearin@ﬁﬂitaﬁ of A48 0hdt RirdkitAnd FkiR BlmaShipBPinCat i on
Serial Nunber 09/193,387 entitled "Method and Dedi cated Frame Buffer for

Loop | nitikl i 2aer 4§ Mithopsepbiating)to pagnanpthagl tRertminghg oo as wel | as Fi gure
1, a fibre-channel [; i i I node interface
1220 1 nel udes. . do Rarud g anae sl LA A MR AR ABHTOCE " e
buf fer 73 for Li_Bopisiarntratagi thali bt maxclossshohewsat therpadios pessitdeliiment , each
node interfacgynd?2foq Gl URESme ‘ﬂﬂ?ﬂjﬁ-{ﬁltébi%:}tg aéa?r?ﬁl'tﬂ%?&?gccgs%r&in&&”d port B).

I shed by t I'ng

("Loop initializarion” Is acconp ansm a sequence of one or
nmore speci al i befdranpanidge differaptrbsPqrand noni t ori ng responses to those frames)

to 5initiglize a & gggﬂ-ge N Coare. 5 frames sent
in responsf(,aH to conj;rriétéri(F glﬁ r |lnqufiSlr”?ggb?prsc?%iﬁgﬂuzrr%%?%geer%}r)nﬂ% r?gtgﬁj?‘ﬁr e- channel
ar bi tr at ed- | oopreagesstd thaioomthar juatomet pdr2:6€es{ windowc Ekdreplesofltsp 1250) or

fibre-channel (I 1 can be.used to ¢o ni cat e dat a..bet ween
di sc- st orage &e@?ljgse"s’glﬁ%%b‘é%ﬁe %og %ﬁ‘f’%}%aeﬁ%ﬁy FHE '°ﬁ?roqrr?'3-’fl7 B %randl i ng
systens) 1202 or onhdr Pomfmay bainitktizdd(oh magd tenipgrati®yéhoese) ndtito asethenbodi ment ,
fibre-channel |o00p,1250 is.a serial co ni cati,on hannel ; .i.n Qt her
enbodi ment s t \Rf)ceﬁt‘?fa%"fs%alﬁ%ﬁtgﬂnt S{Ih‘?“iaﬂis% IS nof ygupg tae fan'ap% alﬂ;"@ﬂ“’%’ét i mpl enent
fibre-chanpel if @iipd d>Sfitidy Pog Thicdeciiod Siliethet 8 Paiticipaith hockdsame buffer 73
al l ows one port, 116 of a dual - %grt .node 1220 to be transmtting
initializati orﬁa’H’Fssr‘éE‘Sdﬂg‘@ nepds Qlemplegwa%%er port is 15 transmitting or
receiving data framgen al GefaR @ Pert AakGuriired Rk bl whi 88 tOME Lobpgndl 17

does not detect that another L_Port is arbitrating, that L_Port may keep the

existing circuit open indefinitely or close that circuit and retain ownership of the

30 Loop (i.e., without re-arbitrating) to open another L Port on the Loop.
When an unfair L_Port controls the Loop and detects that another L_Port

is arbitrating, the unfair L_Port may close the Loop at the earliest possible time.



for inbound data, and another line 118 for outbound data, both |lines 117
and 118 connecting to, and form ng part of, conmunications channel | oop
1250. Dedicated receive buffers (53) 53" and 55) are al so provided for each
port 116 of a two-port node. (Note that each bl ock having a reference
numeral wit W@ 20 (e.g., 53') provides the same fundGrP*¥®*The
correspondi ng bl ock w thout the prime (e.qg. 53) but is used for a
separate | oop port or comuni cations cKannel . Cycli c-redundancy- code
information reqelyed Ll P@MMbPedid Bk RIQQ ane is
stored in one 0? one Or rmr}e ar arre&l:r)&]%?er sél(%égtp%% ! S%Yﬁtr@tnt )I ater
checked to ensud epenharothariefert oythofLoope data while in the frame buffer (53)
53" 25 or 55). Con he 1 oop
connection is hel d‘K @tatl #fg’gn}gali&aygﬁhméﬁ'es? ony%‘DPoI%ttdnt% g% P i s
avai | abl e for baseehnsm; Amm AnIFLoPdteis ekemptedificra utsxhgamsrfmh-ﬂessarmunt of time
spent arbltrat r con of t 1250, nbodi nents, disc
e S0, bRl e R PGy b R0l 5% B AR L T 15
havi ng one or nor eWtess an Pl FokteostrdSthe LGS al defiafsSharagbilied NI, Peady wite
transducers 15 | atter d_an act uat or assenbly 126. Signals
bet ween t he t?‘%ﬁ%ﬁﬂ%é#’%fl(—%ro “Pf’é’zﬂ)%se;]‘ez}t?ﬂpﬁbg]?*ﬁ?ﬁ?oé&@ e441e. t r ansfer data to
and fromthe gecusdthalFL arost Hadthe thm&,pnbh@ andlisSkedipted GomGhimesd? 99/ 43002
PCT/ US99/ 03955 9 some enbaqdi mrent s (e. disc drive 1256 of Figure 1)

| ncl udes HDA TAREBAYS AT SRS 5&@6@1831f’(°em@wmcan®dﬁvemr¢dow&1 SCsl drive),
and one or oDyt K1, POMMUENET, FRA!mAY rétaindisiat@Ss thAROLdoP ( p@%%hﬁﬁl to an
external node interface 1220 in order to connect to a oop or fibre- channel
topol ogy, as 3WEwHnEkntrRuyasother Nb Borinnte Leapoodi nents, a “disc drive” is
typified by the dlfﬁ‘eé‘i{ M& fb00 a Abedb O £ e interface
1220 integrated wt Th |esc ?irléei/e 1256 aﬁ%cngc\g}gtfﬁ%kﬁlggoépgarl?@% 100. In one
embodi ment , dmraCldilrbf lilrﬂbmfrh@m!ql embddamentsithat inehidaaidymemisiHalfatuplex buf f er 111.
The |nvent| onghrovides a dedicated on-chip buffer 119, which, in the

enbodi nent shown i ncl udes a receive-non-dat a- frarre buffer 53 10

(al t er nat eldy caIIed an "inbou 53") for each port (i.
buffers 53 and 53 t i.ch e enbodi rrent)
can be used simul taneé}ﬁogla{l&ig@gtah{mgw?&ﬁ resg%m\r%h Paléness $]°m° a single
buf fer is usedmbgdiments inclodea pmatnualualfadwpﬂqxﬁyqtura,nﬁnaa$hrabéﬂheqiadsa}tf rame buffer

S 5, along w & ne.enpodi nent ., . | oop- port
transcei ver r%g s%&#g% ﬁ‘ig“‘"é’#g‘*ﬁ%" )syslterrl% Oﬁareseﬁgpg lotoi"anscel vers which.
serialize andfaxtasasrﬂmhlchﬂesjaaﬁmt dhlamwtﬁm“eshamhg ontdY niké porss, ecHpblort B to the

fibre-chanpnel | oops 1 nnected thereto. |l n. sone

embodi nent f‘f’pgﬂ 1853{}‘@&?&}?@30 ﬁf Efe-ﬁiﬁrrr@hgﬁ 83%"?&?5%*3}“‘1{'%%% vers; in

ot her embodi nemingel. dﬁesﬁthép&ms\cﬂlavtﬂfrﬁtei’dr@oxhtﬂﬂ@fﬁdtﬁb&‘&iﬁla&ﬁﬁn 28 bl 0|Ck 110.
i.e ght side relative

I n sone enbodi nents,. the I‘I!%Et e interfaces -

to the transcEhapsl Yheselp pont °f‘g‘Fglgl“ﬁ‘grl%’PiL?“cﬁP@lth’é‘P’éFsl‘@n’Fl‘i"b‘i&f’ssout put

signals that pfegerti@p appatafusatils confroDéiBY coRiiRRidaliBit chandel@¥ear € twenty bits

wi de. Toget her b?dg}aks 1[1ﬁﬂ 111, 11 port-A transceiver 115 and port-B
srdrat frpgd

transcei ver as in parhonaWhetlsd @ Predetermingdeamonptof usehago e

enbodi mentzs, awaheeﬁet%ehﬁ&msvlﬁfnsanalhe‘%oﬂmlmic%ﬁons%ﬁmleﬂt egrated within a
single chip 110. In other enbodi ments, the transceivers 115 and 115
including their sefnohdragneripidhenresentipyentiomproyidesa erenynigstientent ed on’
circuits sepapingd iHaPRcubisthitRing! fr QnPEIoraN nsceivers 115 are
merely interfaces E)eat ween ° re 331gser| a °oog&?q"§gwe3°ha{%ﬂ[g 110) wherein the
seri al i zat i onpyieatadtlaen szaahc@mmumcaewsbhmmh el roleasingqontrelmiftheni de dat a
occurs on-chi ?ﬁg; f ystem 1200.
Advant ageousl pomlﬁhrgwﬁrﬂme%%ﬂr?ﬁmﬁl%%gﬁ |or?l ?‘g\é&/‘g)ﬁﬁ“&gtgﬁ e@@%?ep%&nseg i n conputer
system \80 9%418@02115?@1'# ©9809¢dIROBEen ik first port and the communications

channel.

In some embodiments of the above system and method, the

predetermined amount of use includes a transfer of a first predetermined amount



1200. Computer system 1200 nay al so be called an el ectronic systemor an
i nformation-handling systemand includes a central processing unit ("CPU"),
a menory and a system bus. Conputer system 1200 includes a CPU infornmation

handl i ng sy 43632 having a central processing unit | 204pctudodtdssm access
5 nmenmory (" fﬁ 1232, and a system bus 1230 for comunicatively coupling

the central processing unit 1204 and the random access nenory 1232. The CPU
i'nformation-handling system 1202 i ncl udes the fibre-channel node interface
1220. Each onefdita. tIheoroﬂemblemhmimenﬁsselessbofecgerol off tbe chmnhh@ s inhibdéd ng syst ens
100 t hrough 10Gess il gc?ggg&ﬁ?@&mmara%ow A RS iR % Lo S ote

psorree |rren

channel node intertace §c drives 1256
are connected to a single ndiie awiigs exanple in a RAID

(redundant ar of. SV ent. dj riv conf.iguration,
such that devag f)ﬁbf&e%&)ggrﬁ%%agfsfg{}e% dw‘i}b hrc\}’ §nn°$‘?‘f@ ack,

i nf or mat i ors- harGl12iingbleyls tiegrath2¥ 2n iymbionha@lihg systeee1 200 mdms&dtmgt put
interface circuit 111209 that drives an internal input/output bus 1210 and
several peripheral NHBEFRERVeRIOBL a5 1212, 1214, and 1216, that nay be

attached to tpes.i3nPabloskEiRgthmues fﬂa?el&am%@hbd@hﬁ{eﬁhce%w f@®s may include
hard-di sc drives, magneto-optical_ drives, floppy-disc drives, nonitors,

keyboar ds and¥¥¢- Hds a l?&lhd‘ﬂ%‘f‘i"ﬁ’rférﬁércschamlqoyﬁéﬂéfrc‘ﬁi%Q: drive or other
peripheral 20rgWviicgbidBY ddgamidTe btddiRntdl apLbnidiichadsacnd appar at us
(especially, e.g., the inprovenents in fibre-channel node interface 1220)
descri bed rein. For each devi cBetaded Rescriptien A port or the B port can be
used to connect t oY RALYER dbQAR stem 1200
optionally incl udeé1 a soecong Z%g&%?lgfrparrgtth?gn?% Egﬁl%ﬂ(ghs;ﬁ/ését em | 202
(whi ch is ideraf¢rense lmaCbltmhea!pcqn@asysg émﬂh%@&)hmhafvmmgpuehﬁrcta] angr oce55| ng

t 1204 t ,120
lrjglndomacceg\é\/mn‘gllr;rl%l?%ef%§wf§égﬂlﬁ%ﬁnl Spg:r' c% eltml hﬁ?il\}f’l 232) and a

syst em bus 12 8G@ent{onmaytbeipsactickelntli is & bdlmds:ymbemabmhcrkaﬂﬂ)luﬂmfs may
communi catjve 0 central processi andom access 30
nenory 123% Eéyalzléﬁ’?%dps?% tl'%f)a?]c%anﬁcﬂ’?a es'ﬂ}‘@é‘ﬂ&‘f parf’ﬂ%ﬁ S PR own fibre

channel node bpfithepfesaneint@Ridn. (whi ch |s identical to node interface 1220),

but is connected tg one ens 100 this illustrated
exanple, it is just cOhf g&? g%m?%e%d?g'é %‘Pé?"é‘ﬂ? isd’(ﬁeé‘i F?ﬁ?“ fyﬁe%‘?fl exanples is
connect ed to afivesdiavlidiag hard\d3c ARV &3QdrRET, /IBRRERS AN Iobtied]- di’chC systens

100 through 1QQ') 1+t a sec nd fibre-channel | oop 1250' (separate and
i ndependent f8’6¥f$s1 Sl 8@8&63@% C%,ea%f’?lgs&?ea%%ﬁdamscﬁw k QthehlyPery

i nformat i 021)-haﬂ@l‘i\jeﬁlgyﬁéiﬁiﬁfﬂnizgé)@ucﬂmdal‘?éaandahpar& aFe one or nore of the disc
systens 100 usin garate fibre-channel |oops for each CPU information 5
handl i ng syst StxAgse/mdgpepdent gise, dnvesniop BATRroafiguration) oy ptherdeyiges: t hr ough
100", and all wﬁaudhﬂafafbrdasaﬁﬁ&&aaaraédwe&gdmhﬁd@mé&ﬁ%cémmhna%%m are
connected to both Loo 1250 and 1250'. The Fi bre-Channel Specifi cations
used in buil dhmjila&évs ot pE enghodienisy the preseyis iventignanusedH i pedeude t he

fol | ow ng ANSl SkRa08f thh-d Lo AL 15 Fibre
Channel FC- AL2n Fi bre manﬁgd&éf(%f’ Pr o?g%%fqpﬁ)ﬂ"ﬂ& &Egﬂ]%%ﬁifg&ol ect

755D/ Rev. 2. 3cqmgeipbuil fibresphynedl longs fomngahether), X3 Thstations jpeotersp8@Dl Rev. 4.5

Arbitrated LogpeXalidd & 1ﬂfoﬁﬁ;§tlo4lgl§§ﬂn§%\/’sterﬁs éaﬁr@&&nﬁgttgdjonl‘ap%e-

channel arbitrated loop.

Figure 1 shows a block diagram of a disc-drive device 100 with a fibrc-
channel node interface. More information can be found in U.S. Patent
30 Application Serial Number 09/193,387 entitled “Method and Dedicated Frame
Buffer for Loop Initialization and Responses.”
Referring to Figure 2 as well as Figure 1, a fibre-channel loop.-interface

circuit 1220 (also called node interface 1220) includes a dedicated transmit-



X3T10/ Rev. 012 X3.2 69-199X |. Preserving Loop Fairness with Dynam c Half
Dupl ex One enbodi nent of the present invention provides a
fairness-preserving apparatus 175 and nmethod for preserving (or,

equi valently, for providing) loop 25 fairness with a dynam c hal f dupl ex
("DHD') conmMh®43%2i nstruction, and a method for providi n§CTEPPH%E t hat
uses the DHD command. Al though Fibre annel is by nature a full-duplex
link (franmes nay travel in both directions in the fibre pairs

si mul Laneous! yme AL 73R Roop Hiial{zuidislak sgm@rmh@wmmggneagﬁ;} y support

one-directio data transf Even naport I's ca
ful | -dupl ex opdeattéréage 122ﬁ)endu®ﬁ®msp¢rualt16@wgnhedmﬂ Soepd pmbB) rati on may be

reduced. Dyn N} imtive is transmtted
on & Loop by gt datiEHBy HaicRhllared of s BE » BB g S ansiert e P

state that tsplaashmdmmmda&a fra:mesggnd monitoRing msponsE!-iDtltmyfra:hbs)m ports to make
more 35 effél Ci Zeuas rg_fchmg”esta‘ Lished, ci % W0 991 43002 12
PCT/ Cl S99/ 39’% oW Ng. a WRT SR ‘I“gn%rhfi%}a BEHIR BFRAF dupl ex

data transferts cbmrriam&rtsﬁmmrfes ﬁffmSotlnem nbdes.) Ofhadibld-chadhhdl @bitrabed-obg hout re
arbitrating. 2. allo NED state to transmt
all 5 frame eSPEHRYM W@W%ngggjpm aﬂggd%mtlgfoaf’% 8§h*f“ina]118‘I’Ped its data
transfer. Thel230y ¢anibb ukddao GBENumba& Gatdbetweenl disctstariifeelided 0@ ahiir st CLS to
cl ose the Loog) VWhen a full circuit exists, the port .in the OPENED

state recei veomPYETEPLO! ?fd“‘f?ﬁ?ﬁ 19158 sysiemes) AA&srother ipferEation=i | it has no
mor e Buf f @y- tiundhgBishicey, Iﬁ:ﬁ)ﬁéjéxhb(fdﬁﬁbr@rfqué EhanndR1d3gV 280 is 2864 t he OPENED port

is no longer able to transmt ang ranes, it must forward the CLS back to
the OPEN por tconypicatiansshapnel; inatherembodiments twim e motearsilgl lives @sef ul t o

transfer the 4gfeqe dré‘héeh?&'rﬁfﬁ‘enﬁé& h6e-chiiag 155;@&%6\ hfahﬂg sidhy 1. Some

I npl enment ati ons ar'e not able handl e si nul'taneous 15 transmt and receive
transfers at dqéé‘aa%&énsrreﬁr@nebuf@s@ pldnesong o 1 16 efredualopartiiodg 122} t he OPEN

port, but. Decigys amilig iditdlahdon st Bt ?&m{a@%ﬁs § advantage of the

bi -directional circuit exl st ex transfers are
possi bl e, 1pf tranemitimN\orpencivimEata zamayi The pdrts 1@&6 stitiad 11@§HENEdJ1rpddt7 can only

transmt fr angp mIB@\ﬁx gia&[]arﬁi)%ﬁmﬁtthlaﬂgl grl E@;Fogtbgm agoth'ﬁ‘ngsold% ah& ]l QDENED to

recei ve a new connan receil ves S rea ata for the OPEN
port . connecting to, and forming part of, communications channel loop 1250.

Dedicated receive buffers (53, 53' and 55) are also provided for each port 116 of
a two-port node. (Note that each block having a reference numeral with a prime
20 (e.g., 53") provides the same function as the corresponding block without the
prime (e.g., 53), but is used for a separate loop port or communications channel.)
Cyclic-redundancy-code information received from the fibre channel 1250 along
with a frame is stored in one of one or more frame buffers (53, 53' or 55), and
later checked to ensure the integrity of the data while in the frame buffer (53, 53'
25 or55). Control of a loop 1250 is maintained (i.e., the loop connection is held
open) as long as a programmable amount of data is available for transmission, in
order to reduce the overall amount of time spent arbitrating for control of the
loop 1250.
In some embodiments, disc drive 100 includes a magnetic-storage head-
30 disc assembly (“HDA”) 114 having one or more disc platters 134, one or more
magnetic read/write transducers 150 per disc platter, and an arm actuator
assembly 126. Signals between the transducers (or “heads”) and HDA interface
113 transfer data to and from the disc platters 134. Thus, the “disc drive” of



The OPENED port can only transmt 2 data franmes before it nust close.) 25
To avoid this extra re-arbitration cycle, the DHD primtive signal is
provided. DHD is transnutted by the OPEN L Port instead of transmitting
CLS. Transm &,&) %O Gob1€ DHD al lows the OPEN port to continuepéfybdopsssit R
Rdy's and Lin ntrol franmes (but no data franes). The OPENED port
remenbers that it has received the DHD @and holds the close initiative and
i's expected to 30 transmt the first CLS when it bas no nore franes to
transmt to themaaﬁbbqjmcnts (e g:,adiscrﬂe'wstzscsmttmme tointledds HI3A d14mde  of

operation whereglip. resour ce Channel op 1250, is
nmade avai | abl é'ﬁ%‘ﬂ’ Fi{j(elgasalcgm(eg ﬁegf&b"eh} &81“? rymye s ‘tfgers such as
di sc drives 1&6nvehtlﬁnal disé drivesl 23616 behndetb@io, an exM@aQﬂdd@@ﬁ&ZacB@Nﬁ%W 03955 13
and for an armucpt of tine g}g) évonal to the anount of data each disc

drive 100 needSF i $oPATRE oL F-ripnnelitapalogy; & showpdeFigredpdt at i on

wherei n ones us:ﬂ{ereﬁwdlﬁmml“ensadw’txs 9hiffel tHéfdiHcm?M P00 Sreglirk B9 system
1202 (acting as . an _initiator), takes contro he shared resource w thout

wai ting for ewdfl{pchydps node interface tI%Z%atPéraéthvumfhc #‘P%W‘f?guéﬁfna?‘tcrai“s of t en

desirable in Gclddive 160/Cth dnkRinbEdimeht, BN T M RBSriffethed ﬁatnlaﬁtwtwfff ast
devices to take nore turns than slow devices), because it al for

exanmpl e, CPU ichipdrugr | dn-Thainrenting %%@@mdf%ﬂed @l-shlnbllff@déi?,af{hldns on a

| arge number qf sl aBintthihodh téldcl 0cceELiglud. f&ﬂﬁb(atfﬁ grive 100 to play
unfair may all ata trans romthat device to e sooner 10 than
ot her wi se, l%ut(algeemmlnpallpdme lemdlnnn—p@tabefferﬁglfemqohpém(umrbuﬁm b2cause

ot her disc dri 0] egnd wi.ll not g€l Reed up to
perform ot her a)égg% ét?%%%“t g}cggggﬁ?e&%{ﬁﬁ %EJU Slm i8> %%ﬁgil ing system
1202 wi || haveimdtaneguslytbydothqogs (io ofet embmhmetmt,a shigterbufferois esedtblyer di sc

drives 100 (seg, 5 ibre Cha n i trated p design
such as is ad r%e}F ds“%% Ra?% p?’léigaesﬁf'rcfi%\a}tgn fmsp ﬁjﬁr%%%n%mtga nust
arbitrate for chedkes$96t o the | oop 1250. A priority systemis used to

determ ne ich po t 122Q gains.contral of.t 25 fairness”
schene is lYJ\ged to %%'tfrc q’Pﬁ‘éR"“E& sp°§rt@“ﬁ°8tve’tsll§8‘f]i?ggs ! qé? ]glét) devi ce,
the di sk dri venclode postuhécgivelsasichi safidlize AAd ddseritilive Bat@trhfed thivugRr i ty, 20

whi ch assures r‘??‘o‘?ﬁ'ﬁ{}lsve 10% ?Eual access to the | oop 1250. Initiators
(such as CPU i frhas h%‘i?"?hé’ﬁi’s’l}é’ég Seﬁ'&%“ﬁﬂ@f"%@iir to keep the
drive queues fthdrbto( B dovR efbBdigfen@] ttankdeteds Ofs aRORPIRENRAUs CHEmANt Oper ations
that each d| sc driye 100 maintajns for commands directed to it). An

"initiator" i <rAASQERGIsciR ofier gmpodimenteihass Brnscivss 4R Jacated gunsbipdn an

i nput/ out pub  (6ldok@1d. m&ﬁ@%&bbmtentssthé Hgltt%ld%ﬁma@&cfey(ﬂzﬁ Rsignot her devi ce
(called the "target"). "Full duplex" is _a node of operaﬁ on wherein data is

able to be trdpiafyateshe trnsceiyepbisiordils'1of Bigyes b) asnsealle] lﬁﬂlttquutdata i s being
received into dhafs iR hde 1A widdiRl Sl Rledimens, tﬁef@g@‘w il on wherein

data is able to be transmtted out a port or recélved I to tevkat port, but
only al t er nat i Ragetherablacksdil 0gk113012% prrt-ddranseeiver! 15@nd pedtPatransesiver he pr esent
invention is g keatEBreSRhlne fl(nllgé&lﬁ [ dded to the

Fi br e- Channel Ar bi traltg Loo%og?gxﬁ??aggtlg@ Ge\él)bo‘il%ves’p% en a port is
capabl e of 2§ ultranshgjyiersxl 16 pud htﬂm’nlr(tsgmhd withinheingteshgnl 10. Wotaed 43002

PCTNS99/ 03955 IV, and V), there are
situations Whee%n[elb0 %Zeﬁ%sutﬁggrmps%%ﬁ%}/o'l{’s %&% Soéltd"bdﬁﬂ%‘b%lf es nmay be reduced by
provi di ng the sﬂ&ﬁhz&é@smadazerl?moheumph@lemhm arcirchisNepastt fiom ghep t 116 t hat
is in an CPENlﬁ]bate) transmts the CLS primtive signal, the OPENED port
can only transm’t franmes based on 5 existing credit. (For exanple, the A

port 116 of a noden. amaelra‘nmanaaa&otmsc%'\m drOmeRBAhHacks BaweaPmpand) it
recei ves t\§8

ead
seria I?Toop 12?8 c{] 3]1]) 1 10 wherein the serialization/deserialization to ten-bit
wide or twenty-bit-wide data occurs on-chip.
Figure 2 is a schematic view of a computer system 1200.

Advantageously, the present invention is well-suited for use in computer system



data for the OPEN port. The OPENED port can only transmt two data franes
before it nust close.) Wth Dynam c Hal f Duplex, the OPEN port transmts
the DHD primtive instead of the CLS and continues to transmt R RDY's.
This 10 can allow the disc drive 100 that has read data to conplete the
transfer wh&P ¥4®% conmand i s recei ved without even havi RFTUSBErtrat e
for the | oop. This DHD feature may redw:e arbitration cycles but also may
distort loop fairness. For exanple, in a system 1200 (see Figure 2)
according to ' [ I 0} i tl]a%%gg ystem 1202
sends a read E)i;}?f go:ﬂ.c&)ﬁ{ul%‘)sg\gprr%égg{l?’ Sﬁgibggzl%??@ge%go@ ( |eJ(1f1hr1’g\iav|ﬁ Il return a
plurality of w&rmafienhsnd)ingsystemand includpHDoentralmirodessingsingtr($CPPWha ch wil |
allow the dis LV, : ; r an extended
period of ti rrl(el:1 eﬁﬁ}yoa?lgégg)stt%nqglgseﬁp ]eéi)g&tE %’%&%‘? ie/ér:{)roé J?‘gde% g?’g‘eﬂ‘ﬁ%%%;e‘% of data
frames wi t houhangling sygteonpl 202 having a eenttaltphensssirguinitg 204, arrendanbaccesat e f or

control of .th “ hus, because disc drive .20 100 that has
recei ved tﬁe %8% W%/AB-SET én?liaal SYpEmatt 6%@3()?0(9"}5‘%@“’[%‘5]3( EHPEPE r at i on
wi ndow agai n #eeenttahprogdssing uliat0graed the waldymvietesa meinbryel 232N TROAPWAS Wai ti ng

for the next fairness w.ndow T ai r nes the | oop (the ability for all
devi ces to halh °r8’&ﬂ%ﬂ'ha§‘8@égs§'s?‘8q§f%%"‘lcﬁ’gﬁs @%ggﬁfcg%‘)“q rgodagrg?rgw ed. The

ih ni L iator inf Dzzmag!g&noﬂeéuﬂdieiomleoﬁmsﬁeel?&:%&@a"ge(iﬁﬁﬁndgioﬂlﬁﬁﬁiliaé_siéf@x?]s_ hﬁs a 25

i gher-priori ress. an ays unfajr (].e.,, using_its high-priority
address to taL%) @W}t‘ i‘?o B‘Fﬁ’fig‘e"n!’86@°&A‘§°Ffé“’éﬂﬁ‘€?f‘sé561a“‘b% fire- devices with

| ower pri ani t yhagekl hes&sSieerfaevieno.t hough t hey may have been waiting their turn
for a longer tine) wins arbjitration and sends a new command (e.g., a DHD

command) to a dri V8 sa®ecmieiments, puiltplodinadrivse depoarpranpentsdig af or the | oop
1250 because %ﬁ%@ﬂ@de"iﬁ@ﬁa&?fﬂﬁ?&e?c:%pl%??akﬂlﬁh@&lﬂl‘%iﬁltéﬁgyof\men the drive 100

recei ves the comrand, is allowed to send a Its data franes and

t he response WRHENBeidepedent disc dvgsheandiguratipr sechdhat dedeq W0Lis a drive 100')

that did not QRtp ARG G dilesd TR mm@% L i t y "fairly"
win arbitration. In the_lrrean%i rr.e,gwtpg)g. . 10&@&?%5&%%&%@&1%955 15 drive
100 that fliSni dpreigclhfearcispitonpucivisridosrireuit i 209¢hatstizesfaprinteinal next cormmand.
Since the preybous &[Q{gg - LNkl 2,41my, send t hat
drive 100 a nle#/)v co}ﬁ&gﬁ%ml?go eep{’i&%lj)qa l‘ieeE% dH}HS &%ﬁés lglzé\% lczg%’rragﬁd could all ow
the drive 1001316, dbetrmaycieattachod trethe mpaidoutpud bes 210. Prriphetal deyjcesmap dri ves nay

get 5 "starvegd" L [ A d finish fewer comands than
those that ma glug‘g{éarg? &rgg@‘é%&?%%‘%ttohog’ﬂ%ﬁé@%hggqp drlsg\fjilaes’f TR s - preserving -
feature of t hkeypeardeand othey such ipenphleraisi tAmyttjye df disgtiiveodr ottienperiphatal one node
116 is al l,gwe ol, of .| 1250, thus, assuring that other nodes
116 get a 2tB ur%evéﬁ%tnlﬁdﬁﬁg%&?glggeééﬁa e}amgﬁg%%nﬁgppa{#%(e%mﬁhh ﬁ%"é‘?ﬁoi di ng ,
"starvati on") improveoests énflordichamnt], notimtdrfang 1 220pdestribed hewinh. Moeleach16 i s

allowed to keep.control qver the Joop is requlated by requlating the

maxi num nunbe&g'bcfe’ ?lﬁ’ﬁWéERtpPgr?§ p’(?rdr %%P?P%ﬁﬂv%dﬁémﬁ‘ﬁgr‘%ﬁy Ve lpotne

enbodi nent, if25hat node 116 is sufficiently near the conpletion of its
data transfer, it is allg,wed to conmplete that transfer, even though it

exceeds the 15 naxJTRAHEGEISEE ofsystem 4 200 ontiqnuallyipsindes a£¢rerhCEE be al | owed.

25  information-handling system 1202' (which is identical or similar to system 1202)

having central processing unit 1204' (which is identical to central processing unit
1204), a random-access memory (“RAM?”) 1232' (which is identical to RAM
1232), and a system bus 1230’ (which is identical to system bus 1230) for
communicatively coupling central processing unit 1204' and random-access °

30  memory 1232'. CPU information-handling system 1202’ includes its own fibre-
channel node interface 1220' (which is identical to node interface 1220), but is
connected to one or more disc systems 100 (in this illustrated example, it is just

connected to disc system 100", but in other examples is connected to all devices



According to the present invention, in order to preserve |oop fairness when
using Dynam c Half Duplex, a nunerical frame-limt feature is added to node
interface 1220. In one enbodi nent) an upper nunerical limt is placed on
how many re franes (i.e., data franes to be transm al I owed
to be 20 tr;\gg%ﬁ{ssnéd after a device (e.g., disc drive 100)$é12§:§g?€%§5a DHD
command (also called a DHD "primtive")junless the transfer is nearing
conpletion. In sonme enbodi nents, the nunerical limt is progranmbl e and
set either by oadivesydrms 100 tirighQge') thrdugh aR&load fibrelthadR] REPCZEoTENt) Or node
page setting &i n anot(g,er en%g‘di rregta‘% or set to a default value via a

M cr opr ocessolSePFAe FRdinAenendant EpmdenmkaiP)  Thivsoahgyrpegnsllans fheit¥Pat or 1220 to

progranmabl y QPEnidaRatiuariRhEIGR] systbmi 1oy #d05'98 sHahCordRP dopdddtR (i.e., the
software running in CPU informationhandling system 1202) in which the drive

100 is used, @¥Caystegs LORasing sparatefibserhanneldenps forispeh GRY informatiopme

enbodi ment, s t Rending §RMn 17008 M | QRHF MbsSers, Bﬁhéﬂé‘e%flo@flﬁé«%h\dbﬂg 30
apparatus 175 as shown in Figure 1. In one enbodinent, a 16-bit counter 160

(al so cal | ed k&4 @] QPUprforpatiophandiing gystemsel20-thyeneh 1292'; ase pamneddei oy i nit zero
si gnal 159 whephtibiss Ph¥d il 1n6@ei ved and is incremented (using incrementor
161 ) for each frame transmtted. Conparitor 162 checks when the DHD counter
160 has WO 99I 430b2FiPETThysnd Spedfatioss ysedinwildinp ensiemterdiroert of i mi t val ue

stored in lim ' : . rnms(15:0)) to decide
when to susm?rtlﬁcf d;rﬁsghtjgfeémgrrp%ﬁ@?%@g(f(gfbys"ggd‘%ﬁg%tg%%r&fz50). Conpar at or 162

out put s suspemibr&Crannsli BMAH 164. I n one erkymilymeket 755DpRRU.Xf er signal 164
causes suspension of the data-frane transggt .o;ﬁerg,ti on, 5 and tenporary
closing of the loop to allow other devices'8ctSeSigRaimedpigriacsso (i.e.) this
enbodi ment i gIFMreShaingEt-AL69 and si gnal 1¥fridgssieiibeoprelas and suspends
a transfer once the limt is reached by meking suspend xfer signal 172
equal to suspend xfer signal 164). In anot AP rent , an enabl e DHD
suspend si gnalribkd @hirel rdrag.2pr eser vi ng- f ai xpEa e seRaT 8Rev- 43 | S 10 al so
provided as an input to AND gate 171 (i.e., this ‘enbodi nent ignores signal
169 descri bed bel ow, and suspends a transféﬁblt@m@éﬁpﬁe limt is reached if
the enabl e si gnal chffdel el so "on"; if enapd@opi gnal 170jjsoieff’ then the
fairness preserving feature 175 of the present invention 1s disabled). In
ot her enbodi n¥rtecol EBSRBEr 160 is activate®-2or other transfers of data 15
(rather than only when DHD commands are regejg&d). I n some enbodi nents,
counter 16f0replaced by a decrepenting counter that is initialized by
loading it with the value that is, in the above description, |oaded into

limt register 463; and this.decregentin er, 1s decrenented once for
every frame trlalr%rse?éer?"rnég‘,oogrﬁlrgg SWa e%naﬁ%&%loﬁme’bnce it reaches zero,

t hus provi di ng t heOeagembadimerit of theptdsan id@nfian fabvidds fAibkkss-pederving2, and 163
descri bed above. In me ,enfodi_nent s, .counter. 160 nitors e nunber of
frames transf &PPEHYS g@ angl?nB\c’g&f PLEEY S (P, o ?ﬂ“@%bﬂﬁ*)}?&mﬁi '%Bount er 160
monitors the mairdesywid a dptamise habf-dupek (SDHDP) iieikd BERSHicEsn,dhd hhe amount  of
data transferred. Ifn sti.ll ?t,her enbodi ment s, counter 160 is replaced by a

timer which 2%R5RAdifPoreviding faimsss that ypestheRHDcgMM3Bd passed during a

transfer, and that Aﬁﬁ&dﬁﬁfilﬁs@E@ﬁﬂﬂsb?@éu&%llﬂuﬂ@ﬁﬂﬁ%(?fa?ﬂc@_ﬁﬁy' ength of tine
has | apsed. This provides a simlar function to that described above, but

) e ] INnct
provi des f ai r #&¥d bbb direpons indhgyfilye pairs;simltanequel), semahoamPeth anount  of
dat a transferqgdpor %ﬁ%tﬁ%?cmé%&lt Snc-ANDGR! Gatd dadnskes. Bldnl | used to

i nhibit suspend xfer signal i ewer than a predeterm ned anount of data
remai ns t o3be wheaapprdis@peblaeldpbduplex epratsion, tkparsisipatiods whepaddopl 70 i s

disabled.  VQuQ9LAAN02 WBCINISI/ 03955 17

Dynamic Half-Duplex (DHD) is a loop primitive that is transmitted on a

Loop by a port in the OPEN state to indicate to the port in the OPENED state
that it has no more frames to transmit. DHD may allow ports to make more

35 efficient use of the established circuit by:



I n sone enbodi nents, counter 165 nonitors the nunber of frames transferred,
as descri bed above. In other enbodi nents, counter 165 nonitors the nunber

of bytes, or words, or other nmeasures of the anmount of data transferred. In,
still other enbodinents, counter 165 is replaced by a tinmer _which 5

moni tors theveeu§es of time that has passed during a trané‘lcé’fusggéﬁdsst hat
activates signal 169 once a predeternmi flfd length of time has |apsed. This
provides a simlar function to that desScri bed above, but provides fairness -
based on a length of ti ransferred. In
some such enbodi rrents Eﬁﬁ&ﬁggggrg@%ﬁé&pﬁ?ﬁusegh%lgﬁ?ﬂnﬁ}%t% suspend xfer
signal if fewer 10 thmfcestprtlemré'ramcmedhaqmmmtedjfecwmth@mns to be
transferred, and/or | -ﬁ{} | e DHD suspend signal 170 is disabled. In one
enbodi ment the transfter igt h counter 165 | ogic uses nunber of words

i nstead of franmes. V@il eallo\h'mgalponwhdmssidtbe OBENED stypetoitfahsaik oy drawn to

enbodi nents. that 1 Slnvolv e nam ex. feature, other

enbodi nentz5 of the pFEBeREn; %‘@M ﬁﬂ &&’5?5%25&1%%)%%)%%564@?&%%53-preservi ng
feature 175 of the prasfat invention is provided independent of the DHD
feature. For exanple, in so odi ne the f reserving feature
| 75 i s provided bujflhetl??ét %ﬁﬁwgf‘té nPgnqslléSttraW%t st éﬁs g’(‘ﬁ%ﬁe erbodi nent s
both are proviides, whei a funaiugRx tRéuit R sss; megsﬂﬁﬁ/thempﬂamgtﬁe fezeiv&ed bot h when
t he DHD conmand has heen received, and in certain other_situations as well,

in order to eMifdrickrndamay faniinue o ‘t’ﬁ’é’%‘é frameg yptil dtrhes negioreRuffgstte) in one

embodi nent o t BaneS Credit BB \Wrédie: A ). ORdel the QPEﬁED%ﬁh@Mﬂoh%@ abi¥St em 1202
to disc drive 100 In one "enbodi nenf, "a transfer- counter 16S (al so

cal l ed 25 xfr ttansgiieppbanss “F@‘Sﬁoqod‘ﬂf%lg\?CL‘ﬁr‘&ﬁ%?"e‘heggﬁﬁtmﬂcount er 165 is
decrenment ed by | 00TKerd &6 af 18ast R GidsSvHeREt MBYBL MNRP I WHIRRE hekioPer ds to

transmt; together transmt-Ilength counter 165 and decrenentor 166 forma
Dat a-t r ansni t initigiiye ratleen dhon treesmittioe (B3: Thi s enbodi ment conpares the count

of remaining words ip tr f: rogr anmabl e
value held in mni rru?n 3 enlg?ﬁln%ggﬁw}lts Lh%%ﬁ? al so&ggﬁm&mgﬁg ~cnpl

l en(26:0))1% 0 bI ock bsuspenrsd mecivé trmséarutdwsfoéc Oftert thesetnodesdlaee i s neari ng
conpletion (i.e., th . i near i Ieion" if there
are fewer words rerraﬁ?#’gnsg’%ﬁ%ﬁ%feor rgﬁl{»‘ﬂfl\liI e%‘“t‘h an -t Rptgelr e'd‘ﬁ’g X in

m ni mum | engt h r egi sdesignlG8hot tdke adveatagerbiditie bieditectididlcigaitevhich WO 99/ 43002
PCTNS99/ 03955 18 171 )Ii {MB a | ogi cal AND of just signal 164 and signal 169
to drive signal suspend xfer 172 that in turn causes suspension of the
data-frane transnit 2perByen griyll-dupdex teampiersare/possibie) ifihedPBENporl oop to al | ow

ot her deviges to use_the.lgo 250 (j thi s ephodi t ignores signal
170 descrited bel ow, U%@ltg&ggl&éeﬁlagﬂgbﬁ%%g{]@poaﬁ'g@nfrﬁﬁ?rﬂnﬁﬁasf(g reached
unl ess there are fewerexigingicreding(Bxamgiz: Apan i$ OBENBD Yerective £gévet er 168). In

anot her enbodi ment, enable DHD s nd, signal 170 faqr fajirness-preserving
feature 175 is al so Y eﬁc%\%"'sgﬁ{)% aN%dS%ff‘& d)PE\*ﬁéi'mltogl cal

equation to suspend THeOPENED péit cii difly @atsRitt2 data faded bdfode it mugts fol | ows: 10
suspend xfer signal 3172 = (enabl e DHD suspend ="1' AND ( dhd cnt out(15:0)

dhd max-frns(15: 0)clgse)
25 To avoid this extra re-arbitration cycle, the DHD primitive signal is

provided. DHD is transmitted by the OPEN L_Port instead of transmitting CLS.
Transmitting the DHD allows the OPEN port o continue to transmit R_Rdy’s
and Link Control frames (but no data frames). The OPENED port remembers
that it has received the DHD and holds the close initiative and is expected to
30 transmit the first CLS when it has no more frames to transmit to the OPEN port.
“Fairness” in this context is a mode of operation wherein a shared
resource, such as Fibre Channel loop 1250, is made available on a timely basis to

each of a plurality of users, such as disc drives 100; i.e., without undue delay,



AND ( xfr cnt out(26:0) s dhd cnpl len(26:0) ) ) Thus, to preserve |oop
arbitration fairness, if the DHD primtive is received and read data is
avai lable to the "open" port (this port is "opened"), then 15 this port
transmts data o the dhd max_frms count and then cl os I f

t he transferwqg#"ﬁ%ozr the end (i.e., less than the val ue iﬁ’% s(’:/rr;?g%oten)
this port finishes the transfer ratherjgthan closing i mediately. The
transfer is done so there is no need to arbitrate again. The values in dhd

max fris and gladoCiiimdueibiEe gaéhostiinaliodhd BARINDSCRAE dabH 4isd dfvatiogn or Vi a
|l og-in values to 20 make this feature nore flexible. \Wen data franes are

to be transmieEeHo 2Bt ef (23198 upkry sognods of ogeratiapavhargin gngygerséorof  zer o)
when a DHD prdxginbie\soktSof CPCRhRattithaG kY §hterh 6802 (Sdcﬁxt%m ahncremented by one
for each data frame transmtted. Wien counter 160 reaches the maximum

al | owed val uelnftidfon) takeq opirel of gy shersd resggeq withas waiting fareseryfother | s near 25
the end), th t : S ; [ b 14 next tinme
arbitrati o% ?%reﬂl(?%g%re%ztSO' ?lsafy\{/\ngﬁﬁl'lzﬂésﬁésﬂud}%zz{r?ldélli(l?grrtw%ducmlu faegi gnhal 172 is
used by | oop @snmstahcesagiallowirg fagt davicdsniptake morqroms thanalosy @vispn cont r ol

circuits 42 ( [ it [.PLI | o)t ransmt a cl ose
on the | oop i?e%fs’ﬁgh%ﬂlé)‘gf‘ig%r eggg%l%%%ﬁei?%@a%ﬁg&dﬁg%%fsl]egl &Qgt qa% ot herw se
all ows very |aqraptibnaess lergs nimbeli i slopter dikedrivas t 00 ssllofing bree digapivet he suspend
xfer signal 172 re [eS Ol preserves 1o ai rness. |1n.one enbodi nent,
suspend xfer lsol%gt(r’lgfag'%? lrir%ayaﬂp)l %’d{“&v‘f‘ 8rd§(§§{h§%1&ivh°§3? COFRRIELE ST cont r ol

st at e machinethdRbth&wiscaind gerrlyTesntis in oD syt p@fontie becad® 991 43002
PCTNS99/ 03955 19 machin 2/.42' to "close" the | oo i.e., to rel ease
control of th‘gﬁ?r§bsﬁ%fﬁ§81q6 I@PH%HE??%PG‘%“H@PHH%%&Q& uBde P%r%%’“e al l owed to
ar bi trate forothdropbratigns, indbecqkeme CPUNgfoamRnthahdlGip syaéailpdywieepi ng
control of loop 1250, In sone enbodi nents, suspend xter signal 172 is
activated onc?Vg'GVahoPdons ip et hatgea drom thesepther disgdmyves 100 (pBeFigse wor ds) are
transferred. 3)n other enbodi ments, suspend xfer signal 172 is activated

once a predetermned | ength of tinme |apses. In sone of either of these
types of drbodi merf&Fibie Lhinne} drbitrteddypop dasienqueh asis gddipssadn thes i nhi bited i f

fewer than a peqdehedmionadod R 220 nldedrBitk 5 accdt AL 109{1155@%8) are
remaining to be transferred. 1n some of any of the above 10 types of

enbodi nent s, R aisteghis gsedde dgermunsvhich porg h2A0 gaing consrol pfithpiaogd i f enabl e
DHD suspend sigdahq 4 Rirh&std I ' ﬁirg; Bif far, for Loop
Lnitialization an Re%rgﬁgggscﬁ%gérﬁgﬁeed téﬁ%%ﬁ}ﬁ%%%ﬁ%?r% e pre'sébgsta i nventi on)
franme buff er starggidevisecthe digkldaivet 90tuseallyiplayd fagrand isgivor lappt proity,on- speci fi ¢
i nt egr at ednyCi & f:Ui ) n). I fibre- npel. interface chip 110)
to all ow %8t h‘l;"fp})l(lgir1 %Sssglrteg\%g dgg%?ovogag?r?%c{ggtﬁedé%g ?@/H@V\gmbﬁtf) 1i‘s‘(a(?usc{lta?'nat receive
non- dat a fr an€BU (efbeeationthhmting system 1202) oy dlay anfairaorkeepulid drive” 53 and 53' of

Figure 1) are V4 . s and FCP franes

(fibre- channe?‘féggsoﬂtugg%r}a%}’ ?ﬁ%%‘@%%&@éf‘gé‘ﬁ“ﬁ ﬂ%ﬁr?qg’ﬁséglﬁts‘faﬁh at both ports
of the node (disadraledd0mmin@naiot cdmrhindd djpbated 130).0pR Finttian’sis aideeice r ecei vi ng
on one fiber of oLt Lle transmttin n t ther fiber, of the sane
port). This aft %agpeaét&?’é\% l?ﬂpitf% ey %‘8%&@1“&%& )[Rf"‘f‘cé%'gia\}ét%/v conmands
(or ot her 280npdfvaed bypa@ehEr dsviceicallpd tHe “thgdng a data transfer on the sane
port and/or on the,

ofher, port, rather than wajtjng until a pause or the end
of the transfer. Bf“hgﬂi’lﬁg 1?ﬁé‘_°é‘6ﬂ€%?r’?ﬂé‘°%§’|hF‘ie@rdafaHéﬁblF'F?'Q?onventi onal 25
approaches, tfispitRaNi a hatVA Y Py SihleQiife thitQaGIPER diRdifowRAt ed and
optim zed while data transfers are _progressin t hus i nproving the

per f or mance ofort He0syHpléAyniexyas a mpds efopgrafign ‘é{g@Fiéé‘Rtaéﬁ g tebeof a
f i bre- channel yiRMftd®hes pRES redbived Ik that P, i){lt_tUnFY Qﬁﬁﬁp%ly tﬁ&g%fih terface
or” the

l ogic 110 in the present invention is responsibl’e 30 I br e- channel
prot ocol i3Ac|gisaecime arbitrated | oop logic and franming |logic. One

embodi ment is optiZffect 8 indp@baAPfiveheSire a folBlHIRY Hyndici3aF the
Duplex” that is added to the Fibre-Channel Arbitrated Loop architecture (FC-
AL-2). Even when a port is capable of full-duplex operation (such as the design



FC AL specifications noted above) using only the SCSI upper-1|evel protocol
defined by the fibre-channel protocol ("FCP') standard. The fi bre-channel
node WO 991 43002 PCT/ US99/ 03955 20 interface logic 110 includes four
on-chip frame buffers (53, 53" , 55, and 73) to assist in dual-port and

ful | - dupl ex W@8¥4##920ns, as wel| as to support a variety ofPHPURSS

bandwi dt hs. The fi bre-channel node-i ntﬁ{face | ogic 110 also interfaces to a
m croprocessor 112, which allows m croprocessor 112 to configure the fibre -
5 channel nodg:i.x &ht | QG r ' tion about the
present condi tg?sgﬁﬁegfbe?ﬁ@nfs %%F%’-%ﬁghﬁggn%g&é&?%?%%?‘%’gén% ‘8%&?%: 10. The

fi br e- channel nyrokke of lepp pbitration cygles may®eiredukbedtheysproviding theDHD ftatwre.r cui t s 20

(one for Port a h, port i:N data-in
interface andFé egfg]? 5@!&81%&%%{%%;2’8{@3%&3%&%gl‘%%npag%lﬁﬁ‘%tne gglfslmgtﬁs) ,
| oop-control therGL frindiGvel Ggrah ItiecORBNER goft canedy transsiit ftanek basad bn 40) |

recei ve-pat.h logic 5 ansf er-congrol ic 60, sin -f.rame-transmt
circuit 70y tF’Sﬁgﬂ%‘”’f‘%Bai‘f]°rﬁm‘?ﬂliaﬁ*be port 'ILGE%HH 5)’“3??5%5 dfre-t ransmi t - pat h
| ogi ¢ 80, andORENEDDL Geivs ahew Bbrambnd; & rod2ived MasR D VUGkadHapradt such
functions as receive- rQcessi transmt-data-frane _generation,

si ngl e- f r ame- 8413 m%@*ﬂ&%%ﬁ%ﬁw%%%m@“éwa Hrfawesor 15
interfacing. BefefeQRnas CREC) WithByrhaeEHAF Daplet, tR0PEI0 pbrel 8 8nsHiif fiRPT 0OCcessor
112 access to_the registers, and counters .in the fibre-channel

node- i nt er f acPHLbRIRINYE pstepd pidhe GLS And-conpinyse tastsamsmitRBa RIS THed, it is to

be under st@odednibwIbEdisd @Iva1 DO Hatite $cad WhitaIHESANLE tRIRAGEBWERARIE | 0gi C
device.) The interface registers are 20 initialized by an external

ni cr opr ocessoReW $gmmaGdye raceivederishontieven haying teearbifrpe fordhrlaeie| Thint er f ace.

Qut put transf | A e ol : 9)"@& 1S, | . atus of
recei ved trang erg&?rsehgé/)laﬁe?{a%ﬁ@q{aﬁpgugh tbh?%l&f %’?’Ea@%%@g&piggie?%ﬁput signal s
for Figure 3 incl udthe example,302 sysigm E2004epqFeguse Yarceording tet the prosant he fi bre
channel 16 in p. § LGUIL &1 N 25 3022 which
conveys data %n(r%;e)]hgﬁf ?@irqrfot %ﬂoﬁ iq%{rl&el“%%%;rﬁﬁ{éIlﬁ)%gefl%%é%g?gmlﬁ%% t circuit 20 for
Port B. DATA FRONMWCRFASHIAVEBIIORFRICB 04! ratwmn agiwalitpbfdata foames) dndchi p buf f er

111 i . T F- ; 52 ff chi
out fer 1111 G0 soEn et T R lRRSs B R (o0l o ¢

transfer cont caitrob@ver tHelbohDRRERS af @@éndrd geddd sfEiAEAn sfiebttoichnpleB0) MPU

interface 90 i r data, I ctivel f r,om, m croprocessor
112. READ ENAEE‘I%%%E&%&‘%F@E&%@E’ES HHBAN 2yl trsontrolany fhetle 6o provi de
enabl e si gnal Bavingorerbitagr focamgol of tHeoorbt 250 | BhusPidcRB¢ the dlsk dvive

m Cr opr ocesso to acce smit-frame. buffer 73. A OUT 3023 conveys
WO 99/ 430 P%@B%gge@% g@;pr{%%y %gg?nq‘?bsr °85‘51Wr+§? et r om | oop port .
fci rcu:t 20 f oarbferation indawdighin ©uh tRAZA iﬂmﬂbw&uﬁlgt\@ntag)liﬁrdi'fnféhdw&s cha][mel 16
romloop port circuit 20 for Port, B._Figure 4 1s a block diagramof a

fi bre-channel WF“(S‘B%??%}P[WH {”E'ﬁ‘?sf window e g‘l%‘?s\%%th%d?ﬁ%ﬁhﬂ@% iydorAll one

enbodi ment ofdémswmeequaims@s@&dmeldoPeédéd@s)iw@toaea.dentical | oop port
circuits 20 to support, a dual-ported fibre-channel interface for direct

attachment of peri pHdpiiplor information-hangdling system 1202 ree Fignienfhat hasgp port
circuit 20Qsi nglgHEgFioHBCAINNSs ARAPIaE Bhifait %i,.ed,%@/ds@ itd ﬁ%ﬁ%ari{y%h&s% , Word-sync

state machi ne 23, |oss-of receiveée-clock detector 24, | oss-of sync tinmer 25,
ar bi t r at edl oofiks egjiteol ofghe lop atdhg axpepseof etbaicdevizys witlplowigr pifgitenbodi ment, each

of loop port gadr&Hdst SveR thouBi @1@% AGFhAR et @%iﬂa thtgfrﬁbﬂ]gg?&ia ﬁg@pﬂﬁxg) (see Figure

1) using a ten-bit data interface. In suc I men e ‘transceivers
115 seri al i zewi#drbieafioniand sends srew edmmiendcige 22D toromard) prear drivieel i nter f ace

(e.9.) a ten-bid -MelRivO oPnds Ve ¥pilhing olie 1ddh 855 RSRduse lhaPldE"

30 data for the initiator 1202. When the drive 100 reccives the DHD command, it is

allowed to send all of its data frames and the response that completes the
operation. Other drives (e.g., drive 100") that did not get opened with a new

command must wait until they “fairly”” win arbitration. In the meantime, the



enbodi nents, these transceivers 115 are integrated into chip 110. The

paral lel 15 data (input fromthe fibre channel) are captured using receive
clocks fromthe receiver portion of each transceiver 115, and are converted
to a tvventy-‘pbggl pe format before decoding using a paral | @b Gd8b/dsesP
decoder. The Sixteen-bit data plus two k-characters (used to denote speci al
ordered sets) are then checked for wordsvalidity before being placed in the
arbitrated-1oop logic 26. The output of 20 the arbitrated-loop logic 26 is
r e- synchr oni zddvé 0tthe finishersthe téramand cold anereadgath forplessieededntmdnde
receive-fram lggic or re-trapsmtted on the p 1250, t hr ough encoder
27. In one engg’(ﬁfﬁgr?fe,vmélﬁ(%ra’él?mgcfm? ?{?}gﬂcgmijﬁtgf L%%gﬂ?aytﬁc?d'&‘ﬁta‘g'ﬁ'gter to one
ten-bit char aco@s neucomgaraixo Reepriarqabhecoil]. The fdvheimmiddadulaRib®.thd WO or nore
eight-bit characters are conveht ed into thg cqorrespondi ng nunber of ten-bit

25 char act er s 9% B4R CYPRIFGanQiner readdpangfers Oysy fimegomeniniggsamangetont j ¢ | ed
"16B/ 20B Erxodasirved” fdhwecest b the fopd25maHa findi fewe@omfahdtasn hotdRf) state
machi ne, an ordered-%et decoder. and elasticity insert and del ete
functions. Lo8pdpietot sgepivingitie bHD; npl ement the Arbitrated-Loop Protocol as
defined in the Fi brge ehasvae raidehlfitaivit taeR r?@h&g!pre%&ﬁmhéor( fimfls , FCAL

and/ or FC-AL2, described above). 30 In one enbodinent, fibre-channel data

are transmtt & length ef tinge thatpne sedeck i deialioyved &nkasp consenl af loep 12 a by t he
transceiver 1 i I r C ; . - hi A IN 3021
or B IN 3022) @?Sﬁgﬁﬁ%ﬁ‘?‘ rcﬁiﬁ%é‘i‘?e@éé 3%&‘5‘6‘8‘2‘%2‘%“0% ogi"ré‘g%%%?‘érgggﬂﬁé t he
recei ver pHtt i(thas dpidingistacvationd. Imde emhedidentathadength ABNS0NE 3042

PCT/ US99/ 03955123 b gpﬁﬂ 9@34% ' ' (i.e., two
ten-bit char actl e?ssaluwl eoél%gi‘%{)rn{e\r el %%gg"é’ 2%‘%&2‘%8%#@%@%@?1 OB decoder
22. Al t hough ewmkinegn awmbed Bf fri@Besdewsfdmed it apomdperafidy. Inmnene enbodi ment
converts one -hit .C r .el.ght-hbit character ring each
operation; i ntegltg ﬂ&eﬂrntcréthggﬁ(f? ﬁ%%tlé??%s%@e \l/\%enit)l CRore Ctog’tﬁ’?%'f’fl ogﬁ%‘?ag%t ers are
converted i nt arabdfe, it Grallewpdrociomplete tidraransfbr, eveghttiough it erbedgtheer s i n each
operation.,The 8B/ 1 OB decoder |ogic jnputs the encoded data captured by
the recei v¥ r SERYEp myqberp @%ﬁ%iwouﬁﬁbﬁisgﬁgalgor“é"%decoded in parallel to
out put two ei ght - biAtcozding RohepsenRunetitiag, ifl ofdeptol prasehit Iddperaimigeit characters
is checked and, 10 err§r st.agu i S Ef)assed fq word-sync state machine 23, as
wel | as to t hanp s Bynatpir Hal Deplsiocs iseriel Gt ani (ratiraia el i ty | s

forced on the nogxdihteefacter2e0l EfinefebbditiehtarPuppeiilinteicsli imfiessiplade®é OF -
rc al so checked and code-vi ol ati on st at us

Violations to, the codi ggﬁr;#é‘es ]

i s passed to WOWARADY Fraddatatrames Ay, qata sramegigbejtgagniged)apralioped &9 Rsck det ect or
24 det ect spoMh@andntifed AFeeh U6vicd (08K Qisd didvd 100Nk Gesta IDCBIURANG {alsd have

st opped. When a_ "l ass-of receive-clock” condition is detected, word-sync

state machi ne “2§diaDHRspEmENG) galess the Banses iepiang TonIstigai Hiysamet o the FI FO

i n arbitrat edelBodimeRs, the MfndrRallnfilsipPogRarhrhibid arldbef difhst 5yC4NenBBIOT Y,
typically used to interface between busses or processes "havi n& di fferent
speeds). The &piapehes-mnaranygigr §inoncepbodinterstermeds pags setting| (lvanother t r ansni tt ed
20 until word I Al S \Ap T2 Bga(ﬁp 3 logic nonitors
the input st rggﬂr‘ﬁ?gffﬁt\),\gfsggts%ya%?au%@fg?géﬁ?ﬁﬁ@&)g&gﬁs‘sevedﬁ\%ﬂgﬁ three valid
ordered se?lx smbodineriyt Elis ohlavws aprinipator 132049 propiemoabtytanetbe sumeddagnnent , and

no i nterveni ng. J i : . ar t o -0f. wor.d-sync" is

defi ned per t(Fil’ueﬂ 1%%|ﬁ(tﬁpg5p%{5%§1 M’Z@G &%@f*’c‘ﬁﬁm&g é?%lu}f?rrﬁrgahfnﬁt erface
X3T11/ Pr oj ect hailhibg Restem 1202) irswlzicidthe driva/Ndns wedbrajlow thesdrivelté ssved, data are
input into th eaFI E&i in, arbitrated-1oop logic 26. ~" he |loss-of sync tiner 25
is used to det&rm gv\%}fl\l&n a | oss-of word-sync condition has been present
for nore than one hponermbodim2ar theipiBser(t $nvefiton provides of [Alk@ssipreb@viag f rane time
to detect i@ree val i 5orokg]:ed ?ets VWhen this tinmer 30 ex irgs,

m cr opr ocessoPPRABYY /o8 Shawn [pFErG,t - g anp em etpa HyRiecounts1plipt si gnal
402S, so that (ilko diByd hedift dBE ch0But(150)Esed Fiiutd BiLLArdQ®Y ihi0Fbd sBRall NCl udes a

| oop-el asti ci tﬁ FI FO, loop. FI FO control 1ogic, ordered set-decode Logic,
| oop- st at e- madh? #hen GgPED isgpceiied apd is incremgnred dysimmipgremento K99 f@3955 23

each frame transmitted. Comparitor 162 checks when the DHD counter 160 has




wor d-sel ection | ogic, |oop-output multiplexer logic) and m scel | aneous
functions. The | oop-elasticity FIFO provides the buffering required to
re-synchroni ze the input data (clocked by the receive clock) with the
transmt clock. The loop FIFO control logic nonitors the status of the
ar bi tr at ed- I'@P4$%20gi ¢ 26 to determi ne whether an insert "G EVEPE
operation nmay be required. Ordered setgc are decoded by the
ordered-set-recognition logic. These ordered sets include FC PH defined

ordered sets ({dacied thdtfemtBHcAivil vadle soredl MMl defiStel 5533?1%@9&33(31_1 1/ Proj ect

755D/ Rev. 4.3), which include frame delimterS an Itrated-1oop ordered
sets. The cur Aishimagj frps(herPY-1e decideryhsn to sigpand therdatagrapsfenislosothedanp st at es and

decoded order @%@e@§mﬁﬁrtgpfﬁgdﬁhﬂ§fsﬁggn& Lkrfé.l'% élflléh.l Im{e%ﬂ'ﬁ)‘(') \%9 . Wen the

arbitrated loop is enabled, e stat€ nachine uses the oOrdered set
decodes to pesyspent xfersignpd po4 eansss isenpensitesof thelsiath-frame s opdratidnandar d

i.e., Fibre- e i L t andard X3T11/Project
06001 Rev. 4 gyt Y bR Bllo B SRR e o 7l
X3T11/ Pr oj ect (ikl 38DérReodimdB ighofks sighkid 69 apdidignal CXOR ccribBAAbEdMy TandONTRCL

OUTPUTS 6425 and LOOP B _ TRA T (E(:]\IT PUTS 6427 ovi de [nput to

ar bi trat ed- | 00pPTX f‘éra%erfopgawf e I‘%‘&fB'Séfl %%Fé“sg?nd?gér 8&?%&% LOOP A
STATES AND COpgueDlo sGgheid it sigaIR 648, 3T Addtiter ANbo Bt 6432 control the
out put of the r ive | oops rovide status to the | gop-control

| ogi ¢, which %%fegﬁ ?@ﬁﬂﬁusﬁM&%@M@ﬂ?ewgtfﬂ@eﬁ%@ﬁa@%tl7§1S 40 (see

Fi gure 5).10Thels@piopided ad L0k DAND 261 i), thiPeRb&i eI At signhoVvi de dat a
to the respecﬁ&&é#&gak} ports. In one enpbodi nent, 8B/ 10B encoder |ogic 27

accepts the s 195 pela grdshtpendsa emsienence s limibipaseckediiEthg| ways 0) from
arbi trat ed- | ogubleagingl 20.is Al Ve, iLena8RERAALITED s “oiPehdntitifafin@te encoded into

two ten-bit characters which are separated and output one at a time to
transcei ver 1pwsqrdag featiggl?e of the pregantdpvention/isdisabledle data to a seri al

stream In ot her emyady BRBidbhoRcbuk& 150 idact AR Bhek dohstfis or Nt y bi €)
115, e

are sent in parallel to transceiver 5 converts the data to a

serial st ridanfrathprehan s yhen RDcopmands arg gegivesd Inj sgmesmdpdigental so provi des
CEtus to o ' RSN b Do
i o | ks bty s ol g i P

transferred, to allow el ) select e corr
"flavor") of whtiecRrlugskatis, rthe dbeve deserptions loaded igo dingtpegisteryl634ndo, when t he

e Cransm (11 0 a2y R el el AR BRYEL HRC” Lni ng

disparity is #divetesisignnl hépernce itacaghestzam, tmapovidingabedyuivalenthctioni i ti ve. The

out put si gypal %Jl] 2 ransmt data to the respective
transcei vgjrbs %1@0%6(%%%.1%%?&8&% ?@Jeé a%?v&:k di agram of | oop-control :
circuit 40 (al so clalsbmd embeadimpers, icoamartict nionhXddk Tenumbecafiftand®) . Loop- cont r ol

circuit 40 (s i qur and.5) includes control |ogic to generate

requests to tﬁgnsiéﬁr%#’oagfdfsapgedgarbﬁ? AR OHET PRk maGnts, &0"{?%%}%591@0’@599{“ ¢

ar bi tr at ed- | oopnben gt Byt@&Sokorlg ot otAeranehsikies 6f thY andsunt\ef dataafantferrgener at e

requests to the transpit frami.ng state ines 72 and 81 to begin

transmtting frarre@sﬁﬁkéie?ﬂ?mg? T@q’??“é}??énﬁg s geplaged by imeewhiflygi ¢ 41

i ncl udes 123gi mohinds mese@mtdmmeaﬂhtm@pas@dtdﬁmﬁsi @dnstef, ah@ HHdL5ctiOsted Y

m croprocessor.éﬁ}?ﬁ§4 Transm t - dat a-seclﬁences Qgi C 41 nonitors the transfer
I

usi ng i nput sft R RiBRAdstesyagd Jengthp{ e ps dapseh Thisnreyidesss " enabl es”
(i.e., enabl esiﬁil&ﬂﬁh&ioﬁme?cmm,%ﬁqﬁ% fathleds bised o2 fRgt age Of the
y

transfer. This_allows the transfer-read 5 and FCP responses to be
gener at ed wi t fldie afhepthoen amameunt of dafadiansfemeds dp samesuchoop- port A/ B

) | i Do 42 ’ h
open-contro éﬁ@&d%ném&mbﬁggatégﬂ(xggﬁﬁu@ht@ﬂﬂnbﬂ%m@f@&%@ﬁ%{g{;m%& € case

where the port is opened by another L Port or en— i s opened
to transm30 fthapepredatpimingdagionnipfidataseneainy to o transferted, adhor ifr at e and to cl ose

the | oop 12506na§ﬂ:de-IﬁqH§Eén%&} altlr7ﬁri]§s&aéle§ RDY' s and franmes of various 20
re 0 a

sorts, and can be~config r upl ex or full-dupl ex operation.




The follow ng conditions nmust be net to begin a request to arbitrate: - a
request from m croprocessor 112 to transmt a frame with xmt port enabl e,
-. the transrn'tting port is in the Mmitoring state, - transfer-length count
not zero, 23,s.dAqf,equest frommcroprocessor 112 to pausep@riidoginser. and
- (non-data trans er) or data-wite transfer with transfer-ready not yet
transmtted with data threshold net) og7data-read transfer with data
t'hreshol d net and data-frane buffer threshold nmet). \Wen the port is
configured for hal Insdmelembodimdm,s, deuiREYY1 65 manitolahShurbeabffiarhdésed only when in

t he Opened st IS _con d for fullduplex nmode, R RDY's
may % trans mijl f"?sé éjltefcﬁlgﬁ)é)ﬁ%ﬁelé‘ g}f éf"gg%‘ﬁmafé'r?o‘é?%‘t%g 8ithns t hat
cause an R RD}(uxhberbebytEﬁIﬁWbﬂdk&ﬂothl@ﬁﬂnﬂﬂ;&res BEfht efmot vBudth einsGrRd] t

(BB_Credit) avail apl e, and outstandl ng R RDY's | ess than maximum WO
99/ 43002 PCTngglggka%‘ T BRDQEIBEE: countes |6p iy replaced by pdimeswdight cont r ol

| ogi ¢ 603 |§3Hﬁ>§1t&ﬁf&fc€léng@{&‘1hﬁeth&ﬂa@§as§éﬂ Ygs@kamértmidqnﬁla&%eéraﬁes to be
sent. This credit is issued by sendi When the port is

n
confi gured fofigad|lpd gugsiagredstsipined P&&’gﬁfﬁﬁ‘y hB%laESCﬂJr Zhspravidssiaonl y when in
the Open st at gimiMPRRAchdRo RO aesbﬁbeﬁgﬂé\}eglﬂt xg & elitbleds, bgwal o’ 1 , frames

may be transmtted in Open state or state if the port was opened
in full-dupl e;@fhmeléaﬂwthahenﬁmarneumeéﬂm@msfemdrbtpgestsuqln transmit a franme

i s generated yhe rame buffer

55 %as dat a aval a Ie ’llg@l? %ﬂe#?ﬁs@?%%@é&ﬂ?é@ﬁ’dg g‘lg?lde a\/ganaﬁ?gﬁ%eei(R RDY

recei ved) 10 nthandareaietermined @nqunbofdilaatlamamd) herteansfemed, andlottif ansf er - | engt h

counter (in ble{?aﬁ;'fﬁ_% %% ?{ﬂ) gﬁﬂ.%léd ons that cause the loop 1250 to
of 1

be cl osed (contro NI cat I ons channel to be rel eased by a port
116) include; 15 -ImeBuﬂbbdanwnnh&niﬂs&r-lﬁg&chonntbuslGa\ngl: adek aumbefent eri ng
t he Opened stated N Eﬁ rness, i.e., the predetermned [imt on the

number of frafgs S"Flsé?a ChR¥BE t ransferred (as specified in limt register

163 of Figure 1 ) Whileercbeet deycriptibh bapedifiall} dRwnad embefint@Balat y) nmore than
e O Rl b WL B el S o) huTber O
DHD_suspend  siigeationlekQst inSwiglel thy ﬁxmeishﬁés@rv@fgefea@requs st @Bgicaht R RDY' s and no
more BB Cred En\rlegtlo%\/l?i)rlog%le 1nw;§3?1dcln?o g?)%ldD featuree For example, in some
embodiments, the faimess-preserving feature 175 is provided but the DHD
feature is not provided. In other embodiments both are provided, but the
20 fairness-preserving feature is used both when the DHD command has been
received, and in certain other situations as well, in order to enhance fairness to
those situations. For example, in one embodiment, transfers of write data from
information-handling system 1202 to disc drive 100
In one embodiment, a transfer-length counter 165 (also called
25 xfr_cnt_out(26:0)) is provided. Transfer-length counter 165 is decremented by
logic 166 to indicate the remaining numbcr of words to transmit; together
transmit-length counter 165 and decrementor 166 form a Data-transmit frame-
length counter 82. This embodiment compares the count of remaining words in
transfer-length counter 165 against a programmable value held in minimum-
30 length register 168 (also called dhd_cmpl_len(26:0)) to block suspension of the
transfer if the transfer is nearing completion (i.e., the transfer is defined as
“nearing completion” if there are fewer words remaining to be transferred than

the value held in minimum-length register 168). In one embodiment, AND gate



- a processor busy request is active when the port is in Opened state 25 -
the transfer has conpleted - data-read transfer operation and data are not
available - a CLS primtive is received and no nore BB Credit is available .
- a mcroprocessor pause request is pending and the logic is between franes
In Figure 5WP8%Eort AB open-init-control state machi neFFERMEYY A 30
and 4f (Port B) handl e the case of V\/nepgthe |l oop 1250 is in the Open-Init
state. This Logic 46 and 4f generates requests to transmt frames. There is’

one state machypRnhe lo%?cﬁf‘Aﬁﬁrotfg\fsffﬁgrrﬁthGﬁir%irs ﬁgﬁ;&%tgﬁ Mx?n\}egs)r%lsl-r hese state

machi nes generate a request to tran rocessor
requests it, ausgensonier bf2 that\WwivgoeangBEEsPRPGIUNISIRY BEOEENeGarsmit t he

transm ssion , ] SS| i transfer
complete is gg eerétgt% ’e%lgt:tgm%g}%%%? @5%2@%?&]{’%%ﬁ&}%gt%?ﬁ%t%ésq%gs%@gck 40 incl ude
PORT BB CREDI Toop\V250 (A8, EhisTenboRikinNgMghores sEhal 600 deseritsbd BeleW, GEDI T AVAI LABLE
TO TRANSM T. A EQQP@ TATES AN (Iq}\IIRO_ 6422 and LOOP B STATES
AND CONT RC]-_E 63"‘; Sggrgﬁs?%ruolp%@? ﬁmgﬁ%reﬂi"ﬁu@\(ﬁl ABEE f%'befée.‘mafwggout puts from
bl ock 40 i ncl wadelsThaANTE\WaTueGORRIRMEr 1 6R)T BUEHted #@Abodifedr, A TRANSM T CONTROL
QUTPUTS 6425, a B _TRANS TROL OQUTPUTS (427, 10 I11. Dedicated
Frame Buffers c?ag’ &—h@;s\’ﬁp W?W%Q Q%ﬁ"ﬁffﬁfe-swg &qturs hids aisdinnel

ar bi trat ed- | oppvities agan ihgdGo ANDegalsIf7] e The iogicaNequhtida th Eipendand fer 119 may be
used to manage igb(w‘nd and .out g?kmd frames. Franmes received and transmtted
are usual |y sfapsiss (hroutpptafeate J7k1sapfqlloNsea (e.g., off chip buffer 111) at

a sl ower typansfer dugpddd ﬂ‘e&ébﬂgn‘éhm%ﬁabwmmldﬁé‘peﬁd 441 is 15 capable of the
full transfer rate for a single port, for adual-ported design the

bandwi dth required is mfE¥P§ B outd§) rghd dare fimsdS:®dst . On-chip franme
buffer 119 in the FC AL MNihExa 18t G8RSs:6) QUi dmpl 1RY6B5) ?onfi gured in
Sl

1
various ways to strike a bal ante bet \A/een_perf‘_orl%mnce) Silicon real estate,
and cost. The presERts 9paseive logp pthifraier fitnesst if ghe 3D pfimitisdiic at ed fr ame

buffers 53 aNgkcaived 4l rtAIRANEMIMOL hE GBI (bt i@)g;%@%&uf fer 119)

to receive non-data type frames sinultan sly on ,as well as
provi di ng B déus roat teansmidy dasa eintodlie dhdempy fifnesrco8® and kheo clasesdploopnt of t he
overal | on-chif gtrr&?pe [ : ding to the
present inventi gn, ratr%g{gmngg/ér@??'blége}i@aggﬂ%%ﬂlgegptﬁﬁgﬁgﬁzl%?’éﬁg%Er?r%I t aneousl y.
The franes ar &nigkasahd tyansfovrather thameldsing inmeetliRéy. Thetrdnafegisdond o chi p nenory

111 after the rs i . re i ti. an_be found in U S. Patent
Application S}eﬁre Fee{ nmé\neget‘?§rg57a¥09a§f3§8%g%{.ﬂ@%slugghqiwg{hfgas ae{llrzlid Dedi cat ed Frane
Buf fer for Lodipd kempl ilealmaydteiserviamddeRege onitsdigationloy viallsg-ingyakiebtoe- Channel CRC

for Data Ipteqrity.dl - Chj pory According to one aspect of the present
i nventi on,ﬂ)f rglﬁaiéé%ulfft?aenrgénf%%ﬁe ©t enporarily store fibre-channel franes _

all ow franes to beWheréity framestaré fodbe nmnsniitted, todnte 160 aneset Genkerd ace

data-transfer _rate. The.fra t.hen be. transferred t.o off chip storage
at a sl ower) %?%Ofr%ﬁ??g&gg%? M’é’.‘&‘\v& regye "é’HP‘.SﬁE@O IXHER as parity, CRC
or ot her reduindeneyutell bpohé fonsachdata fape handbittyd. Wi R9hiéBHZeREdy US99/ 03955

27 used to prqtect.the dat ile . th are being stored in the frame
buf f er . P axe maximum allowe v\gﬁelheldtin ﬁ1¥1it regef\stcr 163 ?unless the transfer is near

25 the end), then no more data frames are transmitted until the next time arbitration
for loop 1250 is won.

The “suspend_xfer” output signal 172 is used by loop control circuit 40
as an input to port A and B open control circuits 42 (see Figure 5, and its
description below) to transmit a close on the loop if the DHD has been received.

30 Since the DHD mode otherwise allows very long transfers to disrupt the fairness
of the loop, the suspend_xfer signal 172 restores or preserves loop fairness.

In one embodiment, suspend_xfer signal 172 is also provided as an input

port open control state machine 42/42', and causes port open control state



I n one enbodi nent, data-integrity checking is enhanced by passing the
recei ved fibre-channel cyclic-redundancy code ("CRC') through the frane
buffers with the data (i.e., the CRCis stored into the frame buffer with

the frame, 5 nread out with the frame at a later tjpRBsoofR¥dsE @
parity bits ‘{Vﬁ&?"%ﬂ,@& d make the RAM wi der may be elimnated. V. Method and

Apparatus to Reduce Arbitrated-Loop Ovephead In a fibre-channel
arbitrated-1oop design 1200, a node interface 122U of |oop port 116 rmnust
arbitrate for nechias82/42 wd frdoseOtp 1dopTe., 16 réledso Eortio] 65thE BIBpI1350@ used to
det erm ne whi ch g%{r&t gai ns, gontr ol o([frtge Igg{g 1250, and a "fairness"
scheme is usedeh LT EeYIRG § PYLTArg2llped fo prowrate foptie loge) thus 4r get  devi ce,
the disc driverdveRlingsiyakfion enflirly&eepind AR6! dMddpr1iasy. Indmea CPU

i nformation-handl ing system 1202, with the result that the drive 100 may

have to wait CBOAHACRELUERCALIXe stanal 1721 atiustedhonice piprelelganinedamemtp| et e
their access. oY\éﬁsJ(égfglgg%@geoflﬁorugta?ém%né@%ﬁ oftfer bAORNIRGHES, 116 gains

control of the Ioo(gs 0, it sends as many frames as possi’ble before
cl osi ng the | abpen® 3y sighpl dr g sractivatedasicela predeteradadriongt of timalapsss. cycl es.

But when dat a 12(end\t diBBaR thely GhtitlefivodifiEn28ivaubh 8F {idfdha @0 of |oop port

116 closes the loop 1250 to al Fow ot port’s access to oop 1250. This
i s the method sigsald 7@ s ipkibited if fayien than @ pradetomhined amaint ofatalegs. The 20

present inventi i &h%q' h [ I er,f ormance by
changi ng the %Bﬂgg[%fgﬁﬁngﬁzdr ggIESI nbggh\%\lﬁgetrﬁg'r Ifjl.‘?)sr%h{r%otf }ggfc %%bé)gf he | oop
1250, basetld onymabdEenhaodirhenits, hétivgtidroofishepemd ixfer sighald2 fdinlsibiteldfices over al |
| oop overhead.emllbrfe%ﬁ_[ aSLsn 0 sr}erl(fﬁ&“m{»le% architectures, when the End- of
Frane del i nit §P*3 S A81Re0¢ 2gal { (&S §5201iet er ni nes whet her anot her frane

i s avail abl e. IL{DedidatedaFramaBuffer Farigep IaiAliratonandFspeseapl e, if a full
frane i s not avail Ebl e fotnpé{.r ansm ssi on then the lLoogp 1250 is cl osed.

Data may agai n becbRe S aPPHBIcR! ﬁllﬁlirﬁ??l%{'f“feé\?l%,f@ge bugers havehser nust

ar bi th r atﬁ agaiaddddab efe tﬁlt’cdgéﬂeif‘htialﬁ bppui]g:atdﬁcsped@m @]gegraeégr&&mu{‘MI@hle L lr ansfer.

I f this happens, the | ast frape of, transfer becones avail abl e,

conpl et i onpgf %Wﬁ’?r@%‘fh@?‘lql witey %%H,Huﬁm @ﬂ’th%}Ptbeﬁﬁwﬁ 30 del ay
before the neximapAyReg. Ta0 baert ittt RLESERIN-AH0Y BithdsqQRsPEMKH HR8eide-MEChani sm
for controller architecture designs which allows the |oop 1250 to be held

open by a por topfa@:framelufierss ity apd 93' f Figuae g rrovided eallpwrt . 1 n one

enbodi ment,  t kemhiaRds a%@@@Pifﬁrﬁ?:@kﬁbré’-Eﬁﬁnélgnr&%Jl‘Priaﬁ@g)itt?ﬂe REeivayf f1Cient
further data WD 99/43002 PCT/ US99/ 03955 28 becom’'ng avallable to a port

(to justify t sEeuligasausly at katly pertsaf theorede (ind glso trpernnisdw)-dwenn bot h of t he

fol  ow ng gongit,d e pSrt W RS n iR bl of f chip,
and - at Ig(gs'?’b %/ﬂ?%}?’dl?’g?égﬁg?gaoﬁa@% fllzti)val.l J{)(;F é‘; h?ln t %&lggggﬁftée:&n%&buffer 55. 5
| n one enbodi Mbarof thyamepep). 1TEDaljowvsaalisg doipe H0Q (seet Figurp 2pat@ivei ned anount

Frame. avarl abrs" aPTap st OR%mof e Mhies) AR PO e ARABSEL RS, 00 e
an entire frartke jamegporiahdipl an therotbr port, rather than waiting until a pause or the
end of the transfer. By having the commands earlier than in conventional
25 approaches, the present invention allows the commands to be sorted and
optimized while data transfers are progressing, thus improving the performance
of the system 1200.
Figure 3 is a block diagram of a fibre-channel node-interface chip 110.
The fibre-channel node-interface logic 110 in the present invention is responsible
30 for the fibre-channel protocol including the arbitrated loop logic and framing
logic. One embodiment is optimized for a class-3 SCSI implementation (see the
FC AL specifications noted above) using only the SCSI upper-level protocol
defined by the fibre-channel protocol (“FCP”) standard. The fibre-channel node-



One goal of the present invention is to hold the | oop 1250 open and avoid
10 an extra arbitration cycle when data will shortly be available to a port
116. The | oop 12S0 must not be held open waiting for data to becorre
available if the wait will be for an extended period of tine (for exanple,
for the timveempezed to performa head switch), since thiPSTREEH*PBr event
ot her ports on the | oop 1250 from perf@rn‘i ng transfers. 15 Concl usion
Descri bed above is an inproved commni ations channel system (1200) for
preserving Io d nogl 220) having
one or nore por(irFa fo%g%ﬁr@ ﬁ“a %?ﬁ?ﬁ éé@%ﬁ% ’s&ghsagqg‘gﬁi)tjrached to a
fi bre-channel asarsbmtdtualﬂmdtdndcﬁpl &micxajpcmomumwatasmmmpphnlweﬂxetj&f250) One of

h | hannel
(1250) . - aner oPHR SRIPHHGE e RN PooSis 03387 1 g RS iPRrE ol on | <

won) a fai rnesmacpommswrmgz mraabwsm&alﬁacmmesto@emﬁgwé thefibiche

communi cat i_.on el sed base east rt on whether a

predet er mi Red® % ge"ln eﬂfg‘é 1@2@5&?@?@5 frmatign ?W‘Eﬁ’eﬁ{ﬁs?mand t he

conmmuni cat i On&rﬂh&ﬂWthe(ﬁb&’é&)mne?ﬁodcﬁnﬁﬂ@ccﬂ&éi@dlmnt t he predeterm ned

anount of use incl de@ﬁh%q | d control of the comyuni cations channel
GEReT np

for a predeternine sviterface lggig hLincludesdwe deapportcrguits

predet er m ned2@BAE fir POFt AISHR dnBhErdEBorNBYdaBigpdrt mﬁi‘geardaeadnﬁm%ﬂﬁic%t

predet ernmi ned amount of data. In one such errbo iment, the system (1200)
further incl usiss data-puH dnterfase i WPPQraioop cqrwatlmwm%)olpep eandrobeituiidOof 30 data
that has beenlidhaafddtdnfrandmitic cfeic AR TORNRLA 165iE ?b"t#angfgngt)ntrgper atively
coupled to the first counter ( 3 Causes cont he comruni cati ons
channel to belogis asiegle-amedrapsmit eikcgit 70 rirapsmig-path npitinlersr (‘mhve”XdfPount of dat a
moni tored by {heahinkShnGAtET Odnd' p term ned anount
of data. In one WD 99/ 43 (52 05%1-]5/%&8%19’?’8&@@% %%qn%éﬁlggeﬁg the first

pr edet er m nedblagksisnppostfsuelnfunctions h&erlecbwﬁhfram prgéessing, tansh@gilata-frams one

enbodi nent s, ﬁl,%pe C nter ( 165)

t hat rmnitorsé %reaﬁér?fn ﬁ ?nSM I?erradéﬁ’at{m#gt% r%ng?d;& eg%jc’rred A second
conpar at orl5ci me¢anfating. 167) is operati veI y coupl ed to the second counter 5
(165) and i nhi bi tsyfs ease lgf SR nt r.o 3{)) communi cati&) channel based
at least in part on wHetnher: ¥ F]éa%en%{fﬁlt Pro AT GTeh {%S/a‘fcﬁ%g second
count er (165) toithe iegs&rstdnanonmtaemahdﬁmeﬂz&melrmaﬁderam)wgic ab. data. In one
enbodi nent, t seqpnd redeterrgsei):{'[% of data,js held in a register
(168). In so Mo AT HRRTOSTSSY L & g ‘t(li “"fi'fff‘t??l%?‘a%sﬁﬁlb 5FPs dynamic hal f.
10 dupl ex, anihclintieraniy guitabke pfr¢g"raﬁm@lﬂelmg&rde(nl:ﬁv)rhanderrdaerefglst@st areonpar at or

(162) are jnitial. upo cei fjrst nam c hal f

dupl ex cor#r?anﬁ”a:hﬁe(@grf’é‘eé{%ﬂﬁg %“)exstoﬁgﬁfﬁr}oéf“ﬁ é‘f‘ ﬁ&ﬁg amount of dat a.
and the Seconehaﬁﬁ&(ﬁﬂhﬁ’cm oe@utafmmis a6 infhialifed Mirbudh A imeMRBLA] anounts. Sone
enbodi ments ‘of the s é%ZOO g rther include a magneti c-di scl5 storage

drive (114} oﬁ%‘P%\?ﬁfs %bFFéhHOPsls&flldeaﬁ%réi node (1220). A
conputer system ( TiQep utbgﬁalymFlg@xeSﬁﬁaa&%&mh wh&ohvehgdily . wherein the

second channe| node is operatively Coupled to the first channel
node (1220) i put frqmyf f@rﬁaﬁbﬂ@}e 1o 1@9125@%/ cucnltapéerl’orto‘\ pdBsMer dat a

between thg f B(ﬁﬁtwlﬁﬂpco%e%@'agta%ﬁﬁﬂﬁ% tHWd?@cﬂaHﬁé?‘f@ bhtd lb%ﬁéblt%ﬁc&lhanna

arbitrated-| oop seri al communi cati ons channel r aspect of the

present inven? WPW@VI%EAgR@MTQEETQfHPIWEBB&%@)GO‘IWHQdata”lﬁ,‘q’deﬁfS {a)
arbitrating ! Slip GOR! 1ok ﬁga&psoofT@oﬁp@}ﬁp?%ﬁ?%ﬁfso%@&%gs;m& | oop seri al

communi cati ons channe rel easing con € communi cati ons
channel basedthqff-tmIabmffqrrllb&omrmwm/meﬂhrﬁ@r BHFPEBGIASIUR 36d pRovidesount of use

emhod nent of “TheCaPRaForrE, R ARSI e RAP RSB Bl - 1" o

30 MPU interface 90 provxde address and data, respectively, from microprocessor
112. READ_ENABLE 3092 and WRITE_ENABLE 3093 into MPU interface
90 provide enable signals from microprocessor 112. Signals MPU 3076 allow

microprocessor 112 to access transmit-frame buffer 73. A_OUT 3023 conveys



steps of (b)(i) determ ning whether control of the comunications channel
has been naintained for a predetermned length of time; and (b)(ii)

rel easing control 30 of the | oop based on the determning step (b)(i). In
anot her enbadi men of the nmethod, the releasing step (b) fpu | udes
steps of: (87??%’135’ det erni ni ng whether a first predeterni neﬁn%&%%cof dat a
has been transferred; and (b)(iv) releaging control of the | oop based on
t'he VO 99/ 43002 PCTNS99/ 03955 30 det er ni ni ng step (b)(iii). In one such

enbodi nent , t Gga €ethe fibtevhitheb i 6forh Mopipott)irtuit 20 0¥ Porb @, btk GUEps of :
(b)(|||)(A) mpnitori t he nu;};ger of firames that have been transferred to

provide a fi r§92"ﬂfz9lnﬁ@'g data de thetipre shegns) L Bam deqprigrtcireuit 2 of PotBue to t he

first predeterm negj afmgabwtkdag@mdf@m@&r{aﬁﬁenﬁfdﬂ?%w&sﬁnm frge net hod,
the rel easing step (b) further includes steps of v) determ ning whet her

a second predéber desigm pA ongembpdimaent efthe nEPSQ%“b’éﬂttqnaB@\F@ feel; and
(b)(vi) inkb ﬁp@] term ning
step (b)(vhlSI E&gﬂﬁ&é%b%ﬁﬁég&gtsgémJuﬁb%ﬁgs%dq&h ?urt g{rﬁelltf%%ﬁﬁge st eps of

(c) 10 recei vidirept attaphpgns of peratheraghy gh ene erohadiment, flbmeickaghel lavptpogtl i zi ng t he
det or i ni 1. SLER(I) Gl 1UBRR ERE IR e o RELoBUNGI £ WAL ARl command.
0 d) tur

In sone of these enbodi nents initralirzrn I ncl udes
(d) (i) programmhihy2}dessiofrgective-clock deteqtorde lass-ni-ned tiareo A tartofratetht a and t he

second predet r ] 5 Still another aspect of the present
i nvention pr O\?/I lgﬁgﬁﬁﬁé’gﬁfgﬁéﬁﬁ@q gln207ée control |l er systemfor preserving

| oop fairness. Thikh agsinbodinrea, wih&fmof)pbmeﬁmaehnt&fdab torextemghl | oop seri al

comuni cat i ons_channel fi.rst c an node 12 0 having a first

port (. 536) CalStRRaS b (ReFeps ) WM b G PR D68 e |

comuni cat i ongmbbdines, the tahkdpiversh s Sirialiididd kkderiblizRQEal aﬁtbtd dndtfesn for 20
rt.'s attached ni cati ons, .channel :

control of that

fairness- presérpﬁpﬂﬁl ipterfpre (58 a&gﬁﬁ%a%ww %{bﬂvjél?tﬁﬁf“&hl}gPﬂﬁrcontroI of
the comuni catknBbdmehis/ s tafschifers @l £aE e d@as&ﬁh@émﬂ EAS (The BardBEIt 0N whet her
a predetern ned gmount O{hp?‘ie has gccurred between the first port and the

conmmuni cat Fong2@KigRMfom ke ghannsh 2ifepesdgsmerersive closkstimm dedescri pti on

i's intended t%&mﬁ&m&d SiheBtkdnYRiveR N5, BRY ark BSvEHET t Uqwerfl) bRQHEHN numer ous
characteristics and advantages, of various embodi ments of the present

i nvention havéOTB’ééPngrétde‘FQS‘PXBH‘Slnﬂ app@llel FBAHIR ‘?RSO‘éPésth PYteabit dakyet her with

details of th ny ot her
enmbodi ment s a?hﬁgﬁgﬁﬁgéﬁ%@@ e&‘)tggfb%hagls‘fgcb\e@gmg?% t to x{rﬁ%se of skill in

the art upon N@vﬁéwdﬁg befaee beenpdacadinghé pblt'@h:d lqm)elO@Q 26 cBpeougputiofie i nventi on

shoul d, thgj ef; cl ai s,
along witht he&][ sc:i)jé:{%)%éIl gﬁglrg/\%ﬂnt gfz'?%%v\ﬁ&r%]nggucﬁd%pgl ns %r e entitled.
WO 991 43002 Sbewtmd iosh@ﬂeeqwmﬂammg 1d2{ETHNSe 903864 dh thlloop idifHthmagh ons
channel syst er%xéo(ar rﬁ?ﬁ%’ éxggod%r?&l? efm%({ep ?igon%? Jrfe%}(gﬁgblt gharac fet channel

node having a TSt or attachnen annel” arbitrat ed- | oop
seri al comrun|ooatm€hms:haﬂaemrrbirmg\¢néar®enanomm 6themnbpdmtenarﬂmtaratoee; for

cont ol o1 " ayPaE bt SR DS SR B SRS E, o
wher ei n t hes f ichatct@eirt eaah bpdrativhe $Sdedr.S.antNwb,663,724 dridpd Uf6BY103
conmuni cati On%:',ncoder.”) The arbitrated-loop logic 26 includes a loop state machine, an
ordered-set decoder, and elasticity insert and delete functions. Loop-port circuits
20 implement the Arbitrated-Loop Protocol as defined in the Fibre-Channel
Arbitrated-Loop ANSI standard (i.e., FC-AL and/or FC-AL2, described above).
30 In one embodiment, fibre-channel data are transmitted serially and
converted to ten-bit parallel data by the transceiver 115. Receive register 21
captures the ten-bit data (A_IN 3021 or B_IN 3022) from the transceiver 115

using clocks generated by the receiver portion of transceiver 115. The data are



10 channel and, after control is achieved, the fairness-preserving

appar atus causes control of the communi cati ons channel to be rel eased based
at least in part on whether a predeterm ned anount of use has occurred
between the first port and the conmmuni cati ons channel. 15 2. The system
accordi ng toWe¥sI¥W2, wherein the predeterm ned amount of %@@%9?{&’1%%%

havi ng held control of the comunicati 9ns channel for a predeterm ned

|l ength of tinme. 3. The system according"to claim1l1, wherein the
predet er m ned; [WaTel [ A irst
pr edet er m ned 1@%%&%1%0@%%?&%&{%#39 g@%e?g% tg‘g)ct%é gﬁvﬁ%ﬁ{‘%@?‘g@? 3, further
conpri si ng: a beforssheingnasted throughtthe @il B decotér@2amithoughahlldizana t hat has been
transferred; a L8 I | LG Ui ively.coupled to the
first counter ?ﬁggﬁggcuogigé %egﬁc%?g ’lgw{%ﬂgdoggﬁlrrél%r??%geﬁ?%es%% Ynnel to be

rel eased basedgharactérdegre dightibitrcharesternvuein g each operation imdtherfemtladimenni t or ed by
the first cou - e h i.rst predeterm ned anmount of data. 30 5. The
system accoér)di%nggli%g%ﬁ%}'%t &ﬁkfst%%$£g% PRg; egc:orrgsp%@‘%ﬂmﬂ%eﬁﬁ%er t hat

noni tors the aiphtibit clokacetad in ebdhadperadomi ns to be transferred; and a second

conparator circuit Lvel ou d to the secqnd counter WO 99/ 43002
PCT/ US99/ 03955 32 ?ﬁ‘g?é/?%f‘%?ﬁ%f ?%?ég%“‘éfhe&&ﬁ‘{qeg8at6FaPc“Hé Botfuni cat i ons
channel based rékivk pisteri2n. Tobtencsit Mﬁﬁl&ﬂé&rarédi@omﬁiram tdj@lftﬁltm‘i tored by
t he second cou%g{;iﬁi s less than a, second predeterm ned anpunt of data. 5 6.

The system ac& gharasters. Hupning disparty of the dnpyt sharagtsrs inchegkedm@d count er t hat

nonitors tie aFeedtudib psaédio twbnd-syne TRteRachRe RS, dshRliSE & the thhitaRd- @ second
conparator circuit ,,ogeratl vely coupled to the second counter that inhibits

rel ease of comoPdPeie Lot Negativaivpming dispasitsisdoraethen thpaee ardgredsetast in 10 part
on whet her t hgol@enY rufthi @is?arﬂ?&irc; OR&8laddhs 11 %@d*‘@%@ i’ 1S less than
a second predeterm ned alrr%g.un_ 0 dz{t a. %. ‘sl'he gys?e ggg}g?ﬁdﬁ%ng to claim®é,
wherei n the fichekedandeads-vilstien satppis pessediipricard-syneataie waghins23. and wher ei n
the first counter epdiokdsrbidivalcis gl LAl upon recei pt
by the first port of g qunram' o cha?@%ﬁ%{%(d%%at%éee%fiﬁg% according to
claim7, wher &om thewarspeiver 1p9 bavestoppidn SWhearadloss-obfeceiae-alogdd t he second

pr edet er mi ned ﬁrmﬁ’c{?lt' g 1 . t.S;, 9. The system
according to 8 aim 41?.9%?1% g?ai:: rrgétlgtg?’ﬁagﬁmgb%llfgﬁ%tj%}lg?daﬁaégq%?‘f)@%e drive
oper ativel y opfemsgoingntp thothiOda atbiratddelodp logic 26 (a FIFO is a first-in first-out

memory, typically used to interface between busses or processes having different

speeds). The current-fill-word (“CFW?”, described more below) is transmitted
20  until word sync is re-gained.

Word-sync state machine 23 logic monitors the input stream for word
sync. Word-sync is achieved when three valid ordered sets are detected with
proper byte/control character alignment, and no intervening invalid characters
are detected. “Loss-of-word-sync” is defined per the FC-PH (i.e., FC-PH

25 Physical & Signalling Interface X3T11/Project 755D/Rev. 4.3) standard. When
word-sync is achieved, data are input into the FIFO in arbitrated-loop logic 26.

The loss-of-sync timer 25 is used to determine when a loss-of-word-sync
condition has been present for more than one maximum frame time (since it may
take up to a frame time to detect three valid ordered sets). When this timer

30  expires, microprocessor 112 is interrupted with the LOSS-OF-SYNC interrupt
signal 4025, so that it may take action.

The arbitrated-loop logic 26 includes a loop-elasticity FIFO, loop FIFO

control logic, ordered set-dccode logic, loop-state-machine logic, current-fill-



channel node; and a conputer system having a second channel node, wherein
the second 25 channel node is operatively coupled to the first channel node
in a fibre-channel loop in order to transfer data between the first and
second channgf ohedes through the fibre-channel arbitrated-p@ppssdpidsel
conmuni cat i ons channel 10. The system according to claim1, further
conprising: 30 a fibre-channel arbitratad-|oop serial comrunications
channel ; a magnetic-di sc-storage drive operatively coupled to the first
channel node; vemdtseleationngice foogsputpuhmhliplener logis,aod ndscelaroesl node, wherein

t he second \ﬁ@fc%glllfmlg.% Egﬂ}@g@/ﬁggﬁo‘ggﬁﬂ&gﬁéﬂﬂéﬁgﬁ&é tooperatlvel y

coupled to th I'rs I'n‘a in order to
transfer dat arbsynshenizt le ifiput gata (auhntks@hy)tmd rechizg nbl:k)rmdﬂhe trhﬁsmi(g h the

fi bre-channel a nnel 11. A
communi cat i onsiﬂoﬁgt E%%fog FiFQﬂPon? {18F18&°ng]f}tsjr&(a"?auéf‘r°3%} frﬁtﬁd'fl?frp control of a
| oop of a f§ bI’l@lch@.mtenambMﬂlbﬁh&l&dﬂh&bﬁ[brﬁeléﬂe@herﬁmf{ﬂiﬁby lﬁ‘éi‘gqlﬁfbﬂl channel ; and
b) rel easing nt th ni_cati ons channe ased at l|least in part
f)n)whet her a ﬁf g %?Srﬁ’ﬁgﬁfi?ﬁ’&l}'nyu%‘:lderﬁ EeUTEROSHIHE 198k ThEta RISt he fir st

port 1 (1 and setbmcmmmmwaéﬂr@asrdéﬁa@aehe ¥&-pHPaysi®l Boslgaiggy ding to claim
11, wherein the rel easin ste&{% further incl udes steps of (b) (i)

det er ni ni ng WAREHeRE X5d i Fare eedrituifihielhinr e frame delanitessand15 been

mai ntai ned f orarRrRELRBH Sfdei-nasts. eRAireRl il mse?eaéoAfa {c'dm)mt&%'tﬁ@S' ng
control of the |oop based on the determining s The net hod

accordi ng 1® deep siatespnd geroded orderad setstodigtermige Qleépﬂfrﬁ')f lf"{‘:lmldr(eﬁ.iFWn)cl udes
steps of 20 (ki the aréﬁxfa&anadﬁupammlef/ﬂ%dfaréétatﬁﬁnaeﬁlﬁgﬁge gmunt of

data has been transferred; and easl ng contro of the | oop based
on the det er miselidegodss @ppe(fbyne Fhe|190p fmnctwﬁhéesmeﬂadﬂlafﬁaﬁblBtagdzn'd)(ml aim 13,

wherei n the d%@r@@hﬁﬁ&QFﬁtA% Adllatdd L),ofo$§taj'1&ldr(§ %ﬁ'llh r%lc%gi@ﬁrangf erred to

(b)(iii)(A) nmonitoring t nunber anes
provi de a fi r o Fiba¢-Ghannalk{C- 61&)2@ubm}(e&ﬁoomstmaiardr@ImaDrbjlectsitBMaARme. to the

first prede} erdyngd. AARNROAR A SRANSMIT CONTROL OUTPUTS 6425 and LOOP

B TRANSMIT CONTROL OUTPUTS 6427 provide input to arbitrated-loop
logic 26 from the logic in Figure 5. The outputs LOOP A STATES AND
CONTROL 6422 and LOOP B STATES AND CONTROL 6432 control the
output of the respective loops and provide status to the loop-control logic, which
20 in turns generates requests to the loop control 40 (see Figure 5). The outputs
LOOP A DATA 4026 and LOOP B DATA 4027 provide data to the respective
local ports.
In one embodiment, 8B/10B encoder logic 27 accepts the sixteen-bit data
and 2 k-characters (lower k is always 0) from arbitrated-loop logic 26. In one
25 embodiment, the inputs are encoded into two ten-bit characters which are
separated and output one at a time to transceiver 115 (see Figure 1), which
converts the data to a serial stream. In other embodiments, both ten-bit
characters (i.e., twenty bits) are sent in parallel to transceiver 115, which
converts the data to a serial stream. The transmit multiplexer 79 (see Figure 3)
30 also provides status to indicate when the end-of-frame (“EOF”) delimiter is
being transferred, to allow the encoder 27 to select the correct type (or “flavor”)
of the EOF based on the current running disparity. Also, when the port is

transmitting (in an Opened statc) or when arbitrated-loop logic 26 is transmitting



30 15. The nmethod according to claim 13, wherein the releasing step (b)
further includes steps of (b)(v) determ ning whether a second predeterm ned
amount of data WD 99143002 34 remains to be transferred; and

PCTNS99/ 03955 (b)gvi) i nhibiting rel ease of control of t he Ioo bjilsed on
the determn W48y (b)(v). 5 16. The nethod according t &

further including steps of (c) receivi % a dynam c hal f dupl ex command; and
(d) initializing the determ ning step %] )(iii) upon receipt of the dynam'c )

hal f dupl ex Cgmﬂ@e the Hnhifg di dEBE‘nrY?stt’GféQd t"b%g&wfe'a?t E?ta? lofbdth hGn- Wherein the

initializing s further includes ste programably setting
the first pr eB@Fé’Flmlfrh‘@d Taeoutput Séﬁnaba’L&JLé'h@%hed BeOUTB0R4 temet ni ned anount
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to close the loop 1250, and requests to transmit R_RDY"s and frames of various
20 sorts, and can be configured for half-duplex or full-duplex operation.
' The following conditions must be met to begin a request to arbitrate:
- arequest from microprocessor 112 to transmit a frame with xmit port enable,
- the transmitting port is in the Monitoring state,
- transfer-length count not zero,
25 - no request from microprocessor 112 to pause a transfer, and
- (non-data transfer, or data-write transfer with transfer-ready not yet
transmitted with data threshold met, or data-read transfer with data threshold met
and data-frame buffer threshold met).
When the port is configured for half-duplex mode, R_RDY's may be
30 transmitted only when in the Opened state. When the port is configured for full-
duplex mode, R_RDY's may be transmitted in either Opened state or Open state.
Conditions that cause an R_RDY to be transmitted include “Buffer-to-Buffer
Credit (BB_Credit) available and outstanding R_RDY"s less than maximum
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on-chip frame buffer 119 may be used to manage inbound and outbound frames.

Frames received and transmitted are usually stored in a large off-chip area (e.g.,

off-chip buffer 111) at a slower transfer rate. Even when off-chip buffer 111 is

15 capable of the full transfer rate for a single port, for a dual-ported design the
bandwidth required is much greater, adding additional cost. On-chip frame
buffer 119 in the FC-AL ASIC 110 (see Figure 1) may be configured in various
ways to strike a balance between performance, silicon real estate, and cost. The
present specification details the use of dedicated frame buffers 53 and 53'

20 (componénts of the overall on-chip frame buffer 119) to receive non-data type
frames simultaneously on each port, as well as providing a dedicated large data-
frame buffer 55 (also a component of the overall on-chip frame buffer 119). Ina
dual-ported design according to the present invention, frames may be received
on both ports 116 simultaneously. The frames are usually moved to and stored

25 inalarger off-chip memory 111 after they are received. More information can
be found in U.S. Patent Application Serial Number 09/193,387 entitled “Method
and Dedicated Frame Buffer for Loop Initialization and Responses.”

IV. Using Fibre-Channel CRC for Data Integrity in On-Chip Memory
According to one aspect of the present invention, frame buffers that

30 temporarily store fibre-channel frames allow frames to be received at the
maximum fibre-channel-interface data-transfer rate. The frame may then be
transferred to off-chip storage at a slower, more manageable rate. Various

mechanisms, such as parity, CRC, or other redundancy functions, are optionally
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make the RAM wider may be eliminated.
V. Method and Apparatus to Reduce Arbitrated-Loop Overhead
In a fibre-channcl arbitrated-loop design 1200, a node interface 1220 of
loop port 116 must arbitrate for access to the loop 1250. A priority system is
10 used to determine which port gains control of the loop 1250, and a *fairness”
scheme is used to assure that ports are not starved. As a target device, the disc
drive 100 usually is given a lower priority than a CPU information-handling
system 1202, with the result that the drive 100 may have to wait to win
arbitration until higher-priority devices complete their access. When the node
15 interface 1220 of loop port 116 gains control of the loop 1250, it sends as many
frames as possible before closing the loop 1250, in order to avoid unnecessary
arbitration cycles. But when data are no longer available, the node interface
1220 of loop port 116 closes the loop 1250 to allow other ports access to the
loop 1250. This is the method used in certain other controller architectures. The
20 present invention provides a mechanism for enhancing loop performance by
changing the rules for the decision of whether or not to close the loop 1250,
based on data availability to the port, which thus reduces overall loop overhead.
In certain other controller architectures, when the End-of-Frame delimiter
is transmitted, the port determines whether another frame is available. If data are
25 no longer available (for example, if a full frame is not available for
transmission), then the loop 1250 is closed. Data may again become available
shortly afterwards, so the port must arbitrate again later and win arbitration
before continuing the transfer. If this happens as the last frame of the transfer
becomes available, completion of the transfer is delayed, which may result in a
30 delay before the next command can be The present invention provides a
mechanism for controller architecture designs which allows the loop 1250 to be
held open by a port if data will shortly be available to the port. In one

embodiment, the loop 1250 is held open in anticipation of sufficient further data
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loop 1250 must not be held open waiting for data to become available if the wait
will be for an extended period of time (for cxample, for the time required to
perform a head switch), since this would prevent other ports on the loop 1250
from performing transfers.

15 Conclusion
Described above is an improved communications channel system (1200)
for preserving loop fairness that includes a first channel node (1220) having one
or more ports (116). Each port (116) supports and is attached to a fibre-channel
arbitrated-loop serial communications channel (1250). One of the ports will
20  arbitrate for control of that port’s attached channel (1250), wherein control of the
channel loop (1250), once arbitration is won, a fairness-preserving apparatus
(175) causes control of the communications channel to be released based at least
in part on whether a predetermined amount of use has occurred between the first
port and the communications channel (1250).
25 In one embodiment, the predetermined amount of use includes having
held control of the communications channel for a predetermined length of time.
In another embodiment, the predetermined amount of use includes having
transferred a first predetermined amount of data. In one such embodiment, the
system (1200) further includes a first counter (160) that monitors the amount of
30 data that has been transferred. A first comparator circuit (162) operatively
coupled to the first counter (160) causes control of the communications channel
to be released based at least in part on whether the amount of data monitored by

the first counter (160) reaches the first predetermined amount of data. In one
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In some embodiments, the first predetermined amount of data and the
second predetermined amount of data are programmable amounts.
Some embodiments of the system (1200) further include a magnetic-disc-
15  storage drive (114) operatively coupled to the first channel node (1220). A
computer system (1202) includes a second channel node (1220), wherein the
second channel node (1220) is operatively coupled to the first channel node
(1220) in a fibre-channel loop (1250) in order to transfer data between the first
and second channel nodes through the fibre-channel arbitrated-loop serial
20 communications channel.
Another aspect of the present invention provides a communications
method that includes (a) arbitrating for control of a loop of a fibre-channel
arbitrated-loop serial communications channel; and (b) releasing control of the
communications channel based at least in part on whether a predetermined
25 amount of use has occurred between the first port and the communications
channel.
In one embodiment of the method, the releasing step (b) further includes
steps of: (b)(i) determining whether control of the communications channel has
been maintained for a predetermined length of time; and (b)(ii) releasing control
30 ofthe loop based on the determining step (b)(i).
In another embodiment of the method, the releasing step (b) further
includes steps of: (b)(iii) determining whether a first predetermined amount of

data has been transferred; and (b)(iv) releasing control of the loop based on the
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loop based on the determining step (b)(V).
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Some embodiments of the above methods further include steps of: (c)

10 receiving a dynamic half duplex command; and (d) initializing the determining
step (b)(iii) upon receipt of the dynamic half duplex command. In some of these
embodiments, the initializing step (d) further includes (d)(i) programmably
setting the first predetermined amount of data and the second predetermined
amount of data.

15 Still another aspect of the present invention provides a fibre-channel node
controller system for preserving loop fairness. This system includes a fibre-
channel arbitrated-loop serial communications channel (1250), a first channel
node (1220) having a first port (116) attached to the fibre-channel arbitrated-loop
serial communications channel (1250), wherein the first port arbitrates for

20  control of that port’s attached communications channel; and fairness-preserving
means as described herein above for causing control of the communications
channel to be released based at least in part on whether a predetermined amount
of use has occurred between the first port and the communications channel.

It is to be understood that the above description is intended to be

25 illustrative, and not restrictive. Although numerous characteristics and
advantages of various embodiments of the present invention have been set forth
in the foregoing description, together with details of the structure and function of
various embodiments, many other embodiments and changes to details will be
apparent to those of skill in the art upon reviewing the above description. The

30 scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.
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10 channel and, after control is achicved, the fairness-preserving apparatus causes

control of the communications channel to be released based at least in part on
whether a predetermined amount of use has occurred between the first port and

the communications channel.

15 2. The system according to claim 1, wherein the predetermined amount of
use includes having held control of the communications channel for a

predetermined length of time.

3. The system according to claim 1, wherein the predetermined amount of

20 use includes having transferred a first predetcrmined amount of data.

4, The system according to claim 3, further comprising:
a first counter that monitors the amount of data that has been transferred,;
and
25 a first comparator circuit operatively coupled to the first counter that
causes control of the communications channel to be relcased based at least in
part on whether the amount of data monitored by the first counter reaches the

first predetermined amount of data.

30 5. The system according to claim 3, further comprising:
a second counter that monitors the amount of data that remains to be

transferred; and

a second comparator circuit operatively coupled to the second counter
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a second counter that monitors the amount of data that remains to be
transferred; and
a second comparator circuit operatively coupled to the second counter
that inhibits release of control of the communications channel based at least in
10  part on whether the amount of data monitored by the second counter is less than

a second predetermined amount of data.

7. The system according to claim 6, wherein the first channel node supports
dynamic half duplex, and wherein the first counter and the first comparator are

15 initialized upon receipt by the first port of a dynamic half duplex command.

8. The system according to claim 7, wherein the first predetermined amount
of data and the second predetermined amount of data are programmable
amounts.
20
9, The system according to claim 4, further comprising:
a magnetic-disc-storage drive operatively operatively coupled to the first
channel node; and
a computer system having a second channel node, wherein the second
25 channel node is operatively coupled to the first channel node in a fibre-channel
loop in order to transfer data between the first and second channel nodes through

the fibre-channel arbitrated-loop serial communications channel.

10.  The system according to claim 1, further comprising:
30 a fibre-channel arbitrated-loop serial communications channel;
a magnetic-disc-storage drive operatively coupled to the first channel
node; and

a computer system having a second channel node, wherein the second
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5 11. A communications method comprising steps of:

b
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ognrou g

(a) arbitrating for control of a loop of a fibre-channel arbitrated-loop

serial communications channel; and
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C

(b) releasing control of the communications channel based at least in part

on whether a predetermined amount of use has occurred between the first port

10  and the communications channel.

12.  The method according to claim 11, wherein the releasing step (b) further

includes steps of:

(b)(i) determining whether control of the communications channel has

15 been maintained for a predetermined length of time; and

(b)(ii) releasing control of the loop based on the determining step (b)(i).

13.  The method according to claim 11, wherein the releasing step (b) further

includes steps of:

20 (b)(iii) determining whether a first predetermined amount of data has

been transferred; and

(b)(iv) releasing control of the loop based on the determining step (b)(iii).

14,  The method according to claim 13, wherein the determining step (b)(iii)

25  further includes steps of;

(b)(i11)(A) monitoring the number of frames that have been transferred to

provide a first value; and

(b)(iii}(B) comparing the first value to the first predetermined amount of

data.
30

15.  The method according to claim 13, wherein the releasing step (b) further

includes steps of:

(b)(v) determining whether a second predetermined amount of data
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() receiving a dynamic half duplex command; and

(d) initializing the determining step (b)(iii) upon receipt of the dynamic

half duplex command.

10 17.  The method according to claim 16, wherein the initializing step (d)
further includes steps of:

(d)(i) programmably setting the first predetermined amount of data and

the second predetermined amount of data.

15 18. A fibre-channel node controller system for preserving loop fairness
comprising:
a fibre-channel arbitrated-loop serial communications channel;
a first channel node having a first port attached to the fibre-channel
arbitrated-loop serial communications channel, wherein the first port arbitrates
20 for control of that port’s attached communications channel; and
fairness-preserving means for causing control of the communications
channel to be released based at least in part on whether a predetermined amount

of use has occurred between the first port and the communications channel.



